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ABSTRACT 

Small millets are more nutritious and have a lower glycemic index than rice and wheat, but 

factors like lack of improved varieties, agronomical packages and practices as well as 

unorganized seed system are constraining production and productivity. Therefore, the present 

study was carried out to know the yield gaps between improved practices and farmers’ practices 

under Front Line Demonstrations (FLDs) of finger millet and barnyard millet crops under 

rainfed conditions of Tehri Garhwal and Uttarkashi Districts of Uttarakhand. A total of 1,123 

farmers were selected for frontline demonstrations in both the Districts, of which 80 ha land was 

covered by high yielding finger millet (PRM-2) and barnyard millet (PRJ-1) varieties over the 

last five years. The conducted FLDs made a very positive and significant impact on grain as well 

as on fodder yield of finger millet that ranged from 26.75 to 32.65 per cent and 23.18 to 29.27 

per cent overall increase respectively while in barnyard millet, 36.50 to 42.17 per cent and 29.60 

to 35.80 per cent overall increase in grain and fodder yield respectively was recorded during the 

last five years. The higher technological gap (5.63 to 8.81 qtl/ha), extension gap (4.82 to 8.25 

qtl/ha) and technological index (23.46 to 40.05 %) in both the crops indicating that there is an 

urgent need of dissemination of location specific suitable package of practices. The data revealed 

that the conducted FLDs also enhanced the farmer’s income by increasing B:C ratio that ranged 

from 1.25 to 1.48 in both the crops. The impact of such demonstrations are quite strong as it is 

also visible from the fact that barnyard millet variety PRJ-1 has been one of the most accepted 

varieties by farmers of Uttarakhand for the last more than ten years and has been constantly 

under FLD programme since its release in year 2003 on farmers’ demand. 
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INTRODUCTION 

The environmental, social and economic 

challenges of 21
st
 century like climate changes, 

water scarcity, increasing world population, 

rising food prices, and other socio-economic 

impacts are expected to generate a great threat 

to agriculture and food security worldwide, 

especially for the poorest people who live in 

arid and sub-arid regions as stated by Saleh et 

al.
7
, therefore, there is need of alternative 

crops that can resist changing environmental 

condition and provide nutritive food source. 

Ushakumari et al.
12

 stated that the millets are 

considered as crop of food security because of 

their sustainability in adverse agro-climatic 

conditions. Small millets are small sized grains 

and grown in different regions of the world 

form east to west because they share a set of 

characteristics which make them unique 

amongst cereals due to their productivity and 

short growing season under dry, high-

temperature conditions and can survive in 

areas with as little as 300 mm or less of 

seasonal rainfall. 

 Upadhyaya et al.
13

 stated that the 

small millets are under-utilized crops and 

continued to be neglected in terms of support 

for production, promotion, research and 

development. Their presence in the food 

basket has been declining over the years. One 

of the main reasons for this decline is the 

increased availability of other staple and 

commercial crops such as rice, wheat, maize, 

etc. as a result small millets are in a situation 

of crisis in India because a dramatic decrease 

from 1960 to 2009 in cultivated area (80% for 

small millets, 46% for finger millet); 76 per 

cent decrease in total production of small 

millets which caused significant reduction in 

per capita availability of all millets (despite 

high productivity gains for some varieties); 

and a steep fall in overall millets consumption. 

 Small millets occupy an important 

place in the agriculture of the Uttarakhand 

especially in hilly regions. Apart from being a 

source of food, they provide fodder for cattle 

which thereby reduces the pressure on grazing 

fields and forests and helps to balance the 

delicate ecosystem in the Himalayas. Small 

millets are grown up to an altitude of 3000 m 

above sea level in both pure and mixed stands 

and under Jhuming (shifting) cultivation. But 

the productivity per unit area is low as 

compared to other small millets growing areas. 

Major production constraints include the low 

yield of existing varieties, poor seed quality 

and lack of access to improved varieties by 

farmers. Moreover, poor agronomic practices 

such as higher seed rate, faulty nutrient 

management and negligence of plant 

protection measures are responsible for low 

productivity. However, the demands of small 

millet and their product increasing day-by-day 

due to their nutritional values in national as 

well as international market. Therefore, to 

increase the farmer’s field productivity, a 

modern concept was formulated by 

agricultural scientist called “frontline 

demonstration” with the objective to 

demonstrate newly released high yielding 

varieties, crop production and protection 

technologies and management practices at 

farmer’s fields under different farming 

situations. While demonstrating the 

technologies in the farmer’s fields, the 

scientists are required to study the various 

factors contributing higher crop yield, 

constraints in field production and thereby 

required to generate production data and 

feedback information. Keeping these in view, 

frontline demonstration of improved high 

yielding varieties with the thematic area to 

replace local seeds with high yielding 

improved variety seed on finger millet and 

barnyard millet were conducted to enhance the 

seed replacement rate, productivity, economic 

returns and also convincing the farmers for 

adoption of newly developed high yielding 

varieties  in small millets. 

 

MATERIAL AND METHODS 

The frontline demonstration was carried out 

under ICAR- All India Coordinated Research 

Project on Small Millets (AICRPSM), 

Ranichauri, Tehri Garhwal, Uttarakhand from 

2013 to 2017 during Kharif seasons. Before 

conducting the FLDs, meetings with farmers, 

surveys and diagnostic visits were under taken 
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for selection of the farmers and villages and 

after that an orientation training programme 

was imparted to the beneficiaries related to 

crop under demonstration. A total of 1,123 

farmers were selected for frontline 

demonstrations in District Tehri Garhwal and 

Uttarkashi, of which 80 ha land was covered 

by high yielding finger millet and barnyard 

millet varieties during the five years. The 

quality seeds of finger millet variety PRM-2 

and Barnyard millet variety PRJ-1 were 

distributed to the selected farmers under FLDs 

in the month of April and May every year.  

During the FLDs from sowing to harvesting, 

frequent monitoring was carried out to monitor 

the adopted package of practices, timely 

sowing, effective plant protection and weed 

management in both the practices (farmer’s 

practice and improved practice) to keep all the 

remaining input same except seed. The 

average yield of each FLD and farmer’s 

practice, cost of cultivation, gross return, net 

return and benefit cost ratio (B:C ratio) was 

taken for subsequent five years for 

interpretation of the results. The extension gap, 

technology gap and technology index were 

calculated using the following formula as 

suggested by Samui et al.
8
 

 

Technology index = 
Potential yield - Demonstration yield  

x 

 

100 Potential yield 

 

Technology gap = Potential yield - Demonstration yield 

 

Extension gap = Demonstration yield - Yield under farmer’s practices 

 

B:C ratio = 
Net income (Rs./ha) 

Cost of cultivation (Rs./ha) 

 

% increase over farmer’s 

practices 
= 

Improved practices - Farmer’s practices 
x 100 

Farmer’s practices 

 

RESULTS AND DISCUSSION 

Production constraints of small millet 

Finger millet and barnyard millet ranks second 

and third respectively in terms of area after 

rice during Kharif season in hilly area of 

Uttarakhand. During the FLDs, the problems 

faced by farmers in small millet production 

were documented and the perusal data is 

presented in Table 1. The major problems 

faced by farmers are wild animal damage 

(86.67 %) that causes the huge losses of crops 

followed by lack of high yielding varieties 

(81.17 %), timely availability of quality seeds 

(78.33 %), marketing (76.33 %), low technical 

knowledge (74.78 %), use of higher seed rate 

(71.50 %) while diseases like grain smut in 

barnyard millet and Cercospora leaf spot in 

finger millet also observed by farmers (41.67 

%) as a major grain production constraint 

followed by insect (21.17 %). However the 

other production constraints observed during 

FLDs are limited possibility of mechanization 

to reduce the drudgery associated with 

production and post-harvest operations, food 

of marginalized communities, although it is 

consumed by the majority of households in the 

mid and high hills regions in varying quantity, 

irrespective of ethnicity and lack of awareness 

on the nutrient composition and value of small 

millets on human health; consequently there is 

a low rate of consumption especially among 

the younger generation. Singh
9
 also conducted 

a frontline demonstration on wheat in 

Rudraprayag District of Uttarakhand and 

reported almost similar production constraints. 

Dhruw et al.
4
 has also reported similar 

constraints in maize. 

 



 

Rawat et al                                Int. J. Pure App. Biosci. 7 (2): 408-414 (2019)     ISSN: 2320 – 7051  

Copyright © March-April, 2019; IJPAB                                                                                                         411 
 

Table 1:  List of production constraints and their rank given by farmers 

Sl. No. Major constraints Percentage Rank 

1 Damage by wild animals 86.67 I 

2 Lack of high yielding varieties 81.17 II 

3 Timely availability of quality seeds 78.33 III 

4 Marketing  76.33 IV 

5 Low technical knowledge 74.78 V 

6 Use of higher seed rate 71.50 VI 

7 Diseases of small millets 41.67 VII 

8 Insect-pests of small millets 21.17 VIII 

 

Grain and fodder yield 

Grain and fodder yield of barnyard millet and 

finger millet under improved practices and 

farmers’ practices are presented in the Table 2 

and Table 3, which clearly elucidated that the 

use of high yielding varieties helping for 

boosting the productivity of finger millet as 

well as barnyard millet under rainfed 

conditions of Uttarakhand. The average grain 

yield of barnyard millet under improved 

practices ranged from 16.19 to 18.37 qtl/ha 

which is 36.50 to 42.17 per cent higher than 

farmers’ practices while, fodder yield varied 

from 44.79 to 47.35 qtl/ha with an 29.60 to 

35.80 per cent enhancement over farmers’ 

practices. Similar trends were also recorded in 

finger millet, which showed 26.75 to 32.65 per 

cent grain yield and 23.18 to 29.27 per cent 

fodder yield advantage over farmers’ practices 

during five years. Thakur et al.
11

 reported 

140.12 per cent higher grain yield of finger 

millet under improved practices than farmers’ 

practices whereas, 53.5 to 61.3 per cent higher 

yield in finger millet and 53.5 to 101.8 per 

cent more yield of barnyard millet under 

improved variety over local variety was 

recorded by Yadav and Yadav
15

  in Himalayan 

hills.  

Technology gap 

The average technological gap for grain yield 

in barnyard millet ranged from 6.63 to 8.81 

qtl/ha and 5.63 to 7.81 qtl/ha in finger millet 

over the five years while fodder yield varied 

from 32.65 to 35.21 qtl/ha in barnyard millet 

and 27.65 to 30.21 qtl/ha in finger millet 

(Table 2 & 3). The higher technological gap 

may be attributed mainly due to the uneven 

distribution of rainfall, variations in soil 

fertility and cultivation on marginal lands and 

local specific crop management problems 

faced in order to harness the yield potential of 

specific crop cultivars under demonstration 

plots. The average technology gap 9.91 qtl/ha 

for finger millet was reported by Thakur et 

al.
11

, Dhaka et al.
3
 in maize and Joshi et al.

6
 in 

wheat. Vedna et al.
14

 stated that the location 

specific crop management is the need of hour 

to bridge down the gap in potential and 

demonstration yields.  

 

Table 2: Impact of improved and farmers’ practices on grain yield of barnyard millet under front line 

demonstration 

Years 
Area 

(ha) 

No. 

of 

FLD 

Grain Yield (qtl/ha) Fodder yield (qtl/ha) Grain Yield Fodder yield 

I.P. F. P. % I.P. F. P. % 
TG 

(qtl/ha) 

EG 

(qtl/ha) 

TI 

(%) 

TG 

(qtl/ha) 

EG 

(qtl/ha) 

TI 

(%) 

2013 5.00 75 18.37 10.12 42.17 46.68 29.07 35.26 6.63 8.25 30.14 33.32 17.61 41.65 

2014 5.00 75 17.08 10.14 38.15 45.26 28.57 32.45 7.92 6.94 36.00 34.74 16.69 43.43 

2015 10.00 151 16.19 10.59 40.51 44.79 32.52 29.60 8.81 5.60 40.05 35.21 12.27 44.01 

2016 10.00 151 18.02 11.75 36.50 47.35 31.00 35.80 6.98 6.27 31.73 32.65 16.35 40.81 

2017 10.00 151 17.66 10.01 41.25 46.42 32.48 31.10 7.34 7.65 33.36 33.58 13.94 41.98 

I.P. = Improved Practices, F.I.= Farmers’ Practices, T.G.= Technology Gap, E.G.= Extension Gap and T.I. = Technology Index 
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Table 3: Impact of improved and farmers’ practices on grain yield of finger millet under front line 

demonstration 

Years 
Area 

(ha) 

No. 

of 

FLD 

Grain Yield (qtl/ha) Fodder yield (qtl/ha) Grain Yield Fodder yield 

I.P. F. P. % I.P. F. P. % 
TG 

(qtl/ha) 

EG 

(qtl/ha) 

TI 

(%) 

TG 

(qtl/ha) 

EG 

(qtl/ha) 

TI 

(%) 

2013 5.00 65 18.37 13.12 28.60 46.68 35.17 24.65 5.63 5.25 23.46 28.32 11.51 37.76 

2014 5.00 65 17.08 11.87 30.50 45.26 32.01 29.27 6.92 5.21 28.83 29.74 13.25 39.65 

2015 10.00 130 16.19 10.90 32.65 44.79 32.67 27.05 7.81 5.29 32.54 30.21 12.12 40.28 

2016 10.00 130 18.02 13.20 26.75 47.35 36.37 23.18 5.98 4.82 24.92 27.65 10.98 36.87 

2017 10.00 130 17.66 12.58 28.75 46.42 33.85 27.08 6.34 5.08 26.42 28.58 12.57 38.11 

I.P. = Improved Practices, F.I.= Farmers’ Practices, T.G.= Technology Gap, E.G.= Extension Gap and T.I. = Technology Index 

 

Extension gap 

The average extension grain yield gap for 

barnyard millet was calculated 5.60 to 8.25 

qtl/ha while extension grain yield gap for 

finger millet ranged 4.82 to 5.29 qtl/ha over 

five years. However, fodder yield showed 

higher extension yield gap in both the crops 

that varied from 12.27 to 17.61 qtl/ha in 

barnyard millet and 10.98 to 13.25 qtl/ha in 

finger millet. The higher extension yield gap 

due to lack of awareness for the adoption of 

improved farm technologies by the farmers 

indicating that there is a strong need to aware 

and motivate the farmers for adoption of 

improved farm technologies in finger millet 

and barnyard millet over existing local 

practices. Choudhary et al.
2
 argued that the 

refinement in the local farmers’ practices for 

higher adoption of location specific generated 

farm technology for sustaining crop 

productivity is another option open for the 

research scientists whereas, the successful 

development, dissemination and adoption of 

improved technologies for small-holders 

depend on more than careful planning of 

research and the use of appropriate 

methodologies in extension as stated by Biggs 

and Smith
1
. 

Technology index 

The average technology index was quite 

higher in both the crops over five years as 

indicated by Table 2 & 3. The technology 

index calculated for barnyard millet showed 

higher value that ranged from 30.14 to 40.05 

per cent for grain yield while 40.81 to 44.01 

per cent technology index was calculated for 

fodder yield. However, similar trend were also 

observed in finger millet that varied from 

24.92 to 28.83 per cent for grain yield and 

36.87 to 40.28 per cent for fodder yield over 

the five years under rainfed conditions. Poor 

field establishment at early vegetative stage 

due to water stress under rainfed farming with 

uneven rainfall distribution, long dry spell and 

increasing pressure of diseases and insect pests 

are the possible reason for poor yields causing 

higher technology index in both the crops. 

Technology index indicates the feasibility of 

generated farm technologies in the farmers’ 

fields under existing agro-climatic conditions 

as stated by Vedna et al.
14

 and Choudhary et 

al.
2
. Lower the technology index, higher is the 

feasibility of generated farm technology under 

farmers’ fields and vice-versa. Similar results 

were also reported by Jeengar et al.
5
 in maize 

and Singh et al.
10

 in mustard. 

Economics analysis 

Highest gross returns with 46,731.30 Rs./ha, 

net returns with 25,390.22 Rs./ha and B:C 

ratio with 1.48 were calculated under 

improved practices while under farmers’ 

practices highest gross returns with 44651.30 

Rs./ha, net returns with 24,300.22Rs./ha and 

B:C ratio with 1.30 were observed across the 

years for barnyard millet (Table 4).  
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Table 4: Economic analysis of barnyard millet under frontline demonstration 

Year Area 

(ha) 

No of 

FLDs 

Gross Returns Rs./ha Net Returns Rs./ha B:C ratio 

I.P. F.P. I.P. F.P. I.P. F.P. 

2013 5.00 75 44786.40 42706.40 22856.75 21766.75 1.38 1.18 

2014 5.00 75 43441.55 41361.55 21770.89 20680.89 1.31 1.13 

2015 10.00 151 45465.77 43385.77 24670.22 23580.22 1.48 1.30 

2016 10.00 151 46731.30 44651.30 25390.22 24300.22 1.29 1.15 

2017 10.00 151 45826.32 43746.32 25056.18 23966.18 1.35 1.17 

I.P. = Improved Practices and F.I. = Farmers’ Practices 

 

Table 5: Economic analysis of finger millet under frontline demonstration 

Year Area 

(ha) 

No of 

FLDs 

Gross Returns Rs./ha Net Returns Rs./ha B:C ratio 

I.P. F.P. I.P. F.P. I.P. F.P. 

2013 5.00 65 44331.98 41322.98 24980.51 21890.51 1.32 1.17 

2014 5.00 65 43948.36 40939.36 24567.35 21477.35 1.29 1.12 

2015 10.00 130 42798.98 39789.98 23377.90 20287.90 1.25 1.11 

2016 10.00 130 47696.81 44687.81 27089.55 23999.55 1.38 1.16 

2017 10.00 130 46922.18 43913.18 26130.85 23040.85 1.33 1.19 

I.P. = Improved Practices and F.I. = Farmers’ Practices 

 

Whereas, finger millet gross returns under 

improved practices ranged from 42,798.98 to 

47,696.81  Rs./ha followed by net returns 

(23,377.90 to 27,089.55 Rs./ha) and B:C ratio 

(1.25 to 1.38) while gross returns under 

farmers practices varied from 39,789.98 to 

44,687.81 Rs./ha, net returns 20,287.90 to 

23,999.55 Rs./ha and B:C ratio 1.11 to 1.19 

(Table 5). The variations between the years in 

the economic returns may be attributed to the 

variable performance of respective crops in 

terms of grain yield under improved practices 

in frontline demonstration. Higher returns and 

B:C ratio under improved practices in frontline 

demonstration was also reported by Thakur et 

al.
11

, in finger millet crop, similarly higher net 

returns and B:C ratio in the FLDs on improved 

technologies compared to the farmers practices 

reported by Joshi et al.
6
 in wheat. 

 

CONCLUSION 

The grain as well as fodder yield under 

improved practices was recorded higher than 

the farmers’ practices, which not only 

increased the yield per unit area but also 

enhanced the farmers’ income. However, a 

wide gap in potential yields, demonstration 

yields and farmers  plot yields under both the 

crops due to technological and extension gaps 

indicating that there is a need of proper 

dissemination of location specific technologies 

imbedded with high yielding varieties to 

improve productivity and profitability of 

rainfed farming of Uttarakhand.   
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