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A. Multi-location trials  
Agronomic investigations on different small millets were carried out at Almora, Athiyandal, Bengaluru, 
Dindori, Jagdalpur, Kolhapur, Mandya, Nandyal, Peddapuram, Ranchi (Kanke), Ranichauri, Vizianagaram 
and Waghai centres and the results obtained during cropping season of 2020-21 are presented in brief.  
    
2.1. Evaluation of pre-released genotypes to fertility levels 

At Almora, Athiyandal, Berhampur, Dindori, Dholi, Hagari, Jagdalpur, Kolhapur, Mandya, Nandyal, 
Peddapuram, Ranchi, Ranichauri, Vizianagaram, Waghai, field experiments were conducted to evaluate 
the response of pre-released genotypes of small millets to fertility levels. Results shown that the grain 
yield and economics of genotypes varied with locations and fertility levels (Table & Figure 2.1.1 to 2.1.7). 

2.1.1. Finger millet 
The experiments on pre released finger millet varieties to different levels of fertilizers under rainfed 
condition were conducted at South (Berhampur, Peddapuram, Vizianagaram, Waghai) and North zones 
(Almora, Dholi, Ranchi, Ranichauri) during 2020-21.  
 

South zone 

Fertility levels: Fertility levels showed significant response for growth and yield parameters. Higher plant 
height and a significantly higher number of productive tillers were observed at higher fertility level i.e., 
150% recommended dose of fertilizers than other 50% fertility level and absolute control. Among the 
different fertility levels,150%RDF has recorded 8.27, 30.53 and 36.93 % more number of productive tillers 
at 100, 50% RDF and absolute control, respectively but the values at both 150 and 100%RDF levels were 
found statistically on par with each other. The higher fertility level (150% RDF) has taken significantly 
more number of days to physiological maturity followed by the fertility level of 100%RDF. The grain yield 
and straw yield showed the significant difference under different fertility levels. The higher fertility level i.e., 
150% RDF recorded a significantly higher grain and straw yield (2694 and 6169 kg/ha, respectively) as 
compared to absolute control (1715 and 4670 kg/ha, respectively). Again, the economic parameters like 
gross return, net return and B:C ratio were also found higher at the fertility level of 150% RDF followed by 
100%RDF and the least values of economic parameters were observed at absolute control.  The higher 
benefit cost ratio of 2.47 was obtained at 150% RDF followed by 100(2.38) and 50%RDF (1.94) fertility 
levels and the least B:C ratio was recorded at absolute control (1.39) (Table 2.1.1.A) 

Performance of varieties: There was a significant response for plant growth and yield parameters. 
Among finger millet varieties, test variety FMV 1137 has recorded a grain yield of 2436 kg/ha which was 
found significantly superior over other test varieties and national checks except FMV 1148(2418 kg/ha). 
For the straw yield, again test variety FMV 1137 was found superior as compare to other tested varieties 
and national checks but was found on par with FMV 1148, FMV 1151 and the national check GPU 67. 
Further, test varieties i.e., FMV1137 and FMV1148 proved their significance in their performance by 
showing higher gross return and net return and the B:C ratio was 2.30 for FMV 1137 followed by FMV 
1148(2.24) and FMV 1147(2.01). The nutrient uptake from these varieties also supported their higher 
performance by showing the significantly higher uptakes of nitrogen, potassium and a numerically higher 
values for phosphorous uptake.  

The interaction effect between pre-released varieties and fertility levels were not significantly pronounced. 
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North Zone 

Fertility levels: The application of 150 per cent recommended dose of fertilizer (RDF) gave higher grain 
yield and straw yield (2032 kg/ha and 5291 kg/ha, respectively) and are found having significantly higher 
yield than yields obtained at other fertility levels (Table 2.1.1. North). Whereas the growth parameter like 
plant height at harvest was showed significant difference where the higher fertility level of 150% followed 
by 100% were found having significantly higher value than lower fertility level of 50% RDF and at absolute 
control. However, number of productive tillers, days to 50 % flowering, days to maturity and 100 seed 
weight did not differ significantly among different fertility levels though numerically higher values were 
noticed at higher fertility levels. Again, the net return (Rs.52761/ha) and B:C ratio (2.75) also were found 
having higher values with higher fertility level i.e., 150%RDF followed by 100%RDF as compared to other 
fertility levels. Further, there was significantly higher nitrogen uptake was noticed at 150%RDF 
(34.40kg/ha) as compared to absolute control except at fertility levels of 100 and 50%RDF. However, 
significant difference for phosphorous and potassium uptake was not observed among different fertility 
levels.  

Performance of Varieties: The test varieties FMV 1137 to FMV 1155 were not found with significantly 
higher grain yield as compared to national checks on all India mean location basis. However, significant 
response of test varieties was obtained at different testing centres. The national check GPU 45 at Almora, 
FMV 1137 at Dholi and FMV 1141 at Ranichauri found with significantly higher grain yield as compared to 
others and at Ranichauri FMV 1141 was found with significant response over all other tested varieties and 
national checks but this variety failed to give similar response at all India mean basis. The straw yield of 
pre released varieties showed significant response and the test variety FMV 1143 was significantly 
superior over national checks but was found on par with other tested varieties i.e., FMV 1141 and FMV 
1137. The economics of the study indicated that the GPU 45 followed by FMV 1137 and FMV 1143 were 
found comparatively having more return as compared to others. Interaction between pre released 
genotypes and fertility levels were found non-significant (Table 2.1.1.B). 

2.1.2. Foxtail millet 
To find out the response of pre-released foxtail millet varieties to different levels of fertilizer under rainfed 
conditions, an experiment was carried out at Hagari, Mandya and Nandyal during kharif 2020 and the data 
on result of the experiment is presented in Table 2.1.2.  

Fertility levels: Plant height didn’t differ significantly among different fertility levels. Whereas, the number 
of productive tillers per plant differed significantly and significantly more tillers were seen at 150% fertility 
level followed by 100%RDF. Whereas, lesser number of productive tillers were observed at absolute 
control and 50%RDF. Though days to 50% flowering and days to maturity did not show significant 
response but 100 seed weight found having significant response and the highest seed weight was 
recorded at 150 % RDF followed by 100%RDF. A significantly higher yield of 2048 kg/ha was harvested at 
higher fertility level of 150% but was closely followed by the yield obtained at 100% RDF. However straw 
yield at 150% RDF (4536 kg/ha) was found on par with both 100 and 50 %RDF. The higher performance 
at higher fertility levels was further substantiated by obtaining higher economic indices like gross return, 
net return and B:C ratio. Further, significantly higher uptake of nitrogen by plants was seen at 150 and 
100%RDF as compared to other fertility levels. However, numerically higher values of total phosphorous 
and potassium uptake by plants at these levels were recorded as compared to the lower fertility level and 
absolute control. 

Performance of varieties: A non-significant difference in all India mean grain yield of pre released 
varieties of foxtail millet was noticed.  However, at Mandya centre, the national check SiA 3156 was found 
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significantly superior over pre released variety and another national check DHFt 109-3. Even for straw 
yield, the tested variety FXV 615 has not proved significance in performance as compared to national 
check. Again, gross return, net return and B:C ratio also not showed significant difference among varieties 
tested and similar result was also obtained for total nutrient uptake i.e., nitrogen, phosphorous and 
potassium on all Indian mean basis.  

2.1.3. Proso millet 
The experiment on knowing the response of pre released Proso millet varieties to different levels of 
fertilizer under rainfed condition, an experiment was conducted at Hagari and Mandya during kharif 2020-
21(Table 2.1.3.).  

Fertility levels: Significant response among different fertility levels were noticed and significantly higher 
grain yield of 1422 kg/ha was obtained at the higher fertility level 150% RDF which was found 8.05%, 
22.06% and 43.93% higher grain yield than at 100%, 50% RDF and absolute control, respectively. 
Whereas for straw yield, fertility gradients of 150, 100 and 50%RDF showed on par results but were found 
significant than at absolute control. The economic parameters like gross return, net return and B:C ratios 
also followed the similar trend of higher values at 150% RDF followed by 100%RDF than other fertility 
levels. Whereas, significantly lower yield (grain and straw) and economics (net return and B:C ratio) were 
recorded at absolute control followed by 50%RDF. Crop at higher fertility level of 150 and 100% % fertility 
level have out yielded over other fertility levels and established their supremacy. Hence, growing proso 
millet at lower fertility level is not profitable as pre-release varieties are found highly responsive at higher 
fertility gradients. 

Performance of varieties: None of the pre-released varieties were found superior to check varieties 
tested.  And the data on mean location basis and yield data obtained at individual centre also showed 
non-significant response among varieties for grain and straw yield. The growth parameters like plant 
height, number of productive tillers, 1000 seed weight, days to 50% flowering and days to maturity also 
didn’t differ significantly among varieties tested. Further, the economic indices i.e., gross return, net return, 
B:C ratio and nutrient uptake by different varieties also found non-significant when statistical analysis was 
done on data obtained across locations. The interaction between varieties and different fertility levels were 
found non-significant for most of the parameters in the study (Table 2.1.3 and figure 2.1.3). 

2.1.4. Little millet 
Trials on pre released finger millet varieties to different levels of fertilizers under rainfed condition were 
conducted at South (Jagdalpur and Waghai) and North zone (Dindori, Ranchi, Ranichauri) during 2020-
21. The result of the trial is presented in Table 2.1.4.A for south zone and Figure 2.1.4.B for north zone. 

South zone: 

Fertility levels: The fertility levels showed significant differences on little millet growth and yield 
parameters. The per cent increase in grain yield of 42.67, 25.60 and 6.03 was noticed at 150, 100 and 50 
per cent recommended dose of fertilizers, respectively when compared to the absolute control. However, 
the performance of the crop in general at the higher fertility level i.e.,150% RDF and 100 per cent was 
found almost on par with each other even for economic parameters (gross return, net return and B:C ratio) 
and started declining towards lower levels of fertility which signifying the fact that 100 %RDF is 
economically sufficient to harvest higher yield in little millet. Again, at these fertility levels, the numerically 
higher values of parameters like plant height, days to maturity, 1000 seed weight, harvest index, total 
phosphorous uptake and significantly higher values of parameters i.e., number of productive tillers, days 
to 50% flowering, gross return, net return, B:C ratio and straw yield were found as compared to lower 
fertility level which all ended up in bumper harvest of the crop. 
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Performance of varieties: The pre released varieties though showed significant variations for plant 
height, number of productive tillers, days to 50% flowering, days to maturity but have failed to give marked 
difference statistically among themselves. In general, none of the varieties tested were superior to the 
check varieties across the locations. However, national check BL-6 at Waghai gave significantly higher 
yield than tested variety LMV 533 and another national check JK-8 but was found at par with all tested 
varieties. For straw yield too, the mean over location yield did not differ significantly among varieties 
tested however, again at location Waghai, the national check BL-6 surpassed the straw yield of LMV 533, 
LMV 536 and JK-8 but was found on par with other tested varieties i.e., LMV 528 and LMV 531. In terms 
of economics, the tested variety LMV 528 was found superior for obtaining higher gross return, net return 
and B:C ratio among all varieties tested including national check. Again, total nutrient uptake for nitrogen, 
phosphorous and potassium by crop did not differ among varieties on location mean basis. There was 
non-significant difference noticed for interactions of fertility levels and pre released varieties. 

North Zone: 

Fertility levels: Mean over the locations data indicated that application of different levels of fertility 
showed significant difference for growth, yield and economic parameters. The plant height of crop was 
varied among different fertility levels. The significantly taller plants were seen at 150%RDF as compared 
to the absolute control however, the plants observed at 100% and 50%RDF were found statistically on par 
heights as observed at 150% RDF.  The plants of 150%RDF acquired significantly more number of days 
to 50 % flowering as compared to other fertility levels though not much difference in days to maturity 
among different fertility levels. Whereas, 1000 seed weight was enhanced when it was supplied more with 
nutrients specially at 150%RDF as compared to the absolute control.   

The fertility levels showed significant response for yield and economics. Significantly higher grain yield, 
straw yield and B:C ratios were obtained at the application of 150 per cent RDF which were calculated to 
35.75, 35.89 and 22.71 per cent higher grain yield, straw yield and B:C ratio, respectively with the 
application of 50 per cent RDF. However, grain yield and straw yield obtained at 150 and 100 per cent 
application of RDF fertility levels were found on par with each other. Similar results were obtained at 
Ranchi centre however, 150% RDF had supremacy only as compared to other fertility levels at centres 
Dindori and Ranichauri. In addition, the results at mean over location was further supported with 
accounting higher gross, net return and B:C ratio at the higher fertility level i.e., 150%RDF. 

Performance of Varieties: Varieties showed significant response for growth parameters, yield 
parameters, yield and economic indices. The test varieties i.e., LMV 542 and LMV 551 exhibited 
significant response for plant height, days to 50 % flowering, days to maturity as compared to the national 
check JK-8 but for number of productive tillers and 1000 seed weight, these tested varieties surpassed 
other national check BL-6 but was found on par with JK-8. Again, pre-genotypes showed significant 
response for grain yield, straw yield and economic parameters computed. The tested entry LMV-542 has 
recorded significantly higher grain yield as compared to national check BL-6 and another test entry LMV 
551 however, it had on par result with other national check JK-8. Similar results were replicated at centres 
Dindori and Ranichauri. For straw yield, the tested entry LMV-542 has proved its supremacy over both 
national check and was found on par with LMV 551. The performance of LMV 542 was further 
substantiated with having resulted higher net returns and B:C ratio and these were found significantly 
higher over other entry and both national checks. Whereas, the interactions of fertility levels and varieties 
showed non-significant response. 
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2.1.5. Barnyard millet 
To know the response of pre released barnyard millet varieties to different levels of fertility under rainfed 
condition, an experiment was conducted at Almora, Mandya and Ranichauri during kharif 2020-21(Table 
2.1.5).  

Fertility levels: For growth, yield i.e., grain yield, straw yield and economics, crop responded well at 150 
and 100 per cent recommended fertilizer dose. However, the absolute control recorded the least growth 
and yield components followed by lower fertility level of 50 per cent recommended dose of fertilizer. The 
higher fertility level (150% RDF) recorded significantly higher grain yield (1827 kg/ha) and which was 
found significantly superior as compared to lower fertility level (50% RDF; 1377 kg/ha) and absolute 
control (1201 kg/ha). The straw yield also followed the similar trend showing higher values at 150% RDF 
(6537kg/ha) followed by 100 %RDF (6045 kg/ha). The higher yield performance at 150 %RDF was 
supported by higher expression of growth characters like plant height (114 cm), a greater number of 
productive tillers (2.88) significantly and further growing crop at 150 and 100 %RDF has fetched an higher 
net return of Rs.38169/ha and 31979/ha, respectively. The crop with the highest and lowest B:C ratios 
were acknowledged with 150% RDF (2.45) and the absolute control (1.90). 

Performance of varieties: Barnyard millet pre released varieties were not significantly differed for yield 
and other parameters at all India mean location basis. However, test variety BMV-591 at Mandya centre 
and BMV-587 at Ranichauri have out yielded significantly over pre released variety and national check but 
both failed to perform significantly at mean over location basis. In contrary to the results of individual 
centres, none of the pre released entry proved its significance for grain and straw yield and other 
associated parameters relating to their performance as compared to check. Again, non-significant 
differences in straw yield and nutrient uptakes by crop was noticed among all varieties. Again, the result is 
further evidenced by having higher net return (Rs.30173, 29748, 28770 and 26935 with DHBM 93-3, BMV 
587, VL 207 and BMV 591, respectively). The interactions between fertility levels and varieties for different 
crop growth and yield parameters showed non-significant response. 

2.1.6. Kodo millet 
During 2020, under different fertility levels pre-released kodo millet varieties were tested at Athiyandal, 
Dindori and Jagadalpur under rainfed conditions and the result is presented in Table 2.1.6 and Figure 
2.1.6. 

Fertility levels: A significant difference was noticed among different fertility levels on crop response. 
150% RDF has documented higher plant height (72.01cm), more number of productive tillers (7.37), more 
day to 50% maturity, higher 1000 seed weight which all resulted in producing significantly higher grain 
yield (2308 kg/ha) and straw yield (4025 kg/ha) and was followed by 100% and 50% RDF. Significantly 
the lowest grain (1348 kg/ha) and straw yield (2392 kg/ha) were obtained at absolute control. Further, 
higher B:C ratio (3.09) was noticed at 150 and 100% RDF (2.93) followed by 75% RDF (2.50).  

Performance of varieties: On all India mean basis, a grain yield of 1956 kg/ha was obtained with the 
tested entry KMV 551 which was found to be significantly higher over national check TNAU-86 but was 
found on par with another check variety RK 390-25 and test variety KMV 542. Whereas, the significantly 
higher straw yield (3479 kg/ha) was obtained at national check RK 390-25 compared to another check 
TNAU-86 but was found statistically similar to test varieties KMV 542 and 551. There was a non-
significant difference noticed for plant height at harvest, days to 50% flowering, days to maturity, 1000 
seed weight and harvest index. But number of productive tillers showed the significant difference and has 
supported the significant response of varieties for grain and straw yield. Economic parameters i.e., gross 
return, net return and B:C ratio also have shown that tested entry KMV 551 had higher returns and benefit 
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cost ratio followed by national check RK 390-25. The interactions between fertility levels and pre released 
varieties of kodo millet showed a non-significant response for all parameters. 

2.1.7. Browntop millet 
The coordinated trial on response of pre released genotypes to different fertility levels were conducted at 
Athiyandal, Hagari and Kolhapur during kharif 2020 and the data is presented in Table 2.1.7 and Figure 
2.1.7. 

Fertility levels: Among different fertility levels, interestingly higher grain yield (1561 kg/ha) and straw yield 
(4283 kg/ha) were realised at 100 and 50% per cent recommended dose of fertilizer, respectively as 
compared to absolute control and was found statistically on par with 150 per cent recommended dose of 
fertilizer implying that browntop millet can sustain yield from 50 to 100 %RDF and the crop is not 
responsive for higher fertility gradient. Again, the result is further evidenced by having obtained higher net 
returns (Rs.12694) and B:C ratio(1.45) at lower fertility level.    

Performance of Varieties: The tested variety BTV-2 recorded significantly higher grain yield (1502 kg/ha) 
as compared to test varieties i.e., BTV-9 and BTV-1 apart from BTV-3, BTV-6 and national check GPUBT-
6. However, the response for straw yield among varieties tested found no significant difference among 
themselves.  The economic indices like gross return, net return and B:C ratio have further signified the 
superior effect of tested variety BTV-2 as compared to rest of the varieties and national check. Interaction 
between pre released varieties and fertility levels showed non-significant response.   

2.2. Nutrient management in small millets 

2.2.1. Response of small millets to liquid biofertilizers and their mode of application 
In response to reduce the cost of production and to cutdown the cost incurred on inorganic nutrients and 
also to know the response of liquid consortia or liquid biofertilizer in small millets, a study was initiated for 
small millets to know their response for liquid biofertilizers and their effects on crop growth, yield 
attributes, grain yield, straw yield, economics, nutrient uptake, nutrients availability in soil and soil 
microbial dynamics. The study was conducted in different AICRP centres for respective allotted crops and 
the data on these parameters are presented in Table 2.2.1.A to 2.2.1.G and depicted in Figure 2.2.1.G.  

Finger millet: The trial was conducted at Karaikal, Dholi and Vizianagaram during kharif 2020. Significant 
difference in higher plant height, number of productive tillers, higher dry matter production at different 
stages of crops, 1000 seed weight, grain yield, straw yield, economics, nutrient uptake and nutrient 
availability in soil were recorded among different treatments of substitutions with liquid biofertilizer, 
recommended package and absolute control. Treatment T1(100% RDF + Seed treatment with liquid 
biofertilizer (4-5 ml kg-1 seed) followed by soil application of liquid biofertilizer (2.5-3 litre, mix with 200 kg 
FYM and apply in furrows at sowing for one acre area) produced significantly higher grain and fodder yield 
compared to other treatments of substitution and recommended package and absolute control but was 
found on par with T3(100%RDF + Soil application of liquid biofertilizer) and T4(85%RDF + Seed treatment 
with liquid biofertilizer + soil application of biofertilizer) and the same trend has been followed for straw 
yield. The higher harvest index was found with 100%RDF and 85%RDF in combinations with either seed 
treatment or soil application of liquid biofertilizer. The significant response of crop at these treatments was 
due to better expression of growth and yield parameters (plant height, number of productive tillers, dry 
matter production at different growth stages i.e., 30, 60, 90 DAS and at harvest, days to maturity). The 
good response of crop at either 100 RDF or 85% RDF and substitution with liquid biofertilizer either soil 
application or both seed treatment or soil application with liquid biofertilizer (T1, T3 & T4, respectively) 
was also supported by higher net return, B:C ratio and higher nutrient uptakes and further higher 
availability of nutrients in soil at these treatments was also registered.  
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Foxtail millet: The liquid biofertilizer trial on foxtail millet was conducted at Bengaluru, Dholi and Nandyal 
during kharif 2020(Table 2.2.1.B). Significantly higher plant height, number of productive tillers, dry matter 
production obtained at different stages of crop was observed at T4 as compared to other treatments but 
was found on par with T1 and T6 and all these cumulated in resulting substantially higher grain yield at T4 
followed by T1 and T6. The analysis of economic parameters like gross return, net return and B:C ratio 
also have further indicated that treatments from 100 to 70% RDF along with addition of liquid biofertilizer 
further have enhanced the grain yield of crop and finding the substitution of liquid biofertilizer to an extent 
of 70% for reducing the cost of production without sacrificing the yield of crop. Further nutrient uptake also 
enhanced when crop was supplemented with biofertilizer and there was slight increase in the availability 
of nutrients in soil when compared to T11. With respect to the incidence of pest and disease incidence in 
different treatments, crop was having slightly lesser incidence of blast, downy mildew and the attack by 
helminthosporium in 100, 85 and 70% RDF and liquid biofertilizer substitution though not found significant 
difference. 

Proso millet: The experiment of liquid biofertilizer and its substitution with RDF was conducted at Dindori, 
Mandya and Ranchi during kharif 2020 and the data are presented in table and figure 2.2.1.C. The 
significantly taller plants were recorded with T1 however was found on par with all treatments of 
substitution with RDF from 70, 85% RDF and 100%RDF but was found significantly higher as compared 
to absolute control(T11). However, T1, T2, T3 and T4 were found on par with respect to dry matter 
production at different growth stages, 1000 seed weight as compared to other treatments. Similarly, 
significantly higher grain yield at T1, T3 and T2 and straw yield at T1, T3, T2 and T10 were found 
significantly superior over other treatments and further all these also accounted with higher net returns 
and B:C ratios confirming the advantage for usage of liquid biofertilizers for higher productivity in Proso 
millet and also reducing the cost of production. 

Little millet: The trial was conducted at Jagadalpur, Mandya and Vizianagaram during kharif 2020 and 
the data on growth, yield, economics and ancillary parameters are presented in Table 2.2.1.D.  

Treatment 1 with 100%RDF + Seed treatment + Soil application with liquid biofertilizer was found with 
higher grain yield (1467 kg/ha) and straw yield (3937 kg/ha) which has surpassed all treatments except T3 
which was having 100% RDF + Soil application with liquid biofertilizer. Whereas, the treatment 11 which 
was not supplied with any external nutrient or biofertilizer resulted in significantly lower grain and straw 
yield as compared to all treatments imposed. The treatments which all have 85% RDF and 
supplementation with liquid biofertilizer either through soil application or seed treatment also have 
performed equally good for grain as well as straw yield and further supported by obtaining higher nutrient 
uptakes and higher net return and B:C ratio. The nutrient availability in soil, pest and disease incidence 
also did not show significant variation among different treatments imposed in the experiment. 

Kodo millet: At Athiyandal, Dindori and Ranchi, the trial on Kodo millet was conducted and the results are 
presented in Table 2.2.1.E. Significantly higher plant height was recorded with T10 however, was found 
on par with T1, T2 and T3. Significantly higher number of productive tillers were recorded with T1 but was 
on par with T2, T3, though dry matter production at 30, 60 and 90 DAS were non-significant among all 
treatments, yet values of dry matter production at harvest was recorded with T1 which was found 
significantly higher over other treatments but was comparable with T4, T2, T10 and T3. All treatments 
have recorded higher 1000 seed weight as compared to the treatment of absolute control(T11). 
Interestingly, T4 (85% RDF + seed treatment + soil application with liquid biofertilizer) has produced more 
grain yield over other treatments but was found comparable with T1, T10, T2 and T3 and similar results 
were also recorded with straw yield. The economic indices also registered the fact that liquid biofertilizers 
have an important role to play in kodo millet for enhanced production. 
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Barnyard millet: The trial of liquid biofertilizer on Barnyard millet was conducted at Jagdalpur, Mandya 
and Ranichauri on kharif 2020 and the result is presented in Table 2.2.1 F.  

Among different treatments, significantly higher plant height was recorded with T4 followed by T10,T6 and 
T1 whereas T1,T3, T4, T6 and T10 have produced more number of tillers significantly than other 
treatment combinations. Though Dry matter accumulation (DMA) at 30 DAS, 60 DAS and at harvest was 
having non-significant results but, the higher values were noticed with 100 and 85% RDF and substitution 
with liquid biofertilizers. However, at 90 DAS significantly higher DMA was recorded with T4 followed by 
T1. Again 1000 seed weight and grain yield also recorded significant variation among treatments and T4 
has significantly surpassed all treatments for grain yield closely followed by al treatments of 100% and 
70% RDF( with addition of liquid biofertilizers through soil application plus seed treatment). The same 
response is obtained by crop for straw yield and economics. The results proved that when crop is supplied 
with 70 to 85%RDF with liquid biofertilizer for soil application was found economically feasible as well as 
for enhancing higher productivity. Further, crops at these treatments were relatively less infected with pest 
and diseases specially blast incidence as compared to T100(Recommended dose of fertilizer). 

Browntop millet: Browntop millet response for liquid biofertilizer experiment was conducted at 
Athiyandal, Bengaluru and Kolhapur (Table 2.2.1.G). The treatment T1 i.e., 100% RDF + seed treatment 
with liquid biofertilizer (4-5 ml/kg seed) followed by soil application of liquid biofertilizer (2.5-3 litre, mix with 
200 kg FYM and apply in furrows at sowing for one acre area) registered significantly higher grain yield 
and was found on par with treatments where liquid biofertilizer was used for soil application or seed 
treatment or both along with 85%RDF. However, it was also found on par with T7 where 70% RDF and 
liquid biofertilizer was used for both seed treatment and soil application. Whereas, T4 has recorded 
significantly higher straw yield followed by all treatments except T10 and T9. Finally, the higher net returns 
and B:C ratios were registered with T4, T1, T7 and T2 signifying the importance of liquid biofertilizer use 
on the yield and economics for Browntop millet. 

2.2.2. Response of millets to different doses of potassium nutrients 
An experiment was conducted at Athiyandal and Bengaluru during 2020 to find out the response of small 
millets i.e., Proso millet, Barnyard millet, Kodo millet and Browntop millet to the major nutrient potassium 
in different doses and also to optimise its requirement for these small millets for sustained productivity. 
The data on growth, yield, economics and other ancillary data are presented in Table 2.2.2 and Figure 
2.2.2. 

Performance of Small millets: Small millets showed significant response for plant height, days to 
flowering, days to maturity, straw yield and even economic parameters. Further the nutrient uptake by 
different small millets also showed significant response for potassium nutrition. The significantly higher 
plant height with barnyard millet, more number of days to 50%flowering and days to maturity with kodo 
millet, higher straw yield with browntop millet were realised as compared to other small millets tested. 
However, the higher values for number of productive tillers for browntop millet, higher dry matter 
accumulation at different growth stages for barnyard millet, more 1000 seed weight with kodo millet and 
importantly higher grain yield with brown top millet were observed though not differed significantly. From 
the economic point of view, kodo millet followed by browntop millet were found as more remunerative than 
barnyard millet and proso millet. The nutrient uptake studies indicated that higher nutrient uptakes i.e., 
total nitrogen, total phosphorous and total potassium were significantly higher with browntop millet 
followed by barnyard millet whereas, the significantly lower uptakes were registered with proso millet as 
compared to other small millets but followed by kodo millet. 
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Effect of Potassium doses: Varied potassium levels did have effect on crop significantly for number of 
productive tillers and grain yield, straw yield, economic indices like gross return, net return and B:C ratio 
significantly and even for total nutrient uptake by crop for nitrogen, phosphorous and potassium. The 
recommended dose of nitrogen and phosphorous were common to all the treatments of different 
potassium levels. Significantly more number of productive tillers were observed with the higher dose of 
potassium when applied at 30 kg/ha in combination with recommended dose of N and P however, the 
data at 20 and 10 kg/ha also found similarity when statistical tool was applied for analysis. The grain yield 
obtained at potassium higher level of 30 kg/ha (1822 kg/ha) was found significantly higher than other 
potassium levels but was closely followed by another potassium level of 20 kg/ha (1786 kg/ha) and similar 
result was perceived at both centres i.e., Athiyandal and Bengaluru. Whereas, the straw yield also 
affected by different levels of potassium applied to crop. The straw yield obtained at K3(30kg/ha) was 
found significantly higher over K1(10kg/ha) and K0(0 kg/ha) but was found on par with K2(20kg/ha). 
Further, the economics of the experiment further quantified that crops when supplied with potassium at 20 
kg per ha found more economical and highly productive over other potassium levels. In addition, the crops 
also showed higher nutrient uptake when supplemented with potassium at 20 kg per ha than either higher 
or lower doses applied.   

2.3. Weed management for small millets 

2.3.1. Chemical weed control studies in finger millet  
A study on pre and post-emergent herbicides in different concentrations combined with one intercultivation 
was initiated in 2018 and was implemented consecutively for the third year during kharif 2020 at Kolhapur, 
Nandyal, Ranchi and Ranichauri, The data on growth, yield, weed parameters and economics of study are 
presented in Table and Figure 2.3.1.   

Mean over locations data indicated that significantly higher grain yield of finger millet was obtained with 
standard practice of two inter cultivation with one hand weeding(T10)(2457 kg/ha), which was found on 
par with Oxadiargyl 80 WP at 200g a.i./ha(within 3 DAS) + one intercultivation at 25-30 DAS(2176 kg/ha) 
and Oxadiargyl 80 WP at 150 g a.i./ha(within 3 DAS) + one intercultivation at 25-30 DAS(T2) (2123 
kg/ha). Among post emergent herbicides applied, Bispyribac sodium 10 SC 15ga.i./ha (within 15-20 DAS) 
+ one intercultivation at 35-40 DAS found superior over other treatments. There was a non-significant 
response noticed for straw yield and significantly higher values of straw yield was noticed again at 
Oxadiargyl 80 WP at 200 or 150g a.i./ha(within 3 DAS) + one intercultivation at 25-30 DAS(T3) followed 
by two inter cultivation with one hand weeding(T10), Bispyribac sodium 10SC 10 g a.i./ha(15-20 
DAS)+one intercultivation at 35-40 DAS, Ethoxysulfuron 15 WG 15g a.i./ha(15-20DAS) + one 
intercultivation at 35-40 DAS(T9) and Bispyribac sodium 10 SC 10 g a.i./ha(15-20 DAS)+ 35-40 DAS(T6). 
The harvest index obtained for the treatments also further confirmed the superiority for higher yield 
performance.  With all these, again treatment T2, T1

2.3.2. Chemical weed control studies in Kodo millet  

 further obtained higher net return and B:C ratio ac 
compared to the standard practice(T10). The higher response for yield and economics at these treatments 
were yet again sustained by lesser weed density and higher weed control efficiency at different crop 
growth stages.  

At Athiyandal, Bengaluru and Dindori, a study on weed management studies with herbicide was initiated 
during kharif 2018 involving various herbicide like Oxadiagryl, Bensulfuronethyl, Bispyribac sodium and 
Ethoxysufluron and their combinations and these were compared with traditional standard practice and 
absolute control (un weeded check) in Kodo millet and the same experiment was continued in 2020 (Table 
2.3.2 and Fig. 2.3.2). 
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The significantly higher grain yield was realised at traditional standard practice (two intercultivation and 
one hand weeding) and it is interesting to note that same result was replicated in all centres. But still, it is 
a laborious and time-consuming methodology, and the usage of herbicides are advisable. The grain yield 
obtained at traditional practice (1983 kg/ha) was found at par with Butachlor 50 EC 750 g a.i./ha (within 3 
DAS) + one inter cultivation at 25-30 DAS (T5;1387 kg/ha), Bensulufron ethyl 0.6 G + Pretilachlor 6.0 G @ 
0.165 kg/ha + one inter cultivation at 25-30 DAS (T4; 1252 kg/ha), Byspiribac sodium 10 SC 15 or 10 g 
a.i./ha(15-20 DAS) + one intercultivation at 35-40 DAS(T6;1234 kg/ha). The same trend was also 
visualized taking into consideration the remuneration aspects like net return and B:C ratio. These 
treatments were also witnessed with lesser weed density, higher weed control efficiency and lesser weed 
index. 

2.4: Planting geometry and standardization of technologies in small millet 
 

2.4.1: Effect of planting geometry, planking and manure on growth and yield of Finger millet 
under Guli method           

An experiment was initiated at Bengaluru, Kolhapur, Mandya, Nandyal and Vizianagaram during Kharif 
2019 to investigate the effect of planting geometry, planking and farmyard manure requirement under Guli 
method and was continued for 2nd

Spacing: Among different planting geometry, significantly higher number of productive tillers, days to 50% 
flowering, days to physiological maturity, 1000 seed weight which all cumulated to the grain yield (2890 
kg/ha) at spacing i.e., 30 cm x 30 cm which was found significantly higher than yield obtained at regular 
spacing 30 cm x 10 cm (2565 kg/ha) and at wider spacing 45 cm x 45 cm (2481 kg/ha). Whereas, straw 
yield obtained at 30 cm x 10 cm (4870 kg/ha) and 30 cm x 30 cm (4743 kg/ha) were found statistically on 
par with each other and found significantly higher than 45 cm x 45 cm. The results obtained were again 
confirmed with accounting higher gross return, net return and B:C ratio at 30 cm x 30 cm spacing. The 
nutrient uptake by crop also showed significant response of total nitrogen and potassium however 
numerically higher values for phosphorous were again obtained at 30 cm x 30 cm as compared to rest of 
spacings followed by 30 cm x 10 cm and 45cm x 45 cm. Though the nutrient availability in soil found non-
significant but higher values at harvest were found at the wider spacing of 45cm x 45cm over other 
spacings tested.  

Planking: On location mean basis, though crop with planking did not show significant result for plant 
height, number of productive tillers, number of fingers per ear head, ear length but was found with 
significant response for days to 50% flowering, days to maturity, 1000 seed weight as compared to 
treatment which has not received planking at 20 and 40 days after planting. Planking operation has 
resulted in realising significantly higher grain yield than without planking treatment but showed numerically 
higher values of straw yield though not found statistically significant. The economic attributes also proved 
that the planking operation in guni method of ragi cultivation is the feasible practice for enhanced 
productivity of the crop. 

 consecutive season of 2020. The data on growth, yield, economics, 
nutrient uptake and nutrient availability in soil are presented in Table 2.5.1 and illustrated in figure 2.5.1. 

Farmyard manure: The results indicated that the response of crop to different quantity of Farmyard 
manure (FYM) under Guli method varied significantly. The crop yielded significantly (2768 kg/ha) at 12.5 
t/ha as compared to FYM@10 and 7.5 t/ha. The response of crop under lesser quantity of FYM @ 7.5 t/ha 
has resulted in significantly the lowest yield (2548 kg/ha). Higher economics i.e., gross return, net return 
and B:C ratio also showed higher values statistically superior at higher quantity of FYM @ 12.5 t/ha and 
the next best found was FYM @ 10 t/ha. Total nitrogen, phosphorous and potassium uptake by crop as 
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well as nutrient availability in soil at harvest were found significantly higher at higher quantity of FYM @ 
12.5 t/ha as compared to other FYM quantities examined. 

2.5: Millet cropping systems for sustainable productivity 

2.5.1.A. Enhancing the millet – system productivity with inter crops   

At Kolhapur, Nandyal, Ranichauri and Waghai, an evaluation for enhancing the Millet system productivity 
of Foxtail millet and Little millet with Redgram was initiated in kharif 2018 and was continued in 2019 and 
2020 during Kharif. The growth parameters, grain yield, straw yield of base crop and intercrop, MGEY and 
economics are presented in Table 2.5.1.A(Figure 2.5.1.A). 

Results indicated that the plant height of base crop and intercrop at harvest was not influenced 
significantly among sole crops and their association with intercrops. Similar response was also noticed for 
days to maturity of base crop, intercrop and intercrop yield. Whereas, 1000 seed weight, grain and straw 
yield of base crop, harvest index of base crop, millet grain equivalent yield were significantly impacted by 
different sole crops and their different associations with intercrops. 1000 seed weight of base crop foxtail 
millet at foxtail millet + redgram(6:1) was found significantly higher over another base crop little millet and 
little millet association with redgram in 4:1, 6:1 and 8:1 ratio however, was found on par with foxtail millet 
association with intercrop redgram in all proportions(4:1 to 8:1). When compared for base crop yield 
between foxtail millet and little millet, significantly higher grain yield was obtained with little millet 
compared to both base crop associations with intercrop in all associations and sole crop yield of intercrop 
but was found on par with base crop yield of foxtail millet. Whereas, the straw yield of intercrop, both base 
crop foxtail millet, little millet and little millet all associations with intercrop were found significantly on par 
however foxtail millet associations were found with lesser straw yield.  

The grain yield of intercrop was found significantly higher over base crops and their different association 
with intercrop. Significantly higher millet grain equivalent yield was obtained at foxtail millet with red gram 
in 6:1 ratio (1969 kg/ha) and this found on par with little millet associations with red gram in proportions 
6:1(1687 kg/ha) and 4:1(1645 kg/ha). The economics i.e., net return and B:C ratio showed higher values 
at sole crop of intercrop (Rs.53415/ha and 2.84, respectively) followed by little millet + red gram (6:1 and 
4:1 association) and foxtail millet + red gram (6:1 association).   

2.5.1.B. Enhancing the millet – system productivity with inter crops   

The millet system productivity enhancement study was started in 2018 and again during kharif 2020 was 
implemented successively at Dindori, Jagadalpur and Karaikal. Base crops such as kodo millet and 
barnyard millet were evaluated with varied number of rows of Redgram and the data on growth, yield 
attributes and economics are furnished in Table and Figure 2.5.1.B. 

Among base crops, kodo millet performed better than barnyard millet followed by kodo millet with redgram 
in 8:1 and 6:1 proportion. While, the grain yield of intercrop signified the fact that intercrop associations 
with any of the base crop (kodo millet/barnyard millet) cannot compete with pure or sloe crop yield of Red 
gram. All India mean showed that the significantly higher millet grain equivalent yields (3330 kg/ha) was 
realised with kodo millet+ redgram(6:1) followed by either of base crop associations with 
redgram(6:1/8:1/4:1) and sole crop of redgram, which were significantly superior over millet grain 
equivalent yield at base crops. Keeping in view of remuneration realised i.e., gross return, net return and 
more importantly benefit:cost ratio point of view, the results showed that on an average growing of sole 
crop red gram, kodo millet and barnyard millet was a better option than intercropping system with 
Redgram. However, if the farmer wishes to adapt a intercropping system, then Redgram can be utilised @ 
one row with every six or eight rows of kodo millet and with six or four rows of barnyard millet so that 
profitable income can be achieved. 



             ------------------------------------------------------------------------All India Coordinated Research Project on Small Millets, Bengaluru 

Agronomy-31st AGM 2021 Page 13 

2.5.2. Assessing the performance and yielding ability of millets in Rice fallows 

The trial on knowing the performance of all small millets under rice fallow system was initiated in Rabi 
2020-21 at Nandyal, Mandya, Athiyandal, Karaikal, Kolhapur, Jagdalpur, Ranchi and Viziyanagaram. 
Since the crop was sown in rabi 2020, few centers have sent results and few centers are still in analyzing 
few related or ancillary parameters of the trial and result will be presented in next year annual group 
meeting 2022.    

 
B. Location specific trials 
1. Integrated Approach for higher production and productivity of Small Millets  

This experiment was conducted during kharif season 2020 at Jagdalpur, Chhattisgarh. The experiment 
was laid out in factorial randomized block design with three replications. Factor A was planting geometry 
i.e. S1 - Direct seeded (20 x 10 cm) and S2 -Transplanting (30 x 10 cm), Factor B was three levels of 
fertilizers i.e. N1-75%, N2- 100% and N3-125%, and Factor C was having four different seed priming viz. 
P1-Control, P2-Hydro priming, P3-Pseudomonas fluorescens and P4- 1% KNO3 for 6 hr. Recommended 
dose of fertilizer was applied @ 60:30:20 kg N: P: K kg per ha. 

The results showed that in different planting geometry, transplanting in 30 x 10 cm recorded significantly 
higher number of tillers, dry matter accumulation, days to maturity, grain and economics than the 
treatment direct seeded (20 x 10 cm). Whereas in different nutrient levels, treatment 125% RDF produced 
significantly taller plant, more number of tillers, late initiation of 50% flowering and late maturity among all 
the treatments but treatment 100% RDF produced significantly higher dry matter accumulation, grain and 
fodder yield and BC ratio which was found on par with treatment 125% RDF. In case of seed priming, 
treatment 1% KNO3 seed treatment for 6 hours produced significantly higher dry matter accumulation, 
fodder yield but remaining observations were found unable to produce significant effect due to different 
seed priming. 

2. Performance of small millets during winter and summer season 

The experiment under rabi and summer 2020 was conducted at Bengaluru and the data of the 
experiments is presented in Table B.2. The results indicated that all millets have performed well and the 
highest economic return was obtained with proso millet and it showed on par economic return with 
growing of brown top, little and barnyard millet. Whereas lower economics was found with foxtail millet 
followed by kodo millet. The same experiment was repeated during summer 2019 to know the response of 
crops during summer. Again, higher economic returns were seen with browntop millet (B:C ratio:2.69) 
followed by proso (2.57) and barnyard millet (1.98.25). The performance of crops was comparatively lower 
in terms of economics was observed with foxtail millet followed by kodo millet. 

3. Studies on the role of system of Ragi intensification (SRgI) in mitigating climate 
change 

A field trial of location specific was conducted at Karaikal centre to mitigate the climate change concepts 
utilizing climate resilient crop Finger millet. Since System of Ragi Intensification (SRgI) is gaining 
importance in boosting the yield of finger millet with reduction in labour intensiveness during harvesting 
period, this technique was evaluated utilizing different varieties under varied climate conditions. The trial 
was conducted under four sowing windows. The results revealed that earlier sowing window of June first 
week was significantly yielding better than later sowing windows under SRgI system. The increase in yield 
was nearly ninety percent higher than the lowest value of yield which shows that mere change in the 
sowing window has significant impact on the growth and yield of finger millet under climate change 
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studies. Among the varieties tested viz., TRY 1, CO14, CO15, TRY 1 which is a saline resistant genotype 
performed better and produced higher yield though it was not statistically significant. The interaction effect 
was also significant indicating that the variety and the sowing window could alter the climate change 
mitigation strategies for better sustainable production of finger millet. Thus, it is concluded that Finger 
millet could be utilized as a climate resilient crop to mitigate the climate change strategy even in dryland 
situation and to manage the available resources efficiently in a sustainable way for long run. 

4. Assessing performance of small millets to different dates of sowings under ID 
conditions in rabi 

To evaluate small millets performance to different sowing dates during rabi 2020-2021, an experiment was 
conducted at Nandyal. Different small millets viz., kodo millet (1858 kg/ha), browntop millet (1773 kg/ha), 
proso millet (1065 kg/ha) and little millet (1530 kg/ha) have recorded higher grain yield when sown during 
October 1st FN. Among different small millets, higher grain yield was recorded with kodo millet (1749 
kg/ha) and was on par with browntop millet (1717 kg/ha) significantly superior over little millet (1349 kg/ha) 
and prosomillet (947 kg/ha). With regard to sowing windows, October 1st FN (1556 kg/ha) sowings were 
at par with October 2nd FN (1431 kg/ha) and November 1st FN (1377 kg/ha) (Table B.4)                   

5. Evaluation of response of different varieties of Barnyard Millet for organic 
production system 

The trial to find out the grain and straw yields of Barnyard millet varieties as influenced by different levels 
of FYM was conducted at Ranichauri in 2020 and the data is presented in Table B.5. The data revealed 
that DHBM 93-3 produced significantly higher grain and straw yield compared to other tested varieties (VL 
207, VL 172 and PRJ 1). However, variety VL 207 was recorded with the lowest grain and straw yield. The 
influence of different doses of FYM on grain and straw yield of barnyard millet varieties are significant. 
There was significant increase in grain yields with application of fertilizer 7.5 t FYM than 5 t and control. 
While, straw yield was significantly higher in case of 5 t FYM than control and statistically on par with 7.5 t 
FYM. Benefit cost ratio was also recorded higher in case of 7.5 t FYM. 

6. Revalidation of seed rate for finger millet under different establishment methods 

The research for knowing the optimum seed requirement for finger millet under different establishment 
methods was conducted at AICRP On Small Millets, Mandya during 2020. From the data (Table B.6), it is 
clear that among the different methods of sowing, sowing with Animal drawn seed drill has resulted in 
significantly higher grain yield (3851 kg/ha), straw yield (5638 kg/ha), gross returns (Rs. 123220/ha), net 
returns (Rs. 85401/ha) and higher B:C ratio (3.3).   

Among the different seed rate used, significantly higher grain yield (3818 kg per ha), straw yield (5681 
kg/ha), gross returns (Rs.22163/ha), net returns (Rs.75580/ha) and higher B:C ratio (3.3) was recorded 
when sowing was done using a seed rate of 15 kg/ha. Among the interactions, sowing with animal drawn 
seed drill with seed rate of 17.5 kg/ha resulted in significantly higher grain yield (4419 kg/ha), straw yield 
(5886 kg/ha), gross returns (Rs.141420/ha), net returns (Rs.103560/ha) and higher B:C ratio (3.7). The 
next best treatment was sowing with tractor drawn seed drill with seed rate of 15 kg/ ha. 

7. Weed management in Finger millet through different organic mulching under 
organic condition 

The trial on weed management studies in Finger millet was conducted in 2020 at Ranchi indicated that 
weed management practices through different organic mulching did not influence plant height, tillers per 
plant and 1000 seed weight (Table B.7).  However, hand weeding twice at 20 and 40 DAS recorded 
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significantly maximum grain yield, straw yield and economic return. Among different mulches, Deris indica 
leaf mulch recorded maximum yield and economic returns. Deris indica leaf mulch recorded maximum B:C 
ratio (3.5) and was similar to two hand weedings at 20 and 40 DAS and Clerodendrum sp. weed mulch. 

Weed management practices affected density of all categories of weeds significantly. Two hand weedings 
at 20 and 40 DAS resulted in lower density of grasses, broad leaved weeds, sedges, total weed and weed 
dry matter at 30 and 60 DAS and was at par with Deris indica leaf mulch in case of weed density, total 
weed density and dry matter at 30 DAS.  Two hand weddings at 20 and 40 DAS recorded maximum weed 
control efficiency at 30 and 60 DAS followed by Deris indica leaf mulch at 30 and 60 DAS. 
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