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PRODUCTIVITY OF MILLET (Pennisetum glaucum (L) R. BR.) AS INFLUENCED BY 
INTRA-ROW SPACING, LOW LEVELS OF COMBINED ORGANIC AND IN-ORGANIC 

FERTILIZERS AND VARIETY IN SOKOTO, SUDAN SAVANNAH, NIGERIA 

 

Abstract  

Pearl millet [(Pennisetum glaucum (L.) R. Br.], is an important dietary food. Under and over 
plant population results to poor growth and Development. Farmers in Nigeria cultivates local 
varieties resulting to low yield. Inorganic fertilizers are costly and also results to soil pollution. 
Millet productions can be enhanced through appropriate cultural practices. Field experiment was 
conducted at Usmanu Danfodiyo University Teaching and Research Dry land Farm, Sokoto, 
during the 2022 Rainy season to determine effect of intra-row spacing, appropriate combination 
of organic and inorganic fertilize and variety for optimum yield of millet. The treatments 
comprises factorial combination of three intra-row spacings (40,50 and 50 cm), three fertilizer 
treatments: the control, 25 kg P205 and 25 kg N ha-1, FYM at 5 t ha-1 , 12.5 kg P205 plus 12.5 kg 
N,  plus FYM at 2.5 t ha-1  and two verities (Super SOSSAT and Zango millet local variety), laid 
out in split plot design, Intra-row spacing and fertilizer was allocated to the main plot, varieties 
to sub plots.  Data collected on growth and yield parameters was subjected to analysis of 
variance (ANOVA). The results indicated that 40 cm intra-row spacing produced higher Leaf 
Area Index (LAI), Panicle length (cm) and total biomass, while 25 kg P205 and 25 kg N ha-1, 
FYM at 5 t ha-1 , 12.5 kg P205 plus 12.5 kg N produced taller plants, higher LAI, panicle weight, 
1000 grain weight, grain  yield, and total biomass. Super SOSSAT produced higher LAI, Panicle 
length (cm), panicle weight, 1000 grain weight, grain yield and total biomass, while Zango millet 
variety produced taller plant and longer panicle length. 40cm intra-row spacing, application of 
combined organic and inorganic fertilizer at the rate of 25 kg N, P and 5 tonne-1  FYM and Super 
Sossat was better for optimum yield. 
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INTRODUCTION  

“Pearl millet [(Pennisetum glaucum (L.) R. Br.] is a multipurpose cereals crop belonging to  
family poaceae, subfamily panicoideae, tribe paniceae and genus pennisetum; cultivated in  
semi-arid and dry lands of Africa and Asia” [1]. “It is a staple food for millions households in 
Africa and particularly in Northern Nigeria. Millet is cultivated as a rain fed crop in the tropics 
and it is the most important cereal crop in the Sahel zone and South of Sahara in Africa where 
rainfall does not prolong enough to interfere with its growth” [2]. “Pearl millet is tolerant to 
drought, high temperature and can be cultivated virtually on any soils [3], [4] reported 
that the high tillering and deep root system help the crop to withstand adverse 
conditions that could cause yield reductions or crop failure in other crops”.  [5] 
observed that “pearl millet requires low plant nutrients to produce reasonable amount of 
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yield”. “It is mostly grown on poor marginal soils and low rainfall (<350 mm) where other 
crops such as wheat, rice and maize cannot be cultivated. It is considered as main component of 
food security of rural poor people in hot and dry areas of the world” [6]. “In northern Nigeria, 
millet flour is used in making fried cake known as ‘’masa’’, the flour is used in preparing 
"tuwo", it is consumed as “fura” or “tukura”, it is one of the major source of forage crop” [2]. 
“Nutritionally millets are superior to most cereals; they are rich in methionine, cystine, and other 
vital amino acids for human health. They are also unique sources of pro-vitamin A (yellow pearl 
millets) and micronutrients (Zn, Fe and Cu). Africa and Asia produced and consumed about 97% 
of global millets” [7]. “India with 37.5% of the total world production is the largest producer of 
millets, followed by Sudan and Nigeria. Of the 93 millet producing countries of the world, only 7 
countries (India, Niger, Sudan, Nigeria, Mali, Burkina Faso, and Chad) have more than one 
Million hectares of harvested area, while around 25 countries have more than 0.1 Million hectare 
of harvested area. The major seven millet production countries of the world are India ranked first 
with 15.29 M ha harvested area, followed by Niger (7.03 M ha), Sudan (3.75 M ha), Nigeria (2.7 
M ha), Mali (2.15 M ha), Burkina Faso (1.39 M ha), and Chad (1.22 M ha)” [8]. “In Nigeria, the 
annual pearl millet production between 2014 and 2016 ranged from 1.15 to 1.55 million tons, 
this represent about 5% of total global production with the average yield of 903 kg ha−1, this 
amount ranked Nigeria as the third world’s largest producer after Niger and India” [8]; [9]. 
“The Global Market Insights Inc, a United States-based research organization observed that 
global millet market value is projected to exceed $12 billion by 2025” [10]. 
“Plant population is one of the most important agronomic practices affecting 
growth, yield and yield components of pearl millet due to its influence on the inter- 
and intra-plant competition for nutrients, space and moisture” [11].  [2] recommended 
“inter-row spacing of 75 cm and intra-row spacing of 50 cm, for optimum yield of millet. The 
authors further observed that appropriate fertilizer application; seed rate and spacing are among 
the major agronomic practices for optimum yield of millet”. [12] reported “significantly 
linear correlation between the yield and yield components of pearl millet in relation to 
increasing plant densities, while, [13], reported non-significant effect of plant densities 
on yield and yield components of millet”. [14] reported “increased in plant height with 
increase in plant density”. “Number of tillers and panicles significantly decreased with increase 
in plant density for all tested genotypes” [11]. [15] reported “increased in tiller and panicle 
numbers per m² as plant population increased in Kenya”.  

“The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
developed many pearl millet genotypes with variability in growth and yield and yield 
components and productivity of pearl millet varied among the different varieties” [16]. “The 
cultivation of local varieties, rainfall duration, amount and distribution are some of the limiting 
factors for millet production in Sudan savanna. The local varieties are low yielding and many 
farmers are skeptical in using new varieties resulting to underutilization of land resources. [11], 
reported variability of yield and other agronomic characteristics of pearl millet genotypes in 
response to different plant densities”.  

Soils in the semi-arid tropics where millet is cultivated are deficient in plant nutrients due 
to continuous cropping, inadequate or no fertilizer and inadequate organic matter application 
resulting to poor crop yield [17]. [18] reported better growth, yield, sustainable production of 
millet cultivated under integrated nutrient management. [19] reported deterioration of soil due to 
continuous applications of inorganic fertilizers,  [20] observed  that  application of organic 
fertilizer improve crop growth. Integrated use of organic and inorganic fertilizers is one of the 
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important means of increasing soil fertility and sustainable increase in crop yields [21]; [22]. 
Organic matter provides critical plant nutrients at little cost while application of chemical 
fertilizers is costly and may exacerbate environmental problems [23] Combination of organic 
manures and chemical fertilizers provides better stability in soil fertility and crop production. 
Therefore, it is very important to determine appropriate quantities or ratios of organic manures 
and inorganic fertilizers for better growth and development of crop [24].  
Despite the importance of millet in the world and in Nigerian diet in particular, the yield 
obtained by the farmers in Nigeria is very low average grain yield of 800-1000 kg/ha in West 
and Central Africa [25. The optimum plant densities exerts pressure to explore maximum 
environmental resources resulting to higher yield, farmers finds its very difficult to maintained 
optimum plant population resulting to under population resulting to weeds infestation, poor solar 
radiation and low yield, or dense population which results to lodging, poor light penetration in 
the canopy, reduce photosynthesis due to shading of lower leaves and drastically reduce the yield 
[26]. [11] reported different response of pearl millet to plant densities. There is a need to 
determine the appropriate plant populations by adjusting inter and intra – row spacing for 
optimum yields. Poor soil fertility and inappropriate fertilizer application are some of the 
limiting factors for millet production in Sudan savanna of Nigeria. N, P and K content of soil are 
the limiting factor for cereal production in the tropics and N is the most limiting [27]. The 
scarcity and the high cost of the inorganic fertilizer affects balance and timely application of 
plants nutrients. Unavailability of improved seeds make farmers cultivation of local cultivars and 
this results to low yield [28].  Therefore it is necessary to determine agronomic practices 
resulting to increase in the yield of millet in Nigeria. Millet is a very important food crop in 
Sokoto and Nigeria. Agronomic practices such as appropriate spacing and use of improve 
cultivar greatly influence growth,  grain yield and yield components of pearl millet [11]. Millet is 
an important staple food for millions households in Africa and Nigeria.  
The objectives of the study was to determine effect of intra-row spacing on growth and yield of 
millet, determine the appropriate combination of organic and inorganic fertilize for optimum 
yield of millet in Sokoto, Sudan savanna zone of Nigeria and select suitable millet cultivar for 
increased millet production in Sokoto.  
 
Materials and Methods  
 The study was conducted during the 2022 rainy season at the Dry land Teaching and 
Research Farm, Usmanu Danfodiyo University Sokoto, Dundaye, Sokoto State, Nigeria. Sokoto 
lies on latitude 130 01’N, longitude 50 15’E and 350 m above sea level in the Sudan Savanna 
agro-ecological zone [29]. The relative humidity is between 14-28% and 70-75% during dry and 
rainy seasons, respectively. The area has a long dry season that is characterized by cool dry air 
during harmattan from November to February and hot dry air during hot season from March to 
May during the coolest and hottest season of the year, respectively, Minimum and maximum 
temperature ranges between 23-38 Degrees respectively [30]. The soil is hydromorphic that is 
seasonally flooded during rainy season.  The soil type of the area is predominantly sandy in 
nature and classified as entisols which is characterized by low fertility and poor water holding 
capacity [31]. Prior to planting, soil samples from a depth of 0-15cm using an auger was 
collected at random from the entire field. The samples were air dried, sieved to pass through 
2mm sieve before subjecting it for physic-chemical analysis described by [32]. The results of 
analyzed soil before planting indicated that that the soil of the experimental site was sandy, 
neutral, low in organic carbon, total nitrogen, exchangeable cations and available phosphorous, 
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while the organic matter had medium organic carbon, total nitrogen, exchangeable cations and 
available phosphorous (Table 1). 

The treatments comprised of factorial combination of three intra-row  spacings ( 40, 50 
and 60 cm), combination of three organic and inorganic fertilizer treatments which consist of:- 
the control with no organic or inorganic fertilizer, 25 kg P205 and 25 kg N ha-1 , FYM at 5 t ha-1 , 
12.5 kg P205 plus 12.5 kg N plus FYM at 2.5 t ha-1 and two verities of millet (Super SOSSAT 
and Zango millet variety) laid out on split plot design with 3 replications. Intra-row spacing and 
fertilizer was allocated to the main plot, while varieties to the sub plots.  

 The experimental area was ploughed and harrowed at the onset of the rainy season, the 
gross plot measuring 6m*3.75m (22.5m2) consisted of three double rows, each with intra-row 
spacing of 50 cm (6 rows), six (6) meter long and double rows inter-row spacing of 75cm, while 
plant to plant spacing was as per treatment (40 cm, 50 cm and 60 cm). Dressed seeds (Apron star 
42Ws (200 g kg-1, Thiamethoxam, 200 g kg-1 Metalaxyl – M and 20 g kg-1 (Difenoconazole) at 
the rate of one sachet (10g) per 4 kg of millet seeds was planted at the rate of 5 kg/ha on 
18/06/2022. Plants were grown rain-fed without any supplemental irrigation. Fertilizer 
application was as prescribed by the treatments. Weeds was controlled manually using a hand-
hoe at 2 and 6 WAS. Pest and disease was control as when necessary. Harvesting was manually 
done by cutting the stems of four middle plants in each plot, with a sickle directly above ground 
level. The crop was harvested at 88 days after sowing when grains harden and/or appearance of 
dark pigmentation at the blossom end of the panicle. The crop was cut at ground level and 
allowed for curing before the ears (heads) were cut and threshed.  

Stand count was taken from four rows at three weeks after planting (3 WAP) and 
extrapolated to stand count per hectare. At 3, 6, 9, 12 and 15 WAS nine tagged sample plants 
from each plot were used to determine plant height, which was measured from base of the stem 
at ground level to the tip of the main shoot, number of tillers per plant was counted from sample 
plant, leaf area was taken directly by multiplying length x width and multiplied by a factor 
(0.751) as proposed by [33], [34]. LAI was determined using the following formula.  
(ܫܣܮ)	ݔ݁݀݊ܫ	ܽ݁ݎܣ	݂ܽ݁ܮ = ௅௘௔௙	௔௥௘௔	௣௘௥	௣௟௔௡௧

௅௔௡ௗ	௔௥௘௔	௣௟௔௡௧	௢௖௖௨௣௜௘௦
   ……….. [35] 

Yield parameters like panicle length was measured from the base of the panicle to tip of the 
panicle and expressed as panicle length in centimeters (cm). The 1000-grain weight (g) was 
determined as an average of three random grain samples taken from each plot. The total biomass 
was determined by harvesting of two central rows of 3m long (Net plot area of 15 m2) of the 
millet crop at ground level, bundled together, dried and weighted. The figure obtained was   
extrapolated to hectare basis.  
The grain yield and straw yield was obtained from net plot extrapolated to Kg and tonne-1 hectare 
respectively, harvest index was determined by dividing the total grain yield by the total 
biological yield and expressed as % following [36].  
 
(ܫܪ)	ݔ݁݀݊ܫ	ݐݏ݁ݒݎܽܪ = ா௖௢௡௢௠௜௖	௒௜௘௟ௗ

஻௜௢௟௢௚௜௖௔௟	௒௜௘௟ௗ
	× 100   [36] 

Threshing percentage was obtained by threshing and winnowing the air dried panicles from the 
net plot and expressing it as the ratio of grain yield (kg) per panicle weight (kg) expressed in 
percentage.  
   ܶℎݏ݁ݎℎ݅݊݃	ܲ݁݁݃ܽݐ݊݁ܿݎ	(ܶܲ) = ீ௥௔௜௡	௒௜௘௟ௗ

௉௔௡௜௖௟௘	ௐ௘௜௚௛௧
	× 100   
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Data was collected were subjected to analysis of variance (ANOVA) using Statistical Analysis 
System (SAS) software. Where `F' test showed significant differences between the treatments, 
Duncan New Multiple Range Test (DNMRT) was used to separate the treatment means.  

  
Results and Discussion 
The results of the analyzed soil before planting indicated that the soil of the experimental site 
was sandy, neutral, low in organic carbon, total nitrogen, exchangeable cations and available 
phosphorous, while the organic matter had medium organic carbon, total nitrogen, exchangeable 
cations and available phosphorous (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Physical and chemical properties of soil during the 2022 rainy seasons 

Physico-chemical properties 2022  Rainy Season Manure 

Physical properties   

Sand (g kg-1)            97.5 - 

Silt (g kg-1) 1.7 - 

Clay (g kg-1) 0.8 - 

Textural class  Sandy   
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Chemical Properties   

pH in (H20) 1:1 ratio 6.4 6.0 

Total nitrogen (g kg-1) 0.4 4.2 

Organic C (g kg-1) 2.09 17 

Available P (mg kg-1) 1.53 2.5 

Exchangeable bases (Cmol kg-1)   

Ca 1.3 0.8 

Mg 0.9 2.1 

K 0.03 1.53 

Na 0.19 0.38 

CEC (Cmol  kg-1 )                                               4.0 
 

22.6 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Establishment count ha-1 and Number of tillers plant-1. 
The effect of spacing, combined application of organic and inorganic manure and variety on 
establishment count ha-1 and number of tiller plant-1 is presented on Figures 1, 2, 3, 4, 5 and 6. 
The result revealed that, the effect of spacing, combined application of organic and inorganic 
manure and variety is not significant  P > .005 on establishment count and number of tillers 
plant-1  at 3, 6, 9, 12, 15 Weeks After Sowing (WAS). This could be as results of the low 
nutrients status of the soil of experimental site (Table 1) and early drought (Appendix I). 
 
Plant height:  The effect of spacing, combined application of organic and inorganic manure and 
variety on plant height is presented on Figures 7, 8 and 9. The result revealed that, the effect of 
spacing on plant height is not significant  P > .005 at 3, 6, 9, 12, 15 Weeks after Sowing (WAS). 
At 3 WAS combined application of organic and inorganic manure have no significant (p>0.05 
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effect on plant height, however at 6, 9, 12, 15 WAS the combined application of organic and 
inorganic manure have significant  P < .005 effect on plant height. The application of 25 kg N, P 
and 5 tonne-1 of Farm Yard Manure (FYM) and 12.5 kg N, P and 2.5 tonne-1 of Farm Yard 
Manure (FYM) were statistically similar with the tallest plants and the control produced the 
shortest plants. The control where there is no fertilizer application produced the shortest plants 
while, organic fertilizer required time to decomposed and get incorporated in to the soil that may 
the reason for the non-response of plant height to fertilizer at 3 WAS. Organic and inorganic 
fertilizers provide plant nutrients essential for growth particularly the major nutrients: Nitrogen is 
an essential nutrient for the production of amino acids, proteins, nucleic acids, etc., plant require 
adequate supply for proper growth and productivity, which is a vital component of life.  [17] 
observed that application of organic manure along with inorganic fertilizers resulted in  
availability of nutrients, moisture and utilization of nutrients, therefore the increased in plant 
height observed with application of fertilizer resulted to increased supply and utilization of plants 
nutrients resulting in better plant growth. These results is similar to the findings of [18] reported 
better growth, yield, sustainable production of millet under integrated nutrient management.  The 
effect of variety of plant height of millet is not significant at 3 WAS, how ever there was 
significant  P < .005 effect of variety on plant height at 6, 9, 12, 15 WAS. At 6 and 9 WAS Super 
Sossat differed significantly with tallest plant and the shortest plant was from Zango millet 
variety. At 12 and 15 WAS Zango millet variety (local variety) differed significantly with tallest 
plant and the shortest was from the Super Sossat. The differences in growth with respect to plant 
height observed among the two varieties may be attributed to differences in genetic 
characteristics of the varieties, Zango millet variety a local variety is a taller variety while Super 
sossat an improved variety is a semi-dwarf variety. [11] reported varietal variability in growth, 
grain yield and yield components in millet 
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Figure 1: Establishment count ha-1 of millet as influenced by spacing during the 2022 Rainy season 
at Sokoto 

 

Figure 2:  Establishment count ha-1 of millet as influenced by combined application of organic and 
inorganic fertilizer  during the 2022 Rainy season at Sokoto 

 

Figure 3: Establishment count ha-1 of millet as influenced by variety during the 2022 Rainy season at 
Sokoto 
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Figure 4:  Number of millet tiller plant-1 as influenced by spacing during the 2022 Rainy season at 
Sokoto 

 

Figure 5: Number of millet tiller plant-1 as influenced by combined application of organic and 
inorganic fertilizer during the 2022 Rainy season at Sokoto 

 

Figure 6: Number of millet tiller plant-1 as influenced by variety during the 2022 Rainy season at 
Sokoto 
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Figure 7: Plant height of millet at 3, 6, 9, 12 and 15 WAS as influenced by spacing during the 2022 Rainy 
season at Sokoto 

 

Figure 8: Plant height (cm) of millet at 3, 6, 9, 12 and 15 WAS as influenced by combined application of 
organic and inorganic fertilizer during the 2022 Rainy season at Sokoto 

 

Figure 9: Plant height (cm) of millet at 3, 6, 9, 12 and 15 WAS as influenced by variety during the 2022 Rainy 
season at Sokoto 
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Leaf Area Index (LAI) 

The effect of spacing, combined application of organic and inorganic manure and variety on LAI 
is presented on Figures 10, 11 and 12. The result revealed no significant (p>005) effect of 
spacing on LAI at 3 and 6 WAS, however, however there was significant  P < .005 effect of 
spacing on LAI at 9, 12 and 15 WAS. The closes spacing (40cm) is statistically similar with 50 
cm with the highest LAI and the lowest LAI was from the widest intra-row (60cm) spacing. LAI 
significantly increased with closer intra-row space (40 cm). [37] concluded that higher LAI at 
closer intra-row spacing could be due to more number of plants per unit area which results to 
increase in photosynthesis and the volume of roots in the soil, facilitating the utilization of 
environmental resources, while [38] stated that optimum planting density differ with climate, soil 
type, location, sowing time and varieties. At 3 WAS combined application of organic and 
inorganic manure have no significant  P > .005 effect on LAI. Leaf area index is an important 
parameter of maize. Increasing plant density resulted to increase in leaf area index as a result of 
more area occupied by plants per unit area. Similarly increasing leaf area index is one of the 
ways of increasing solar radiation capture within the canopy and accumulation of dry matter.  
Similar result was observed by [39] who reported that LAI in maize increases with increase in 
plant density. The increasing of LAI was attributed to the rise in total leaf area/plant [40]. The 
application of 25 kg N, P and 5 tonne-1 of Farm Yard Manure (FYM) and 12.5 kg N, P and 2.5 
tonne-1 of Farm Yard Manure (FYM) were statistically similar with the highest LAI and the 
lowest LAI was from control at 6, 9, 12 WAS and at maturity.  The LAI significantly increased 
with combined application of organic and inorganic fertilizer. This could be due to availability 
and utilization of plants nutrients. [18] reported better growth of millet under integrated nutrients 
management. There was significant  P < .005 effect of variety on LAI at 3, 6, 9, 12, 15 WAS, 
Super Sossat differed significantly with height LAI and the lowest LAI was from Zango millet 
variety. This could be as results of improved genotype from the improved cultivar. In maize the 
differences observed in leaf area index of the two varieties could be attributed to the differences 
in the photosynthetic activities of leaves, differences in chlorophyll content and activity of 
photosynthetic enzymes. This research finding is similar to that of [41] who attributed the 
differences between the leaf area and other growth characters of maize genotypes to differences 
in photosynthetic activity of leaves, chlorophyll content, stomata conductance value and activity 
of photosynthetic enzymes. Similarly, [11] reported varietal variability in growth and yield of 
millet. 

 



 

12 
 

 

Figure 10: Leaf Area Index of millet at 3, 6, 9, 12 and 15 WAS as influenced by spacing during the 2022 Rainy 
season at Sokoto 

 

Figure 11: Leaf Area Index of millet at 3, 6, 9, 12 and 15 WAS as influenced by combined application of organic 
and inorganic fertilizer during the 2022 Rainy season at Sokoto 

 

Figure 12: Leaf Area Index of millet at 3, 6, 9, 12 and 15 WAS as influenced by variety during the 2022 
Rainy season at Sokoto 
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Yield and yield Components 
The effect of spacing, combined application of organic and inorganic manure and variety on 
panicle length (cm), panicle weight, 1000 grain weight (g), grain yield (Kg ha-1), Harvest index 
(HI), Threshing percentage (%) and total biomass (t ha-1) is presented on Table 2. The results 
indicated significant  P < .005 effect of spacing, combined application of organic and inorganic 
manure and variety on panicle length and total biomass t ha-1. the closest spacing (40 cm), 
differed significantly with the longest panicle while the wider spacing 50 cm and 60 cm did not 
differ significantly with the shortest panicle. The 50 cm intra-row spacing produced the highest 
total biomass and the lowest biomass was from the widest spacing (60 cm). Intra-row spacing 
have no significant effect on panicle weight, 1000 grain weight (g), grain yield (Kg ha-1), Harvest 
index (HI) and Threshing percentage (%). The increased in the panicle length and total biomass 
as a result of close spacing could be due to increased competition for space, sunlight and 
available nutrients. This is similar to the findings of [11] who reported that influence of plant 
densities on all the growth and yield parameters studied  except the harvest index. The dry matter 
production is the result of complementary effect of leaf area index resulting to higher total dry 
matter production, which influenced improve plant growth resulting to higher dry matter 
accumulation in leaves and stem at closer spacing and fewer plants at wider spacing.  

The combined application of organic and inorganic manure have no significant  P > .005 
effect on panicle length (cm), Harvest index (HI) and Threshing percentage (%), however, the 
combined application of organic and inorganic manure have significant  P < .005 effect on 
panicle weight, 1000 grain weight (g), grain yield (tha-1) and total biomass (t ha-1). The 
application of 25 kg N, P and 5 tonne-1  FYM produced the highest  panicle weight, 1000 grain 
weight (g), grain yield (tha-1) and total biomass (t ha-1) and the lowest panicle weight, 1000 grain 
weight (g), grain yield (tha-1) and total biomass (t ha-1) was from control (Table 2). The higher 
panicle weight, 1000 grain weight and grain yield recorded with the combined application of 
organic and inorganic fertilizer could be due to combined application of organic and inorganic 
fertilizers which helps to improve the soil fertility and productivity of finger millet. [17] 
observed that application of organic manure along with inorganic fertilizers resulted in  
availability of nutrients, moisture and utilization of nutrients, therefore the increased in plant 
growth and development. Similarly [18] reported optimum growth and yield of millet under 
integrated nutrient management.   This is because adequate supply of plants nutrients is essential 
for optimum growth and development crops and primary nutrients such as nitrogen and 
phosphorus are important for plant growth and yield, Nitrogen is vital for leaf growth and good 
green color, while Phosphorous is important in formation of new roots, seeds, fruit and flowers 
[42]. [17] observed that application of organic manure along with inorganic fertilizers resulted in 
availability of nutrients and moisture which influence improved plant growth and development. 
These results is similar to the findings of [18] reported better growth, yield, sustainable 
production of millet under integrated nutrient management Several researchers observed that the 
production and translocation of synthesized photosynthates is a function of mineral nutrition 
supplied. These results are similar to that of [43], who observed optimum plant growth and 
development as results of application of plants nutrients.  
The effect of variety on panicle length (cm), panicle weight, 1000 grain weight (g), grain yield 
(tha-1) and total biomass (t ha-1)  is significant  P < .005, Zango millet variety (The local variety) 
differed significantly  P < .005 from the super Sossat with the longest panicle, however super 
Sossat differed significantly  P < .005 from the Zango millet variety with the highest panicle 
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weight, 1000 grain weight (g), grain yield (Kg ha-1) and total biomass (t ha-1) . The effect of 
variety on harvest index (HI) and threshing percentage (%) is not significant  P < .005 (Table 2). 
This could be as results of improved genotype from the improved cultivar. The differences 
observed in growth of the two varieties of maize could be attributed to the differences in the 
photosynthetic activities of leaves. This research finding is similar to that of Gwizdek (1989) 
who attributed the differences in growth characters of maize genotypes to differences in 
photosynthetic activity of leaves, chlorophyll content, stomata conductance value and activity of 
photosynthetic enzymes. Ahmed et al. (2021) reported varietal variability in growth and yield of 
millet. The relatively lower yield of millet observed from this research could be as results of the 
low nutrients status of the soil of experimental site (Table 1) and early drought and terminal 
drought (Appendix I). There was drought immediately after sowing and rainfall terminated in 
September in 2022.  

 
Conclusions  
 
The results of the research indicate that intra-row spacing, combined application of organic and 
inorganic fertilizer and variety had significant influences on most of the growth parameters, yield 
and yield components of millet, 40cm intra-row spacing, application of combined organic and 
inorganic fertilizer at the rate of 25 kg N, P and 5 tonne-1  FYM and Super Sossat was better to 
achieve optimum yield 
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Table 2: The effect of spacing, combined application of organic and inorganic manure and 
variety on panicle length (cm), panicle weight, 1000 grain weight (g), grain yield (Kg ha-1), 
Harvest index (HI), Threshing percentage (%) and total biomass (t ha-1). 
Treatment Panicle 

Length 
(cm) 

Panicle 
weight 
(g) 

1000 
grain 
weight 
(g) 

Grain 
yield (kg 
ha-1) 

HI (%) Threshing 
(%) 

Total 
Biomass 
t ha-1 

Sowing date 
(cm) 

       

40 49.93b 275.92 8.97 940 26.15 66.90 3.87ab 

50 40.05b 283.33 8.58 930 25.90 59.72 4.20a 

60 37.61b 259.26 7.56 790 26.12 71.44 3.00b 

SE± 2.189 17.388 0.626 0.143 2.199 4.880 0.387 
Significant * NS NS NS NS NS * 
Organic and 
inorganic 
fertilizer (F) 

       

M0N0P0 
(Control) 

41.67 231.47b 7.50b 560b 19.81 59.01 2.41b 

25N:25P:5FYM 

(N and P are in 
kg and FYM in 
t/ha) 

43.83 312.96a 9.64a 1380a 35.83 75.01 5.30a 

12.5N:12.5P + 
12.5 kg N + 2.5 
FYM (N and P 
are in kg and 
FYM in t/ha)  

42.09 274.07ab 8.65b 720b 22.53 64.05 3.36ab 

SE± 2.904 10.691 0.410 0.157 4.659 13.025 0.488 
Significance NS * * * NS NS * 
Variety        

Super SOSSAT 33.26b 340.93a 9.17a 1.14a 26.90 66.76 4.12a 

Zango millet 
variety 

51.79a 240.73b 8.57b 0.63b 25.21 65.28 3.26b 

SE± 2.161 9.838 0.392 0.101 2.543 3.250 0.235 

Significance * * * * NS NS * 

Interaction        

S X F NS NS NS NS NS NS NS 

S X V NS NS NS NS NS NS NS 

F X V NS NS NS NS NS NS NS 

S X F X V NS NS NS NS NS NS NS 
Means with the same letter (s) is not significantly different (P < 0.05) according to Duncan New Multiple Range,  
Test. NS=not significant 



 

16 
 

Acknowledgment 

We wish to acknowledge the Tertiary Education Trust Fund (TETFUND) for providing the funds 
for the research through Institutional Based Research (IBR) fund accessed Through the Usmanu 
Danfodiyo University Sokoto (UDUS), Nigeria.  

 

REFERENCES 

 
1. ICRISAT (International Crop Research Institute for Semi-Arid Tropics). Pearl Millet. 

http://www.Icrisat.org. 2006,Pp 1-3. 
2. Ajeigbe HA, Ignatius I A, Abubakar HI, Folorunso MA, Tukur A. Improved pearl millet 

production practices in North Eastern Nigeria. USAID Feed the Future Nigeria Integrated 
Agriculture Activity, International Institute of Tropical Agriculture, IITA Abuja Station, 
Kubwa, Abuja FCT, Nigeria. 2020. 

3. Govindaraj M, Rai KN, Kanatti A, Rao AS, Shivade H. Nutritional security in dry lands: 
Fast-track intra-population genetic improvement for grain iron and zinc densities in pearl 
millet. Front. Nutr., 2019: 6. 

4. Salama HSA, Zeid MMK. Hay quality evaluation of summer grass and legume forage 
monocultures and mixtures grown under irrigated conditions. Aust. J. Crop Sci., 2016;10: 
1543-1550. 

5. Ali EA. Grain yield and nitrogen use efficiency of pearl millet as affected by plant    
density, nitrogen rate and splitting in sandy soil. Am. Eur. J. Agric. Environ. Sci., 2010,7: 
327-335. 

6. Vadez, V, Hash, CT, Bidinger FR. Phenotyping pearl millet for adaptation to drought. 
Front Physiol 2012;3:386. doi:10.3389/fphys.2012.00386 

7. Sood S, Joshi DC., Chandra AK., Kumar A. Phenomics and genomics of finger millet: 
current status and future prospects. Planta 2019;250:731–751 

8. FAOSTAT. Production-yield quantities of millets in world + (total) 1962 –2018. 
http://www. fao.org/faostat/en/#data/QC/visualize . 2018.  

9. Ajeigbe HA,  Akinseye FM, Akinseye FM, Kunihya A,  Abdullahi AI, Kamara AY. 
“Response of pearl millet (Pennisetum glaucum L.) to plant population in the semi-arid 
environments of Nigeria,” Net Journal of Agricultural Science, 2019;7: (1) 13–22. 

10. The Nation Millet: Increasing millet production in Nigeria. June 16, 2021 
11. Ahmed MS, Mohamed AA, Heba SAS. Grain Yield and Growth Parameters of Pearl 

Millet Genotypes Grown in an Arid Environment under Variable Plant Densities. Asian 
Journal of Plant Sciences, 2021; 20: 52-60. DOI: 10.3923/ajps.2021.52.60. .URL:  

12. Kumari K, Ghosh G, Masih A. Performance of different planting density, organic and 
inorganic sources of nitrogen on growth and yield of pearl millet (Pennisetum glaucum L.) 
in eastern region of uttar pradesh, india. Int. J. Curr. Microbiol. App. Sci., 2017;6: 2525-
2531. 

13. Talasila V, Singh R, Kumar P, Singh AC. Growth and yield of summer pearl millet 
(Pennisetum glaucum L.) as influenced by planting density and nitrogen levels. J. 
Pharmacogn. Phytochem., 2019;8: 393-395.  



 

17 
 

14. Sanjay KJ, Vikram S, Dhananjay T, Shruti GG, Padachala Si. Effect of Spacing and age 
of Seedling on Growth and Yield of finger Millet (Eleusine coracanaL.). Biological 
Forum – An International Journal 2021;13(1): 585 – 589 (2021) 

15. Maobe, SN, Martha K, Nyang’au, EA, Basweti, A, Getabu, TJ, Mwangi, Ondicho AR.   
Effect of Plant Density on Growth and Grain Yield of Finger Millet (Eleusine coracana) 
under High Potential Conditions of Southwest Kenya. World Journal of Agricultural 
Sciences 10 (6): 261-268, 2014. ISSN 1817-3047. © IDOSI Publications, 2014. 
DOI:10.5829/idosi.wjas.2014.10.6.1743. 

16. Chelpuri DR, Sharma KK, Durga P, Katiyar, Mahendrakar MD. Mapping quantitative 
trait loci (QTLs) associated with resistance to major pathotype-isolates of pearl millet 
downy mildew pathogen. Eur. J. Plant Pathol., 2019;154: 983-994. 

17. Prakasha G, Kalyana Murthy KN, Prathima AS, Rohani NM. Effect of Spacing and 
Nutrient Levels on Growth Attributes and Yield of Finger Millet (Eleusine coracana L. 
Gaertn) Cultivated under Guni Planting Method in Red Sandy Loamy Soil of Karnataka, 
India. Int.J.Curr.Microbiol. App.Sci. 2018;7(05): 1337-1343.  

18. Melle Tilahun, Asfaw Azanaw, Getachew Tilahun. Participatory evaluation and 
promotion of improved food barley varieties in the highlands of north western Ethiopia. 
Wudpecker Journal of Agricultural Research; 2015;4(3): 050 – 053. 

19. Getachew A, Beek CV, Michae IB. Influence of integrated soil fertility management in 
wheat and teff productivity and soil chemical properties in the highland tropical 
environment, Journal Soil Sciences Plant Nutrition ; 2014;14:532–545.  

20. Dejene Kasahun, Lemlem Semungus. Integrated agronomic crop managements to 
improve tef productivity under terminal drought.  2012; pp. 235-254. In: I. Md. M. 
Rahman and H. Hasegawa, (eds.), Water Stress, In Technology Open Science. 

21. Gete Zeleke, Getachew Agegnehu, Dejene Abera, Hahidur SR. Fertilizer and Soil 
Fertility Potential in Ethiopia: Constraints and Opportunities for Enhancing the System, 
IFPRI, Addis Ababa, Ethiopia. 2010. 

22. Getachew Agegnehu, Tilahun Amede “Integrated soil fertility and plant nutrient 
management in tropical agro-ecosystems: a review,” Pedosphere, 2017,  27, 4: 662–680. 

23. Nambiar KKM. 1991. Long-Term Fertility Effects on Wheat Productivity. In: aunders, 
D.A., Ed., Wheat for the Non-Traditional Warm Areas, CIMMYT, 516-521.1991. 

24. Moe K, Mg K, Win K, Yamakawa T. Combined Effect of Organic Manures and 
Inorganic Fertilizers on the Growth and Yield of Hybrid Rice (Palethwe-1). American 
Journal of Plant Sciences, 2017;8, 1022-1042. doi: 10.4236/ajps.2017.85068. 

25. Izge AU, Odo, PE. Dugje, IY. Arable Crop Production, Da’a Press Ltd., 
Kaduna, Nigeria, 2009, pp 44-55 

26. Pradhan L, Mishra SN. Effect of cutting management, row spacing and levels of nitrogen 
on fodder yield and quality of Oat (Avena sativa L.). Indian J Agron. 1994;39 (2): 233 – 
236. 

27. Roe A. Growing millet. Management package for dry land W.A. 
http://www.wantfa.com.. 2006;Pp 7.  

28. Rakshit S, Wang Y-H .The Sorghum genome. Springer International Publishing, 
Singapore, 2016;pp 284. 

29. Sokoto State Government Diary. Al’umma Printing Press Limited, Sokoto. 2003. 
30. Nigerian Meteorological Agency (NIMET). The 2022 Meteorological Data.  



 

18 
 

31. Noma SS., Yakubu M. Properties and classification of soils in the main campus of 
Usmanu Danfodiyo University Sokoto, Nigeria. Journal of Agriculture and Environment 
2002;3 (1): 155-166.  

32. Page AL, Miller RH, Keeney DR. Methods of Soil Analysis (Eds) Agron 1982; 9, part 2, 
ASA, Madison Wisconsin.  

33. Sestak Z, Catsky J, Jarvis PG. Plant photosynthetic production. Manual of Methods. The 
Hague. Dr. W. Junk 1971; 55-57.  

34. Egharevba PN. A correction factor in the estimation of leaf area in Millet, Samaru 
Agricultural Newsletter, 1978, 19 (2): 84-85.  

35. Harper F. Principles of Arable Crop Production. Blackwell Science Ltd. United. 1999. 
36. Donald CM. Competition among crop and pasture plants. Adv. Agron. 1962;15:1-114 
37. Danish AS, Sharma GK, Chandrakar T, Thakur AK, Pradhan A. Differential Levels of 

Fertilizer and Row Spacing Affects Growth and Yield of Brown Top Millet [Brachiaria 
ramosa (L.)] in Entisols of Bastar Plateau Zone of Chhattisgarh.  
Int.J.Curr. Microbiol. App. Sci 2020; 9(8): 3459-3472  

38. Hulihalli UK, Shantveerayya. Evaluation of buckwheat genotypes to different planting 
geometries and fertility levels in northern transition zone of Karnataka, World Academy 
of Science, Engineering and Technology International Journal of Agricultural and 
Biosystems Engineering.2018;12(2): 64-68. 

39. Winter SR., Ohlrogge AJ. Leaf angle, Leaf area and corn (Zea Mays L.) . Agron. J. 
1973;65:395 – 397. 

40. Alam SMN, Salim M, Islam N, Rahman MN. International Journal of Sustainability in 
Crop Production 2007; 2 (6) 31-33. 

41. Gwizdek S. Role of photosynthesis in some maize lines and their hybrids. Hodowla 
Roslin Aklimatyzacja nasiennictwo, 1989;33(5-6): 61-72. 

42. Marschner H. Mineral Nutrition of Higher Plants. 2nd Edn., Academic Press, Harcourt 
Brace and Company, Publishers, London, pp: 1997;131-176 

43. Pandushastry K. Growth analysis of finger millet. I. Variation in three genotypes. II. 
Influence of spacing and nitrogen. M.Sc. (Ag.) Thesis, Andhra Pradesh Agricultural 
University. 1977. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

19 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix I: Meteorological Data of Experimental area during the 2022 Rainy Season 

MONTHS 
DAYS 

 

MAXIMUM 
(Degree 
celcius) 

 

MINIMUM 
(Degree 
celcius) 

 

RELATIVE 
HUMIDTY 

(%) 

 

WINDSPEED 
(Knot) 

 

WIND 
DIRECTION 

(Degree) 

 

RAINFALL 
(mm) 

 

  
June 1 40.7 26.2 43 13 210 0 

  
June 2 40.2 27.0 51 8 220 0 
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June 3 37.2 27.2 47 10 140 0 

  
June 4 39.6 27.5 47 11 230 0 

  
June 5 37.4 27.5 57 15 250 4 

  
June 6 35.6 24.6 67 10 200 8.5 

  
June 7 35.0 24.0 66 11 160 0 

  
June 8 39.3 27.0 48 14 210 0 

  
June 9 41.0 27.5 48 8 230 0 

  
June 10 39.5 26.5 56 8 220 7.5 

  
June 11 33.6 22.3 74 12 230 3.5 

  
June 12 34.5 23.6 74 9 250 1.6 

  
June 13 39.3 26.3 55 11 250 0 

  
June 14 36.5 25.0 47 8 240 27.5 

  
June 15 34.0 23.5 75 8 240 43.7 

  
June 16 31.2 22.2 80 10 230 0 

  
June 17 29.5 24.5 78 16 240 13.5 

  
June 18 32.3 21.8 62 11 200 0 

  
June 19 36.1 24.6 58 10 230 0 

  
June 20 37.0 25.8 57 17 190 0 

  
June 21 35.5 26.9 67 8 210 0 

  
June 22 35.2 23.3 62 11 190 1.5 

  
June 23 36.8 25.6 60 9 240 0 

  
June 24 37.5 28.0 60 5 240 0 

  
June 25 36.0 26.2 60 15 130 0 

  
June 26 31.3 27.3 75 11 220 0 

  
June 27 34.0 23.0 74 16 220 9.2 

  
June 28 36.0 26.0 65 8 240 0 

  
June 29 29.4 26.4 76 16 210 1.6 

  
June 30 24.2 23.5 70 13 210 70.2 

  
July 1 29.8 22.0 80 11 210 0 

  
July 2 32.6 23.0 76 14 160 0 

  
July 3 34.2 24.8 68 17 190 48.7 

  
July 4 26.8 21.3 82 10 210 22.3 

  
July 5 32.0 22.8 75 17 240 0 

  
July 6 34.0 23.8 68 13 220 1 

  
July 7 35.0 23.6 62 10 220 0 

  
July 8 36.0 26.8 67 13 220 0.8 

  
July 9 34.1 25.6 67 9 230 173 

  
July 10 30.2 22.0 80 13 220 0 

  
July 11 33.0 24.3 85 10 200 0 

  
July 12 34.5 25.0 83 13 230 19.4 

  
July 13 32.5 22.3 82 8 210 0 

  
July 14 32.7 24.8 84 12 240 0 

  
July 15 33.2 24.8 80 8 140 0 
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July 16 27.7 22.2 98 11 230 52.5 

  
July 17 30.0 23.6 96 12 250 6.8 

  
July 18 27.5 23.3 98 6 210 38.7 

  
July 19 29.6 23.0 90 13 190 3.5 

  
July 20 31.8 23.5 92 12 240 21 

  
July 21 31.8 21.1 82 9 170 21 

  
July 22 30.2 24.2 82 13 190 0 

  
July 23 33.0 20.5 88 12 170 66 

  
July 24 29.5 23.5 78 8 120 0 

  
July 25 31.5 24.2 76 12 200 0 

  
July 26 34.1 23.6 77 13 230 0 

  
July 27 32.5 24.6 73 16 210 0 

  
July 28 30.5 25.2 89 12 230 0 

  
July 29 23.5 21.5 85 13 210 50 

  
July 30 31.6 23.6 84 15 260 0 

  
July 31 32.0 21.8 96 9 200 55 

  
Aug 1 29.5 21.2 86 8 230 0 

  
Aug 2 29.5 23.0 84 14 220 0 

  
Aug 3 29.5 23.7 88 5 200 0 

  
Aug 4 31.0 22.0 100 11 250 8 

  
Aug 5 26.0 22.0 84 5 220 124 

  
Aug 6 30.2 23.0 79 8 200 0 

  
Aug 7 30.2 23.0 76 8 180 0 

  
Aug 8 32.7 24.5 76 13 150 0 

  
Aug 9 29.3 22.1 91 2 190 0 

  
Aug 10 30.5 23.5 83 7 220 0 

  
Aug 11 24.6 23.2 95 9 170 10.6 

  
Aug 12 29.2 23.4 88 6 230 0 

  
Aug 13 32.4 22.1 83 11 170 0 

  
Aug 14 31.5 23.7 85 5 250 14.5 

  
Aug 15 29.0 23.3 91 6 230 28.8 

  
Aug 16 22.7 21.5 95 8 220 34.1 

  
Aug 17 29.2 21.2 88 11 130 0 

  
Aug 18 31.8 23.3 83 8 240 0 

  
Aug 19 30.6 21.5 88 9 200 58.5 

  
Aug 20 30.0 21.5 87 8 250 0 

  
Aug 21 30.6 23.8 81 3 200 0 

  
Aug 22 31.0 23.6 87 8 230 50 

  
Aug 23 29.2 21.8 87 4 210 0 

  
Aug 24 30.2 22.0 85 8 180 10.6 

  
Aug 25 27.8 23.5 90 7 230 6.9 

  
Aug 26 33.2 23.5 86 3 190 0 

  
Aug 27 39.0 26.5 77 6 190 30.4 



 

22 
 

  
Aug 28 29.0 23.4 87 7 190 0 

  
Aug 29 31.5 24.3 85 11 260 35.6 

  
Aug 30 31.6 21.4 82 9 210 0 

  
Aug 31 33.5 22.5 79 9 190 0 

  
Sep 1 29.7 21.5 85 11 210 1.2 

  
Sep 2 30.2 24.0 87 9 190 28.9 

  
Sep 3 30.8 21.0 96 9 210 38.2 

  
Sep 4 31.6 21.9 77 9 170 0 

  
Sep 5 32.5 24.1 83 10 260 17.8 

  
Sep 6 31.5 21.4 88 10 220 3 

  
Sep 7 29.6 21.3 88 8 180 0 

  
Sep 8 32.2 23.5 88 7 210 53 

  
Sep 9 30.7 21.2 91 6 160 0 

  
Sep 10 29.5 24.0 89 9 260 12.4 

  
Sep 11 30.3 21.0 93 8 190 0 

  
Sep 12 33.0 23.0 84 7 230 0 

  
Sep 13 32.1 23.8 85 6 220 0 

  
Sep 14 33.5 23.0 78 11 240 0 

  
Sep 15 32.6 25.3 78 5 200 1.7 

  
Sep 16 31.0 22.7 79 4 230 50.6 

  
Sep 17 28.1 20.5 80 6 270 0 

  
Sep 18 32.4 23.5 84 9 230 36.5 

  
Sep 19 30.5 21.5 88 9 220 8.5 

  
Sep 20 30.5 22.5 80 9 190 0 

  
Sep 21 32.5 21.0 84 7 260 0 

  
Sep 22 34.5 24.5 82 7 240 0 

  
Sep 23 35.2 23.2 86 7 230 0 

  
Sep 24 34.6 21.0 76 7 230 0 

  
Sep 25 36.3 21.6 62 6 200 0 

  
Sep 26 36.4 20.6 73 7 240 12.4 

  
Sep 27 32.6 19.5 77 6 220 0 

  
Sep 28 32.7 19.8 79 6 250 0 

  
Sep 29 33.6 20.4 78 8 290 0 

  
Sep 30 31.2 18.7 87 5 210 0 

  
Oct 1 33.0 19.5 74 3 220 0 

  
Oct 2 32.0 20.0 67 8 220 0 

  
Oct 3 34.2 20.0 73 9 180 0 

  
Oct 4 35.0 21.3 70 12 180 0 

  
Oct 5 30.6 19.5 82 9 240 0 

  
Oct 6 29.9 21.4 73 9 210 0 

  
Oct 7 33.4 20.2 92 8 230 19 

  
Oct 8 34.0 19.6 70 10 270 0 

  
Oct 9 36.2 22.2 80 7 210 0 
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Oct 10 35.5 21.5 74 4 160 0 

  
Oct 11 36.0 20.8 65 6 220 0 

  
Oct 12 37.5 19.5 57 7 240 0 

  
Oct 13 37.6 20.7 48 6 170 0 

  
Oct 14 35.0 21.5 68 9 170 0 

  
Oct 15 35.4 21.3 80 7 140 0 

  
Oct 16 37.0 19.2 69 6 160 0 

  
Oct 17 37.6 16.8 44 8 230 0 

  
Oct 18 37.6 17.3 35 10 190 0 

  
Oct 19 37.4 17.9 36 4 200 0 

  
Oct 20 37.0 17.4 46 7 120 0 

  
Oct 21 37.7 20.8 36 13 170 0 

  
Oct 22 37.5 19.5 34 5 120 0 

  
Oct 23 37.5 20.7 34 4 140 0 

  
Oct 24 38.4 21.5 34 11 70 0 

  
Oct 25 37.8 21.3 34 11 100 0 

  
Oct 26 37.2 19.2 33 8 170 0 

  
Oct 27 36.5 16.8 32 8 90 0 

  
Oct 28 37.7 17.3 34 6 70 0 

  
Oct 29 36.0 17.9 35 11 90 0 

  
Oct 30 36.7 17.4 33 5 60 0 

    Oct 31 36.1 17.5 34 11 90 0 
Source:  Nigerian Meteorological Agency (NIMET), 2022 

 

 


