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The study assessed the yield gaps in black gram (Vigna mungo L) under rainfed farming
situations in Mandi district of Himachal Pradesh. A total of 224 demonstrations covering
60.60 ha area were conducted consecutively for four years under Cluster Front Line
Demonstrations (CFLDs) programme during kharif 2015 to kharif 2018. Improved
cultivars of black gram viz. Palampur 93, Him Mash1, Pant U 19, and UG 218 were
demonstrated along with integrated crop management technologies. The study revealed a
statistically significant difference in mean seed yield between demonstration plot and
farmer’s plot in all the demonstrated cultivars during all seasons under study. Overall, seed
yield of 611 Kgha-1 with 22.69 percent higher productivity and average profitability of Rs.
30,264 ha-1 was obtained under the demonstration plot in the pooled data over the farmer’s
practice. The technology and extension yield gap in pooled data under the four-year
CFLDs programme was 874.18 Kgha-1 and 124.91 Kgha-1 respectively. The use of high
yielding varieties with improved technology packages also enhanced water use efficiency.
Overall technology index of 55.56 percent revealed satisfactory performance of
technological interventions which can be further boosted in the region by bridging the gaps
with more efficient research and extension services.

Introduction
Crop yield gap assessment is crucial for
framing appropriate policies for research and
extension systems. Based on the identified
gaps, extension workers can provide
necessary guidelines to farmers for making
rational decisions. Biophysical, management,
socio-economic, institutional/policy, etc. are
the contributing factors responsible for the
crop yield gaps, and narrowing these gaps can
improve the efficiency of land and labour
resources, reduce production cost, and

increase the sustainability (Yadav et al.,
2018). Various researchers have described
different types of crop yield gaps in different
ways. Gomez et al., (1979) identified two
kinds of yield gaps between experiment
station and farmers’ fields, of which Gap 1 is
due to environmental differences while Gap 2,
is the difference between potential and actual
farmer yields. This gap 2 also known as the
true research-extension gap mainly attributed
to combinations of biological, technical, and
socio-economic constraints. Evenson (1997)
described three types of yield gaps namely
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extension gap i.e. the difference between best
practice and average yields; the research gap
i.e. the difference between research potential
yields and best practice yields and science gap
i.e the difference between science potential
and research potential yields. Hence,
complete knowledge and understanding of the
factors responsible for these gaps is vital to
minimize gaps and maximize the crop yields.
India is the largest producer and consumer of
black gram (Vigna mungo L) in the world
(Singh et al., 2017). Black gram commonly
known as ‘urad’ is one of the important pulse
crops of India. During 2017-18 it was
cultivated in an area of 5.44 Million ha with a
production of 3.56 Million tons at a
productivity level of 655 Kg/ha (Tiwari and
Shivhare, 2018) and contributed 13.73 percent
in the total pulse production in the country
(Anonymous, 2019). Madhya Pradesh, Uttar
Pradesh, Rajasthan, Maharashtra, Tamilnadu,
Andhra Pradesh, Jharkhand, Karnataka,
Gujarat and West Bengal are the major black
gram growing states of the country
contributing more than 90 percent of black
gram production (Anonymous, 2018).
Pulse cultivation has not been viewed as a
profitable farm enterprise in the recent past in
the state of Himachal Pradesh though it has
several advantages in a sustainable production
system. These leguminous crops are suitable
for intercropping with different crops
resulting in increased production apart from
enriching soil nitrogen and improving the soil
fertility (Singh et al., 2017). In spite, various
factors like rainfed farming, cultivation on
marginal lands, non-adoption of high yielding
varieties, etc. are responsible for their low
productivity (Choudhary, 2013, Kumar et al.,
2015). Pulse cultivation has assumed special
significance owing to the state Government's
focus on Natural Farming where pulses are an
integral part of cropping systems. To increase
the acreage and productivity of pulses in the

state in general and Mandi district in
particular, the Indian Council of Agricultural
Research, New Delhi has given the task to upscale the improved pulse production
technology along with best practices among
farmers through KVKs. Henceforth, KVK,
Mandi Himachal Pradesh took initiative in
this regard and up-scaled the improved
cultivars of black gram which is a major pulse
crop of the state with best practices of
integrated crop management technologies in
the district through a cluster approach. In the
present paper, technology and extension yield
gaps have been identified which will be useful
for framing up of strategies for further
intensification of the acreage of black gram
cultivation in the region.
Materials and Methods
The study was conducted in Mandi district of
Himachal Pradesh under rainfed farming
situations during kharif season 2015 to 2018.
A total of 224 demonstrations in 60.60 ha area
were conducted consecutively for four years
covering 116 villages of 25 clusters.
Improved cultivars of black gram along with
integrated crop management practices were
demonstrated under CFLD plots while
adjoining farmers fields where the crop was
grown as per the farmer’s practices were
taken as farmer practice/local check (Table 1).
The data on seed yield under demonstration
plot as well as the farmer’s plot was collected
and analyzed. To analyze the difference in
mean seed yield between demonstration plot
and farmer’s plot, Fisher’s Least Significant
Difference (LSD) test was employed (Yadav
et al., 2018).
LSD0.05=
Where;
t = Critical value from t distribution table,
MSW = Mean square within, obtained from
the results of the ANOVA test,
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N1 = Number of observation of the first
group,

(Choudhary et al., 2009; Yadav et al., 2017,
2018).

N2 = Number of observation of the second
group,

Water use and water use efficiency

Likewise, increase in seed yield in the
demonstration plot over farmers' practice was
worked out as per the formula earlier used by
various researchers (Choudhary et al., 2009;
Yadav et al., 2017, 2018):
Increase in yield over farmer’s practice
(YIOFP, %)=

Technology gap, extension gap and
technology index was worked by the
following formulae as earlier used by various
researchers (Samui et al., 2000; Kadian et al.,
1997; Dwivedi et al., 2014; Yadav et al.,
2018):

Water use and water use efficiency was
worked out by adopting the method of
Choudhary et al., 2009 and Choudhary, 2013.
The seasonal water use (Et) is computed from
profile water contribution (CS), effective
rainfall (ER) and irrigation water applied (I)
using the equation: Et = CS +ER + I. The
profile water contribution (CS) was not
considered both in demonstration plots and
farmers’ plots due to the varying agroecological conditions. Thus, water use
efficiency was worked out by taking in to
account the effective rainfall received during
the crop growth period, and rainfall data from
the Agrometeorological Observatory of KVK
Mandi was used for this purpose.
Results and Discussion
Seed yield under black gram cultivars

Economic analysis of CFLD's
Under demonstration plot, the cost of seed of
improved varieties, recommended fertilizers,
seed treatment with fungicide and seed
inoculums with biofertilizers (Rhizobium and
PSB), herbicide, pesticide, etc. were either
supplied to the farmers by KVK or invested
by farmers were included for calculating the
cultivation cost. Under farmer’s practice, it
included the cost of inputs purchased by the
farmers, and accordingly gross and net returns
were worked by using the standard formula

The data concerning the performance of black
gram cultivars demonstrated under CFLDs
have been presented in Table 2. The results
given in Table 2 revealed that black gram
cultivar Palampur 93 provided the highest
seed yield of 709 Kgha-1 under demonstration
plot during kharif 2015 which was 20.17
percent higher than the farmer’s practice. This
variety was further demonstrated during
kharif 2016 to kharif 2018 in an area of 20.25
ha covering 68 demonstrations and provided
the seed of 594 Kgha-1, 662 Kgha-1, and 520
Kgha-1
respectively.
Likewise,
92
demonstrations on improved variety of black
gram Him Mash 1 was conducted under
CFLD programme consecutively for three
years during kharif 2016 to kharif 2018
covering an area of 25.35 ha where this
variety performed well and provided
additional yield advantage to the tune of
11.96 to 31.57 percent (Table 2). The data
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also revealed that UG 218 variety of black
gram provided seed yield of 697, 691, and
565 Kgha-1 during kharif 2016 to kharif 2018
respectively which was 25.56 to 36.67 percent
higher against the farmer’s practice. Overall,
seed yield of 611 Kgha-1 was obtained under
the demonstration plot in the pooled data
which was 22.69 percent higher than the
farmer’s practice. Fisher’s least significant
difference (LSD) test revealed that the
difference in mean seed yield between
demonstration plot and farmer’s plot was
statistically significant in all the demonstrated
cultivars during all seasons under study. This
indicates the superiority of the demonstrated
technology over the farmer’s practice.
Further, adoption of complete integrated crop
management practices might be another
reason for the visible impact on enhanced
seed yield under demonstration plot which
otherwise was lacking under farmer’s
traditional system of cultivation. Seed
inoculation with biofertilizers like Rhizobium
and PSB culture was another major success
factor of higher seed yields under
demonstration plot as yield enhancement in
pulses through bio inoculation with microbial
cultures (Rhizobium and PSB) has also been
reported earlier by various workers (Rathore
et al., 2007; Kant et al., 2016). Blister beetle
Mylabris species is a major pest of this crop
especially at the flowering stage causing huge
losses and farmers mostly ignore the pest due
to lack of knowledge and awareness and
reluctancy to use insecticides in black gram
crop. In the demonstration plots, not only the
farmers were educated about the identification
of the pest but also provided with critical
inputs for effective management of this pest
consequently resulting in higher yields. The
yield enhancement through the adoption of
improved farm technology has also been
reported in earlier studies of FLDs’ by various
workers (Choudhary, 2013; Kumbhare et al.,
2014; Kumar et al., 2015; Singh et al., 2015;
Jayalakshmi et al., 2018; Saikia et al., 2018).

Economic analysis
The economic analysis of black gram
cultivars demonstrated under CFLDs has been
presented in Table 3 and results revealed that
the highest net returns of Rs. 34,590 ha-1 was
obtained under black gram cultivar Pant U 19.
The black gram cultivar UG 218
demonstrated under CFLDs recorded the
second rank in terms of net returns (Rs. 32007
ha-1) followed by Palampur 93 (Rs. 27,943
ha-1) and Him Mash 1 (Rs. 26,517 ha-1).
Overall, pooled data indicated the average net
returns of Rs. 30,264 ha-1 as against the
average net returns under farmer’s practice
(Table 3). Higher returns in the demonstration
plot than the farmer’s practice might be
attributed due to the adoption of improved
technologies demonstrated through CFLDs.
Earlier, various workers also reported the
enhanced monetary benefits by the use of
improved farm technology in various crops
under FLDs/CFLDs (Choudhary 2013;
Kumar et al., 2015; Ganga Devi et al., 2018;
Singh et al., 2018).
Technology and extension gap
The results for technology and extension yield
gaps have been given in Fig 1. The
technology gap in black gram cultivars
Palampur 93, Him Mash 1, UG 218 ranged
between 791-980 Kgha-1, 829-972 Kgha-1 and
903-1035 Kgha-1during the period under
study respectively. The highest technology
gap of 1035 Kgha-1 was observed in UG 218
during kharif 2018 while it was lowest during
kharif 2016. In the case of Him Mash 1, the
highest technology gap (972 Kgha-1) was
observed during kharif 2018 while lowest
during kharif 2017 (829 Kgha-1). Likewise,
the highest technology gap of 980 Kgha-1 was
observed in black gram cultivar Palampur 93
during kharif 2018 followed by 906 Kgha-1
during kharif 2016 while the lowest during
kharif 2015 (Fig. 1). The study also revealed
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that the lowest technology gap was observed
in Pant U 19 cultivar of black gram which
was only demonstrated during kharif 2016.
The overall technology gap based on pooled
data for four years CFLDs programme was
874.18 Kgha-1. Various biophysical factors
like dissimilarity in the soil fertility status,
unfavorable microclimatic conditions, and
specific crop management problems might be
the reason for technology gaps which
necessitated adoption of location-specific
management strategies to reduce these yield
gaps. These results are in support of the
findings of various workers in the earlier
studies (Choudhary, 2013; Kumar et al.,
2015; Ganga Devi et al., 2018, Singh et al.,
2018).
The results concerning the extension gap have
also been depicted in Fig 1. The study
revealed that the extension gap in black gram
cultivar Palampur 93 ranged between 70-152
Kgha-1 during kharif 2015 to kharif 2018. In
this variety, the highest extension gap of 152
Kgha-1was found during kharif 2017 followed
by kharif 2015 (119 Kgha-1). The highest
value (161Kgha-1) for extension gap in black
gram cultivar Him Mash 1 was observed
during kharif 2017 with a minimum gap of 61
Kgha-1 during kharif 2016. Black gram
cultivar UG 218 recorded the highest
extension gap of 187 Kgha-1 during kharif
2016 followed by kharif season 2017 and
2018 respectively. Overall, the extension gap
of 124.91 Kgha-1 was observed in the pooled
data indicating lack of awareness on the part
of farmers. Since, extension gaps are the
indicators for the non adoption of improved
technologies, hence an effective extension
service is required to narrow the gap between
research findings and farmers fields
(Evenson, 1997; Oladele, 2004). It therefore
strongly draws the attention of the extension
system to educate the farmers by using
innovative extension methods by supplying
quality seeds of improved varieties besides

ensuring essential critical inputs to reduce
these gaps. These findings are also supported
by various workers (Kumar et al., 2015;
Ganga Devi et al., 2018; Singh et al., 2018;
Yadav et al., 2018).
Technology index
The success of any technology depends upon
its feasibility under location-specific agroclimatic conditions for its large scale
diffusion (Kumari et al., 2007; Choudhary
2013; Kumar et al., 2015; Yadav et al., 2018).
Lower value of technology index refers to
more feasible technology and vice versa. The
results depicted in Figure 2 revealed that the
technology index of the demonstrated
cultivars of black gram under the CFLD
programme ranged between 43.67 to 60.67
percent which indicated the satisfactory
performance. The reason for better
performance is that these cultivars are
recommended for cultivation in the state by
CSKHPKV Palampur and are well
acclimatized in the microclimatic conditions
of the state in general and district Mandi in
particular. Overall, a technology index of
55.56 percent observed in pooled data showed
the satisfactory performance of technological
interventions and scope for large scale
adoption in the area. Earlier, various
researchers have also reported the similar type
of findings in their studies (Kumar et al.,
2015; Ganga Devi et al., 2018; Singh et al.,
2018).
Water use and water use efficiency
The rainfall pattern during the cropping
season under different years has been
depicted in Fig. 3. The data on seasonal water
use revealed the lowest value of 548 mm
during kharif 2015 and maximum (1097.70
mm) during kharif 2018 (Table 4). Overall,
seasonal water use of 789.48 mm was
observed in the pooled data during the period
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under study. The water use efficiency (WUE)
varied between 0.48 to 1.29 kgha-1 mm under
demonstration plots in the present study. The
overall WUE observed as 0.77 Kgha-1 mm
under demonstration plot in the pooled data
was higher than the farmer’s plots.
Recommended package of improved farm

practices
demonstrated
under
the
demonstration plot might have improved the
WUE over farmers’ plots though the crop
water use was the same under both the
situations. A similar type of findings was also
earlier reported by Choudhary (2013) and
Kumar et al., (2015).

Table.1 Detail of technology demonstrated under CFLDs on black gram and farmers practice
Particulars
Variety
Seed rate
Seed treatment
Sowing method
Fertilizer dose
Plant protection
Technical
guidance

Technology demonstrated
Farmers practice
under CFLDs
(Local check)
Palampur 93, Him Mash 1, Pant U 19, Mixture/local
UG 218
20 Kg ha-1
30 Kg ha-1
Rhizobium + PSB
-NilLine sowing (30X10 cm)
Broadcasting
20:40:20 Kg NPK ha-1
-NilNeed-based
-NilTime to time
-Nil-

Table.2 Performance of black gram cultivars demonstrated under CFLDs in Mandi district of
Himachal Pradesh
Year/Season

Variety under DP

No. of
demonstrations

Area
(ha)

Yield
(Kg ha-1)

LSD0.05

YIOFP
(%)

DPY* FPY**
Kharif 2015

Palampur 93

12

1.0

709

590

79.75

20.17

Kharif 2016

Palampur 93

37

9.0

594

510

42.31

16.47

Him Mash-1

32

7.0

571

510

43.13

11.96

Pant U-19

13

2.0

676

510

94.27

32.55

UG-218

7

2.0

697

510

141.87

36.67

Palampur 93

17

6.00

662

510

47.01

29.80

Himachal Mash 1

39

12.00

671

510

32.08

31.57

UG 218

5

2.00

691

510

127.88

35.49

Palampur 93

14

5.25

520

450

42.71

15.56

Himachal Mash 1

21

6.35

528

450

24.70

17.33

UG 218

27

8.00

565

450

28.52

25.56

Pooled data

224

60.60

611

498

17.22

22.69

Kharif 2017

Kharif 2018

2015-2019

* DPY: Demonstration plot yield; **FPY: Farmers plot yield
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Table.3 Economic analysis of black gram cultivars demonstrated under CFLDs
Chickpea
cultivars
Palampur 93
Him Mash 1
Pant U 19
UG 218
Pooled data

Average Gross
Cost (Rs.ha-1)
DPY*
FPY**
24425
22550
26583
24800
26250
24800
26583
24800
25960
24238

Average Gross
Return (Rs.ha-1)
DPY*
FPY**
52368 43400
53100 44100
60840 45900
58590 44100
56224 44375

Average Net
Return (Rs.ha-1)
DPY*
FPY**
27943 21500
26517 20167
34590 22400
32007 20167
30264 21058

BC ratio
DPY*
2.19
2.00
2.31
2.20
2.18

FPY**
1.99
1.78
1.85
1.78
1.85

* DPY: Demonstration plot yield; **FPY: Farmers plot yield

Table.4 Seasonal water use and water use efficiency under CFLDs on black gram in Mandi
district of Himachal Pradesh
Year/Season

Variety under DP

Seasonal water use
(mm)

Kharif 2015
Kharif 2016

Palampur 93
Palampur 93
Him Mash-1
Pant U-19
UG-218
Palampur 93
Himachal Mash 1
UG 218
Palampur 93
Himachal Mash 1
UG 218
Pooled data

548.00
839.20
839.20
839.20
839.20
673.00
673.00
673.00
1097.70
1097.70
1097.70
789.48

Kharif 2017

Kharif 2018

Average

Water use efficiency (Kgha-1 –
mm)
DP*
FP**
1.29
1.08
0.71
0.61
0.68
0.61
0.81
0.61
0.83
0.61
0.98
0.76
1.00
0.76
1.03
0.76
0.47
0.41
0.48
0.41
0.51
0.41
0.77
0.63

* DP: Demonstration plot; **FP: Farmers plot

Fig.1 Yield gaps in black gram cultivars demonstrated under CFLDs in Mandi district of
Himachal Pradesh
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Fig.2 Technology index under different black gram cultivars demonstrated through CFLDs in
Mandi district of Himachal Pradesh

Fig.3 Rainfall pattern during the cropping season under different years of growing season

The study conclusively revealed that all the
cultivars of black gram demonstrated under
the CFLD programme along with integrated
crop management practices increased the
productivity and profitability over farmer’s
practice. The demonstrated technologies also
enhanced the WUE even under the rainfed
situations. However, some gaps mainly
attributed to environmental and management

factors have emerged. As environmental
factors are beyond our management, there is
utter need to work on management factors by
deploying more efficient research and
extension services to reduce these gaps to
some extent. This legume crop could also be
cultivated as an intercrop under natural/
organic farming systems for sustainable
production in many hilly states like Himachal
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Pradesh where a rapid shift towards natural
farming is being targeted by the
Governments. Consequently, there is a great
scope for the area expansion under this crop
and therefore, extension workers should come
forward to up-scale these technologies among
the farmers to further intensify the black gram
acreage in the region.
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