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ABSTRACT

The investigation was conducted at ARI, Ranjendranagar, to know the soil fertility status of the rice and maize growing
soils of Vikarabad, Ranga Reddy and Yadadri district of Telangana. Soil samples were collected by random sampling method and
soils were analyzed for their fertility status. In paddy grown soils, the pH, electrical conductivity, and organic carbon ranged from
6.06 to 8.08, 0.03 to 0.62 dS m-1 and 0.12 to 1.28 percent and in maize grown soils ranged from 5.31 to 7.94, 0.02 to 0.37 dS m-1 and
0.12 to 1.26 %, respectively. The paddy soils were very low to medium in available nitrogen, low to very high in available
phosphorus, low to high in available potassium. The maize soils were very low to medium in nitrogen content, medium to very high
in available phosphorus, low to high in available potassium. Paddy and maize soils were deficient in zinc to an extent of 20 and
37 %.

Email: poojapoojitha1911@gmail.com
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Soil is the most important constituent to the
basic needs of human beings and important
component of our farming. Crop  production and
productivity depends upon physico-chemical
characteristics of the soil. The key point of sustainable
agriculture is to maintain the balance among physical,
chemical and biological constituents of soils. Some
elements are required by plants for completing their life
cycle and other are less important for plants but their
high concentration in soil solution influence the crop
growth. The present study was carried out to study
the impact of available nutrients on crop performance.

MATERIAL AND METHODS

Sampling Procedure

Survey was carried out during summer of 2020-
21 and kharif season of 2021-22 in Vikarabad,
Rangareddy and Yadadri districts of Telangana state.
Soil samples were collected from various villages of
Pudur, Pargi, Vikarabad, Dharoor and Yalal mandals
in Vikarabad district, Bhudan Pochampally and
Choutuppal mandals in Yadadri district, Abdullapurmet
and Hayatnagar mandals in Rangareddy districts.

Altogether, 71 soil samples were  collected during this
survey.

Methods of soil analysis

Standard methodologies were adopted for
various physico-chemical and chemical characteristics.
Determination of soil pH and EC was done in 1:2.5
soil-water suspension using digital pH meter and EC
bridge (Jackson, 1958). Organic carbon (%) was
estimated by the wet oxidation method of Walkley and
Black (1947). Available nitrogen was determined using
alkaline potassium permanganate method as given
by Subbiah and Asija (1956), available phosphorous
by Olsen reagent of ascorbic acid method (Jackson,
1973). available potassium by neutral normal
ammonium acetate (Jackson, 1973). Micronutrients i.e.,
Zinc and heavy metal i.e., lead was determined in
the extract by extracting soil samples with diethylene
triamine penta acetic acid (DTPA) as described by Miles
and Parker (1979). Physico-chemical and chemical
characteristics of paddy soils are given in table 1 and
maize soils in table 4. Paddy and maize Samples
collected were categorized (Surendra Babu et al, 2012)
and is presented in tables 2 and 5.
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Table 1: Physico- chemical and chemical characteristics of rice soils

S.No. Soil Characteristics Range Mean

1 pH 6.06-8.08 —

2 EC (dSm-1) 0.03-0.62 0.19

3 Organic carbon (%) 0.12-1.28 0.39

4 Available nitrogen (kg ha-1) 103-304 188

5 Available phosphorus (kg ha-1) 17-101 65

6 Available potassium (kg ha-1) 49-416 252

7 Available zinc (mg kg-1) 0.29-3.11 1.29

8 Available lead (mg kg-1) 0.6 – 3.67 1.26

9 Total lead (mg kg-1) 4.09-199 74

RESULTS AND DISCUSSION

Physico-chemical Characteristics

 pH

The soil pH in paddy soils ranged from 6.06 to
8.08 and in maize soils, it ranged from 5.31 to 7.94
there by indicating the soils are acidic to moderately
alkaline in reaction. The variation in soil pH was related
to the parent material, and topography. Relatively
higher pH value in paddy soils because of more of
black soils was due to the accumulation of the high
amounts of exchangeable bases in solum as they
are poorly drained. (Dasog and Patil, 2011).

Electrical Conductivity

The electrical conductivity of paddy soils
ranged from 0.03 to 0.62 with a mean of 0.19 dSm-1

and in maize soils it ranged from 0.02 to 0.37 with a
mean of 0.13 dSm- 1 indicating that, these soils were
normal in soluble salt content (Sathyanarayana et al.,
2021).

Soil Organic Carbon

The organic carbon content of paddy soils
ranged between 0.12 and 1.28 with a mean of 0.39
percent. Seventy five percent soils were low, 15 %
were medium and 10% were high in organic carbon
status (Table 2 and Fig. 1) and in maize soils, it ranged
from 0.12 to 1.26  with a mean of 0.42 % (Table 5 and
Fig. 2). Organic carbon content of the maize soils was
low to high. Soils are low, medium and high in organic
carbon status to an extent of 67, 27 and 6 percent,
respectively. The low organic matter content in the soils

was attributed to the prevalence of tropical condition,
where the degradation of organic  matter occurs at a
faster rate coupled with low vegetation cover, thereby
leaving less organic carbon in the soils (Sireesha and
Naidu, 2013).

Available Major Nutrients

Nitrogen

The paddy soils were very low to medium in
available nitrogen. Available nitrogen content of paddy
soils ranged from 103 to 304 kg ha-1 with a mean of
188 kg ha-1. The soils were very low (< 140 kg/ha),
low and medium in nitrogen to an extent of 22, 76 and
2 percent, respectively (Table 2 and Fig. 1). The
available nitrogen content of maize soils ranged from
90 to 341 kg ha-1 with a mean of 171 kg ha-1. The
soils were very low to medium in nitrogen content. Forty,
57 and 3 percent soils were very low, low and medium
in available nitrogen status (Table 5 and Fig. 2). The
main reason being low organic matter content, low
rainfall and low vegetation were reported to cause faster
degradation and removal of organic matter leading to
nitrogen deficiency (Ashok, 2001).

Phosphorous

The available phosphorus content in paddy
soils ranged from 17 to 101 kg ha-1 with a mean of 65
kg ha-1. The collected soils were categorised as  low,
medium, high and very high (> 82 kg P2O5 ha-1)
phosphorus status of 5, 29, 34 and 32 percent,
respectively (Table 2 and Fig. 1). The maize soils
collected are medium to very high in available
phosphorus. The soils are categorised as medium, high

POOJA et al.
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Table 2: Percentage of rice samples falling under different categories

Very Low Low Medium High Very High

OC (%) 0 75 15 10 0

N (kg ha-1) 22 76 2 0 0

P (kg ha-1) 0 5 24 64 7

K (kg ha-1) 0 17 61 22 0

Pb (mg kg-1) 0 15 78 7 0

Deficient Sufficient

Zn (mg kg-1) 0 20 80 0 0

Figure 1. Percentage of rice samples falling under different categories

Table 3: Correlation coefficient between soil properties and available soil nutrients of paddy grown
soils

pH EC OC N P K Zn Pb Total Pb

pH 1

EC 0.084 1

OC -0.045 0.112 1

N -0.187 -0.212 -0.017 1

P -0.269 0.137 0.102 0.038 1

K 0.188 0.032 0.164 -0.072 -0.334 1

Zn -0.376 0.211 0.021 0.080 0.240 0.115 1

Pb -0.247 0.429 0.020 -0.001 0.127 -0.160 0.192 1

Total Pb -0.221 -0.141 -0.162 -0.015 0.127 0.013 0.483 -0.097 1

SOIL FERTILITY STATUS OF THE RICE AND MAIZE GROWING SOILS
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and very high to an extent of 37, 23 and 40 percent
(Table 5 and Fig. 2).

Potassium

The available potassium status of these soils
is low to high. It varied between 49 and 416 with a
mean of  252 kg K2O ha-1 and was grouped to an
extent of 17, 61, 22 percent in low, medium and high
potassium categories, respectively (Table 2 and Fig.
1). The available potassium content of maize soils
ranged from 71 to 412 kg ha-1 with a mean of 267 kg
ha-1. Maize soils collected were low to high in available
potassium and categorized into low, medium and high
to an extent of 17, 50 and 33 percent, respectively
(Table 5 and Fig. 2). This might be due to predominance
of K rich micaceous and feldspar minerals in parent
(Pal, 1985 and Ravikumar, 2004).

Zinc

The DTPA extractable Zn content of the paddy
soils varied between 0.29 and 3.11 mg kg-1 with a
mean of 1.29 mg kg-1. Soils were deficient in Zn to an
extent of 20 percent and the rest 80 % were sufficient
in zinc (Table 2 and Figure 1). The DTPA extractable
Zn content of the maize soils collected from Vikarabad
district varied between 0.35 and 3.33 with a mean of
0.94 mg kg-1. Maize soils collected were deficient in
zinc to an extent of 37 percent (Table 5 and Figure 2).
The larger extent of zinc deficiency was attributed to the
alkaline soil reaction and richness of CaCO3, which
might due to high precipitation of zinc as hydroxide
and carbonates.

Available and Total Lead

The available Pb recorded in paddy soils was
in the range of 0.60 to 3.67 mg kg-1 with a mean of
1.26 mg kg-1 and was grouped to an extent of 15, 78,
7 percent in low, medium and high lead categories,
respectively (Table 2 and Figure 1). The total lead of
paddy soils varied between 4.09 and 199 mg kg-1

with a mean of 74 mg kg-1. The maize soils recorded
the DTPA extractable lead in the range of 0.23 and
1.77 mg kg-1 with a mean of 0.82 mg kg-1 and was
grouped to an extent of 20, 67, 13 percent in low,
medium and high potassium categories, respectively
(Table 5 and Figure 2). The total Pb under maize
cultivation varied between 7.92 and 347 mg kg-1 with
a mean of 98 mg kg-1.

Correlation of physico-chemical properties and
major nutrients of paddy soils

The data on correlation between soil properties
and available nutrients in paddy supporting red soil of
Vikarabad district of Telangana are presented in
table 3 revealed the pH of the soil is negatively non-
significantly correlated with nitrogen (r = -0.187), organic
carbon (r = -0.045) and phosphorus (r = - 0.269) and
positively non-significantly correlated with potassium
(r = 0.188) Fernàndez and Hoeft (2012) reported the
similar results. The OC of the soil is negatively non-
significantly correlated with nitrogen (r = -0.017) and
positively non-significantly correlated with phosphorus
(r = 0.102), potassium (r = 0.164) similar results were
reported by Kartikeyan et al., (2014). The nitrogen of
the soil is positively non-significantly correlated with
phosphorus (r = 0.038), and negatively non-significantly
correlated with potassium (r = -0.072). Similar results
reported by Srinidhi et al., (2020). The phosphorous of
the soil negatively significantly correlated with potassium
(r = -0.334). The potassium positively non-significantly
correlated with zinc (r = 0.115) and negatively non-
significantly correlated with lead (r= -0.160).

Correlation of physico-chemical properties and
major nutrients of maize soils

The data on correlation between soil properties
and available nutrients in paddy supporting red soil of
Vikarabad district of Telangana are presented in
table 6 revealed the pH of the soil is positively non-
significantly correlated with nitrogen (r = 0.113), organic
carbon (r = 0.103) and potassium (r = 0.290) and
negatively non-significantly correlated with phosphorus
(r = -0.177) The OC of the soil is positively non-
significantly correlated with nitrogen (r = 0.315),
potassium (r = 0.208) and negatively non-significantly
correlated with phosphorus (r = -0.085). The nitrogen
of the soil is positively non-significantly correlated with
phosphorus (r = 0.118) and potassium (r = -0.296).
The phosphorous of the soil negatively significantly
correlated with potassium (r = -0.279). The potassium
positively non-significantly correlated with lead (r =
0.024) and negatively non-significantly correlated with
zinc (r= -0.109).

CONCLUSION

It can be concluded that the paddy supporting
soils Vikarabad district of Telangana are categorized

POOJA et al.
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Table 4: Physico- chemical and chemical characteristics of maize soils

1 pH 5.31-7.94 —

2 EC (dSm-1) 0.02-0.37 0.13

3 Organic carbon (%) 0.12-1.26 0.42

4 Available nitrogen (kg ha-1) 90-341 171

5 Available phosphorus (kg ha-1) 28-101 68

6 Available potassium (kg ha-1) 71-412 267

7 Available zinc (mg kg-1) 0.35-3.33 0.94

8 Available lead (mg kg-1) 0.23-1.77 0.82

9 Total lead (mg kg-1) 7.92-347 98

S.No Parameters Range Mean

Table 5: Percentage of maize samples falling under different categories

Very Low Low Medium High Very High

OC (%) 0 70 30 0 0

N (kg ha-1) 43 43 13 0 0

P (kg ha-1) 0 0 30 50 20

K (kg ha-1) 0 17 53 30 0

Pb (mg kg-1) 0 20 67 13 0

Deficient Sufficient

Zn (mg kg-1) 0 40 60 0 0

Figure 2: Percentage of maize samples falling under different categories

SOIL FERTILITY STATUS OF THE RICE AND MAIZE GROWING SOILS
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Table 6: Correlation coefficient between soil properties and available soil nutrients of maize grown
soils

pH EC OC N P K Zn Pb Total Pb

pH 1.000

EC 0.408 1.000

OC 0.103 0.079 1.000

N 0.113 0.017 0.315 1.000

P -0.177 -0.283 -0.085 0.118 1.000

K 0.290 0.361 0.208 0.296 -0.279 1.000

Zn 0.066 0.194 -0.031 0.065 -0.165 -0.109 1.000

Pb 0.399 0.312 0.172 0.192 -0.257 0.024 0.490 1.000

Total Pb -0.072 -0.409 -0.102 -0.170 -0.165 -0.078 0.457 0.198 1.000

under slightly acidic to moderately alkaline in reaction.
soil samples are low in organic carbon content (75 %)
and nitrogen (76 %) and high in available phosphorus
(64 %), medium in potassium (61 %) and lead (78 %)
and 80 % soils are sufficient in zinc. Maize supporting
soils were acidic to slightly alkaline in reaction. Low in
organic carbon content (70 %) and nitrogen (43 %)
and high in available phosphorus (50 %), medium in
potassium (53 %) and lead (67 %) and 60 % soils are
sufficient in zinc.
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ABSTRACT

The present experiment was carried out in rice using F2 segregating populations of two cross combinations viz., RNR
15048 x JAK 686 and RNR 15048 x JAK 685. Correlation analysis revealed negative and significant correlation of protein content
with number of filled grains per panicle, test weight, single plant yield and kernel length and positive non-significant association
with panicle length, number of productive tillers per plant and L/B ratio in cross I and positive non-significant association with days
to 50% flowering, plant height, number of productive tillers per plant, number of filled grains per panicle, kernel breadth and
amylose content and negative association with panicle length, test weight, single plant yield, kernel length and L/B ratio in cross
II. Path analysis revealed that L/B ratio exerted highest positive direct effect on the protein content followed by kernel breadth,
number of productive tillers per plant and panicle length in cross-I and number of productive tillers per plant, plant height, amylose
content, test weight and kernel length exerted highest positive direct effect on the protein content in cross –II.

KEYWORDS:  Correlation, path analysis and grain protein content

Research Article
The J. Res. PJTSAU 51(1&2) 8-16, 2023

Rice (Oryza sativa L.) is one of the primary
cereals and the most widely consumed staple food for
more than half of the world’s population, as well as
one of the major protein sources in Asian countries.
Food with nutritional value is always desired for human
health. The world population is expected to reach nine
billion by 2050, so there will be an increasing demand
for varieties with desirable quality and nutritionally
enriched in the future. This principal staple food contains
a reduced quantity of many essential micro and macro
elements such as vitamins, minerals, some
phytochemicals, essential amino acids and fatty acids,
which are indispensable to human health (Das et al.,
2020).

Rice grain protein is the second most
abundant component of milled rice grain and has been
studied extensively in the context of its important role
as a nutrient. The net protein utilization from rice grains
is highest among the cereal grains, despite rice having
the lowest protein content (Juliano, 1992). With the
improvement of people’s living standards, rice
consumers are paying much attention to good grain

quality. Quality of rice is an important character to
determine the economic value in the export market and
consumer acceptance. Rice grain is composed of
approximately 80-85% starch, 4-10% protein, 1% lipid
and 10% moisture. Rice grain protein consists of two
categories, functional protein (10%) and seed storage
protein (SSP, 90%). The SSP in rice can be classified
into four fractions: albumin, globulin, prolamin and glutelin
according to differences in solubility (Chen et al., 2018).
Among them, glutelin is the most abundant one, which
comprises about 60-80% of the total SSPs. The
nutritional value of rice glutelin is superior to other rice
storage proteins due its higher lysine content and greater
digestibility by the humans. As a result, any significant
change in glutelin content will definitely affect grain
nutrition quality (Yang et al., 2019). Protein content
affects grain appearance, processing quality and
eating quality of rice. In view of this, the present study
was carried out to determine the character association
and path coefficients analysis of protein and yield related
traits by using F2 segregating populations of two cross
combinations.
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MATERIAL AND METHODS

The experiment was conducted at Agricultural
Research Institute, Rice Research Centre, PJTSAU,
Rajendranagar, Hyderabad during rabi 2021-22 to
study character association and path analysis of the
crosses (RNR 15048 x JAK 686) and (RNR 15048 x
JAK 685). Two cross combinations are represented
as cross I and cross II. ‘Telangana sona’ is the popular
variety of Telangana having low glycemic index,
excellent grain cooking quality and moderate protein
content. However, JAK 686 and JAK 685 are having
high grain protein content. The F2 seeds of two cross
combinations were sown in nursery. Twenty seven
days old seedlings were transplanted as single seedling
per hill in the main field with a spacing of 20 × 15 cm
and all the recommended package practices were
followed during crop growth period. Observations were
recorded for 12 traits viz., days to 50% flowering, plant
height, panicle length, number of productive tillers per
plant, number of filled grains per panicle, test weight,
grain yield per plant, kernel length, kernel breadth, L/B
ratio, amylose content and grain protein content in 150
selected plants in each cross combinations. Data
recorded was further subjected to statistical analysis.
Correlation and path coefficient statistical analysis were
done using the DOS-based Excel program,
TNAUSTAT-Statistical package (Manivannan, 2014).

RESULTS AND DISCUSSION

Correlation analysis provides information
about relationship among the various characters and
determines the component characters, on which
selection can be based for genetic improvement in the
grain yield. Positive correlation between desirable traits
is favourable as it helps in simultaneous improvement
of both the characters. On the other hand, negative
correlation will hinder the simultaneous expression of
both characters with high values.

In the present investigation, correlations were
studied among protein, yield and its related traits in F2

population of two cross combinations (RNR 15048 x
JAK 686 and RNR 15048 x JAK 685). The findings of
the correlations among yield, yield contributing traits and
grain quality traits are provided in Table 1 and 2.

The results of correlation analysis revealed that
positive and significant association of days to 50%
flowering with number of filled grains per panicle (0.213)

and negative significant association with plant height
(-0.407), number of productive tillers per plant (-0.163),
single plant yield (-0.209) in cross I and negative
significant association with plant height (-0.731), number
of filled grains per panicle (-0.177), test weight (-0.239),
single plant yield (-0.250), kernel length (-0.554) and L/
B ratio (-0.363) in cross II. The results are in accordance
with the findings of Shet et al. (2012), Devi et al. (2019),
Bhuvaneswari et al. (2018) for single plant yield and
Selvaraj et al. (2011) for number of productive tillers
per plant. It was observed that plant height exhibited
significant and positive correlation with panicle length
(0.329) and number of productive tillers per plant (0.171)
in cross I. The results were in agreement with the
findings of Ratna et al. (2015) for panicle length. Plant
height had positive and significant association with
panicle length (0.243), number of filled grains per plant
(0.208), test weight (0.234), single plant yield (0.191)
kernel length (0.524) and L/B ratio (0.342) in cross II.
Similar results were reported by Hajiaqatabar et al.
(2016) for single plant yield. Panicle length showed
negative and significant association with test weight
(-0.188) in cross I and positive significant association
with L/B ratio (0.197) and negative significant
association with kernel breadth (-0.194) in cross II.
Positive and significant association of number of
productive tillers per plant with single plant yield (0.198)
and negative significant association with number of
filled grains per panicle (-0.182) in cross I. Similar results
were registered by Bhuvaneswari et al. (2018),
Laxuman et al. (2011), Pradeep et al. (2018),
Kalaiselvan et al. (2019), Singh et al. (2020), Swapnil
et al. (2020) for single plant yield. Number of productive
tillers per plant had positive significant association with
test weight (0.273), single plant yield (0.492) and
negative significant association with number of filled
grains per panicle (-0.286) in cross II. Number of filled
grains per panicle exhibited positive and significant
association with single plant yield (0.489) kernel length
(0.259) and L/B ratio (0.179) and negative significant
association with protein content (0.194) in cross I. The
results are in accordance with the findings of Pradeep
et al. (2018), Kalaiselvan et al. (2019) Ratna et al.
(2015), Sala et al. (2015), Singh et al. (2020), Swapnil
et al. (2020) for single plant yield. Positive significant
association of number of filled grains per panicle with
single plant yield (0.240) and L/B ratio (0.245) and
negative significant association with kernel breadth

STUDIES ON TRAIT ASSSOCIATION AND PATH ANALYSIS FOR PROTEIN



10

T
ab

le
 1

.C
o

rr
el

at
io

n
 C

o
ef

fi
ci

en
t i

n
 F

2 
P

o
p

u
la

ti
o

n
 o

f C
ro

ss
-I

 (R
N

R
 1

50
48

 ×
 J

A
K

 6
86

) f
o

r 
yi

el
d

 a
n

d
 it

s 
co

n
tr

ib
u

ti
n

g
 c

h
ar

ac
te

rs
 w

it
h

 g
ra

in
 p

ro
te

in
co

n
te

n
t i

n
 ri

ce

D
F

F
1.

00
0

-0
.4

07
**

0.
04

2
-0

.1
63

*
0.

21
3*

*
-0

.1
15

-0
.2

09
*

0.
06

8
0.

05
8

0.
00

8
-0

.0
39

-0
.0

41

P
H

1.
00

0
0.

32
9*

*
0.

17
1*

0.
02

5
-0

.1
12

0.
15

8
-0

.0
10

0.
00

7
0.

00
6

0.
06

7
-0

.0
29

P
L

1.
00

0
0.

07
0

-0
.1

07
-0

.1
88

*
-0

.1
51

-0
.1

56
-0

.0
49

-0
.0

55
0.

02
2

0.
07

3

P
T

1.
00

0
-0

.1
82

*
0.

02
4

0.
19

8*
-0

.0
02

-0
.0

94
0.

07
6

-0
.0

16
0.

11
3

G
P

P
1.

00
0

0.
09

8
0.

48
9*

*
0.

25
9*

*
0.

00
4

0.
17

9*
0.

06
5

-0
.1

94
*

T
W

1.
00

0
0.

48
8*

*
0.

25
7*

*
0.

17
6*

0.
00

6
0.

10
8

-0
.1

84
*

S
P

Y
1.

00
0

0.
28

3*
*

-0
.0

06
0.

18
8*

0.
03

7
-0

.2
08

*

K
L

1.
00

0
0.

06
8

0.
59

0*
*

0.
10

7
-0

.1
92

*

K
B

1.
00

0
-0

.7
45

**
0.

08
3

-0
.1

55

L
/B

1.
00

0
-0

.0
17

0.
01

0

A
C

1.
00

0
-0

.1
07

P
C

1.
00

0

Tr
ai

ts
D

F
F

P
H

P
L

P
T

G
P

P
T

W
S

P
Y

K
L

K
B

L
/B

A
C

P
C

*S
ig

n
if

ic
an

t 
at

 5
 %

 l
ev

el
, 

**
 S

ig
n

if
ic

an
t 

at
 1

 %
 l

ev
el

D
F

F
- D

ay
s 

to
 5

0%
 fl

ow
er

in
g,

 P
H

- P
la

nt
 h

ei
gh

t, 
P

L-
P

an
ic

le
 le

ng
th

, P
T

-N
um

be
r o

f p
ro

du
ct

iv
e 

til
le

rs
 p

er
 p

la
nt

, G
P

P
-N

um
be

r o
f g

ra
in

s 
pe

r p
an

ic
le

, T
W

- 1
00

0 
gr

ai
n

w
ei

gh
t, 

S
P

Y
- S

in
gl

e 
pl

an
t y

ie
ld

, K
L-

 K
er

ne
l l

en
gt

h,
 K

B
- K

er
ne

l b
re

ad
th

, L
/B

- K
er

ne
l L

/B
 ra

tio
, A

C
- A

m
yl

os
e 

co
nt

en
t, 

P
C

- P
ro

te
in

 c
on

te
nt

.

PRASANNA et al.



11

T
ab

le
 2

.C
o

rr
el

at
io

n
 C

o
ef

fi
ci

en
t i

n
 F

2 P
o

p
u

la
ti

o
n

 o
f C

ro
ss

-I
I (

R
N

R
 1

50
48

 ×
 J

A
K

 6
85

) f
o

r 
yi

el
d

 a
n

d
 it

s 
co

n
tr

ib
u

ti
n

g
 c

h
ar

ac
te

rs
 w

it
h

 g
ra

in
 p

ro
te

in
co

n
te

n
t i

n
 ri

ce

D
F

F
1.

00
0

-0
.7

31
**

-0
.1

17
-0

.0
12

-0
.1

77
*

-0
.2

39
**

-0
.2

50
**

-0
.5

54
**

0.
01

6
-0

.3
63

**
-0

.0
51

0.
04

8

P
H

1.
00

0
0.

24
3*

*
-0

.0
51

0.
20

8*
0.

23
4*

*
0.

19
1*

0.
52

4*
*

-0
.0

05
0.

34
2*

*
0.

02
1

0.
04

9

P
L

1.
00

0
-0

.1
39

0.
14

9
0.

13
1

0.
01

6
0.

04
5

-0
.1

94
*

0.
19

7*
-0

.0
89

-0
.0

02

P
T

1.
00

0
-0

.2
86

**
0.

27
3*

*
0.

49
2*

*
0.

00
1

0.
04

9
-0

.0
34

0.
05

0
0.

03
1

G
P

P
1.

00
0

-0
.0

75
0.

24
0*

*
0.

04
2

-0
.2

35
**

0.
24

5*
*

0.
13

3
0.

14
0

T
W

1.
00

0
0.

39
0*

*
0.

28
1*

*
0.

04
2

0.
15

0
-0

.0
24

-0
.0

54

S
P

Y
1.

00
0

0.
10

3
0.

07
7

-0
.0

33
0.

15
6

-0
.1

30

K
L

1.
00

0
0.

28
3*

*
0.

40
4*

*
0.

01
6

-0
.0

78

K
B

1.
00

0
-0

.7
50

**
0.

03
0

0.
01

0

L
/B

1.
00

0
-0

.0
24

-0
.0

51

A
C

1.
00

0
0.

09
3

P
C

1.
00

0

Tr
ai

ts
D

F
F

P
H

P
L

P
T

G
P

P
T

W
S

P
Y

K
L

K
B

L
/B

A
C

P
C

*S
ig

n
if

ic
an

t 
at

 5
 %

 l
ev

el
, 

**
 S

ig
n

if
ic

an
t 

at
 1

 %
 l

ev
 e

l

D
F

F
- D

ay
s 

to
 5

0%
 fl

ow
er

in
g,

 P
H

- P
la

nt
 h

ei
gh

t, 
P

L-
P

an
ic

le
 le

ng
th

, P
T

-N
um

be
r o

f p
ro

du
ct

iv
e 

til
le

rs
 p

er
 p

la
nt

, G
P

P
-N

um
be

r o
f g

ra
in

s 
pe

r p
an

ic
le

, T
W

- 1
00

0 
gr

ai
n

w
ei

gh
t, 

S
P

Y
- S

in
gl

e 
pl

an
t y

ie
ld

, K
L-

 K
er

ne
l l

en
gt

h,
 K

B
- K

er
ne

l b
re

ad
th

, L
/B

- K
er

ne
l L

/B
 ra

tio
, A

C
- A

m
yl

os
e 

co
nt

en
t, 

P
C

- P
ro

te
in

 c
on

te
nt

.

STUDIES ON TRAIT ASSSOCIATION AND PATH ANALYSIS FOR PROTEIN



12

(-0.235) in cross II. Positive and significant association
of test weight with single plant yield (0.488), kernel
length (0.257) and kernel breadth (0.176) and negative
significant association with protein content (-0.184) in
cross I.  The results were in agreement with the findings
of Bhuvaneswari et al. (2018), Sala et al. (2015),
Kumar et al. (2018), Singh et al. (2020) for single plant
yield. Positive and significant association of test weight
with single plant yield (0.390) and kernel length (0.281)
in cross II. Single plant yield showed positive and
significant association with kernel length (0.283) and
L/B ratio (0.188) and negative significant association
with grain protein content (-0.208) in cross I.  Similar
results were registered by Ekka et al. (2011) for kernel
length and Dhakal et al. (2017) for protein content.
Single plant yield had positive association with kernel
length, kernel breadth and amylose content and
negative association with L/B ratio and protein content
in cross II. Kernel length exhibited positive and
significant association with L/B ratio (0.590) and
negative significant association with protein content (-
0.192) in cross I and positive significant association
with kernel breadth (0.283) and L/B ratio (0.404) in
cross II. Kernel breadth showed negative and
significant association with L/B ratio (-0.745) in cross I
and cross II. L/B ratio exhibited negative correlation
with amylose content in cross I. Amylose content
showed negative association with grain protein content
in cross I.

Correlation analysis revealed negative and
significant correlation of protein content with number of
filled grains per panicle (-0.194), test weight (-0.184),
single plant yield (-0.208) and kernel length (-0.192)
and positive association with panicle length, number
of productive tillers per plant and L/B ratio in cross I
and positive association with days to 50% flowering,
plant height, number of productive tillers per plant,
number of filled grains per panicle, kernel breadth and
amylose content and negative association with panicle
length, test weight, single plant yield, kernel length and
L/B ratio in cross II.

Correlation gives only the relation between two
variables, whereas path coefficient analysis allows
separation of the direct effect and their indirect effects
through other attributes by partitioning the correlations
(Wright, 1921) for better interpretation of cause and effect
relationship. Hence, this objective was undertaken in
the present investigation.

Based on the data recorded in the F2

population in the present investigation, the correlations
coefficients were estimated to determine direct and
indirect effects at phenotypic level taking protein content
as the dependent character. The results of path
coefficient analysis for yield, related traits and quality
traits are presented in Table 3 and 4.

Days to 50% flowering exerted negative direct
effect (-0.075) on protein content and positive indirect
effects on protein content through plant height, panicle
length, test weight, single plant yield, kernel breadth,
L/B ratio and amylose content and it had negative
indirect effects through number of productive tillers per
plant, number of filled grains per panicle, kernel length
on protein content in cross I and days to 50% flowering
exerted positive direct effect (0.086) on protein content
in cross II. Plant height exhibited negative direct effect
(-0.076) on protein content and indirect positive influence
of this trait on protein content was observed through
days to 50% flowering, panicle length, number of
productive tillers per plant, test weight, kernel length,
kernel breadth and L/B ratio and indirect negative effects
on protein content through number of filled grains per
panicle, single plant yield and amylose content in cross
I and plant height exhibited positive direct effect (0.215)
on protein content in cross II. Panicle length had positive
and direct effect (0.032) on protein content and positive
indirect influence of this trait on protein content was
observed through number of productive tillers per plant,
number of filled grains per panicle, test weight, single
plant yield, kernel length and indirect negative effects
on protein content through days to 50% flowering, plant
height, kernel breadth, L/B ratio and amylose content
in cross I and panicle length had negative direct effect
(-0.009) on protein content in cross II.

Number of productive tillers per plant exerted
positive direct effect (0.123) on protein content and
indirect positive effects on protein content through
panicle length, number of filled grains per panicle, L/B
ratio, amylose content and protein content and indirect
negative effects through plant height, test weight, single
plant yield, kernel length and kernel breadth in cross I
and number of productive tillers per plant had positive
and direct effect (0.324) on protein content in cross II.
Number of filled grains per panicle had negative direct
effect (-0.045) on protein content and indirect positive
influence of this trait on protein content was observed
through kernel breadth and L/B ratio and indirect

PRASANNA et al.
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negative effects on protein content through days to 50%
flowering, plant height, panicle length, number of
productive tillers per plant, test weight, single plant yield,
kernel length and amylose content in cross I and
number of filled grains per panicle had positive and
direct effects (0.343) on protein content in cross II. Test
weight exerted negative direct (-0.056) effects on protein
content and indirect positive effects through days to
50% flowering, plant height, number of productive tillers
per plant, number of productive tillers per plant, kernel
breadth and L/B ratio on protein content and negative
indirect effects on protein content through panicle length,
number of filled grains per panicle, single plant yield,
kernel length and amylose content in cross I  and test
weight showed positive and direct effect (0.068) on
grain protein content in cross II. Single plant yield
exhibited negative direct effects (-0.152) on protein
content and indirect positive effects of this trait on protein
content through days to 50% flowering, number of
productive tillers per plant and L/B ratio and indirect
negative effects was observed on protein content
through plant height, panicle length, number of filled
grains per panicle, test weight, kernel length, kernel
breadth and amylose content in cross I and single
plant yield had negative and direct effects (-0.432) on
protein content in cross II.

Kernel length had negative direct effect (-0.346)
on protein content and indirect positive effects were
recorded on protein content through plant height, number
of productive tillers per plant, kernel breadth and L/B
ratio and indirect negative effects were observed
through days to 50% flowering, panicle length, number
of filled grains per panicle, test weight, single plant yield
and amylose content in cross I and kernel length exerted
negative and direct effects (-0.072) on protein content
in cross II. Kernel breadth exhibited positive direct effect
(0.187) on protein content and positive indirect influence
of this trait through single plant yield and negative indirect
effect through days to 50% flowering, plant height,
panicle length, number of productive tillers per plant,
number of filled grains per panicle, test weight, kernel
length, L/B ratio and amylose content in cross I and
kernel breadth exhibited positive and direct effects
(0.003) on protein content in cross II. Kernel L/B ratio
showed positive and direct effect (0.384) on protein
content and positive indirect effects through number of
productive tillers per plant and amylose content and
negative indirect effects through days to 50% flowering,

plant height, panicle length, number of filled grains per
panicle, test weight, single plant yield, kernel length
and kernel breadth in cross I and kernel L/B ratio had
negative and direct effect (-0.155) on protein content in
cross II. Amylose content exhibited negative direct effect
(-0.060) on protein content and positive indirect effect
through days to 50% flowering, panicle length, kernel
breadth and negative indirect effect through plant height,
number of productive tillers per plant, number of filled
grains per panicle, test weight, single plant yield, kernel
length and L/B ratio on protein content in cross I and
amylose content had positive and direct effect (0.097)
on protein content in cross II. Positive direct effects on
protein content were observed for panicle length,
number of productive tillers per plant, kernel breadth
and L/B ratio in cross I and days to 50% flowering,
plant height, number of productive tillers per plant, test
weight, kernel breadth and amylose content in cross
II.

The findings of the present investigation
revealed that L/B ratio exerted highest positive direct
effect on the protein content followed by kernel breadth,
number of productive tillers per plant and panicle length
in cross-I and number of productive tillers per plant,
plant height, amylose content, test weight and kernel
length exerted highest positive direct effect on the protein
content in cross –II.

CONCLUSION

It was concluded that critical analysis of both
correlation and path analysis indicated that L/B ratio,
kernel breadth, kernel length, amylose content were
determined as most important traits as both the
correlation coefficients as well the direct effects were
high with protein content.
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The present investigation was carried out to study the correlation and path analysis amonggrain yield, yield-related and
nutritional traits in pearl millet hybrids. This experiment was conducted in a total of 168 hybrids, which were developed by crossing
84 advanced generation seed parental (B) lines with two restorer (R) line testers by line x tester mating design. These hybrids
were evaluated in 4 trials (each with 42 hybrids) during rainy season of 2020 at four locations. Observations were recorded on
days to 50% flowering, plant height, 1000-seed weight, grain iron content, grain zinc content and grain yield. Correlation analysis
revealed that significant positive correlation was found between grain yield and plant height; days to 50% flowering and plant
height; and grain Fe and Zn content. Significant negative correlation was observed between grain yield with grain Fe and Zn
content. The results of path analysis showed that plant height showed highest direct effect and days to 50% flowering showed
highest indirect effects on grain yield. These results suggests that plant height and days to 50% flowering should be given
maximum consideration for total grain yield improvement.

KEYWORDS: correlation, grain yield, nutritional traits, path analysis, pearl millet

Pearl millet [Pennisetum glaucum (L.) R. Br.]
is commonly grown in the arid and semi-arid regions of
Asia and Africa. It serves as staple food for the people
living in relatively dry areas of the India and Sub-
Sahelian Africa and an important source of fodder/ feed
for livestock and poultry. It can be cultivated even in
the poor infertile soils and drought prone environments,
where no other cereal crop can survive. It is a rich
source of nutrients like iron (Fe) and zinc (Zn). Globally,
pearl millet is cultivated in an area about 27 m ha with
31 m tons of production and is staple food for more
than 90 million people. India is the largest producer of
pearl millet with the of 7.65 m ha of area, 11.6 m tons
of production and 1420 kg-1ha of productivity (Indiastat,
2021). In Telangana, pearl millet grown in 10,000 ha
of area with 9300 tons of production and 930 kg-1ha
productivity (Indiastat, 2021). The ultimate aim in most
plant breeding programs is the improvement in the

productivity of grains as measured in terms of the yield
per unit area. The possibilities of achieving this goal
through genetic improvement have been elucidated by
evolving high yielding hybrids of pearl millet. The
possibilities of achieving this goal through genetic
manipulation have been elucidated by evolving high
yielding hybrids. These newly evolved varieties and
hybrids gets their high yielding ability by reconstruction
of an ideal plant type. It is now widely recognized that
the improvement in plant type can make a very
significant contribution to increase total grain yield. Grain
yield character in pearl millet and as in all crop plants
is quantitative in nature and is polygenically controlled.
Selection based on grain yield character alone is usually
not very effective. However, selection based on its
component characters could be more efficient and
reliable. Knowledge of the association between yield
and its component characters and among the
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component characters themselves can improve the
efficiency of selection in plant breeding. This
necessitates study of the relationship and effects of
various yield-contributing traits on grain yield in current
breeding programs to derive proper selection criteria for
enhancing productivity in pearl millet crop. The present
study was undertaken to study the correlations and
path analysis in pearl millet hybrids to develop a criterion
for selection that could be effectively used for selecting
the desirable genotypes with high yield potential in the
future.

MATERIAL AND METHODS

A total of 168 hybridswere developed by
crossing 84 advanced generation (>F5/F6) seed
parental (B) lines with two restorer (R) line testers by
line x tester mating design at International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, Hyderabad, and these hybrids were used
for the study. Because the material is too large to
evaluate in a single trial, it is divided into four trials,
each with 42 hybrids, to reduce experimental error. The
experiment was conducted during rainy season of
2020, each trial is evaluated in alpha-lattice design
with two replications at 4 locations. In each replication,
the size of the plot consisted of 2 rows with a length of
4 meters. The spacing between and within the rows
was maintained at 75 cm and 12-15 cm, respectively.
Seeds after germination were thinned down to one plant
per hill after two weeks of sowing. A basal dose of
100 kg of di-ammonium phosphate (18% N and 46%
P) was applied at the time of field preparation and
100 kg of urea (46% N) was applied as top dressing
in two-split dose at the stage of three weeks and five
weeks after sowing. Trials were regularly irrigated to
avoid any moisture stress. All the recommended
agronomic practices were followed for raising good crop.

Data collection

Data collection was done for the grain yield,
Fe content, Zn content and other yield component
characters. The observations were taken on 3 random
plants in each replication for plant height (cm) and data
for days to 50% flowering, grain yield, 1000-grain weight
(g) were recorded on plot basis. Further, data of grain
yield was converted to kg ha-1. Grain Fe and Zn
densities were estimated by Energy-Dispersive X-ray
Fluorescence Spectrometry (ED-XRF) machine.

Data analysis

Phenotypic and genotypic linear correlation
coefficients were calculated for all the possible
comparisons using the formula suggested by Falconer
(1964). The correlation coefficients were partitioned into
direct and indirect effects using the path coefficient
analysis according to Dewey and Lu (1959). Data
analysis was carried out using SAS v 9.4 software
(SAS, Inc., 2017).

RESULTS AND DISCUSSION

Phenotypic and genotypic correlation

Correlation analyses the relationship among
the characters has great value in the evaluation of the
most effective procedures for selection of superior
genotypes. Positive association between major yield
contributing characters would be desirable and it eases
the selection process in breeding program. Correlation
analyses was computed at both genotypic and
phenotypic level. The genotypic correlation is the
heritable association among the traits, and the
phenotypic correlation is environmental deviations
together with non-additive genetic deviations (Allard,
1960; Falconer and Mackay, 1996). The genotypic
correlations were of higher magnitude than their
corresponding phenotypic correlations for most of the
traits, indicating a strong inherent relationship among
the characters studied. This strong genotypic correlation
over phenotypic correlations were reported in previous
studies in pearl millet (Khairwal et al., 1999, Izge et
al., 2006, Bhuri Singh et al., 2015 and Bhasker et al.,
2017).

Trial wise correlation coefficient values and
across trial significance of correlation between traits
were presented in the Tables 1 and 2 respectively. It
was observed that at both genotypic and phenotypic
level, significant positive correlation was observed
between plant height and days to flowering; and
between grain yield and plant heightin all 4 trials (TCB
(Testcross B-line Trial) 1, TCB 2, TCB 3, TCB 4).
Significant positive correlation was observed between
Fe content and Zn content at genotypic level in 3 trials
and at phenotypic level in all 4 trials. Significant negative
correlation was observed between grain yield and Fe
content in all 4 trials at genotypic level and in 2 trials at
phenotypic level. Significant negative correlation was

VIJAYAKUMAR et al.
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Table 1: Trial wise genotypic and phenotypic correlation coefficients between grain yield, nutritional
and yield related traits

Trial Plant height 1000 Seed Iron content  Zinc content Grain yield
Weight

Days to 50% TCB 1 G 0.39** -0.11 -0.28 -0.09 0.06

flowering P 0.30* 0.24 0.01 0.17 -0.04

TCB 2 G 1.40*** -0.43** 0.73*** 0.43** 1.99***

P 0.55*** 0.1 -0.01 -0.24 0.21

TCB 3 G 0.65*** 0.08 -0.44** 0.55*** 1.98***

P 0.35* 0.05 -0.12 0.11 0.45**

TCB 4 G 0.61*** -0.17 -0.05 -0.54*** 0.18

P 0.47** -0.12 -0.03 0.10 -0.09

Plant height TCB 1 G 0.17 -0.52*** -0.38** 0.64***

P 0.18 -0.23 0.04 0.46**

TCB 2 G -0.31* 0.19 0.32* 2.11***

P 0.11 -0.18 -0.08 0.46**

TCB 3 G 0.25 -0.51*** -0.55*** 1.92***

P 0.25 -0.33* -0.03 0.63***

TCB 4 G 0.39** -0.38* -0.20 0.75***

P 0.29 -0.21 0.22 0.36*

1000-seed TCB 1 G   0.26 0.43** -0.44**

weight P   0.09 0.28 -0.28

TCB 2 G   1.99*** 1.62*** -0.31*

P   0.39** 0.36* 0.18

TCB 3 G   -0.14 -0.16 0.47**

P   0.10 0.15 0.34*

TCB 4 G   0.09 -0.16 0.33*

P   0.03 -0.19 0.22

Iron content TCB 1 G   0.53*** -0.32*

P     0.57*** -0.27

TCB 2 G     0.92*** -1.58***

P     0.65*** -0.09

TCB 3 G     0.75*** -2.31***

P     0.64*** -0.49***

TCB 4 G     0.24 -0.46**

P     0.34* -0.36*

Zinc content TCB 1 G       -0.12

P       -0.19

PATTERN OF RELATIONSHIPS AMONG PRODUCTIVITY AND NUTRITIONAL TRAITS
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TCB 2 G       -0.38*

P       -0.01

TCB 3 G       -1.18***

P       -0.16

TCB 4 G       -0.62***

P       0.02

Trial Plant height 1000 Seed Iron content  Zinc content Grain yield
Weight

*P < 0.05; ** P < 0.01; ***P < 0.001

Table2: Number of trials showing significantgenotypic and phenotypic correlationsbetween grain yield,
nutritional and yield related traits

Plant height 1000 Seed Iron content  Zinc content Grain yield
Weight

G 4 (+) 3 (NS) 2 (NS) 2 (+) 2 (+)
Days to 50% 1 (-) 1 (+) 1 (-) 2 (NS)

flowering 1 (-) 1 (NS)

P 4 (+) 4 (NS) 4 (NS) 4 (NS) 3 (NS)
1 (+)

G 2 (NS) 3 (-) 2 (-) 4 (+)
1 (+) 1 (NS) 1 (+)

Plant height 1 (-) 1 (NS)

P 4 (NS) 3 (NS) 4 (NS) 4 (+)
1 (+)

G 3 (NS) 2 (+) 2 (+)
1000 Seed Weight 1 (+) 2 (NS) 2 (-)

P 3 (NS) 3 (NS) 3 (NS)
1 (+) 1 (+) 1 (+)

G 3 (+)1 4 (-)
Iron Content (NS)

P 4 (+) 2 (NS)
2 (-)

G 3 (-)
Zinc Content 1 (NS)

P 4 (NS)

+ Significantly positive, - Significantly negative, NS Non-significant

observed between grain yield and Zn content in 3 trials
at genotypic level and non-significant at phenotypic
level in all 4 trials.

High correlation between Fe and Zn content
and negative or no correlation between grain yield and

grain Fe content were well reported in earlier studies
by Velu et al., (2007), Gupta et al., (2009), Rai et al.,
(2012), Govindaraj et al., (2013) and Kanatti et al.,
(2014). Between grain yield and days to 50% flowering
significant positive correlation was observed in 2 trials

VIJAYAKUMAR et al.
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at genotypic level and 1 trial at phenotypic level and
non-significant in remaining trials. Sudharshan et al.,
(2018) and Kamble et al., (2022) reported positive
correlation between grain yield and days to 50%
flowering, onthe contrary to this, Izge et al., (2006),
Bhuri Singh et al., (2015) and Kumar et al., (2020)
found negative genotypic correlation between grain
yield and days to 50% flowering. Some other studies
reported no correlation between days to 50% flowering
and grain yield (Chaudhary, 1992, Ezeaku and
Mohammed 2006 and Izge al., 2004). Above result
suggested that significant positive correlation was
found between days to 50% flowering and plant height;
grain yield and plant height; grain Fe and Zn content.
Significant negative correlation was observed between
grain yield with grain Fe and Zn content.

Direct and Indirect effects

Seed yield is a complex character which is
highly influenced by interaction of various component
traits and the environment. Compartmentalization of
correlation coefficients into direct and indirect effects
reveals the true nature of associations observed among
various characters. Path coefficients provides an
effective way of finding direct and indirect sources of
correlation. Path analysis results of 4 trials revealed
that plant height showed highest direct effect and days
to 50% flowering showed highest indirect effect via plant
height on grain yield. Trial wise path coefficient analysis
results were mentioned in Table 3. Direct and indirect
effects of all characters on grain yield at genotypic level
in 4 trials were presented in Figure 1.

Table 3: Trial wise direct and indirect effects of different characters on grain yield at genotypic and
phenotypic level

Trial Plant height 1000 Seed Iron content  Zinc content Grain yield
Weight

Days to 50% TCB 1 G -0.49 0.54 0.12 -0.04 -0.07

flowering P -0.11 0.16 -0.08 0.00 -0.01

TCB 2 G -0.18 1.68 0.59 -1.68 1.58

P -0.06 0.26 0.02 0.01 0.01

TCB 3 G 0.67 0.42 0.01 0.79 0.09

P 0.27 0.12 0.01 0.05 0.01

TCB 4 G -32.33 19.19 3.74 -0.82 10.40

P -0.27 0.17 -0.01 0.01 0.01

Plant height TCB 1 G -0.19 1.37 -0.18 -0.07 -0.29

P -0.03 0.53 -0.06 0.02 0.00

TCB 2 G -0.26 1.20 0.43 -0.44 1.17

P -0.03 0.46 0.02 0.01 0.01

TCB 3 G 0.44 0.65 0.01 0.92 -0.09

P 0.09 0.34 0.07 0.13 0.01

TCB 4 G -19.72 31.46 -8.58 -6.26 3.85

P -0.13 0.36 0.03 0.07 0.02

1000-Seed TCB 1 G 0.05 0.23 -1.09 0.04 0.32

Weight P -0.03 0.10 -0.33 -0.01 -0.01

TCB 2 G 0.08 -0.37 -1.38 -4.58 5.95

P -0.01 0.05 0.16 -0.03 -0.01

PATTERN OF RELATIONSHIPS AMONG PRODUCTIVITY AND NUTRITIONAL TRAITS
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TCB 3 G 0.05 0.16 0.03 0.25 -0.03

P 0.01 0.08 0.28 -0.04 0.01

TCB 4 G 5.50 12.27 -22.00 1.48 3.08

P 0.03 0.10 0.11 -0.01 -0.02

Iron content TCB 1 G 0.14 -0.71 -0.28 0.14 0.40

P 0.00 -0.12 -0.03 -0.09 -0.03

TCB 2 G -0.13 0.23 -2.75 -2.30 3.38

P 0.00 -0.08 0.06 -0.07 -0.01

TCB 3 G -0.29 -0.33 0.01 -1.81 0.13

P -0.03 -0.11 0.03 -0.39 0.02

TCB 4 G 1.62 -11.96 -1.98 16.48 -4.62

P 0.01 -0.08 0.00 -0.33 0.03

Zinc content TCB 1 G 0.04 -0.52 -0.47 0.08 0.75

P -0.02 0.02 -0.09 -0.05 -0.05

TCB 2 G -0.08 0.38 -2.24 -2.12 3.67

P 0.01 -0.04 0.06 -0.05 -0.01

TCB 3 G 0.37 -0.36 0.01 -1.35 0.17

P 0.03 -0.01 0.04 -0.25 0.03

TCB 4 G 17.46 -6.29 3.52 3.96 -19.26

P -0.03 0.08 -0.02 -0.11 0.10

Trial Plant height 1000 Seed Iron content  Zinc content Grain yield
Weight

Diagonal and bold values represent direct effects

TCB-1 TCB-2

VIJAYAKUMAR et al.
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In TCB 1, at genotypic level, plant height
(1.37) followed by grain Zn content (0.75) and grain
Fe content (0.14) had high and positive direct effect on
grain yield. At phenotypic level also plant height (0.53)
showed highest direct effect on grain yield. At genotypic
level, highest indirect effects on grain yield were showed
by days to 50% flowering via plant height (0.54)
followed by grain Fe content via grain Zn content (0.40)
and 1000-seed weight (0.32) via grain Zn content.

In TCB-2, at genotypic level grain Zn content
(3.67) followed by plant height (1.20) showed highest
direct effect on grain yield, whereas at phenotypic level
plant height (0.46) followed by 1000 seed weight (0.16)
showed highest direct effect on grain yield. The highest
indirect effects on grain yield at genotypic level showed
by 1000-seed weight via grain Zn content (5.95)
followed by grain Fe content via grain Zn content (3.38)
and days to 50% flowering via plant height (1.68).

In TCB-3, at genotypic level highest direct
effect on grain yield was showed by days to 50%
flowering (0.67) followed by plant height (0.65) whereas
at phenotypic level highest direct effect was showed
by plant height (0.34) followed by days to 50%
flowering (0.27). The highest indirect effects at genotypic
level were caused by days to 50% flowering (0.79)
via grain Fe content followed by plant height (0.44) via
days to 50% flowering and days to 50% flowering
(0.42) via plant height.

In TCB 4, at both genotypic (31.46) and
phenotypic level (0.36) plant height showed highest
direct effect on grain yield. Highest indirect effect at
genotypic level caused by days to 50% flowering
(19.19) via plant height, grain Zn content (17.46) via
days to 50% flowering and 1000-seed weight (12.27)
via plant height.

This study revealed that plant height showed
highest direct effect and days to 50% flowering showed
highest indirect effect on grain yield. Our results are in
accordance with Izge et al., (2006) and Kumar et al.,
(2020) where they found high direct effects of plant
height on grain yield. Bhasker et al., (2017) and
Rakesh et al., (2015) reported high direct effects for
plant height and 1000-grain weight on grain yield. On
the contrary, Sumanth et al., (2014) found high negative
direct effects of plant height on grain yield. Thangasamy
and Gomathinayagam (2003) and Bhuri Singh et al.,
(2015) reported that plant height and days to 50%
flowering are important traits to consider in selection
process to improve grain yield in pearl millet. This
investigation therefore suggests that plant height, 1000-
seed weight and days to 50% flowering should be
given maximum consideration for total yield improvement
in pearl millet.
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ABSTRACT

A field experiment was conducted on “Influence of plant density vis-à-vis architecture on Bt cotton (Gossypium hirsutum
L.) yield and quality parameters” was carried out on sandy loam soil at College farm, College of Agriculture, PJTSAU, Rajendranagar,
Hyderabad during 2021-23. The experiment was laid out in split plot design with three replications. Results revealed that
physiological parameters viz., significant on leaf area index and light interception rate were record highest in semi open type.
Specific leaf weight was found to be highest in compact type of plant canopy. Among plant densities, leaf area index and light
interception rate were observed to be highest in plants planted under 90 x 20 cm (55,555 plants ha-1), while highest specific leaf
weight was noticed highest in plant spacing of 90 x 60 cm (18,518 plants ha-1) during two years of study and pooled mean. Non-
significant statistical differences were observed among canopy temperature and SPAD readings (chlorophyll content in leaves).
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Cotton crop in India provides direct livelihood
to 6 million farmers and textile industry consumes 60%
of country’s total fibre production. India is the largest
producer of cotton and occupies second position in
exporting and consumption in the world. In India, Cotton
is grown in three different agro - ecological zones viz.,
Northern, Central and Southern zone. Nearly 70 per
cent of the crop is cultivated under rainfed conditions in
the Central and Southern regions of the country. India
occupies an area of 13 m ha with production of 365
lakh bales (170 kg of each bale) and productivity being
459 kg ha-1. Among the cotton growing states,
Maharashtra is the largest producer with an area of
38.06 lakh ha followed by Gujarat (24 lakh ha) and
Telangana (21.14 lakh ha).

Cotton production in India is witnessed by low
productivity due to various challenges such as rainfed
conditions, small farm size, low yielding cultivars,
optimum plant population, fertilizer application,
increasing pests, diseases etc. Planting density and
choice of cultivar are important agronomic practices that
have the potent ial to optimize the canopy
photosynthetic rate and crop productivity of any

cropping system (Yao et al. 2016). Plant canopy
architectural attributes such as size, shape, and
orientation of shoot components are of major agronomic
importance and greatly influence crop resistance to
pests and diseases, adaptability, plant density
requirements, ease of harvest and yield potential
(Stewart, 2005). Differences in canopy architectural
attributes among varieties impact cotton growth, lint yield
and management.

The response of varieties with contrasting
plant architecture to planting densities has important
implications to cotton crop management decisions such
as seeding rates. Reductions in seeding rates are
gaining traction due to high seed costs and technology
fees associated with transgenic cotton varieties coupled
with increased adoption of seed treatments for disease,
insect, and nematode control (Siebert and Stewart,
2006). The consequent reduction in plant density may
have implications for variety selection and crop
management due to modifications in plant architectural
traits. Cotton plant architecture is a hereditary character
that can be modified by selection (Morgen, 1917).
However, agronomic studies on the effects of the wide
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ranging plant architectural attributes on cotton growth,
yield potential, and crop management are limited
(Saeed et al. 2011). Manipulations of planting density
in cotton have significant impacts on biomass
partitioning, nutrient uptake, boll distribution, boll weight,
lint yield, changes in the light spectrum, and crop
production, which can influence yield of cotton. Thus
productivity can be increased by increasing plant
population per hectare i.e high density planting. Plants
at high density can minimize evaporation and irrigation
frequency, as well as increase the utilization of irrigation
water. Optimal plant density can ensure healthy plant
development by maintaining a core population of plants
synchronizing boll number and fibre quality to achieve
optimal yield (Dong et al. 2010). Farmers in Telangana
state cultivate cotton hybrids with spacing of either
90×60cm or 90×30cm without exploring full potential of
suitable plant architect based density, which is
essentially an important low cost agro production
strategy to enhance cotton yields. To assess the
optimal planting density combined with plant canopy
variations an attempt has been made to study influence
of cotton plant densities vis-a vis plant architectural
traits on growth and yield potential in Telangana region.

MATERIAL AND METHODS

The experiment on “Influence of plant density
vis-à-vis architecture on Bt cotton (Gossypium
hirsutum L.) yield and quality parameters” was
conducted during kharif season of two consecutive
years (2021 and 2022) to find out the influence of
various plant densities and different plant types of Bt
cotton on yield and quality at college farm, Professor
Jayashankar Telangana State Agricultural University,
College of Agriculture, Rajendranagar, Hyderabad
situated at an altitude of 542.3 m above mean sea
level at 17o19’ N latitude and 78o23’ E longitude. It is in
the Southern Telangana agro-climatic zone of
Telangana state. The soil analysis resulted that the
texture of the soil is sandy loam with slightly alkaline in
nature and having organic carbon upto 0.52 during
2021 and 0.51 during 2022.The initial soil analysis
resulted that available nitrogen is low (201.9 kg ha-1),
available phosphorous is high (20.5 kg ha-1) and
available potassium is medium (370.5 kg ha-1) during
the year 2021. Whereas, during 2022 the available
nitrogen is low (197 kg ha-1), available phosphorous
is high (21.2 kg ha-1) and available potassium is

medium (361.2 kg ha-1).The average weekly maximum
temperature during crop growing period was 29.4 oC
(2021) and 29.4oC (2022). The weekly mean minimum
temperature was 19.9 oC (2021) and 18.6 oC (2022).
Total rainfall of 504.6 mm was received during 2021 in
30 rainy days and 673.2 mm during 2022 in 40 rainy
days, respectively

The statistical design adopted for the
experimentation was Split Plot design, with four
replications and nine treatment combinations. The main
plots were three plant types viz., P1: Compact type
Bt cotton with Siri (Nuziveedu) hybrid; P2: Open type
Bt cotton with RCH 659 hybrid and P3: Semi Open
type Bt cotton with Sadanand hybrid. Each of these
main plots were divided into three sub-plots. The sub-
plots consisted of three plant densities viz., D1: 55,555
plants ha-1 with a spacing of 90× 20 cm; D2: 37,037
plants ha-1 with a spacing of 90× 30 cm and D3: 18,518
plants ha-1 with a spacing of 90×60 cm as detailed in
the Fig.3.2. The experiment was repeated on the same
site for two consecutive years in the same field during
kharif  2021 and 2022.

RESULTS AND DISCUSSION

PHYSIOLOGICAL PARAMETERS

1. Leaf Area Index

Data on Leaf Area Index (LAI) as influenced
by various plant types and plant densities are
presented in Table 1. A perusal of the data reveals
that, LAI was significantly affected by the plant types
and plant densities tried in the experiment at all growth
stages except at 30 DAS and interaction.

1.1. Leaf area index as influenced by plant types

The data in Table 4.12 reveals that LAI at 30
DAS was not-significantly influenced by plant types.
However, numerically the highest LAI of 0.63 and 0.64
during 2021 and 2022 respectively, was observed with
semi open growth type (Sadanand) and the lower
LAI of 0.55 and 0.55 during 2021 and 2022 respectively
was recorded with the compact type (Siri).

Highest leaf area index at being 1.93, 3.20,
4.29 and 3.74 (2021); 1.91, 3.11, 4.39 and 3.75 (2022)
at 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively, was recorded with semi open type
(Sadanand), which was statistically on par with open

VENKATKIRAN REDDY et al.
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type (RCH-659) and significantly superior to compact
type (Siri) plants. While, minimum LAI (1.51, 2.58, 3.72
and 3.14 (2021); 1.51, 2.48, 3.71 and 3.15 (2022) at
60 DAS, 90 DAS, 120 DAS and at harvest,
respectively) was observed with compact growth of
plant type (Siri).

In annuals the initial leaf area development
from seedlings is less for much of the early growth
phases and may not be significant differences. As leaf
area develops the leaf surfaces get expanded for
capture of more sunlight. Semi open type growth of
cotton plant where leaf is arranged at a certain angled
to capture the photosynthetically active radiation at a
higher rate and minimize the shading effect on lower
leaves. Compared to compact type where erectophile
canopy is structured (Less leaf area is exposed to
direct sunlight) and open type plants where planophile
canopy is available for capturing the sunlight (Shading
of lower leaves was observed). The semi open type
architecture in sadanand Bt cotton hybrid, has higher
light interception allowing more light to penetrate to the
bottom part of canopy increases the leaf area resulting
production of more assimilates which is distributed to
the reproductive structures and obtaining more yields.
The results are in concurrent with the findings of
Chapepa et al. (2013), Long et al. (2017), Chen et al.
(2021), Chen et al. (2022), Sultana et al. (2023).

1.2 Leaf area index as influenced by plant densities

Leaf area index in respect to plant densities
were observed to be significant at 60 DAS, 90 DAS,
120 DAS and at harvest except at 30 DAS of Bt
cotton during the first year and second year of study
(Table 1).

At 30 DAS, the LAI was observed to be non-
significant indicating that there is no effect of plant
densities on LAI. Numerically, the highest LAI 0.65 and
0.66 during 2021 and 2022, respectively, was observed
with plant density of 90 x 20 cm (55,555 plants ha-1)
followed by 90 x 30 cm (37,037 plants ha-1). While,
lowest LAI (0.55 and 0.55 during 2021 and 2022,
respectively) was recorded with plant density of 90 x
60 (18,518 plants ha-1).

Data on LAI revealed that at 60 DAS, 90
DAS, 120 DAS and at harvest, LAI was significantly
influenced by plant densities during both the years of

study. Highest LAI of 1.98, 3.25, 4.32 and 3.73 (2021);
1.99, 3.18, 4.43 and 3.77 (2022) at 60 DAS, 90 DAS,
120 DAS and at harvest, respectively, was recorded
with density of 90 x 20 cm (55,555 plants ha-1) which
was significantly superior to other plant densities viz.,
90 x 30 cm (37,037 plants ha-1) and 90 x 60 (18,518
plants ha-1). While, least LAI was found in planting
density of 90 x 60 (18,518 plants ha-1) (1.43, 2.40,
3.67, 3.07 (2021); 1.40, 2.38, 3.69, 3.13 (2022) at 60
DAS, 90 DAS, 120 DAS and at harvest, respectively).

This highest leaf area index at higher plant
densities might be due to higher leaf area per unit area.
Narrow row spaced plants covers more leaf area per
unit ground area significantly increasing the leaf area
index. Earlier finding of Chapepa et al. (2013), Long
et al. (2017), Chen et al. (2021), Chen et al. (2022),
Sultana et al. (2023) confirm the current finding.

1.3 Effect of interaction

The interaction effect of plant types and
planting densities on leaf area index at various growth
stages of Bt cotton was significant at 120 DAS during
both the years of study and pooled mean.

In respect of interaction, data presented in
Table 2 inferred that significantly highest leaf area index
was recorded with semi open type (Sadanand) with
plant densities 90 x 20 cm (55,555 plants ha-1) (P3D1

– 4.51 during 2021, 4.67 during 2022 and 4.59 in pooled
mean) which is significantly superior to P1D1, P1D2 and
P1D3 during both the years. Least leaf area index was
noticed with compact type (Siri) combined with 90 x
60 cm (18,518 plants ha-1) (P1D3 – 3.26 during 2021,
3.23 during 2022 and 3.25 in pooled mean). This
indicates that semi open type (Sadanand) when
planted under plant density of 90 x 20 cm resulted
with highest leaf area index. Similar results were also
obtained from the field experiments of Mao et al. (2014),
Chen et al. (2022) and Sultana et al. (2023).

2. Specific leaf weight (mg cm”2)

Data pertaining to specific leaf weight (mg
cm”2) as influenced by various plant types and plant
densities are tabulated in Table 3 shows that specific
leaf weight was significantly affected by the plant types
and plant densities at all growth stages except at 30
DAS and interaction.

INFLUENCE OF DIFFERENT PLANT DENSITIES ON PHYSIOLOGICAL PARAMETERS
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2.1 Specific leaf weight as influenced by plant
types

The data in Table 3 reveals that specific leaf
weight at 30 DAS was not-significantly influenced by
treatments. However, numerically the highest specific
leaf weight of 1.34 and 1.36 mg cm”2 during 2021 and
2022 respectively, was observed with compact type
(Siri) and the lower specific leaf weight of 0.85 and
0.85 mg cm”2 during 2021 and 2022 respectively was
noticed with the semi open growth type (Sadanand).

Specific leaf weight at 60 DAS, 90 DAS, 120
DAS and at harvest followed the similar trend during
both years. Maximum specific leaf weight of 2.06, 2.45,
2.58 and 2.64 mg cm”2 (2021); 2.17, 2.55, 2.60 and
2.65 mg cm”2 (2022) at 60 DAS, 90 DAS, 120 DAS
and at harvest, respectively, was recorded with
compact growth of plant type (Siri), which was
statistically on par with open type (RCH-659) and
significantly superior to semi open type (Sadanand).
While, minimum specific leaf weight (1.62, 1.84, 1.96
and 1.98 mg cm”2 (2021); 1.61, 1.83, 1.96 and 1.97 mg
cm”2 (2022) at 60 DAS, 90 DAS, 120 DAS and at
harvest, respectively) was observed with semi open
type (Sadanand).

Specific leaf weight is the derivation of leaf
weight and leaf area. Hence, more leaf area the specific
leaf weight is less. Semi open type growth of cotton
plant where leaf is arranged at a certain angled to
capture the photosynthetically active radiation at a
higher rate producing more leaf area has less specific
leaf weight. Compared to compact type where
erectophile canopy is structured (Less leaf area is
exposed to direct sunlight) and open type plants where
planophile canopy is available for capturing the sunlight
and has less leaf area and resulting higher specific
leaf weight. The results are in conformity with the
findings of Long et al. (2017), Mao et al. (2014) and
Sultana et al. (2023).

2.2 Specific leaf weight as influenced by plant
densities

Specific leaf weight in respect to densities were
observed to be significant at 60 DAS, 90 DAS, 120
DAS and at harvest except at 30 DAS of Bt cotton
during the first year (2021) and second year of study
(2022). A perusal of data presented in Table 4.13
indicates that, at 30 DAS, the specific leaf weight was

observed to be non-significant inferring that there is no
effect of plant densities on specific leaf weight.
Numerically, the highest specific leaf weight 1.36 and
1.39 mg cm”2 during 2021 and 2022, respectively, were
observed with plant density of 90 x 60 cm (18,518
plants ha-1) followed by 90 x 30 cm (37,037 plants
ha-1). While, lowest specific leaf weight (1.05 and 1.05
mg cm”2 during 2021 and 2022, respectively) was
recorded with plant density of 90 x 20 cm (55,555 plants
ha-1).

Data on specific leaf weight revealed that at
60 DAS, 90 DAS, 120 DAS and at harvest, highest
specific leaf weight of 2.14, 2.45, 2.60 and 2.65 mg
cm”2 (2021); 2.16, 2.59, 2.67 and 2.69 mg cm”2 (2022)
at 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively, was recorded with density of 90 x 60 cm
(18,518 plants ha-1) which was significantly superior
to other plant densities viz., 90 x 30 cm (37,037 plants
ha-1) and 90 x 20 cm (55,555 plants ha-1). While, least
specific leaf weight was found in planting density of
90 x 20 cm (55,555 plants ha-1) (1.51, 1.95, 2.01 and
2.09 mg cm”2 (2021); 1.57, 1.86, 2.00 and 2.08 mg
cm”2 (2022) at 60 DAS, 90 DAS, 120 DAS and at
harvest, respectively).

This highest specific leaf weight at lower plant
densities might be due to sufficient availability of
nutrients, space, sunlight and soil moisture which lead
to thicker leaves resulting in higher leaf specific weight.
The higher plant densities recorded less leaf weight
due to lower production of photosynthates since
competition exists for nutrient, light and moisture. Earlier
findings of Long et al. (2017), Mao et al. (2014) and
Sultana et al. (2023) confirm the current findings.

2.3 Effect of interaction

The interaction effect of plant types and
planting densities on specific leaf weight at various
growth stages of Bt cotton was non-significant during
both the years of study.

3. Light interception rate (%)

Data pertaining to light interception rate (%)
as influenced by various plant types and plant
densities are tabulated in Table 4 reveals that light
interception rate was significantly affected by the plant
types and plant densities at all growth stages.
Whereas, interaction between the plant types and
densities found non-significant.

INFLUENCE OF DIFFERENT PLANT DENSITIES ON PHYSIOLOGICAL PARAMETERS



32

3.1 Light interception rate (%) as influenced by
plant types

The data presented in Table 4 reveals that
light interception rate at 30 DAS, 60 DAS, 90 DAS,
120 DAS and at harvest followed the similar trend
during both the years of study.

Maximum light interception rate of 24.96, 77.11,
104.45, 113.04 and 103.82 % (2021); 25.59, 77.95,
104.99, 110.01 and 101.68 (2022) at 30 DAS, 60 DAS,
90 DAS, 120 DAS and at harvest, respectively, was
recorded with semi open type (Sadanand), which was
found statistically on par with open type growth of Bt
cotton plants (RCH-659) and significantly superior to
compact type (Siri) plants. While, minimum light
interception rate of 18.38, 54.84, 75.16, 80.86 and 73.84
% was recorded during 2021 and 18.55, 55.31, 74.25,
78.91 and 73.06 % was observed during 2022 at 30
DAS, 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively) with compact growth of plant type (Siri).

As leaf area develops the leaf surfaces get
expanded for higher interception of radiant energy
capture of more sunlight and significant differences can
be observed on light interception rate. Semi open type
growth of cotton plant where leaf is arranged at a certain
angled to capture the photo synthetically active
radiation at a higher rate causes more light interception
and minimize the shading effect on lower leaves.
Compared to compact type where erectophile canopy
is structured (Less leaf area is exposed to direct
sunlight) and open type plants where planophile
canopy is available for capturing the sunlight (Shading
of lower leaves was observed). The semi open type
architecture in sadanand Bt cotton hybrid, has higher
light interception allowing more light to penetrate to the
bottom part of canopy increases the leaf area resulting
production of more assimilates which is distributed to
the reproductive structures and obtaining more yields.
The results are in concurrent with the findings of
Chapepa et al. (2013), Long et al. (2017), Chen et al.
(2021), Chen et al. (2022), Sultana et al. (2023).

3.2 Light interception rate (%) as influenced by
plant densities

Light interception rate in respect to densities
were observed to be significant at 30 DAS, 60 DAS,
90 DAS, 120 DAS and at harvest of Bt cotton during
2021 and 2022. Data on light interception rate presented

in Table 4 shows that, at 30 DAS, 60 DAS, 90 DAS,
120 DAS and at harvest, highest light interception rate
of 26.79, 78.41, 102.48, 110.01 and 100.90 (2021);
26.83, 78.83, 102.90, 108.46 and 99.21 (2022) at 30
DAS, 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively, was recorded with density of 90 x 20 cm
(55,555 plants ha-1) which was significantly superior
to other plant densities viz., 90 x 30 cm (37,037 plants
ha-1) and 90 x 60 cm (18,518 plants ha-1). While, least
light interception rate was found in planting density of
90 x 60 cm (18,518 plants ha-1) (17.10, 53.32, 76.44,
81.30 and 75.92 (2021); 18.47, 53.95, 76.50, 80.41
and 75.22 (2022) at 30 DAS, 60 DAS, 90 DAS, 120
DAS and at harvest, respectively).

This higher light interception rate at high plant
densities might be due to more leaf area available for
interception of radiant energy. The low plant densities
recorded lower number of leaves per unit area results
in less interception rate. Similar findings were also
reported by previous researchers. Chapepa et al.
(2013), Long et al. (2017), Chen et al. (2021), Chen et
al. (2022), Sultana et al. (2023).

3.3 Effect of interaction

The interaction effect of plant types and
planting densities on light interception rate at various
growth stages of Bt cotton was non-significant during
both the years of study.

4. Canopy temperature (oC)

Data pertaining to canopy temperature as
influenced by plant types and plant densities at 30
DAS, 60 DAS, 90 DAS, 120 DAS and at harvest
during 2021 and 2022 are presented in Table 5. Non-
significant differences were observed in Bt cotton
among plant types and planting densities and their
interaction at all the phenological stages of crop during
two years of study.

Numerically, compact type growing cotton
hybrids was found with high canopy temperature
(29.28, 30.94, 33.09, 34.75 and 35.44 oC during 2021
and 29.29, 30.98, 33.11, 34.77 and 35.47 oC during
2022 and 29.28, 30.96, 33.10, 34.76 and 35.46 oC in
pooled mean at 30 DAS, 60 DAS, 90 DAS, 120 DAS
and at harvest, respectively) compared to open type
of growing cotton hybrids (26.06, 27.52, 30.36, 31.88
and 32.52 oC during 2021; 26.15, 27.59, 30.45, 31.91
and 32.58 oC during 2022 and 26.10, 27.56, 30.41,
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31.89 and  32.55 oc in pooled mean at 30 DAS, 60
DAS, 90 DAS, 120 DAS and at harvest, respectively).

With respect to plant densities, high density
planting provided higher canopy temperature (28.57,
30.13, 31.85, 33.45 and 34.12 oC during 2021 and 28.59,
30.17, 31.87, 33.47 and 34.14 oC during 2022 and 28.58,
30.15, 31.86, 33.46 and 34.13 oC in pooled mean at
30 DAS, 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively) at all the stages when compared to high
density planting (27.23, 27.98, 30.72, 32.26 and 32.91
oC during 2021 and 27.29, 28.02, 30.82, 32.29 and
32.97 oC during 2022 and 27.26, 28.00, 30.77, 32.28
and 32.94 oc at 30 DAS, 60 DAS, 90 DAS, 120 DAS
and at harvest, respectively).

Similar reports of non-significant influence of
plant types and planting densities on canopy
temperature was reported by the previous workers
Santosh et al. (2019) and Maheswari and
Krishnaswamy (2019).

5. SPAD readings (chlorophyll content in leaves)

A perusal of data pertaining to SPAD readings
as influenced by plant types and plant densities at 30
DAS, 60 DAS, 90 DAS, and 120 DAS and at harvest
during 2021 and 2022 are presented in Table 6. The
chlorophyll content determines the photosynthetic
capacity and influence the rate of photosynthesis,
drymatter production and yield. SPAD readings
(chlorophyll content in leaves) increased up to 120 DAS
and thereafter it declined till harvest. Bt cotton as
influenced by plant types and planting densities and
their interaction did not differ significantly with respect to
chlorophyll content in leaves at all growth stages of
cotton crop during two years of study.

Canopy temperature was not influenced by
plant type and densities of open type growing cotton
hybrids was found with high chlorophyll content in
leaves (32.90, 34.88, 40.81, 44.07 and 36.14 during
2021 and 33.08, 34.94, 40.90, 44.11 and 36.07 during
2022 and 32.99, 34.91, 40.86, 44.09 and 36.11 in
pooled mean at 30 DAS, 60 DAS, 90 DAS, 120 DAS
and at harvest, respectively) compared to compact
type of growing cotton hybrids (31.44, 33.33, 38.99,
42.11 and 34.53 during 2021 and 31.61, 33.36, 39.09,
42.18 and 34.68 during 2022 and 31.53, 33.35, 39.04,
42.15 and 34.61 in pooled mean at 30 DAS, 60 DAS,
90 DAS, 120 DAS and at harvest, respectively).

With respect to plant densities low density
planting provided higher chlorophyll content values
(32.30, 34.24, 40.06, 43.27 and 35.48 during 2021 and
32.48, 34.31, 40.16, 43.31 and 35.41 during 2022 and
32.39, 34.28, 40.11, 43.29 and 35.45 in pooled mean
at 30 DAS, 60 DAS, 90 DAS, 120 DAS and at harvest,
respectively) at all the stages when compared to high
density planting (31.99, 33.91, 39.67, 42.85 and 35.13
during 2021 and 32.07, 34.01, 39.76, 42.86 and 35.22
during 2022 and 32.03, 33.96, 39.72, 42.86 and 35.18
in pooled mean at 30 DAS, 60 DAS, 90 DAS, 120
DAS and at harvest, respectively) this is due to the
fact that, low plant densities are provided with all the
natural resources required for their growth and attributed
in better performance of individual plant.

Similar reports of non-significant influence of
plant types and planting densities on canopy
temperature was reported by Yang et al. (2014).

CONCLUSION

Leaf Area Index (LAI) was significantly
influenced by various plant types and plant densities
at all growth stages except at 30 DAS and interaction
during 2021 and 2022 and pooled mean. Highest leaf
area index at 60 DAS, 90 DAS, 120 DAS and at
harvest was recorded with semi open type
(Sadanand), which was statistically on par with open
type (RCH-659) and significantly superior to compact
type (Siri) plants. Among plant densities LAI revealed
that at 60 DAS, 90 DAS, 120 DAS and at harvest
significantly highest LAI was found in planting density
of 90 x 20 cm (55,555 plants ha-1) which was
significantly superior to other plant densities viz., 90 x
30 cm (37,037 plants ha-1). While, least LAI was found
in planting density of 90 x 60 (18,518 plants ha-1).

Data pertaining to specific leaf weight (mg
cm”2) shows that specific leaf weight was significantly
affected by the plant types and plant densities at all
growth stages except at 30 DAS and interaction.
Specific leaf weight at 60 DAS, 90 DAS, 120 DAS
and at harvest followed the similar trend during both
years and pooled mean. Maximum specific leaf weight
was recorded with compact type (Siri) plants which
was statistically on par with open type (RCH-659)
and significantly superior to semi open type
(Sadanand). While, minimum specific leaf weight was
observed with semi open type (Sadanand). Specific

INFLUENCE OF DIFFERENT PLANT DENSITIES ON PHYSIOLOGICAL PARAMETERS
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leaf weight in respect to densities were observed to
be significant at 60 DAS, 90 DAS, 120 DAS and at
harvest and highest was found in density of 90 x 60
cm (18,518 plants ha-1) which was significantly
superior to other plant densities viz., 90 x 30 cm (37,037
plants ha-1) and 90 x 20 cm (55,555 plants ha-1). While,
least specific leaf weight was found in planting density
of 90 x 20 cm (55,555 plants ha-1) at 60 DAS, 90
DAS, 120 DAS and at harvest during 2021, 2022 and
pooled mean.

Data pertaining to light interception rate (%)
reveals that light interception rate was significantly
affected by the plant types and plant densities at all
growth stages. Whereas, interaction between the plant
types and densities found non-significant. Significantly
highest light interception rate at 30 DAS, 60 DAS, 90
DAS, 120 DAS and at harvest followed the similar
trend during both the years of study and pooled mean.
Maximum light interception rate at all growth stages
were recorded with semi open type (Sadanand), which
was found statistically on par with open type growth
of Bt cotton plants (RCH-659) and significantly superior
to compact type (Siri) plants. With regard to plant
densities highest light interception rate was recorded
with density of 90 x 20 cm (55,555 plants ha-1) which
was significantly superior to other plant densities viz.,
90 x 30 cm (37,037 plants ha-1) and 90 x 60 cm (18,518
plants ha-1) at 30 DAS, 60 DAS, 90 DAS, 120 DAS
and at harvest.

Data pertaining to canopy temperature and
SPAD readings (chlorophyll content in leaves) were
not significantly influenced by canopy architectures and
plant densities at 30 DAS, 60 DAS, 90 DAS,120 DAS
and at harvest during 2021 and 2022 and pooled mean.
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Stem rot of groundnut, caused by the necrotrophic pathogen Sclerotium rolfsiiis a devastating soil borne disease. Its
incidence has been increasing in the hot and humid groundnut growing regions since the past decade. Chemical and cultural
practices have been under practice to manage this disease. However, these measures cannotfully control the pod losses incurred
by the crop, owing to the non-uniform distribution of the pathogen. Host resistance to the disease appears to be the most feasible
solution to control the disease. In the present study, hundred genotypes of a groundnut RIL population (ICGV 91114 X ICGV
86590) along with resistant and susceptible checks have been screened during Kharif,2021 under artificially inoculated controlled
conditions in poly-house. Disease was assessed using percent mortality which was recorded at 15, 30, 45 and 60 days after
inoculation (DAI). Analysis of variance revealed significant differences among the genotypes for 45 and 60 DAI indicating that these
could be the best scoring times. It was observed that most of the genotypes were susceptible to the disease, while a very few
were resistant and moderately resistant. The genotypes ICGN 184776, ICGN 184806, ICGN 184849, ICGN 184784, ICGN
184783, ICGN 184836, ICGN 184809, ICGN 184811, ICGN 184812, ICGN 184846, ICGN 184768 and ICGN 184823 were
found to have considerable resistance against the disease. They have the potential to be considered for selections to be used as
parents in crossing programs for the transfer of resistance to cultivated breeding lines.

Keywords: Stem rot, resistance, groundnut, recombinant inbred line population.

Cultivated groundnut or peanut (Arachis
hypogaea L.) is an important oil seed and food legume
crop. It has originated in South America and is now
grown in more than 100 countries all over the world.
China, India, Nigeria, the United States, Senegal,
Myanmar,Indonesia, Sudan, Argentina, Ghana, and
Vietnam are the primary groundnut producing nations,
accounting for 84% of global groundnut output
(Pasupuleti et al., 2013). In India,it is grown in the
states Andhra Pradesh, Telangana, Gujarat,
Karnataka and Tamil Nadu. Andhra Pradesh,
Telangana and Gujarat account for more than half of
the country’s groundnut growing area (DGR Annual
Report, 2013). Globally, it is cultivated over an area of
32.7 Mha with a production of 53.9 Mt leading to a
productivity of 1.6 t/ha (FAOSTAT, 2021).

Groundnut is rich in its nutritional value. Kernels
contain 40-54% oil, protein content of 22-36% and
carbohydrate content of 10-20%. It is also high in B
vitamins such as thiamine (B1), riboflavin (B2), niacin

(B3), and tocopherol (Nagaraj, 1995). From 100 g of
kernels, 564 K calories of energy is supplied
(Jambunathan, 1991). The seeds are high in mono-
unsaturated fatty acids and include several health-
promoting minerals, antioxidants and vitamins
(Pasupuleti et al., 2013). Groundnut haulms serve as
fodder for livestock. The crop has a variety of industrial
applications, including food, feed, paints, lubricants and
pesticides (Variathet al., 2017). Being a legume crop,
groundnut improves soil health and fertility by releasing
N2 and organic matter into soil (Alagirisamy, 2016).

Frequently, groundnut cultivation in India is
suffering a considerable yield loss as a result of biotic
and abiotic stresses, which are the main obstacles in
achieving higher productivity (Divya Rani et al., 2018).
Among the biotic factors, seed and soil-borne diseases
have been identified as the major constraints affecting
groundnut production (Palaiah et al., 2019). Stem rot
disease, caused by the necrotrophic fungusSclerotium
rolfsii, is an emerging soil borne disease of groundnut.
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It is a serious limitation to groundnut production in many
warm and humid countries (Bera et al., 2014).
Groundnut yield loss due to stem rot disease typically
ranges from 10-40%, but can exceedto 80% in heavily
infected fields (Mehan et al., 1995). S. rolfsii also
causes indirect losses such as decrease in the dry
weight and oil content of groundnut kernels as well as
decrease in the quality of pod and fodder (Bera et al.,
2014).

Chemical and cultural practises are the primary
control strategies utilised to manage soil-borne
diseases (Krishnakanth et al., 1999). The pathogen
persistence in the soil and its vast host range frequently
hinder the efficiency of chemical and cultural
management of soil-borne diseases (Palaiah et al.,
2019). Host plant resistance offers the best possible
solution for controlling stem rot disease in groundnut.
Growing resistant cultivars against stem rot disease
is also a cost-effective, long-term strategy that fits well
into integrated disease management (Divya Rani et
al., 2018). Earlier studies have been conducted to
screen the groundnut genotypes for stem rot disease
resistance identification by using artificial inoculation
techniques (Divya Rani et al., 2018; Bera et al., 2014;
Palaiah et al., 2019). However, a highly resistant line
against this disease has not yet been identified. The
pathogen’s non-uniform geographic distribution
complicates large-scale screening for resistance in
segregating populations under field conditions with
natural or artificial infection. As a result, consistent data
is difficult to be generatedwhen screened only under
field conditions (Bera et al., 2016a). To overcome the
barriers faced under field screening conditions, it is also
essential to screen for the same genotypes under
controlled/glasshouse conditions. Hence, the present
study has been conducted with the following objectives:
To screen groundnut RIL population under controlled
conditions in the poly-house, to identify groundnut
genotypes resistant against stem rot disease.

MATERIAL AND METHODS

The plant material comprised of RIL population
(ICGV 91114 X ICGV 86590) with 100 genotypes
including parents and checks. ICGV 91114 is the stem
rot susceptible parent. It is a Spanish bunch line with
short duration. ICGV 86590 is the resistant parent. It
is also a Spanish bunch line with medium duration
and reported to be foliar disease resistant (Divya Rani

et al., 2018). CS 319 and ICGV 86856 were used as
the resistant checks whereas TMV-2 and GG-20
served as susceptible checks. The list of genotypes
included in the present study is presented in Table 2.
The experiment was conducted during Kharif, 2021
under controlled conditions of temperature (26 ± 2°C)
and humidity (80-90%) in the poly-house (23.8 m x
6.1m) at International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru. The pots
were arranged in a completely randomized block design
(CRD), plastic pots 22.8 of centimetre were utilised.
The pots were filled with sterilised soil mix (red soil and
sand in 3:2 ratio) and five seeds were planted per pot
(one pot per genotype in each replication).

S. rolfsii, the stem rot pathogen had been
mass multiplied on sorghum grains (Bera et al., 2016a).
The sorghum grains served as a medium for the
pathogengrowth and multiplication. Each of the plants
in the pots were artificially inoculated at 35 days after
sowing through the application of the pathogen that
had multiplied on the sorghum grains. After inoculation,
the pots were immediately watered for two days. The
pots were maintained at 26 ± 2°C and 90% RH until
they were harvested. Regular irrigations were given.
The number of plants in each pots (number of
germinated plants) were recorded prior to inoculation.
The stem rot disease progress was assessed in terms
of number of dead plants after every 15 days starting
from the day of inoculation. Plant mortality was used
to measure the disease in terms of number of dead
plants. Percent mortality was calculated using the
formula:

Percent mortality = (Number of dead plants/total
number of plants before inoculation) *100. Later, the
plants were scored based on the disease scale given
by Bera et al., (2016b). The scale is denoted as:

Mortality range (%) Scoring

< 10% Highly resistant (HR)

10 - 19% Resistant (R)

20 - 29% Moderately Resistant (MR)

30% Susceptible (S)

Table1: Disease scale designated for the
classification of genotypes

KIRANMAYEE et al.
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To assess the variability among the genotypes,
analysis of variance (ANOVA) was performed using
R software (ver. 4.2.1).

RESULTS AND DISCUSSION

Stem rot of groundnut is a complex disease
and host plant resistance is the most effective method
of managing this disease. Identification of resistant lines
is the initial step towards breeding for disease
resistance. A total of 100 groundnut lines of the RIL
population ICGV 91114 X ICGV 86590 along with
the checks (ICGV 86856, CS 319, TMV-2, CS 319)
were screened under poly-house conditions. The results
of the present study are described herewith.

S No. GENOTYPES PM 15 DAI PM 30 DAI PM 45 DAI PM 60 DAI

Table 2: Trait means for the genotypes under study

Note: PM- Percent mortality; DAI- Days after inoculation, RC- Resistant check, SC- Susceptible check,
P1- Parent1, P2- Parent 2

1 CS 319 (RC) 10.00 34.29 48.57 48.57

2 GG 20 (SC) 0.00 22.50 45.00 57.50

3 ICGN 184767 0.00 27.14 39.29 44.29

4 ICGN 184768 16.67 26.67 26.67 26.67

5 ICGN 184770 16.67 29.17 29.17 45.83

6 ICGN 184771 10.00 30.00 50.00 60.00

7 ICGN 184772 8.33 35.00 70.00 90.00

8 ICGN 184773 10.00 10.00 32.50 45.00

9 ICGN 184774 0.00 33.33 33.33 33.33

10 ICGN 184776 0.00 7.14 7.14 7.14

11 ICGN 184779 22.50 32.50 55.00 55.00

12 ICGN 184781 7.14 28.57 42.86 64.29

13 ICGN 184783 0.00 22.50 22.50 22.50

14 ICGN 184784 0.00 10.00 20.00 20.00

15 ICGN 184785 0.00 20.00 40.00 40.00

16 ICGN 184786 0.00 45.83 54.17 66.67

17 ICGN 184787 7.14 38.57 62.86 70.00

18 ICGN 184788 0.00 25.00 43.75 50.00

19 ICGN 184789 48.57 65.71 92.86 92.86

20 ICGN 184790 0.00 7.14 21.43 71.43

21 ICGN 184791 0.00 43.33 53.33 53.33

22 ICGN 184792 12.50 41.67 83.33 91.67

It was revealed from the present study that the stem
rot disease severity increased gradually from 15 DAI
to 60 DAI and genotypes exhibited significant variation
in the disease incidence. Table 2 represents the mean
percent mortality (PM) at 15,30,45,60 DAI. The mean
PM was between 0-62.5% at 15 DAI, 0-65.7% at 30
DAI, 0-100% at 45 DAI and 7.14-100% at 60 DAI.
The percent mortality at 60 DAI (final observation) was
used to assess the number of resistant genotypes
identified through the study based on the scale to score
the genotypes (Bera et al., 2016b). Only one genotype
showed PM <10% and was rated as highly resistant
(HR), two genotypes showed PM between 10-19%
and were rated as resistant (R). The PM range for ten

SCREENING OF RECOMBINANT INBRED LINE (RIL) POPULATION OF GROUNDNUT
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S No. GENOTYPES PM 15 DAI PM 30 DAI PM 45 DAI PM 60 DAI

23 ICGN 184793 0.00 10.00 22.50 32.50

24 ICGN 184794 14.29 33.93 54.46 54.46

25 ICGN 184795 16.67 43.33 53.33 83.33

26 ICGN 184796 10.00 32.50 55.00 55.00

27 ICGN 184797 0.00 35.71 57.14 71.43

28 ICGN 184799 10.00 28.33 38.33 46.67

29 ICGN 184800 0.00 24.29 31.43 41.43

30 ICGN 184801 0.00 10.00 20.00 30.00

31 ICGN 184802 12.50 25.00 50.00 62.50

32 ICGN 184803 0.00 25.00 47.22 55.56

33 ICGN 184804 0.00 58.33 75.00 100.00

34 ICGN 184805 0.00 37.50 60.00 60.00

35 ICGN 184806 12.50 12.50 12.50 12.50

36 ICGN 184807 10.00 10.00 32.50 55.00

37 ICGN 184808 0.00 20.00 30.00 30.00

38 ICGN 184809 12.50 12.50 25.00 25.00

39 ICGN 184810 0.00 45.00 55.00 87.50

40 ICGN 184811 0.00 0.00 12.50 25.00

41 ICGN 184812 0.00 25.00 25.00 25.00

42 ICGN 184815 0.00 55.00 73.33 73.33

43 ICGN 184816 0.00 7.14 28.57 100.00

44 ICGN 184817 0.00 0.00 50.00 75.00

45 ICGN 184818 0.00 10.00 10.00 75.00

46 ICGN 184819 12.50 25.00 35.00 47.50

47 ICGN 184820 16.67 36.67 46.67 46.67

48 ICGN 184821 0.00 28.57 42.86 50.00

49 ICGN 184822 0.00 20.00 30.00 52.50

50 ICGN 184823 7.14 14.29 29.76 29.76

51 ICGN 184825 0.00 35.00 70.00 70.00

52 ICGN 184826 22.50 45.00 70.00 80.00

53 ICGN 184827 16.67 50.00 75.00 83.33

54 ICGN 184828 0.00 30.00 48.33 48.33

55 ICGN 184829 10.00 10.00 10.00 50.00

56 ICGN 184830 0.00 30.95 61.90 78.57

57 ICGN 184831 0.00 10.00 20.00 45.00

58 ICGN 184832 20.00 50.00 60.00 70.00

KIRANMAYEE et al.
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S No. GENOTYPES PM 15 DAI PM 30 DAI PM 45 DAI PM 60 DAI

59 ICGN 184833 10.00 10.00 20.00 30.00

60 ICGN 184834 21.43 26.98 26.98 45.24

61 ICGN 184835 18.33 38.33 56.67 56.67

62 ICGN 184836 8.33 8.33 25.00 25.00

63 ICGN 184837 0.00 41.67 41.67 41.67

64 ICGN 184838 0.00 50.00 70.00 90.00

65 ICGN 184839 62.50 62.50 75.00 75.00

66 ICGN 184841 0.00 40.00 60.00 70.00

67 ICGN 184842 12.50 33.33 41.67 75.00

68 ICGN 184843 16.67 25.00 51.67 51.67

69 ICGN 184844 0.00 39.29 58.93 73.21

70 ICGN 184845 0.00 7.14 13.39 64.29

71 ICGN 184846 0.00 8.33 16.67 25.00

72 ICGN 184847 8.33 22.62 38.10 38.10

73 ICGN 184848 16.67 55.56 69.44 75.00

74 ICGN 184849 0.00 0.00 0.00 12.50

75 ICGN 184850 13.39 32.14 45.54 52.68

76 ICGN 184851 0.00 41.43 58.57 58.57

77 ICGN 184852 0.00 18.75 37.50 68.75

78 ICGN 184853 0.00 16.67 16.67 33.33

79 ICGN 184854 0.00 35.00 43.33 81.67

80 ICGN 184856 0.00 25.00 50.00 50.00

81 ICGN 184857 0.00 29.76 60.71 75.00

82 ICGN 184858 0.00 51.25 83.75 90.00

83 ICGN 184859 0.00 60.00 80.00 100.00

84 ICGN 184860 0.00 16.67 66.67 66.67

85 ICGN 184861 8.33 33.33 50.00 58.33

86 ICGN 184863 16.67 58.33 70.83 83.33

87 ICGN 184864 25.00 50.00 100.00 100.00

88 ICGN 184865 0.00 28.33 38.33 46.67

89 ICGN 184866 0.00 41.67 66.67 83.33

90 ICGN 184867 0.00 7.14 7.14 31.43

91 ICGN 184868 0.00 21.43 41.07 53.57

92 ICGN 184869 10.00 32.50 55.00 55.00

93 ICGN 184870 12.50 29.17 70.83 70.83

SCREENING OF RECOMBINANT INBRED LINE (RIL) POPULATION OF GROUNDNUT



44

genotypes was 20-29%, they were rated as
moderately resistant (MR). Eighty-six genotypes of the
hundred under study were rated as susceptible (S)
with their PM e”30% (Table 3). This indicates that most
of the genotypes were susceptible to the disease, while
a very few were resistant and moderately resistant.

Number of genotypes Mortality range Scoring

1 <10% HR

2 10-19% R

10 20-29% MR

86    30% S

Table 3: Number of lines identified under each class based on percent mortality@60DAI (days after
inoculation)

Similar results where a very few resistant lines and a
large number of susceptible lines were identified have
been reported by earlier researchers (Krishnakanth et
al., 1999). The designations of the genotypes under
each scoring category are represented in Table 4. The
susceptible check TMV -2 showed PM of 75%
whereas the resistant check ICGV 86856 showed PM
of 20%. In comparison to the resistant parent ICGV
86590, a total of twelve genotypes recorded PM <30%
at 60 DAI (Table 6 and Figure 1).

Analysis of variance was performed to
assess the variation among the genotypes for the PM
at 15,30,45 and 60 DAI. It was revealed from the
ANOVA that the genotypes showed highly significant
variation for PM at 45 DAI (1% level of significance).
At 60 DAI, the genotypes showed a significant
variation (5% Level of significance). There was no
significant variation among the genotypes for PM at
15 and 30 DAI. Significant variations were observed
among the genotypes at 45 and 60 DAI, this indicates
that the PM observations taken at 45 and 60 DAI
could be the best ones to assess the disease among
the genotypes under study (Table 5). From the present
study, the genotypes ICGN 184776 (HR); ICGN
184806, ICGN 184849 (R); ICGN 184784, ICGN
184783, ICGN 184836, ICGN 184809, ICGN 184811,
ICGN 184812, ICGN 184846, ICGN 184768 and
ICGN 184823 (MR) could be considered to be the
best against the stem rot disease among all the
genotypes under study.

Stem rot of groundnut is an emerging disease
among the groundnut growing regions. As mentioned,
host plant resistance offers a long-term solution against
the disease and no highly resistant breeding line has
been identified to fight against this disease. Hence,
screening of germplasm lines is an essential and initial

step towards disease resistant breeding. It can be
done in the field and/or glasshouse (controlled)
conditions. The present study was conducted in a poly-
house under controlled conditions. Screening for diverse
genetic materials in the field conditions is a valuable
selection approach for identifying truly resistant/tolerant
genotypes (Guclu et al., 2020). Certain genotypes
(ICG 12083) have showed field resistance but are
less resistant in greenhouse experiments (Singh et
al.,1997). To discover and characterise resistance
components, promising genotypes should be
investigated in field, micro plot and greenhouse
conditions (Bera et al., 2014). Hence the genotypes
from the current study can be further evaluated for stem
rot disease under field conditions to further confirm the
truly resistant lines. After confirmations from the field
and glasshouse studies, elite lines with significant
resistance responses to the disease can be employed
as parents in breeding programs to transfer this
resistance into cultivable germplasm (Divya Rani et
al., 2018).

CONCLUSION

Screening of 100 groundnut genotypes under
poly-house conditions revealed that the genotypes
were highly variable for the disease and the best time
to score for the disease is at 45 and 60 days after
inoculum application. It was observed from the study
that most of the lines were susceptible to the disease.
However, a set of lines with some degree of resistance
could be identified. Since stem rot disease is highly

KIRANMAYEE et al.
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Classification <10% 10-19% 20-29% 30%

Percent mortality (%) at 60 DAI



ICGN 184801, ICGN 184808,

ICGN ICGN 184806, ICGN 184784, ICGN 184833, ICGV 86590,
184776 ICGN 184849 ICGV 86856, ICGN 184867, ICGN 184793,

ICGN 184783, ICGN 184774

ICGN 184836, ICGN 184853, ICGN 184847,

ICGN 184809, ICGN 184785, ICGN 184800

ICGN 184811, ICGN 184837, ICGN 184767,

ICGN 184812, ICGN 184773, ICGN 184831

ICGN 184846, ICGN 184834, ICGN 184770,

ICGN 184768, ICGN 184799, ICGN 184820,

ICGN 184823 ICGN 184865, ICGN 184819,

ICGN 184828, CS 319

ICGN 184788, ICGN 184821,
ICGN 184829, ICGN 184856,
ICGN 184843, ICGN 184822,
ICGN 184850, ICGN 184791,
ICGN 184868, ICGN 184794,
ICGN 184779, ICGN 184796,
ICGN 184807, ICGN 184869,
ICGN 184803, ICGN 184835,
GG 20, ICGN 184861, ICGN
18485,  ICGN 184771, ICGN
184805, ICGN 184802, ICGN
184781, ICGN 184845,

ICGN 184860, ICGN 184786,
ICGN 184852, ICGN 184787,
ICGN 184825, ICGN 184832,
ICGN 184841, ICGN 184871,

ICGN 184870, ICGN 184797,
ICGN 184790, ICGN 184844,
ICGN 184815, ICGN 184817,
ICGN 184818, ICGN 184839,

ICGN 184842, ICGN 184848,
ICGN 184857, TMV 2, ICGN
184830, ICGN 184826, ICGN
184854, ICGN 184795

ICGN 184827, ICGN 184863,
ICGN 184873, ICGN 184866,

ICGN 184810, ICGN 184874,
ICGN 184772, ICGN 184838,
ICGN 184858, ICGN 184792,
ICGN 184789, ICGN 184804,
ICGN 184816, ICGN 184859,
ICGN 184864

Table 4: The genotypes under each scoring category of disease score

Genotypes

SCREENING OF RECOMBINANT INBRED LINE (RIL) POPULATION OF GROUNDNUT
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GENOTYPES PM@60 DAI

ICGV 86590(Parent2) 30.95

TMV 2 (Susceptible check) 75.00

ICGV 86856 (Resistant check) 20.00

ICGN 184776 7.14

ICGN 184806 12.50

ICGN 184849 12.50

ICGN 184784 20.00

ICGN 184783 22.50

ICGN 184836 25.00

ICGN 184809 25.00

ICGN 184811 25.00

ICGN 184812 25.00

ICGN 184846 25.00

ICGN 184768 26.67

ICGN 184823 29.76

Table 6: Best genotypes identified based on mean PM at 60 DAI in comparison to the parents and
checks

Table 5: Analysis of variance (ANOVA) for the disease assessment traits

Note: PM – Percent mortality, DAI- days after inoculation, Rep- Replications, Df- degrees of freedom, Sum sq-
sum of squares, Mean sq- mean sum of squares

‘**’@1%LOS, ‘*’@5%LOS; LOS- level of significance

Df Sum Sq Mean Sq F value Pr(>F)

PM15DAI Rep 1 1.8 1.755 0.0098 0.9214

Genotypes 96 20754.5 216.192 1.2049 0.1813

Residuals 96 17224.5 179.422

PM30DAI Rep 1 38 38.43 0.0994 0.7532

Genotypes 96 46783 487.32 1.2605 0.1293

Residuals 96 37115 386.62

PM45DAI Rep 1 260 260.31 0.399 0.52908

Genotypes 96 88802 925.02 1.418 0.04435**

Residuals 96 62624 652.33

PM60DAI Rep 1 0 0.32 0.0004 0.9832

Genotypes 96 95018 989.77 1.3724 0.06136*

Residuals 96 69237 721.22

KIRANMAYEE et al.
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Figure 1. Representation of the best genotypes (PM at 60 DAI < 30%) in comparison to the parents
and checks

variable under different environmental conditions, it is
further required to screen these lines under field
conditions to confirm the resistance levels. The identified
lines after further confirmations could be used as
parents in breeding programs to transfer the resistance
trait to the cultivated varieties.
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INFLUENCE OF LEVELS OF PHOSPHORUS AND MOLYBDENUM SEED
TREATMENT ON PERFORMANCE OF SOYBEAN IN VERTISOLS OF TELANGANA

FIRDOZ SHAHANA1, A. MADHAVI LATA2, S. N. SUDHAKARA BABU3, S. TRIVENI4 and
T. PRABHAKAR REDDY5

Field experiment entitled “Phosphorus and Molybdenum studies on productivity, quality and soil fertility of soybean –
maize cropping system” was conducted during 2018-19 & 2019-20. at the Regional Sugarcane and Rice Research Station, Rudrur,
Professor Jayashankar  Telangana State Agriculture University situated at an altitude of 286.3. m above mean sea level (MSL) at
180 49’41’ latitude and 78056’45" E longitude, (PJTSAU). The experiment consisted of 16 treatments viz., four levels of phosphorus
(0, 30 60, and 90 kg P2O5 ha-1) and four levels of seed treatment with molybdenum (0, 2, 4 and 6 g kg-1 seed) laid out in a randomized
block design with factorial concept and replicated thrice. Perusal of mean results of two years indicated that interaction effect of
varying levels of phosphorus and molybdenum seed treatment was significant on plant height at harvest. Phosphorus dose of 60
kg P2O5 ha-1 + molybdenum seed treatment @ 4 g kg-1 seed produced significantly higher plant height of  98.28 cm .Phosphorus
dose of 90 kg P2O5 ha-1 + seed treatment with molybdenum @ 4 g kg-1 seed produced significantly higher number of pods 231.8
simlilar to that produced with 60 kg P2O5 ha-1 at similar level of molybdenum (226) and higher level of molybdenum 6 g kg-1 seed with
60 kg P2O5 ha-1 (225.8). Significantly higher grain yield was recorded at higher level of phosphorus  at 90 kg P2O5 ha-1 with
molybdenum seed treatment 4 g Mo per kg seed (3397kg ha-1).
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ABSTRACT
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Soybean (Glycine max L.) is basically a
member of Fabaceae family and mainly supplies
protein and oil. Its oil is considered the world’s largest
constituent of edible oils (Arif et al., 2010). It serve’s as
a good rotational crop and helps in enrichment of soil
fertility. It is popularly called as “Golden bean or miracle
bean” and one of the foremost important oil seed crop
known for its excellent protein (42 - 45%), oil (20%)
and starch content (21%). It gives 2-3 times more protein
yield (kg ha-1) than other pulses and becomes an
economical source of protein. Soybean can substitute
for meat and to some extent to milk (Endres et al., 2013).
Mo requirement of soybean is higher in initial stages
than at later stages. Soil-Mo may be hardly absorbed
by soybean plants during the early growing period,
that the Mo within or on the surface of the seeds may
represent the only utilizable source of Mo, and that the
Mo nutrition in this period strongly influences the later
growth. The common method of correcting Mo deficiency
in plants is treatment of the seeds with Mo. Up to the

flower-bud-appearing stage, little absorption of Mo was
detected. The Mo accumulation in the nodules may
thus be highly dependent on the Mo contained in the
seeds during the early growing period, and it can be
said that the Mo contained in the seeds may play an
important role in the early plant growth and probably
in the nitrogen fixation by nodules( Junji Ishizuka,1982).

Phosphorus (P) is one of the most important
nutrients for soybean crop, being absorbed from 0.2 to
0.4 kg. ha-1.day-1 among phenological stages V4(fourth
trifoliate leaf) and R6(complete pod fill growth stages).
This nutrient participates in many metabolic processes,
such as in energy transfer (adenosine triphosphate
(ATP)), photosynthesis, respiration, synthesis of nucleic
acids and glucose, membrane synthesis and stability
(phospholipids), activation and deactivation of
enzymes  ( Thavarajah et al., 2010).

Hence the present study emphasises the
importance of Mo and P in soybean cultivation.

Research Article
The J. Res. PJTSAU 51(1&2) 49-54, 2023
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MATERIALS AND METHODS

Field experiment entitled “Phosphorus and
Molybdenum studies on productivity, quality and soil
fertility of soybean – maize cropping system” was
conducted during 2018-19 & 2019-20.at the Regional
Sugarcane and Rice Research Station, Rudrur,
Professor Jayashankar Telangana State Agriculture
University situated at   an altitude of 286.3m above
mean sea level (MSL) at 180 49’41’ latitude and
78056’45" E longitude, (PJTSAU). The soil of the
experimental site was clay  loam with a pH of 7.9,
electrical conductivity 0.24 dSm-1, low in organic carbon
(0.41 %), medium in available N (151 kg ha-1) and
available P (42 kg P2O5 ha-1) and available K (372 kg
ha-1). Initial available Mo (0.29 ppm) was above critical
level. The experiment consisted of 16 treatments viz.,
four levels of phosphorus (0, 30 60, and 90 kg P2O5

ha -1) and four levels of seed treatment with
molybdenum (0, 2, 4 and 6 g kg-1 seed) laid out in a
randomized block design with factorial concept and
replicated thrice.

RESULTS AND DISCUSSION

An overview of the average  data of two years
of study period  on plant height, number of pods plant-

1 and grain yield (kg ha-1) indicated that they were
significantly influenced by application of varying levels
of phosphorus  and seed treatment with molybdenum.

Effect of different phosphorus levels

Pooled mean

Application of 60 kg P2O5 ha-1 resulted in
significantly higher mean plant height ( 91.71 cm) at
harvest, higher number of pods plant-1 (200.7) on par
with 90 kg P2O5 ha-1(199.6) and  significantly higher
test weight (14.11g ).But  application, 90 kg P2O5 ha-1

recorded significantly higher grain  yield (3229 kg ha-1)
over 60 (2926 kg ha-1) ,30(2043 kg ha-1) and 0(1576
kg ha-1) kg P2O5 ha-1).

Year wise

At harvest all levels of phosphorus increased
plant height significantly over control. Phosphorus
application of 90 kg P2O5 ha-1 resulted in maximum
plant height ((91.52 and 91.90cm ) on par to 60 kg
P2O5 ha-1 (87.73 and 89.94cm) and 30 kg P2O5 ha-

1((88.93 and 82.98 cm). Lowest plant height was
observed at no P application  (81.85 and 82.98 cm)

during both the years. This increase could be because
of the fact that phosphorus acts a critical character in
root development and is vital for respiration, energy
synthesis and plant photosynthesis, which resulted in
improved growth (Ali et al., 2014). Results are in
confirmation by (Jabbar et al., (2012) who found taller
plants height of the mungbean crop plant with an
increase in phosphorus dose.

It can be observed that from data that number
of number of pods plant-1 was influenced significantly
by different phosphorus levels during both the years
.Application of  90 kg P2O5 ha-1(201.8 and 204.0) and
60 kg P2O5 ha-1 (197.5 and 197.4) produced higher
number of pods  plant-1 and differed significantly with
30 kg P2O5 ha-1  (171.2 and 173.1) and 0 kg P2O5 ha-

1  (118.7 and 120.1). (Table 1)

Application of  60 kg P2O5 ha-1 recorded
significantly higher test weight (14.21 g and 14.02g )
over,90 (13.47g and 13.67g), 30 (13.57 g and 13.58g)
and 0 (13.09 g) kg P2O5 ha1during both the years.

Varying levels of phosphorus fertilization had
significant effect on grain yield of soybean. Higher grain
yield of 3123 and 3335 kg ha-1 was produced  with
phosphorus fertilization @90 kg P2O5 ha-1 which was
significantly superior over other levels of phosphorus
applied @60(2827 and 3026 kg ha-1),30(1941 and
2144 kg ha-1) and 0(1443 and 1709 kg ha-1 )kg P2O5

ha-1 during 2018 and 2019.

Effect of molybdenum seed treatment

Different levels of molybdenum did not
significantly influence plant height.  But significantly
higher  number of pods plant-1 (170.1), were recorded
with molybdenum seed treatment @ 6 g kg-1 seed on
par with  4g (169.3) kg-1 seed. Contrary to this maximum
test weight (13.84 g) was recorded with molybdenum
seed treatment @ 2 g kg-1 seed and followed by 4
(13.76 g), 6g (13.68 g) over no seed treatment with
molybdenum (13.08 g). Grain yield increased
significantly with 6 g kg-1 seed (2583kg ha-1) on par
with 4 g kg-1 seed (2577 kg ha-1) and statistically
superior over 2g kg-1 seed (2419 kg ha-1) and no seed
treatment (2196 kg ha-1)

Different molybdenum seed treatment levels
did not influence plant height significantly any how
significantly higher number of pod plant-1 was noticed
with molybdenum seed treatment @ 4 g kg-1 seed

SHAHANA et al.
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(189.3 and 193.3) on par with 6 g kg-1 seed (187 and
192.3)   which was significantly superior over 2 g kg-1

seed (162.1 and 163.6) and no seed treatment (150.8
and 145.4) during both years .Seed treatment with
molybdenum increased test weight significantly at all
levels over no seed treatment during both the years.
Maximum test weight was recorded with molybdenum
seed treatment @ 2 g kg-1 seed (13.87 and 13.82)
followed by 4g (13.76g and 13.78 g) and 6g (13.63 g
and 13.73g). Lower test weight was observed with
no seed treatment with molybdenum (13.07 g and
13.13g). Data  on grain yield revealed that in comparision
to no seed treatment (2079 and 2312 kg ha-1) and
molybdenum seed treatment @ 2 g kg-1 seed(2335
and 2502 kg ha-1) ,molybdenum seed treatment @ 4 g
kg-1 seed (2440 and 2714 kg ha-1) and 6 g kg-1

seed(2480 and 2685 kg ha-1) recorded significantly
superior grain yield during both the years.

The increase in yield attributes was probably
due to source and sink relationship. The improvement
in photosynthesis and carbohydrate metabolism
resulting into greater formation of photosynthates and
metabolites in source and later on translocated in the
newly formed sinks i.e., reproductive structures
(flowering and seed setting) which ultimately increased
pods per plant and test weight (Pareek ,(2005)These
consequences are in close complement with
conclusions of Padhi et al. (2018), they found utilization
of molybdenum resulted in maximum performance and
performance related attributes in mung bean. While in
the occasion of phosphorus application, rise in
phosphorus doses up to 60 kg ha-1 caused in greater
pods followed by P at 90 kg ha-1 and less pods
observed in control treatments. Rise in the important
attributes may be because of holding of extra nodules
that actually provide enough nitrogen for vegetative
growth (Ali et al., 2010). These achievements were  in
accordance with Khan et al. (2017) who described
that the pods numbers improved by enhancement in
phosphorus. Ali et al. (2014) also explained that
applied phosphorus of 65 kg ha-1 improved pointedly
pods numbers of mung bean.

Increase in seed yield with application of
molybdenum might be due to increased growth
characters like nodulation, plant height and yield
attributing characters viz; pods per plant, seeds per
pod. These results are in agreement with those

conveyed by Pattanayak et al. (2000) who confirmed
that the yield of mungbean  increased with increasing
molybdenum levels compared to control. The reason
for the increase in seed yield with higher phosphorus
could be due to the development of the root, the greater
absorption of nutrients and a greater accumulation of
dry matter during the growth period and the translocation
of more photosynthesis to the seed (Anwar et al.,
2018). Phosphorus fertilizer helped the crop create extra
seeds and other reproductive measures that eventually
subsidised to yield (Rani  et al., 2016).

Interaction

However interaction effect of varying levels of
phosphorus and molybdenum seed treatment was not
significant on plant height at harvest and test weight.
But significant on number of pods plant-1 and grain
yield. Application of P @ 90 kg P2O5 ha-1 along with
molybdenum seed treatment @ 4 g kg-1 seed recorded
significantly higher number of pods (231.8) plant-1  on
par with P @ 60 kg P2O5 ha-1 along with seed treatment
with molybdenum @ 6 g kg-1 seed (225.8) or 4g kg-1

seed (225) over rest of the treatment combinations.
Phosphorus fertilization @90 kg P2O5 ha-1 along with
molybdenum seed treatment @4 g kg-1 seed produced
significantly superior grain yield(3397 kg ha-1) on par
to seed treatment @6g kg-1 seed at same level of
phosphorus(3294 kg ha-1).

The synergistic effect of Mo with phosphorus
might have enhanced the phosphorus availability to
plants thereby leading to higher plant metabolic
processes. Phosphorus is the major constituent of cell
nucleus and growing root tips, which helps in cell
division and root elongation thus increasing the nodule
number and size. (Table 2)

CONCLUSION

For profitable soybean cultivation ,it can be
recommended to enhance phosphorus dose to 90kg
P2O5 ha-1 along with molybdenum seed treatment @4
g kg-1
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EVALUATION OF GREEN HOUSE GAS EMISSIONS FROM VARIOUS
COMPONENTS AND FARMING SYSTEM MODELS

IN SOUTHERN TELANGANA ZONE

An experiment was conducted to compare and evaluate the greenhouse gas emissions from various components (crop,
horticulture and livestock) and farming system models at IFS Unit, College farm, College of Agriculture, PJTSAU, Rajendranagar
during 2021-22 and 2022-23. Theintegrated farming system was planned for 1.00 acre area and consisted of four cropping
systems i.e., Rice – Groundnut; Pigeonpea + Sweetcorn (1:3) – Bajra; Bt cotton + Greengram (1:2) – Maize; Pigeonpea + Maize
(1:3) – Sunhemp, Napier grass and Hedge lucerne as fodder crops, guava orchard, poultry and two sheep units (each 5+1 each).
Seven integrated farming system models were formulated by using suitable combinations ofdifferent components and compared.
M1: Rice – Groundnut; M2: Rice – Groundnut, Pigeonpea + Sweetcorn (1:3) – Bajra, Bt cotton + Greengram (1:2) – Maize; M3: Rice
– Groundnut, Pigeonpea + Sweetcorn (1:3) – Bajra, Pigeonpea + Maize (1:3) – Sunhemp; Napier grass, Sheep (5+1); M4: Rice –
Groundnut, Pigeonpea + Sweetcorn (1:3) – Bajra, Bt cotton + Greengram (1:2) – Maize, Pigeonpea + Maize (1:3) – Sunhemp,
Poultry unit; M5: Guava, Hedge Lucerne, Napier grass, Bt cotton + Greengram (1:2) – Maize, Sheep (5+1); M6: Guava, Bt cotton
+ Greengram (1:2) – Maize, Rice – Groundnut, Poultry; M7: Rice – Groundnut, Pigeonpea + Sweetcorn (1:3) – Bajra, Pigeonpea +
Maize (1:3) – Sunhemp; Napier grass, Hedge lucerne, Poultry, Sheep (5+1).  Among different IFS models, higher mean negative
net emissions (-2542 kg CO2 eq.) were recorded in M4 which was significantly at par with M3 (-2360 kg CO2 eq.), M2 (-2372 kg CO2

eq.) and M7 (-2215 kg CO2 eq.). Based on the findings, it can be concluded that integration of crops with livestock components
results in net negative emissions and maintains the sustainability as compared to cropping systems.

Keywords: Green house gas emissions, farming systems, livestock, Telangana

The IFS approach comprises of optimal
utilization of resources, and waste recycling which helps
small and marginal farmers in obtaining good profits
with less investment. Waste is utilized as a resource
in IFS (Gupta et al., 2012), it eliminates the waste in
the ecosystem and in addition increases the farm
productivity and reduces the cost of production. Given
the growing population pressure and the gap between
demand and supply, deterioration of natural resources,
agricultural enterprises diversification/intensification is the
most suggestive means for rapid and yearround income
generation. The approach of food and nutritional
security through a wide range of food items within the
farm and economic security which is possible with IFS
improves the livelihood through individual farm holdings
(Behera and France, 2016). The emergence of
Integrated Farming Systems has enabled the

development of framework for an alternative
‘development model’ to improve the feasibility of small
sized farming operations over larger ones. Our
honourable prime minister has intended to double the
farmer’s income in the coming years which could be
potentially possible through IFS. The small farms (up
to 2 ha) hold the key to ensure the food and nutritional
security of India. Therefore, location-specific integration
of field crops, orchard, floriculture, agro-forestry, livestock
such as dairy, poultry, piggery, fishery, and other less
land requiring activities such as mushroom, apiary, and
boundary plantations are the keys to improve the
livelihood of marginal and small holders.

An integrated farming system enables family
nutrition, resource recycling for soil sustainability and
generates more income and employment. Development



56

Experiment details

Table 1: Treatment wise components allocation in 1 Acre area

M1 Pre-dominant cropping system Rice – Groundnut 4000 sq.m

M2 Cropping systems Rice – Groundnut 1000 sq.m
(Family nutrition & income generating crops) Pigeonpea + Sweetcorn (1:3) – Bajra 1000 sq.m

Bt cotton + Greengram (1:2) – Maize 2000 sq.m

M3 Cropping systems (Family, livestock nutrition Rice – Groundnut 1500 sq.m
&  income generating crops) + Sheep (5+1) Pigeonpea + Sweetcorn (1:3) – Bajra 1000 sq.m

Pigeonpea + Maize (1:3) – Sunhemp 1000 sq.m
Napier grass 500 sq.m

M4 Cropping systems (Family nutrition & income Rice – Groundnut 1000 sq.m
generating crops) + Poultry (50) Pigeonpea + Sweetcorn (1:3) – Bajra 1000 sq.m

Pigeonpea + Maize (1:3) – Sunhemp] 1000 sq.m
Bt cotton + Greengram (1:2) – Maize 1000 sq.m

IFS Composition Components Area
Model

of a suitable IFS model by the integration of two or
three components may produce higher yields, income,
soil sustainability, and employment compared to Rice-
Groundnut system. The different components of the
system have complementarities like waste products
of one component becoming the source of food and
energy for other components. The integration and
advantage of each component need to be studied for
their contribution to income, sustainability, and
employment generation.

The contribution of farming to greenhouse gas
emissions is around 10-12% from the world and 18%
for India, where it is third placed after energy and
industry sectors (USDA report, 2015). The IFS model
creates a crop ecosystem where the CO2 absorption
is more with less emission which makes it climate
resilient compared to cropping systems and it also
reduces the dependence on external resources through
efficient recycling of on-farm biomass and other
resources. Conducting research on IFS helps to find
out the contribution of each component and especially
the contribution to soil sustainability. There  is a need
to develop location specific IFS models as soil, climatic
and cultural conditions vary from place to place.
Developing a climate smart IFS model for farmers is
the need of the hour in the climate changing scenario.

MATERIAL AND METHODS

An experiment was conducted at IFS Unit,
College farm, College of Agriculture, PJTSAU,
Rajendranagar during 2021-22 and 2022-23 with a
view to compare and evaluate the green house gas

emissions from various components and farming
system models.  The details of the materials used and
the methods adopted during the course of investigation
are described in this chapter.

Location of the experimental site

The experimental site was situated at an
altitude of 527 m above Mean Sea Level (MSL) at
17o 32‘10.45" N latitude and 78o 41‘ 02.77" E longitude
E longitude in Southern Telangana Zone (STZ), India.
The experiment was laid out in field No. B-20 of
Agricultural College Farm, Rajendranagar.

Weather

The meteorological data recorded during the
crop growth period of experimentation was taken from
the meteorological observatory of Agro Climatic
Research Centre (ACRC) located at Agricultural
Research Institute, Rajendranagar, Hyderabad.

During the both years, the mean maximum
and minimum weekly temperature duringthe study period
ranged from 27.60C to 39.30C with the average of
32.10C and from 9.60C to 26.10C with the average of
20.50C, respect ively.Mean weekly morning
relativehumidity ranged from 67 to 98.9 per cent with
the average of 88.1 per cent and evening relative
humidityranged from 24.7 to 88.9 per cent with the
average of 56.3 per cent, respectively. Mean weekly
sunshine hours ranged between 1.4 and 10 with the
average of 6.3. The average annual rainfall was 1017
mm with 32 rainydays whereas total evaporation was
256 mm.

KARTHIK et al.
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M5 Fruit orchard + Field crops + Fodder grass Guava 2000  sq.m
+ Sheep (5+1) Hedge lucerne 500 sq.m

Napier grass 500 sq.m
Bt cotton + Greengram (1:2) – Maize 1000  sq.m

M6 Fruit orchard + Field crops + Poultry (50) Guava 2000 sq.m
Bt cotton + Greengram (1:2) – Maize 1000 sq.m

Rice – Groundnut 1000 sq.m

M7 Cropping systems (Family nutrition, fodder Rice – Groundnut 1000 sq.m
grass & income generating crops) + Sheep Pigeonpea + Sweetcorn (1:3) – Bajra 1000 sq.m
(5+1) + Poultry (50) Pigeonpea + Maize (1:3) – Sunhemp 1000 sq.m

Napier grass 500 sq.m
Hedge lucerne 500 sq.m

IFS Composition Components Area
Model

Table 2: Recommended package of practices of all crops in integrated farming system

1 Rice Kharif 5 20 × 15 cm 120:60:40 RNR 21278

2 Groundnut Rabi 15 22.5 × 10 20:50:30 K-6

3 Pigeonpea Kharif 0.5 240 × 20 20:50:30 WRG-97

4 Sweetcorn Kharif 1 60 × 20 200:60:40 Sugar 75

5 Bajra Summer 1 45 × 15 80:40:30

6 Bt Cotton Kharif 0.5 90 × 30 150:60:60 Magna
(RCH 530 BG II)

7 Greengram Kharif 2 30 × 10 20:50:30 WGG 42

8 Maize Rabi 2 60 × 20 240:80:60 Pioneer 3396

9 Pigeonpea Kharif 0.5 240 × 20 20:50:30 WRG-97

10 Maize Kharif 2 60 × 20 240:80:60 Pioneer 3396

11 Sunhemp Summer 4 30 × 10 10:20:0

Fodder crops

11 Hedge Lucerne Perennial 1 kg 30 cm 40:60:20 RL-88

12 Hybrid napier Perennial 926 cuttings 90 cm× 60 cm 180:60:60

Horticultural crops

13 Guava Perennial 4 × 4 m 100:40:100 Allahabad Safeda
2.5 kg

Vermicompost
plant-1 at the

time of planting

S.No. Name of the crop Season Seed rate (kg) Spacing Fertilizer dose Variety
unit area-1 ha-1

Sheep

Two units of sheep were grown (each unit
consists of 5+1) separately on platform system in
partial grazing manner. One unit of sheep were fed
napier grass whereas second unit were fed hedge

lucerne in addition to napier grass. Every morning
sheep were taken for grazing for 4-5 hrs and stall fed
in the evening time. Deworming is done once in 3 months
on the advise of veterinary doctors and they used to
visit sheep shed every fortnight for health check-up.

EVALUATION OF GREEN HOUSE GAS EMISSIONS FROM VARIOUS COMPONENTS
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Sheep were given serial number and the periodical
live weight, growth rate per every 15 days (twice a
month) were observed for a period of 24 months (June
2021 - May 2023). Sheep manure was collected at
the end of year and supplied to the fields

Poultry birds

Each batch of one day old chicksconsisted of
50 birds. Everyday chick feed and water were provided
as per the requirement. The periodical live weight of
poultry birds, increase in live weight and manure
production were monitered. Once they attain around
1.1 kg weight, they were sold @ Rs.300/kg.
Table 3. Details of livestock components

1 Sheep (2 units) Nellore Jodipi 5 Ram+ 1 Ewe

2 Poultry Aseel 50 batch-1 and 2 batches year-1

S. No. Component Breed name Number of birds/animals

Greenhouse gas emissions

GHG emissions from the experiment plot were
estimated using Cool Farm tool. The cool farm tool is a
Microsoft Excel spreadsheet basedprogramme that
calculates global GHG emissions. The tool was
developed by Unilever, the University of Aberdeen and
the Sustainable Food Laboratory. The tool has global
applicabil ity as it uses equations based on
modifications of the IPCC approach. It captures on-
farm activity data easily as certained whilst in the field
through seven input sections, each on a separate Excel
worksheet related to crop, soil, inputs, fuel&energy use,
irrigation, carbon and transport. Each section was
properly fed with inputs according to specific plot
conditions to get an estimation of CO2, N2O and CH4

emissions separately as well as also total GHG
emissions in terms of equivalents of carbon dioxide
emissions (https://coolfarmtool.org).

Statistical analysis

The data generated from field experiment were
analyzed in randomized block design (Gomez and
Gomez, 1984) in three replications with ten treatments
by analysis of variance (ANOVA). The significance of
different sources of variation was tested by the error
mean square of Fisher Snedecor’s ‘F’ test at probability
level 0.05. Standard error of mean (SE) and least
signiûcant difference (LSD) at 0.05 level of significance
were used to compare treatments.

RESULTS AND DISCUSSION

Component wise greenhouse gas emissions

Mean GHG emitted by Rice - Groundnut
system was found to be 400 kg CO2 eq and sink
capacity recorded by this system was found to be
483 kg CO2 eqwhereas mean net emission were -
82.5 kg CO2 eq.Pigeonpea + Sweetcorn - Bajra
system had emitted mean GHG emission of 172 kg
CO2eq and meansink capacity recorded by this system
was 1344 kg CO2 eq whereas mean net emission
were -1172 kg CO2 eq.Bt cotton + Greengram - Maize
system had emitted mean GHG emission of 201 kg

CO2eq andsink capacity recorded by this system was
782 kg CO2eq whereas mean net emission were -
581 kg CO2 eq.Pigeonpea + Maize- Sunhemp system
had emitted mean GHG emission of 155 kg CO2 eq
andsink capacity recorded by this system was 928
kg CO2eq whereas mean net emission were -773 kg
CO2eq (Table 4). Sink capacity increases with
increase in biomass production. Sink capacity of
Pigeonpea + Sweetcorn- Bajra system followed by
Pigeonpea + Maize- Sunhemp system is higher mainly
because of higher grain and straw yield which leads
to higher negative net emissions in these systems.
Total cropping unit system had emitted mean GHG
emission of 928 kg CO2 eq andmean sink capacity
recorded by this system was 3536 kg CO2eq whereas
mean net emission were -2609 kg CO2 eq. in total
cropping unit (Table 4).

Mean GHG emission of guava orchard was
126 kg CO2 eq and mean sink capacity recorded by
this orchard was 1131 kg CO2 eq whereas mean net
emission were -1005 kg CO2 eq. Mean GHG emitted
by hedge lucerne was 12.7 kg CO2eq andsink capacity
recorded was found to be 84 kg CO2 eqwhereas mean
net emission were -71 kg CO2 eq. in hedge
lucerne.Mean GHG emitted by hybrid napier was 81
kg CO2 eqand mean sink capacity recorded was found
to be 1601 kg CO2 eq whereas mean net emission
were -1520 kg CO2 eq. in hybrid napier.Mean GHG
emitted by poultry unit was also 5.3 kg CO2 eq and

KARTHIK et al.
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Fig 1: Greenhouse gas emissions from different integrated farming system models

mean GHG emitted by sheep unit I and II were 1190
and 1360 kg CO2 eq, respectively. Increase in
thenumber of sheep during 2nd year resulted in more
GHG emissions. Meena et al. (2022) and Rathore et
al. (2019) also found that presence of livestock led to
high GHG emissions which could be offset by
integrating them with cropping unit, trees and orchards.

Greenhouse gas emissions from different
integrated farming system models

Model M3 had emitted higher mean GHG
emissions of 2197 kg CO2 eq. which was significantly
at par with Model M7 which had emitted mean GHG
emission of 2185 kg CO2 eq (Table 5 & Fig 1). Rice
crop and sheep are mainly responsible for the GHG
emissions in these models. These results are in
agreement with Babu et al. (2023) who noticed that
greenhouse gas emissions are more from livestock and
rice crop. Models having either sheep or rice crop in

larger area have emitted more GHG compared to other
models. Model M6 had emitted lower mean GHG
emissions of 733.0 kg CO2 eq. which might be due to
low input requirement of guava orchard.

Sink capacity also follows the same trend as
GHG source. Model M3 had recorded mean sink
capacity of 4557 kg CO2 eq. which was significantly
at par with Model M7 which recorded mean sink
capacity of 4400 kg CO2 eq (Table 5 & Fig 1). This
might be due to having cropping components and
napier grass which have produced higher biomass
ultimately resulted in higher sink capacity. Although
these models have sheep component, having cropping
components and napier grass offsets the higher
emissions of sheep. These results are supported by
Pasha et al. (2020) and Li et al. (2017) whofound that
integrating livestock with crop production is viable option
to decrease GHG emissions that helps in
environmental sustainability.

Model M1 recorded lowestmean sink capacity of 1930 kg CO2 eq. as well as mean negative net emissions
of -330 kg CO2 eq. among all the models. This might be due to higher GHG emissions from rice crop and lower
sink capacity compared to other crops which has resulted in low negative net emissions. Islam et al. (2015)
reported that rice enhanced the methane emissions which should be integrated with livestock components like
duck, fish etc. to reduce the GHG emissions.

KARTHIK et al.



61

T
ab

le
 5

. G
re

en
h

o
u

se
 g

as
 e

m
is

si
o

n
s 

fr
o

m
 d

iff
er

en
t i

n
te

g
ra

te
d

 fa
rm

in
g

 s
ys

te
m

 m
o

d
el

s

S
o

u
rc

e 
(k

g
 C

O
2-

e)
S

in
k 

(k
g

 C
O

2-
e)

N
et

 e
m

is
si

o
n

s 
(k

g
 C

O
2-

e)

M
1:C

1
15

84
16

16
16

00
18

68
19

92
19

30
-2

84
-3

76
-3

30

M
2:

C
1+

 C
2+

 C
3

96
7

98
0

97
4

31
65

35
25

33
45

-2
19

8
-2

54
5

-2
37

2

M
3:

C
1+

 C
2+

 C
4 
+ 

N
 +

 S
1

16
39

27
54

21
97

43
56

47
57

45
57

-2
71

7
-2

00
3

-2
36

0

M
4:

C
1+

 C
2+

 C
3 
+C

4 
+ 

P
92

7
93

9
93

3
32

78
36

71
34

75
-2

35
1

-2
73

2
-2

54
2

M
5:

G
 +

 H
+

 N
+ 

C
3+

S
2

10
69

24
92

17
81

35
32

36
18

35
75

-2
46

4
-1

12
6

-1
79

5

M
6:

G
+ 

C
1+

 C
3 

+
P

72
4

74
1

73
3

23
34

24
12

23
73

-1
61

0
-1

67
1

-1
64

1

M
7:

C
1+

 C
2+

 C
4+

H
+ 

N
 +

14
73

28
97

21
85

42
06

45
93

44
00

-2
73

3
-1

69
6

-2
21

5
S

2+
 P

S
E

m
(±

)
50

.2
2

80
.6

6
63

.4
3

14
0.

27
15

0.
58

14
5.

05
88

.4
2

71
.4

7
77

.9
6

LS
D

 (p
=0

.0
5)

15
4.

76
24

8.
56

19
5.

46
43

2.
21

46
3.

98
44

6.
90

27
2.

47
22

0.
24

24
0.

22

20
21

-2
02

2
20

22
-2

02
3

M
ea

n
20

21
-2

02
2

20
22

-2
02

3
M

ea
n

20
21

-2
02

2
20

22
-2

02
3

M
ea

n
IF

S
 M

o
d

el
s

EVALUATION OF GREEN HOUSE GAS EMISSIONS FROM VARIOUS COMPONENTS



62

Model M4 had recorded higher mean negative
net emissions of -2542 kg CO2 eq. in which was
significantly at par with M3(-2360 kg CO2 eq), M2 (-
2372 kg CO2 eq.) and M7 (-2215 kg CO2 eq.). Multiple
enterprises or components present in a integrated
farming system enhances the sink capacity which
results in negative net emissions. These results are
supported by Meena et al. (2022) and Sridevi et al.
(2021) who identified that more intensification of crops
and other components enhances the carbon sink which
makes the IFS model environmentally benign.

CONCLUSION

In this experiment, we have compared and
evaluated the greenhouse gas emissions from various
integrated farming system models. Among all the
cropping systems, Pigeonpea + Sweetcorn- Bajra
recorded higher mean net emissions (-1172 kg CO2

eq.) followed by Pigeonpea + Maize- Sunhemp system
(-773 kg CO2 eq.). Compared to all components, mean
net emission were higher in hybrid napier (-1520 kg
CO2 eq.). Mean GHG emitted by poultry unit, sheep
unit I and II were 5.25, 1189.5 and 1360 kg CO2 eq.,
respectively. The IFS model M4 recorded higher mean
negative net emissions (-2542 kg CO2 eq.) which was
significantly at par with M3 (-2360 kg CO2 eq.), M2 (-
2372 kg CO2 eq.) and M7 (-2215 kg CO2 eq.) which
indicates that multiple enterprises enhanced the sink
capacity leading to higher negative net emissions.
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A field experiment was conducted at Agricultural Research Station, Karimnagar, Northern Telangana Agro Climatic Zone
of Telangana State during kharif 2018 and 2019 to study the effect of different levels of phosphorus on growth and yield of maize
in high phosphorus soils (79 kgha-1)under raised and flat beds. The experiment was laid out in strip plot design for maize in kharif
2018 and 2019 with 2 main treatments i.e., M1 (Raised beds) and M2 (Flat beds) and five phosphorus levels applied as basal dose
as sub treatments viz., S1: 100 % RDP (60 kg ha-1), S2: 75 % RDP (45 kg ha-1), S3: 50 % RDP (30 kg ha-1), S4: 25 % RDP (15 kg
ha-1) and S5: 0 % RDP (0 kg ha-1)and replicated four times. The performance of the maizewas found superior whenplanted on raised
beds with higher final plant population (per cent) and growth parameters viz., plant height (cm)and dry matter production (kg ha-

1) at 30, 60 DAS and at harvest. The highest grain, stover yield (kg ha-1) and harvest index of maize were found significantly higher
underraised beds (M1) compared to the flat beds (M2). In the sub treatments application of 100% RDP (S1) and 75 % RDP (S2)
recorded higher plant height at different stages of crop growth that resulted highest dry matter accumulation at 30, 60 DAS and at
harvest. The grain yield and stover yield were significantly higher with the 100 % RDP and was followed by the application of 75%
RDP and 50 % RDP and which were at par with each other and superior over 25 % RDP and 0 % RDP. The interaction between
planting methodsand different levels of phosphorus was found non significant.

Keywords: Maize, raised beds, flat beds, phosphorus levels and grain yield.

Maize (Zea mays L.) is one of the most
important cereal crops next to wheat and rice in the
world. In India, it ranks fourth after rice, wheat and
sorghum. Maize is grown throughout the world under
a wide range of climatic conditions. The major producers
are USA followed by China, Brazil, Mexico, Argentina
and India. Maize occupies more than 80 per cent area
under rainfed conditions.In India, maize area and
production have steadily increased during the past two
decades and 75 per cent of the total production comes
from the states of Bihar, Madhya Pradesh, Punjab,
Rajasthan and Uttar Pradesh. In India it occupies in
an area of 9.9 M. ha with 31.64 million tonnes of
production and 2509 kg ha-1 productivity while in
Telangana state respective figures are 0.57 M. ha,
1.74 million tonnes and 3199 kg ha-1 (Directorate of
Economics and Statistics, Ministry of Agriculture and
Farmers Welfare, Govt. of India 2020-21).For
establishing a good crop stand the lack of adequate

moisture in the seed zone is the major constraint and
excess rain situations causing waterlogging at root
zone which reduces palnt growth and results in lower
grain yield in maize. Which requires adoption of location
specific in situ soil moisture conservation techniques.
Agronomic manipulations to soil such as raised planting
enhance the establishment, crop growth, yield attributes
and yield in maize. Phosphorus becomes an important
nutrient in maize. It plays a key role in the vital energy
transformation, cell division and meristematic growth in
living tissues. It is an important constituent of nucleic
acids, proteins, enzymes and phospholipids.
Phosphorus nutrition in desired and balanced dose
enhances root development, nodulation and hastens
maturity. During 1990’s use of DAP increased to such
an extent that farmers using DAP as a source of
nitrogen even for split application of nitrogen as a result
there has been accumulation of phosphorus in soil as
the use efficiency of applied P is only 15-20%. Therefore,
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phosphorus management in relation to land
configuration practices and with particular reference to
maize.

An experiment was conducted for two
consecutiveyears, 2018 and 2019 at Agricultural
Research Station, Karimnagar which is geographically
situated at 18. 44 Latitude, 79.09Longitude and at an
altitude of 259.15 m above mean sea level, covered
under Northern Telangana Agro Climatic Zone of
Telangana State.

MATERIAL AND METHODS

The experiment was conducted in D5 block
of Agriculture Research Station, Karimnagar, Prof.
Jayashankar Telangana State Agricultural University,
Telangana State. The results of soil analysis indicated
that the experimental site wassandy loam in texture,
alkaline in reaction, low in organic carbon, medium in
available nitrogen, high in available phosphorus with
79 kg ha-1 under high phosphorus soils and high in
potassium. The field experiment was carried out during
kharif 2018 and 2019 for maize, which was laid out in
strip plot design during kharif season of 2018 and 2019
with raised beds and flat beds as main plot treatments
and in phosphorus management, there were five
treatments of phosphorus for application in maize with
sub plot treatments as S1:  100 % RDP (60 kg ha-1),
S2: 75 % RDP (45 kg ha-1), S3: 50 % RDP (30kg ha-1),
S4: 25 % RDP (15 kg ha-1), S5:  0 % RDP (0 kg ha-1)
(Control). The source of phosphorus for maize is DAP.
The calculated quantity of DAP for phosphorus were
applied to the maize crop as basal application. Thus,
there were ten treatment combinations replicated four
times in kharif season. The land was ploughed once
with mould board plough and harrowed twice to bring
the soil to fine tilth after receiving pre-monsoon rain.
Stubbles and weeds were removed from the
experimental site. The raised beds were freshly
prepared (both years) mechanically by a raised bed
planterone day before sowing. The raised beds
dimensions were 90 cm width and 15 cm height with
the furrow of 30 cm. The layout of raised beds was
depicted in fig 1.0.

Fig 1.0. Layout of raised bed

The cultivar selected was Karimnagar makka
(KNMH-4010141) is an early maturity, yellow semi flint
grain single cross maize hybrid suitable for kharif
season developed by PJTS Agricultural University at
Agricultural Research Station, Karimnagar, Telangana
State. This hybrid highly responsive to fertilizers and
suitable for both early and late plantings. Duration of
the hybrid is 95-100 days with an average yield
potential of 6500-7000 kg ha-1. Farm yard manure @
10 t ha-1 was applied and incorporated into soil one
week before sowing. The recommended dose of
nitrogen and potassium fertilizers i.e., 200 and 50 kg N
and K ha-1 was applied through Urea and muriate of
potash (MOP) respectively. Entire phosphorus as per
treatments and potassium were applied in the form of
DAP and MOP as basal by placement and covered
with the soil. Nitrogen in the form of urea after calculating
the proportion supplied through DAP, applied in three
splits as per schedule i.e., 1/3rd N as basal, 1/3rd N at
30 DAS and remaining 1/3rd N at 60 DAS. Entire
phosphorusas per the treatments was applied basally
by placement and covered with the soil. Maize crop
was sown as hand dibbling by adopting 60x20 cm
spacing between the rows and within the plants
respectively. Five plants were randomly selected and
tagged in the net plot of the all treatments for recording
biometric observations in maize.

RESULTS AND DISCUSSION

The perusal of the data recorded on growth
parameters, yield attributes and yield of kharif maize
and in rabi groundnut crops, data pertaining to plant
population, growth parameters, yield attributes, yield,
nutrient uptake and economics along with phosphorus
fractions as influenced by raised and flatbeds and
phosphorus management in high phosphorus soils
during 2018 and 2019 (Table.1-2).

Significantly higher plant height was recorded
by raised beds (M1) at 30 (53.0 cm), 60 DAS (144.1
cm) and at harvest (168.6 cm) than flatbeds (M2) (47.0,
132.5, 156.3 cm) respectively during 2018. Similar trend
was noticed in 2019 and mean of two years. Increase
in plant height under the raised beds might be due to
favorable conditions for establishment and availability
of sufficient amount of moisture at vegetative growth
resulting in higher plant height. These results are in line
with those of Vishuddha Nand et al. (2022). At 60
DAS, significantly higher plant height registered with

SHEKAR et al.
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S1 (170.3 cm) over S4 and S5 but on par with S2 (145.3
cm) and S3 (138.9 cm) during 2018. Similar trend was
observed at harvest and mean of two years. These
results are in conformity with Vijaya Bhaskar Reddy
et al. (2018).

Significantly higher dry matter production was
recorded by raised beds (M1

) at30 (1224 kg ha-1),60
DAS (6885 kg ha-1) and at harvest (13685 kg ha-1)
than flatbeds(M

2
)(959, 5537, 12802 kg ha -1)

respectively during 2018. Similar trend was noticed in
2019 and for mean of two years. These results are in
conformity with the findingsofHarish et al. (2021). Among
the phosphorus levels, S1, S2 and S3 were recorded
significantly higher dry matter production over S4 and
S5 but among themselves they were on par with each
other. Lowerdry matter production (904 kg ha-1) recorded
under S5 which was on par with S4 (957 kg ha-1) at 30
DAS during 2018.

At 60 DAS, significantly higher dry matter
production was registered with S1 (6836 kg ha-1) over
S4 and S5which was on par with S2 (6565 kg ha-1)
and S3 (6506 kg ha-1) during 2018. Similar trend was
observed at harvest.  Similar trend was noticed during
2019 and for mean of two years. Interaction effect at
main at same level of sub treatments and sub
treatments at same level of main treatments found to
be non significant.

Girth of cob was significantly influenced by
land configurations during both the years. Higher girth
of cob (13.50 cm) recorded with raised bed over flatbed
(11.63 cm) during 2018. Similar trend was noticed during
2019 and for the mean of two years. Similar results
are in line with the findings of Kumar and Chawla
(2015) where higher yield attributes in raised planted
might be attributed to access of roots to nutrients and
water resulting in good plant growth.With regard to
phosphorus levels significantly higher girth of
cobwasobtained with S1 (13.75 cm) followed by S2

(13.31 cm) and S3 (13.19 cm) which were on par with
each other and significantly superior over S4 and S5.
While lowest girth of cob registered with S5(10.94 cm)
which was on par with S4 (11.63 cm) during the year
2018. Similar trend was observed during 2019 and for
mean of two years. Interaction effect at main at same
level of sub treatments and sub treatments at same
level of main treatments found to be non significant.
Number of seed rows cob-1 was significantly influenced

by land configurations during both the years. Higher
number of seed rows cob-1 (17.1) recorded with raised
bed over flatbed (15.2) during 2018. Similar trend was
noticed during 2019 and for the mean of two years.
Similar results are in line with the findings of Kumar
and Chawla (2015). With regard to phosphorus levels
significantly higher number of seed rows cob-1 was
obtained with S1 (17.5) followed by S2 (17.0) and S3

(16.5) which were on par with each other and
significantly superior over S4 and S5. Grain yield was
significantly influenced by land configurations during
both the years. Higher grain yield (5888 kg ha-1) recorded
with raised bed over flatbed (5496 kg ha-1) during 2018.
The percentage increase in grain yield under raised
bed over flatbed ranged from 7.13 to 9.73 during 2018
and 2019 respectively. These findings are in line with
the findings of earlier studies conducted by Kumar and
Chawla (2015). The increasing phosphorus levels
resulted in significantly higher grain yield with S1 (6017
kg ha-1) followed by S2 (5885 kg ha-1) and S3 (5798 kg
ha -1) which were on par with each other and
significantly superior over S4 and S5. While lowest grain
yield was registered with S5 (5253 kg ha-1) which was
on par with S4 (5509 kg ha-1) during the year 2018.
Similar trend was observed during 2019 and for mean
of two years. Interaction effect at main at same level
of sub treatments and sub treatments at same level of
main treatments found to be non significant. The results
are in conformity with the observations of Kumar et al.
(2019) and Bekele et al. (2019).

CONCLUSION

Among planting methods, higher growth and yield of
maize was recorded under raised bed method. Among
phosphorus levels studied, 50 % RDP and 25% RDP
recorded on par performance in terms of growth and
yield of maize to that of 100 % RDP which indicated
that phosphorus levels can be reduced to even 50%
RDP to get equal yield of 100% RDP particularly in
high phosphorus soils.
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ABSTRACT

This study was attempted to identify the constraints faced by farmers in adoption of precision farming technologies
transferred by extension professionals. Three districts of Telangana state were purposively selected for the study. A sample of
120 respondents were surveyed under the study. The survey results showed that among the perceived constraints related to the
farmers in adoption of precision farming technologies, majority (97.50%) identified Lack of subsidy from the government as their
major constraint.It was found that majority (95.83%) of the respondents suggested that the awareness programmes and motivational
campaigns need to be conducted by extension personnel to generate awareness and motivation among farmers for popularization
of precision farming technologies.
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The present agriculture scenario in India has
led to certain vital points of concern for the planners
and agricultural scientists to feed its growing population.
Land is precious natural resource for agriculture and
per capita availability of the land has decreased
drastically to nearly one third from 0.46 ha in 1951 to
0.15 ha in 2016-17. This led the agricultural sector with
the need to increase productivity of existing land by
increasing number of crops or improving the input
efficiency like fertilizers, herbicides, pesticides and
irrigation etc. Agricultural production system is an
outcome of a complex interaction of seed, soil, water
and agro-chemicals. Hence with the sole pursuit of high
productivity in order to meet the ever growing demand
for agricultural products, it has resulted in indiscriminate
utilization of resources which in turn resulted in neglecting
the critical linkage between agriculture and the
environment and has posed a threat to future of Indian
agriculture on sustainable basis. Therefore judicious
management of inputs is essential for the sustainability
of such a complex system. It is clear that more
accurate agricultural management practices with
improved technology have the potential to benefit the

farmer financially. Indiscriminate use of inputs coupled
with improper management practices over a longer
period has resulted in land degradation and decline in
its productivity. Inspite of these the human population
continues to grow steadily with the shrinking resources
being used for production situates great challenge
against Indian farming system to attain food and
environmental security. To counter these twin challenges
in the country like India there is a urgent need of
application of modern Hi-tech technologies for
enhancing the productivity and sustainability of farming
system for long term on scientific basis. Among the
technological developments, Precision farming (PF)
looks a win-win strategic advancement technology
towards improving the potential of agricultural land to
produce crops on sustainable basis and to increase
agriculture productivity in the future (Kumar et al., 2017).
Raj Khosla (2008) stated that precision agriculture is
doing the right thing, in the right place at the right time.
From the farmer’s perspective, precision agriculture is
primarily driven by economic return, but, in many cases,
site-specific management also provides a positive
environmental impact. Soil and water quality can benefit
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from reduced or targeted application of input such as
nutrients, pesticides, and irrigation water. The other very
significant benefit of precision farming is reduced soil
compaction and erosion (Lowenberg- DeBoer, 2004).
The success of future farming practices, output, efficiency
and sustainability, would rely heavily on “farming the
data” as much as “farming the land” and we can
manage what we can measure. (Souhza Filho et al.,
2011). Therefore, agricultural research seeks the
generation of new technologies to reorient the current
and future needs and constraints.(references quoted
in text)

Precision farming has emerged as a promising
option in modern agriculture which enhances judicious
crop management through application of farm inputs
only in precise amounts to get increased average yields
compared to conventional farming techniques. Precision
farming helps in dealing with this challenge by proper
and effective management of soil and crop variability
with the use of information technology.

MATERIAL AND METHODS

An Ex-post-facto research design was used
in the present investigation. Three districts of Telangana
state namely Nizamabad district from Northern
Telangana zone, Warangal district from Central
Telangana zone and Ranga Reddy district from
Southern Telangana zone were selected purposively
for the study based on the frontline extension activities
promoted related to precision farming technologies in
major crops. Six mandals from three districts i.e, from
Nizamabad district, Kotgiri and Armurmandals, from
Warangal distr ict Ghanpur (station) and
Atmakurmandals, from Ranga Reddy district Yacharam
and Manchalmandals were selected as sample. Two
villages were selected purposively from each mandal
which includes the adopted villages of ICAR/SAU from
one mandal and frontline extension activities promoted
villages by the department of agriculture & horticulture
on precision farming technologies in major crops from
another mandal thus constituting 12 villages for the
study. Ten farmers from each village were selected
purposively based on the adoption of precision farming
technologies in major crops thus constituting the
sample size of (10x12) 120 respondents for the study.

Constraints in adoption was operationally
defined as the difficulties or problems faced by the
farmers in adoption of precision farming technologies.

The respondents were asked to express the problems
faced by them in adoption of precision farming
technologies transferred by the extension
professionals. The responses stated by the
respondents were recorded. The results were
expressed in the form of frequencies and percentages
for each problem for the purpose of discussion.

Suggestions were operationally defined as
solutions offered by the farmers for continuous adoption
of precision farming technologies. Respondents were
asked to offer their suggestions in order to adopt the
precision farming technologies being transferred by the
extension professionals that are relevant to their farming
situations and were also asked for measures to
overcome the problems of technology rejection/
discontinuance of precision farming technologies by
them. The results were expressed in the form of
frequencies and percentages for the purpose of
discussion.

RESULTS AND DISCUSSION

1. Constraints expressed by the respondents on
adoption of precision farming technologies

It could be observed from the Table.1 that
among the perceived farmer related constraints in
adoption of precision farming technologies, majority
(98.33%) of respondents identified small size fragmented
landholdings as their major problem followed by lack
of knowledge about precision farming technologies
(91.67%), Lack of awareness about precision farming
technologies (87.50%), Lack of motivation to adopt from
officials (83.30%), Difficulty in understanding the usage
of precision farming technologies (79.16%), Low literacy
level of farmer (75.00%), Lack of self-confidence to adopt
the precision farming technologies (66.67%) and Rigidity
to adopt precision farming technologies as they believe
in traditional farm practices (62.50%) in the order of
priority.

Among the perceived technological constraints,
majority (97.50%) opined that high infrastructure
requirement followed by complexity of technology usage
(90.83%), lack of dissemination of the technology related
to precision farming which is compatable to their farming
situations (87.50%), lack of practicability of precision
farming technologies transferred (85.00%), limitation of
technology usage (83.33%), Prohibitive costs of
precision farming technologies (73.33%) and low
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observability of precision farming technologies
transferred (70.83%) in the order of priority.

Among technical constraints majority (95.83%)
of the farmers reported lack of technical Know-how as
major constraint followed by non availability of skilled
labour (93.33%), lack of technical skills to assess in-
field variations (85.00%) and lack of awareness of
agro-environmental problems (81.67%) in the order of
priority.

Among economic constraints majority
(100.00%) identified lack of subsidy from the government
as major constraint followed by high initial investment
(98.33%), inadequate financial support (90.83%), high
operational cost (84.16%), low annual income of
farmers (81.67%), lack of assets like land, farm inputs
etc (74.16%) and market Imperfection (62.50%) in the
order of  priority.

Among the perceived social constraints,
majority (98.33%) opined that Lack of success stories
related to precision farming technologies as major
constraint followed by Lack of support from other social
groups for adoption of precision farming technologies
(97.50%), Lack of confidence among the community

members to adopt the precision farming technologies
due to fear of failure (93.33%), Overriding isolated
approach over community spirit (91.67%), Lack of
community action for adoption of precision farming
technologies (84.16%), Lack of enthusiasm among the
community members to adopt the precision farming
technologies (76.67%) and Lack of regular meetings
by the community regarding adoption of precision
farming technologies (68.33%) in the order of  priority.

Among extension related constraints majority
(98.33%) identified lack of dissemination of the precision
farming technologies which are compatable to their
farming situations as major constraint followed by lack
of training assistance related to precision farming
technologies (95.83%), less number of Frontline
demonstrations related to precision farming technologies
(94.16%), lack of skill oriented training programmes
related to precision farming technologies (93.33%), lack
of training skills among officials (91.67%), The precision
farming technologies demonstrated were not location
specific (79.16%) and lack of continuous technical
guidance and supervision (75.00%) in the order of
priority.

Table 1. Constraints faced by farmers in adoption of precision farming technologies

S No Perceived Constraints Frequency* Percentage Rank

A. Farmer related constraints

1. Lack of awareness about precision farming
technologies. 105 87.50 III

2. Lack of motivation to adopt from officials. 100 83.33 IV

3. Small size fragmented land holdings. 118 98.33 I

4. Low literacy level of farmer. 90 75.00 VI

5. Lack of knowledge about precision farming
technologies. 110 91.67 II

6. Rigidity to adopt precision farming technologies
as they believe in traditional farm practices. 75 62.50 VIII

7. Lack of self confidence to adopt the precision
farming technologies. 80 66.67 VII

8. Difficulty in understanding the usage of precision
farming technologies. 95 79.16 V

B. Technological constraints

1. Complexity of technology usage. 109 90.83 II

2. Limitation of technology usage. 100 83.33 V

(N=120)
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S No Perceived Constraints Frequency* Percentage Rank

3. High infrastructure requirement. 117 97.50 I

4. Lack of dissemination of the technology related to
precision farming which is compatable to their
farming situations. 105 87.50 III

5. Low observability of precision farming technologies
transferred 85 70.83 VII

6. Prohibitive costs of precision farming technologies. 88 73.33 VI

7. Lack of practicability of precision farming
technologies transferred. 102 85.00 IV

C Technical constraints

1. Lack of technical Know-how. 115 95.83 I

2. Non availability of skilled labour. 112 93.33 II

3. Lack of technical skills to assess in-field variations. 102 85.00 III

4. Lack of awareness of agro-environmental problems. 98 81.67 IV

D Economic constraints

1. High initial investment. 118 98.33 II

2. High operational cost. 101 84.16 IV

3. Inadequate financial support. 109 90.83 III

4. Lack of subsidy from the government. 120 100.0 I

5. Lack of assests like land, farm inputs etc. 89 74.16 VI

6. Low annual income of farmers. 98 81.67 V

7. Market Imperfection. 75 62.50 VII

E Social constraints

1. Lack of confidence among the community members
to adopt the precision farming technologies due to
fear of failure. 112 93.33 III

2. Lack of community action for adoption of precision
farming technologies. 101 84.16 V

3. Lack of support from other social groups for
adoption of precision farming technologies. 117 97.50 II

4. Overriding isolated approach over community spirit 110 91.67 IV

5. Lack of enthusiasm among the community members
to adopt the precision farming technologies. 92 76.67 VI

6. Lack of success stories related to precision farming
technologies. 118 98.33 IV

7. Lack of regular meetings by the community
regarding adoption of precision farming technologies. 82 68.33 II

F Extension constraints

1. Lack of training assistance related to precision
farming technologies. 115 95.83 II

2. Lack of training skills among officials. 110 91.67 V
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3. Lack of dissemination of the precision farming
technologies which are compatable to their farming
situations. 118 98.33 I

4. Lack of skill oriented training programmes related to
precision farming technologies. 112 93.33 IV

5. Less number of Frontline demonstrations related to
precision farming technologies. 113 94.16 III

6. The precision farming technologies demonstrated
were not location specific. 95 79.16 VI

7. Lack of continuous technical guidance and
supervision. 90 75.00 VII

S No Perceived Constraints Frequency* Percentage Rank

Table 2. Suggestions as given by the respondents for adoption of precision farming technologies.

(N=120)

1. Awareness programmes and motivational campaigns
need to be conducted by extension personnel to
generate awareness and motivation for popularization
of precision farming technologies. 115      95.83 I

2. Need of Skill oriented training programmes related to
precision farming technologies. 105 87.50 IV

3. Presence of subsidy from the government. 112 93.33 II

4. The precision farming technology transferred should
be compatable to their farming situation. 100 83.33 VI

5. Use of low cost, simple, effective farm technology. 97 80.83 VIII

6. Presence of technical Know-how. 104 86.67 V

7. Availability of training assistance related to precision
farming technologies. 108 90.00 III

S No Suggestions Frequency* Percentage Rank

2. Suggestions offered by the respondents for
adoption of precision farming technologies

From the Table. 2  it was evident that majority
(95.83%) of the respondents suggested that
awareness programmes and motivational campaigns
need to be conducted by extension personnel to
generate awareness and motivation for popularization
of precision farming technologies followed by presence
of subsidy from the government (93.33%), availability
of training assistance related to precision farming
technologies (90.00%), need of Skill oriented training
programmes related to precision farming technologies
(87.50%), presence of technical Know-how (86.67%),
The precision farming technology transferred should be

compatable to their farming situation (83.33%),
availability of adequate credit from financial institutions
(81.67%), use of low cost, simple, effective farm
technology (80.83%), presence of location-specific
precision farming technologies (79.16%), presence of
success stories related to precision farming technologies
(75.00%), availability of skilled labour (73.33%),
presence of continuous technical guidance and
supervision (71.66%), ease in understanding the usage
of precision farming technologies (68.33%), more number
of Frontline demonstrations related to precision farming
technologies (66.67%) and presence of community
action in adoption of precision farming technologies
(62.50%) in the order of priority.
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S No Suggestions Frequency* Percentage Rank

8. Presence of location-specific precision farming
technologies. 95 79.16 IX

9. Availability of adequate credit from financial
institutions. 98 81.67 VII

10. Presence of community action in adoption of precision
farming technologies. 75 62.50 XV

11. Presence of success stories related to precision
farming technologies. 90 75.00 X

12. Availability of skilled labour. 88 73.33 XI

13. Presence of continuous technical guidance and
supervision. 86 71.66 XII

14. More number of Frontline demonstrations related to
precision farming technologies. 80 66.67 XIV

15. Ease in understanding the usage of precision farming
technologies. 82 68.33 XIII

CONCLUSION

It could be concluded from the paper that
awareness programmes and motivational campaigns
need to be conducted by extension personnel to
generate awareness and motivation among farmers
for popularization of precision farming technologies.
However, Precision farming is still only in the early stages
of implementation in most developing countries. The
strategic support from the public and private sectors is
also in the conception stage. Lack of information,
connectivity problems faced in remote areas and lack
of financial support are hurdles in the path of Precision
Agriculture. Successful adoption of Precision farming
comprises of three phases including exploration,
analysis and execution. While exploration and analysis
are way ahead, execution is steadily catching-up.
Precision farming addresses both economic and
environmental issues that surround agriculture
production today. Coordination between famers and
both the MNCs and the government is gaining
momentum. However, concerns about cost-
effectiveness and the most effective ways to use the
technological tools we now possess, still remains a
work-in-progress. In the light of tomorrow’s expected
need and today’s urgent requirement, Precision farming
needs to become the only choice and not a choice in
the field of agriculture.
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ABSTRACT

The growing demand for probiotics has widened the scope for innovation and development of new probiotic products.
Passion fruit is as an underutilised fruit crop and a good source of vitamins, like A and C and minerals. Hence, an attempt was made
to develop a probiotic drink containing passion fruit and tomato involving L. acidophilus. In the study, five treatments along with
one control with three replications were standardized. The most acceptable combination (70% Passion fruit + 30 % Tomato) of the
drink was pasteurised at 800C for 20 minutes and allowed to cool. The pasteurised drink was then inoculated with 4ìl L.acidophilus
and incubated for a period of one hour at 370C which had availability of 13. 39 log cfu g-1. The probiotic passion fruit based drink
along with its control (non-probiotic drink) had TSS content of 12.30 and 13.10 0Brix, titratable acidity of 2.68 % and 1.67 %, total
sugar content of 14.28 and 15.20g 100g-1, reducing sugar content of 3.08 and 4.18 g 100g-1, protein content of 1.37 and 0.61 g
100g-1, carbohydrate content of 13.94 and 14.74100g-1, energy of 61.24 and 61.40 Kcal, ascorbic acid of 10.52mg 100g-1 and 13.20
mg 100g-1 and total ash 2.07 % and 2.05 %, respectively.

Keywords: Passion fruit, Lactobacillus acidophilus, Tomato, Organoleptic evaluation
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The deeply entwined relationship between
food and health benefits has been a fertilefield for
research since the dawn of the scientific age. This in
turn has triggered thedevelopment of functional food
products. Probiotic food isan example for such type of
food which provide various beneficial effects on human
body. Probiotics are live microorganisms when
administered in adequate amounts confer a health
benefit on the host (WHO, 2001). Addition of probiotics
to food provides several health benefits such as
decreasing the number of pathogenic gastrointestinal
microorganisms, reducing the serum cholesterol level,
improving the gastrointestinal function, strengthening
immune system, protection of proteins and lipids from
oxidative damage and has anticarcinogenic and
antimutagenic effects (El-Deeb et al., 2018). The
growing demand for probiotics has widened the scope
for innovation and development of new probiotic
products. According to Krishnakumar and Gordon
(2001) the widely used probiotic strains are lactobacilli,
bifidobacterium and streptococci. Lactobacillus
acidophilus is one of the most commonprobiotic
bacteria which have beneficial effects on the microbiota
of the gastrointestinal tract.

Probiotic products are usually marketed as
dairy products. This initiated the development of non-
dairy based probiotic products. The presence of
vitamins, minerals, antioxidant compounds, dietary
fibres and minerals, makes fruits and vegetables
idealvehicles for probiotic culture. The incorporation of
probiotics to underutilised fruits like passion fruit can
improve their acceptability, nutrient profile and market
potential.

Yellow passion fruit  (Passiflora
edulisflavicarpa), which is native to tropical America,
is considered as an underutilized fruit crop but can be
a good source of vitamins, like A and Cand minerals
(Kishore et al., 2010). Passion fruit stands out not only
for its exotic and unique flavour and aroma but also for
its amazing nutritional and medicinal properties.
Passion fruit contains anti-inflammatory, anticonvulsant,
antimicrobial, anticancer, antidiabetic, antihypertensive,
antisedative, antioxidant properties and is used in
treating conditions such asosteoarthritis, asthma and
also act as colon cleanser (Thokchom and Mandal,
2017). Considering these factors, passion fruit can
serve as a potential science for the incorporation of
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probiotics. If a probiotic product is developed from this
fruit, it would definitely attract consumer attention and
improve its economic value.

MATERIAL AND METHODS

For the study, ripepassion fruits (yellow variety)
were collected from Cashew Research Station of
Kerala Agricultural University. Tomato and all other
ingredients needed for the study were procured from
the local market. Pure cultures of the probiotic strain L.
acidophilus MTCC 10307 needed for the study was
obtained from Institute of Microbial Technology
(IMTECH), Chandigarh.

Standardisation of passion fruit drink

Drink combinations were prepared using ripe
passion fruit and tomato (Table 1). For the preparation
of passion fruit based drink, the standard procedure of
the FSSAI (2010) was followed. The quantity of
ingredients used for preparation of drink was taken by
calculating the acidity and TSS of the sample and then
adding other ingredients in accurate quantity to maintain
the FSSAI limits. Juices were strained and measured.
Sugar syrup was prepared by heating appropriate
amount of sugar in required amount of water. After
cooling, measured quantity of juice was mixed with
sugar syrup. It was then pasteurized at 800C for 20
minutes.

Organoleptic evaluation

Organoleptic evaluation of the drinks were
conducted using a score card (9 point hedonic scale)
by a panel of 15 judges. A series of acceptability trials
were carried out using simple triangle test at the
laboratory level to select the panel of judges between
the age group of 18-35 years as suggested by
Jellinek(1985). Based on the organoleptic qualities the
best combination of the drink was selected.

Development of passion fruit based probiotic drink

For the preparation of passion fruit based
drink, different combinations of passion fruit juice (50%
to 90%) and tomato juice (10% to 50%) were tried. The
selected fruit drink (25ml) was pasteurised at 800C for
20 minutes and allowed to cool. The pasteurised drink
was then inoculated with 4ìl L. acidophilus and
incubated for a period of one hour at 370 C. The 5
probiotic passion fruit based drinks along with their
control (non-probiotic drink) were then packed in food

grade plastic bottles and stored under refrigerated
condition.

Viability of L. acidophilus in passion fruit based
probiotic drink

The viable count of L. acidophilus present in
the passion fruit based probiotic drink was enumerated
by serial dilution and plate count method as detailed
by Agarwal and Hasija (1986). The microbial
enumeration was completed by pour plate method
using MRS agar and the results are expressed as
109 cfu g-1.

Physicochemical qualities of the drinks

The developed probiotic drink along with its
control (non-probiotic sample) was assessed for TSS,
titratable acidity, reducing sugar and total sugar
according to the method of Ranganna (1986). Protein,
carbohydrate, energy and ascorbic acid of the drinks
were determined according to the standard procedure
of Sadasivan and Manickam (1992). Total ash was
analysed by the procedure of AOAC (1994).

Statistical analysis

The observations were analysed statistically
in completely randomised design (CRD). The scores
of organoleptic evaluations were assessed by
Kendall’s coefficient of concordance and the differences
among treatments in nutritional qualities were assessed
using Duncan’s multiple range test (DMRT).

RESULTS AND DISCUSSION

Standardisation of combination of ingredients in
the drink

For the preparation ofpassion fruitbased drink,
different combinations of passion fruit juice (50% to 90%)
and tomato juice (10% to 50%) were tried (Table 1).
Blending of two or more juices enable to produce
beverages of superior quality with sensory, nutritional
and medicinal properties (Bhagwan and Awadhesh,
2014). The mean scoresfor the organoleptic evaluation
of passion fruitbased tomato drinks (Table 2), revealed
that the treatment which contained 70 percent passion
fruit juice and 30 per cent tomato juice (T3) scored
maximum for the organoleptic attributes, with a mean
score of 8.88, 8.02, 7.63, 8.81, 7.84 and 7.83 for
appearance, colour, flavour, texture, taste and overall
acceptability, respectively and thetotal score of this
treatment was 49.01 (Table 2). The scores of
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Table 1. Proportion of ingredients in the passion
fruit drinks

T0( Passion fruit) - Control 100%

T1 ( Passion fruit + Tomato) 90% + 10 %

T2 ( Passion fruit + Tomato) 80% + 20 %

T3 ( Passion fruit + Tomato) 70% + 30 %

T4 ( Passion fruit + Tomato) 60% + 40 %

T5 ( Passion fruit + Tomato) 50% + 50 %

Treatments Combinations

Table 2. Mean score and mean rank scores for the organoleptic qualities of passion fruit based drinks

Treatments Appearance Colour Flavour Texture Taste Overall Total Score
Acceptability

Mean score

T0- Control 8.57 8.48 7.84 8.04 7.82 8.10 48.89
(100% Passion fruit) (3.93) (4.30) (3.07) (4.47) (4.47) (4.13)

T1- (90% Passion 7.53 7.62 7.57 7.82 7.46 7.60 45.60
fruit +10% Tomato) (3.40) (3.07) (3.27) (3.37) (2.83) (2.63)

T2- (80% Passion 7.68 7.75 7.68 8.02 7.84 7.79 46.76
fruit + 20% Tomato) (3.27) (3.37) (3.30) (3.40) (3.73) (3.77)

T3- (70% Passion 8.88 8.02 7.63 8.81 7.84 7.83 49.01
fruit + 30% Tomato) (4.60) (4.17) (4.43) (4.27) (3.93) (3.90)

T4- (60% Passion 7.64 7.68 7.53 7.64 7.17 7.53 45.19
fruit + 40% Tomato) (3.10) (2.63) (2.97) (3.20) (3.20) (2.83)

T5 - (50% Passion 7.46 7.34 7.22 7.26 6.77 7.21 43.26
fruit + 50% Tomato) (2.47) (2.53) (2.97) (2.10) (2.53) (2.47)

Kendall’s W value 0.25 0.34 0.29 0.34 0.36 0.38

Table 3. Viable cell count of L. acidophilus in the
drinks

Fruit juice drink Viable count
(log cfu  g-1 )

Non-probiotic drink Nil

Probiotic drink 13.39

organoleptic evaluations were assessed by Kendall’s
coefficient of concordance and it was found that there
was agreement between the judges.

Earlier, Shaw and Wilson (1988) prepared
passion fruit orange blended nectar with sensory
acceptance score between 5.1 and 6.8 and also
concluded that nectar having high proportion of passion
fruit had better acceptance. Deliza et al. (2005) reported
that, passion fruit juice prepared in the ratio 6:9
(water:juice) and 13g of sugar in 100ml have strong
fruity passion fruit aroma, sweet flavour and refreshing
mouthfeel.A passion fruit nectar developed by Charan
(2016) had total score of 52.1, 50.9 and 47.3,
respectively for first, second and third months of storage
under ambient condition.

Viability of L. acidophilus in passion fruit based
probiotic drink

L. acidophilus present in the drinks was
enumerated and given in Table 3. The viable count of
L. acidophilus was 13.39 log cfu g-1 as against the
desired level of 8 log cfu g-1 in probiotic foods.

Beverages from fruits, vegetables, cereals etc.
are the new probiotic products that serveas a good
medium for probiotic organism to survive and are also
equally accepted among allage groups (Prado et al.,
2008). Probiotication of fruit juice is important to provide

health beneficial products toconsumers who are allergic
to milk products. Even though fruit juices are
established inmarkets, market for probiotic fruit juices
are growing. Fruit juice act as a good medium for growth
ofprobiotic organism (Mattila et al., 2002) and also to
maintain minimum therapeuticlevel 109 cfu/g or ml (WHO,
2001).
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Babu et al. (1992) reported that the growth of
L. acidophilus was stimulated by addition of tomato
juice to skimmed milk and resulted in higher viable
counts, shorter generation time and improved sugar
utilisation with more acid production and lower pH.
Yoon et al. (2004) said that the viable cell counts of
tomato juice inoculated withLactobacillus acidophilus
increased till third week storage and reduced on fourth
week ofstorage. The count was 1.4 ± 0.1 x109 during
the first week and then increased to 2.4 ± 0.1 x 109

during third week. They concluded that the organism
rapidly utilised tomato juice for cellsynthesis and also
lactic acid production. The initial cell count of
Lactobacillus acidophilus in tomato juice sample was
2.49x108 and after 72hr incubation, the cell counts of
L. acidophilus increased to 2.95 x 108. Reports also
say that the organisms utilise tomato juice sugar and
increase lactic acidproduction without any additional
nutrient addition or pH adjustments (Kaur et al., 2016).

Physico-chemical qualities of the drinks

The physico-chemical qualities such asTSS,
titrable acidity, total sugar, reducing sugar, protein,
carbohydrate, energy, ascorbic acid and total ash in
the probiotic and non-probiotic drinks were analysed
(Table 4). There was significant reduction in the TSS
content of probiotic drink (12.30o Brix) compared to non-
probiotic drinks (13.10o Brix). The reduction may be due
to the utilisation of sugars for the metabolic activity of
the probiotic organism. This metabolic activity convert
starch to fermentable simple sugars which is used by
probiotic organisms (Adams et al., 2008).

It was observed that there was significant
increase in titratable acidity of probiotic drinks (2.68)
compared to non-probiotic drink (1.67). Titratable acidity
increased significantly (Pd”0.05) with increasing
fermentation time irrespective of the medium. Similar
finding was observed by Shukla (2013), in which,
whey-pineapple juice blend gave higher titratable
acidity for 5 and 10 hours of fermentation. Sivudu et al
(2014) concluded that total sugar content of watermelon
and tomato probiotic drink with L. casei asprobiotic
organism was 20.70 ± 4.99 mg/ml and the probiotic
culturesutilised sugar in the juice for their growth
subsequently reducing the pH of the product.

The probiotic drinks showed a significantly
lower content of total sugar and reducing sugar
compared to non-probiotic drink. According to Yoon et

al. (2004), a decrease in sugar and pH and increased
acidity intomato juice inoculated and incubated with
Lactobacillus delbrueckii, L. acidophilus, L.plantarum
and L. caseiand observed the sugar gets converted
into acid in the presence of bacteriaand thus get
reduced with time, and the acidity content increase.
Fernandes et al. (2011) concluded that on pasteurising
passion fruit juice there was difference in total sugar
and reducing sugar. The pasteurized juice had 9.63
per cent totalsugar and 8.33 per cent reducing sugar.

A higher value of proteincontent was observed
in the probiotic drink (1.37 g 100 g-1) than non probiotic
control (0.61g 100 g-1). The carbohydrate content was
higher in non-probiotic juice compared to probiotic
samples. Total energy content was 61.40 Kcal and
61.24 Kcal in non-probiotic and probiotic drinks,
respectively. Stantonet al. (2005) reported that both
genera Lactobacillus and Bifidobacteriumwere
reported to have high requirements of free aminoacids,
peptides, vitamins and fermentable carbohydrates for
their growth and development. The reduction in energy
content of probiotic drink compared to non-probiotic drink
was due to higher carbohydrate and fat content in fresh
juice than probiotic juice (Rafiq et al., 2016).

Non-probiotic passion fruit and tomato drink
combination showed comparatively higher ascorbic
content of (13.20 mg 100g-1) than the probiotic drink
(10.52 mg 100g-1). Shukla et al. (2013) reported that
reduction in ascorbic acid content of probiotic drinks
may be due to pasteurisation of juice and exposure to
light. The ascorbic acid content in RTS drink prepared
by blending juices of passion fruit and cashew apple
in different ratios such as 25:75, 50:50, 25:75 + ginger
drops and 50:50 + ginger drops was 80.26 mg
100 g-1, 79.73 mg 100 g-1, 76.39 mg 100 g-1 and 79.29
mg 100 g-1, respectively (Sobhana et al., 2011). The
study reported non-significant changes in the total ash
of probiotic and non-probioticdrinks. As stated by Jood
and Khetarpaul (2005), bacterial culture might increase
the bioavailability of various minerals but there need
not be any change in the total mineral content in probiotic
foods.

CONCLUSION

It can be concluded that good quality probiotic
drink can be prepared by using 70 % passion fruit
juice and 30 % tomato juice with good acceptability,
nutritional qualities and with a viable count of 13.39
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log cfu/ ml. The probiotic passion fruit-tomato drink had
a TSS content of 12.30 0Brix, 2.68 percent titratable
acidity, 14.28 g 100g-1 o=total sugarcontent, 3.08 g
100g -1 reducing sugarcontent, 1.37 g 100g -1

proteincontent, 13.94 100g-1 carbohydratecontent, 61.24
Kcal energy, 10 mg 100g-1 ascorbic acid and a total
ash 2.07 percent. Passion fruit can be a suitable
substrate for the development of probiotic foods with
good nutritional profile.
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