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Abstract

A field experiment was conducted to investigate the effect of soil fertility on the growth and yield of
millets in Vechoor and Aymanam Panchayats in Kuttanad (AEU -4) in Kottayam district. The
experiment was conducted with six millet crops, including three major millets, namely Sorghum (CSH
14), Pearl millet (CO 10), and finger millet (KMR301) and three minor millets, namely foxtail millet
(DHFT-109-3), little millet (OLM 203) and barnyard millet (CO 2), in two types of soil i.e., one land
filled with laterite soil in Vechoor and the other the alluvial soil of Aymanam. Each crop was replicated
thrice in two soil types. There was drastic variation in soil fertility status of the two locations. The
alluvial soil had an organic carbon content of 4.8% compared to 0.3% of the laterite soil. Similarly, the
available phosphorus and potassium content also varied, being sufficient in alluvial soil, whereas both
were deficient in laterite soil of Vechoor. The soil fertility had significant influence on plant height of
all the millet crops. The crops grown in the fertile alluvial soil of Aymanam were superior in plant
height compared to those grown in laterite soil of Vechoor. The test weight of grains was significantly
influenced by soil fertility in the case of Sorghum, Pearl millet, and Foxtail millet. Pearl millet recorded
its potential test weight in both soil types (7.71 g and 6.37 g in alluvial and laterite soils, respectively).
The effect of soil fertility on grain yield was significant on all the millet crops, with alluvial soils
recording higher yields. Pearl millet recorded higher grain yield in both the soils. The higher test weight
and grain yield of pearl millet could be attributed to the potential yield of the crop.

Keywords: Sorghum, finger millet, foxtail millet, barnyard millet, little millet, soil fertility, growth,
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Introduction

Millets are age old staple grains now being considered as superfood because of their high
nutritional value. Named as Nutri cereals, millets are gaining importance in the diet of people
again with the United Nations declaring 2023 as the International Year of Millets. The
climate change has taken its toll in the cultivation of many crops causing damages due to
rising temperature, prolonged drought and shortage of water for irrigation in many places.
The climate resilient nature of millets is an added advantage because of their low water
requirement and short life cycle and tolerance to high temperature. Millets are seen as a way
to improve food security and reduce poverty in regions with limited resources. Millets are
also being promoted as a way to address the issue of climate change, as they are a low-input
crop that can be grown using sustainable farming practices (Tripathi and Vyas 2023) 14,
Millets are dependable food crops for the resource-poor farmers of dryland regions with
uncertain rainfall, short length of the growing period, limited soil moisture, and poor soil
fertility, as they are climate-resilient crops (Sukanya et al., 2022) 3. Millets are genetically
tolerant to abiotic stress challenges such as drought, high temperatures, cold, low soil
fertility, and salinity (Sood et al., 2019) U2 Preferring to be grown in full-sun, millet
performs well on high-elevation plateaus and in various soil types (Baltensperger, 1996) [11.
Millets would play a greater role in future agriculture due to challenges posed by climate
change, limited water supply, and reduced agro-biodiversity (Yadav et al., 2024) !5,

Millets have been cultivated in South India for thousands of years. Studies show that millets
were consumed as a staple food in as far back as 2800-1500 BC (Tripathi and Vyas, 2023)
[141, Millets have been a major occupant in the diet of the tribal communities in Kerala,
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particularly in the highlands of Attappady (Martin (2023) 1%
and Athira (2022)) 1°!. The green revolution introduced high-
yielding varieties of rice and wheat that has sidelined the
millets in many parts of India. Cultivation of millets is no
longer a priority of Indian farmers, as the area under millets
in India have witnessed a significant decline during past 4-5
decades (Gol, 2018) ®1. The year 2023, celebrated as The
International Year of Millets, has seen a rejuvenation of
millet cultivation which is expanding in Kerala, with
districts like Alappuzha and Idukki adopting millet farming
in more area.

Kuttanad (AEU-4) is a special agro-ecological unit in Kerala
representing the waterlogged land mass surrounding the
mighty salt water lake Vembanad spreading across
Alapuzha, Kottayam and Pathanamthitta districts. The
region is characterized with tropical humid monsoon type
(mean annual temperature 27.6 °C; rainfall 2,746.1 mm)
climate and highly acidic soil (GoK, 2019) !, Farmers used
to cultivate millets such as ragi and little millets till the
beginning of 21% century in their homesteads in and near
Vaikom region of North Kuttanad in Kottayam dt. However,
now the millets are no longer a part of their homestead
farming system. However, the millets are gaining
importance in the diet of people in the region like many
other regions in Kerala. Therefore, with the objective of
reviving the scope of cultivating millets in the region, a
study was carried out with improved varieties of different
millet crops in two locations of Kuttanad in Kottayam
district.

Materials and Methods

A field experiment was conducted in farmers’ fields in
Vechoor and Aymanam Panchayats located at 9° 41°14.1” N
and 76° 25°26.3” E and 9° 36°28.9” N 76° 28°35.6” E
respectively, of Kottayam district during the summer season
from December 2022 to March 2023. The average
maximum and the minimum temperature during the
cropping period were 32.83 °C and 20.87 °C, respectively.
The total rainfall, 104 mm was received during the cropping
season. The relative humidity ranged from 46.14 to 100
percent. The average bright sunshine hours were 7.5 hours
day! during the cropping period. The experiment was
conducted with six millet crops with three major millets
namely Sorghum (CSH 14) (Sorghum bicolor), pearl millet
(Co 10) (Pennisetum glaucum), finger millet (KMR301)
(Eleusine coracana) and three minor millets namely foxtail
millet (DHFT-109-3) (Setaria italica), little millet (OLM
203) (Panicum sumatrense), barnyard millet (Co 2)
(Echinochloa esculenta) in two types of soil i.e., one; land
filled with laterite soil in Vechoor and the other; the alluvial
soil of Aymanam. Each crop was replicated thrice in two
soil types. The millet crops in both soil types were applied
with manures farm yard manure @ 5 t ha! and fertilizers @
45:25:25 kg ha! as urea, rock phosphate and muriate of
potash.

The millets were raised in beds of plot size 3x3 m each and
the seeds were line sown at a row spacing of 45 cm. The
growth attributes namely, plant height, number of tillers and
yield attributes namely, 1000 grain weight and grain yield
were recorded. Statistical analysis was carried out with two
sample t test using GRAPES software of Kerala Agricultural
University (Gopinath et al., 2020) 81,
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Results and Discussion

Data on soil chemical parameters before the experiment is
shown in Table 1. There was a major variation in soil
fertility status of the two locations. The alluvial soil had an
organic carbon content of 4.8% compared to 0.3% of the
laterite soil. Similarly, the P and K content also varied
which were sufficient in alluvial soil whereas both were
deficient in laterite soil of Vechoor. These results are
indicating the superior quality of alluvial soil of Aymanam
over the laterite soils of Vechoor.

Table 1: Initial soil chemical parameters in Aymanam and
Vechoor Panchayat

. EC |OC | K
Location PH dSm™) |(%)| (Kgha™!) | (Kgha™)
Alluvial soil (Aymanam) |5.2| 0.544 [4.8| 17.21 187.63
Laterite soil (Vechoor) |[5.5| 0.340 (0.34| 7.92 27.62

The growth attributes such as plant height and numbers of
tillers are given in Table 2 and Table 3. The soil fertility had
significant influence on both plant height and tiller number
of all the millet crops. The crops grown in the alluvial soil
of Aymanam were superior in plant height compared to
those grown in laterite soil of Vechoor. The major
difference in plant height was observed in Sorghum with a
percentage increase of more than 200 in alluvial soil over
the laterite. Similarly, the number of tillers were also
significantly influenced by soil fertility. However, the
Vechoor laterite soil recorded higher tiller number for
Sorghum and Pearl millet. Barnyard millet, Foxtail millet
and little millet recorded higher tiller number in Aymanam
alluvial soil. Little millet recorded the highest tiller number
(7.13) and Pearl millet the lowest (2.00). Finger millet had
equal number of tillers in both the soil types. The percentage
increase was the highest in little millet with around 70
percent higher in alluvial over laterite soil. Similarly, a
significant effect on plant height and tillers production by
soil fertility was also observed in pearl millet (Kumar et al,
2014) 11,

Table 2: Effect of soil fertility on plant height of millets

Plant height (cm)
Crop P value
Vechoor | Aymanam

Sorghum (CSH 14)* 50.40 152.00 | 0.0009
Pearlmillet (CO 10)* 75.00 93.20 0.0007
Fingermillet (KMR 301)* 58.06 76.20 0.0007
Barnyardmillet (CO 2)* 42.00 90.06 0.00001
Foxtail millet (DHFT-109-3)* 56.26 72.73 0.0028

Little millet (OLM 203)* 101.73 131.93 0.006

*Significant at 5% level of significance

Table 3: Effect of soil fertility on number of tillers of millets

Number of tillers
Crop P value
Vechoor | Aymanam

Sorghum (CSH 14)* 4.67 3.20 0.024

Pearlmillet (CO 10)* 3.60 2.00 0.004

Fingermillet (KMR 301) 4.20 4.20 1.00

Barnyardmillet (CO 2)* 4.13 4.87 0.029
Foxtail millet (DHFT-109-3)* 3.00 5.33 0.0003
Little millet (OLM 203)* 4.27 7.13 0.0001

*Significant at 5% level of significance
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The yield attributes viz., test weight of 1000 grains and yield
are shown in Table 4 and 5. The test weight of crops were
significantly influenced by soil fertility in case of Sorghum,
Pearlmillet and Foxtail millet. Pear]l millet recorded the
highest test weight in both soil types (7.71 g and 6.37 g in
alluvial and laterite soils, respectively). All the crops
recorded higher values of test weight in alluvial soil with
highest percentage increase of 27.58 over the laterite soil for
Pearl millet.

The effect of soil fertility on grain yield was significant on
all the millet crops, with alluvial soils recording higher
yields. Pearl millet recorded higher grain yield in both the
soils. India is the largest producer of pearl millet having
6.93 m ha with production of 8.61 mt and with productivity
of 1243 kg ha! during 2020 (Gol, 2020) !, The alluvial
soils produced a higher grain yield of 1350 kg ha'! by pearl
millet which was above India’s productivity whereas it was
only 1137 kg ha'in laterite soils which is below the national
productivity.

The lower grain yield was recorded by little millet (180.83
kg ha') in laterite soil followed by barnyard millet (226.66
kg ha!) again in laterite soil. The percentage increase in
grain yield was highest for little millet with more than 69
percentage in alluvial soil over the laterite. In fact, the
millets Sorghum, Pearl millet and foxtail millet have a
higher yield potential compared to Finger millet, Barnyard
millet and Little millet, which reflected in the experiment
also. The grain yield of millet crops in the descending order
is given below.

Pearl millet>Sorghum>Foxtail millet>Finger
millet>Barnyard millet>Little millet in Laterite soil and
Pearl millet>Sorghum>Foxtail millet>Finger millet>Little
millet>Barnyard millet in alluvial soil.

Table 4: Effect of soil fertility on test weight (1000 grain) of

millets
Test weight (g)
Crop Vechoor | Aymanam P value
Sorghum (CSH 14)* 2.61 3.33 0.007
Pearlmillet (CO 10)* 6.37 7.71 0.0007
Fingermillet (KMR 301) 2.78 2.89 0.164
Barnyardmillet (CO 2) 3.27 3.67 0.139
Foxtail millet (DHFT-109-3)* 3.04 3.45 0.032
Little millet (OLM 203) 1.80 2.00 0.070

*Significant at 5% level of significance

Table 5: Effect of soil fertility on yield of millets

Yield (kg ha'!)

Crop Vechoor | Aymanam P value
Sorghum (CSH 14)* 987.50 1308.33 | 0.002
Pearlmillet(CO 10)* 1137.50 | 1350.00 | 0.005
Fingermillet(KMR 301)* 691.66 787.50 0.003
Barnyardmillet(CO 2)* 226.66 285.00 0.004
Foxtail millet(DHFT-109-3)* 920.83 1029.17 | 0.001
Little millet(OLM 203)* 180.83 305.83 0.003

*Significant at 5% level of significance

Laterite soils are clayey, compact, and poorly drained,
making them less suitable for farming without proper
management. They are rich in iron, aluminium, and
manganese, giving them reddish to brown hues. They are
poor in essential nutrients like lime, nitrogen, and
phosphorus, requiring fertilizers and soil amendments. The
lateritic soil of Kerala has red colour, which has been
attributed to the presence of hematite or anhydrous ferric
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oxides. They are not fertile due to low organic matter
content as well as low essential plant nutrients. These soils
are essentially kaolinitic in nature, acidic in reaction and
friable. Laterite soil of red and lateritic zone of Eastern India
is poor in inherent fertility status with low to medium
available nutrients phosphorus, potassium and calcium
(Brahmachari et al., 2018) B!, Alluvial soils are formed by
the deposition of sediments (alluvium) by rivers, winds,
glaciers, and sea waves and are rich in humus and nutrients
like potash but often lack phosphorus. Their fertility is
further enhanced as they are renewed annually by river
floods. Though grain sorghum can be grown on many
different soils it will yield best in deep, fertile, well drained
loamy soils. For Finger millet the best soil is alluvial, loamy
and sandy soil with good drainage. The Foxtail millet also
performs best in well-drained loamy soils (Chapke et al.,
2020) . Thus, the soil fertility status of each soil types
clearly reflected in the growth and yield attributes of all the
millet crops.

The soil sample from the two locations collected after
harvest was analysed for soil chemical properties (Table 7).
There was reduction in soil pH and rise in soil EC after
harvest. Also, there was a reduction in organic carbon
content and the available nutrient status in both soils during
the harvest of the crop.

Table 6: Soil chemical parameters in Aymanam and Vechoor
Panchayat at harvest

. EC |0OC P K
Location PH (@Sm™)|(%)| (Kgha!) | (Kgha)
Alluvial soil (Aymanam) [5.0] 0.968 |4.2| 10.52 165.22
Laterite soil (Vechoor) |[5.2| 0.440 |0.23] 6.76 20.57

Integrated use of chemical fertilizers with organic manures
has been found to be quite promising in maintaining high
productivity and providing greater stability to crop
production. In addition to supply of nutrients, organic
manures may improve the soil health, physico- chemical
properties and biological condition of the soil. The use of
organic matter along with inorganic fertilizers may help to
improve nutrient availability and crop quality in soils
(Bharati and Thakare, 2022) . Hence the millets may be
grown in laterite soil after improving the soil fertility by
following integrated nutrient management with organic
manures, green manures and biofertilizers along with
chemical fertilizers for obtaining their potential yield.

Conclusion

The soil fertility had significant effect on plant height of all
the millet crops with taller plants noticed in fertile alluvial
soil. Barnyard millet, Foxtail millet and little millet recorded
higher tiller number in the fertile alluvial soil. The test
weight of grains was significantly greater for Sorghum,
Pearl millet, and Foxtail millet in fertile alluvial soil. The
alluvial soils gave higher yields for all the millet crops
compared to laterite soils. In general, the soil fertility was
found to be the most important factor in determining the
growth and yield of millet crops. However, the millets may
be grown in laterite soil after improving the soil fertility by
following integrated nutrient management with organic
manures, green manures and biofertilizers along with
chemical fertilizers for obtaining their potential yield.
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