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Abstract: Despite the recommendation for fertilizer use in crop production by research, there is a low rate of adoption
among farmers. The low adoption rate of fertilizer usage has been partly attributed to high costs of fertilizer in addition to use
of agronomic recommendation without fertilizer economic analysis. The study therefore, set out to determine the profitability
of fertilizer micro dosing and weeding regimes in finger millet production in eastern Uganda. A randomized complete block
design in split plot treatment arrangement with three replications was used. Weeding regime treatments were the main plot and
fertilizer micro dosing treatments as the sub plots. The treatments included: different micro dosing rates of nitrogen and
phosphorus, weeding regimes and SEREMI II finger millet variety. Nitrogen was applied in the form of urea (46%), in two
splits of 50% each at vegetative and flowering stages respectively. The results of the study indicate that weeding once at 20
Days After Sowing (DAS) and a combination of N and P (16.6 kg N ha™ and 10.6 kg P ha™) fertilizer micro dose application is
the most profitable combination and could make farmers earn up to Uganda shillings 1,984.220 per hectare compared to only
Uganda shillings 373,000 from none application of fertilizer. We therefore conclude that finger millet producers can achieve
higher economic and environmental gains when weeding is done once at 20 DAS in combination with sole P fertilizer micro
dosing applied at 10.6 kg P ha™.
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sub Saharan Africa resulting in low crop yields [6] which is
further aggravated by limited use of organic soil amendments
and high cost of inorganic fertilizers [23]. Therefore, fertilizer
micro-dosing (FMD) has been promoted in sub-Saharan Africa
(SSA) to boost crop productivity on smallholder farms where
production is predominantly done with low use of inorganic
fertilizers. The practice involves application of small amounts of
mineral fertilizer (2 to 6 g) in planting holes during planting and
or next to the seedlings after emergence [8, 9]. The technique

1. Introduction

Finger millet (Eleusine coracana L.) like all other cereals in
Africa is mostly grown by smallholder farmers under rain fed
conditions with low input use. Past studies have shown high
labor requirements especially for weeding and declining soil
fertility, diseases and low yield cultivars as major constraints to
finger millet production [7, 18, 20]. Low soil fertility has been
reported as a major production constraint to crop production in
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has been shown to improve crop productivity. For instance, a
study in Benin found that micro dosing in maize increased
productivity by 50% [21]; while yield increase of 68% was
registered in finger millet and sorghum in sub Saharan Africa
[25]. Recently in Uganda, 117% finger millet grain yield
increase was observed at a combination of N and P fertilizer
micro dose with weeding once at 20 days after sowing [7].
However, no conclusive study has been done to show the
economic viability of fertilizer micro dosing technique
especially in finger millet production in Uganda. More so the
excessive labor used in managing weeds in finger millet
production is well documented in Uganda but with no empirical
evidence of how it affects profitability of the finger millet crop.
This study therefore, was carried out to determine the
profitability of fertilizer micro dosing and timing of weeding on
finger millet production in eastern Uganda.

Profitability is the ability of a given investment to earn a
return from its use [3, 16]. A number of scholars use different
methods in determining profitability of fertilizer application
for example [14, 16, 23] used cost benefit analysis, where
profitability of fertilizer applied was determined by obtaining
a ratio of average maize N response which he called marginal
physical product of nitrogen (MPP) and average physical
product (APP) to give average value cost ratio (AVCR). A
ratio of one means the farmer breaks even and greater than
one means fertilizer application is profitable while less than 1
being non profitable [1]. Though this method was used to
determine profitability of fertilizer application, non-fertilizer
factors that influence crop performance are assumed to be
held constant hence effective yield estimation may not be
achieved thus affecting the average value cost ratio.
Furthermore, [26] used the value cost ratio (VCR) in
determining profitability of fertilizer application which is a
ratio of the technical response to fertilizer use and the
nutrient/output price ration. Similarly, this method of
profitability analysis does not consider other factors that
influence yield other than fertilizer. This makes it difficult to
discern how fertilizer has influenced yield in simplicity.
Partial budget techniques as adopted by [5] compare costs
and benefits of alternatives faced by the farm business. It
focuses on the changes in income and expenses in
implementing a specific alternative and all farm incomes and
expenses that are unchanged are ignored. Partial budgeting
also allows consideration of other factors and practices that
influence yield such as agronomic practices. In this study
agronomic factors were not considered and therefore, this
method could not be selected for profitability analysis. This
method also required long duration studies for example
studies that have lasted three and above years.

Gross  margin  analysis of  profitability: ~ The
gross profit margin ratio, also known as gross margin, is the
ratio of gross margin expressed as a percentage of sales were
adopted for this study. Gross margin, alone, indicates how
much profit a company makes after paying off its cost of
goods sold. It is commonly used method in the determination
of short duration project with less consideration on fixed cost
in profitability analysis [10] which was the case in this study

since majority of the farmers utilize the fixed costs (such as
hand hoes and ox-ploughs) a cross several farm enterprises.
Where, Gross Margin = ) (GFR-TVC) Where: GFR= Gross
field revenue and TVC= total variable costs [4]. The
knowledge generated from this study will be important in
facilitating further interventions in soil fertility and weed
management as well as enable farmers to make informed
decisions in adopting fertilizer micro-dosing technique as
well as timely management of weeds to maximize
productivity in finger millet crop production.

2. Methodology
2.1. Study Area

This study was conducted at Kuju Technology Verification
Center (TVC) in Amuria District, in Eastern Uganda under
rain fed condition [7]. The area receives mean annual rainfall
of about 1200 mm, distributed biannually (March - June and
August - November). The soil is predominantly plinthosols
with sandy loam textural classification.

2.2. Experimental Procedure

2.2.1. Treatments

The treatments included: micro dose application of N at 0
and 16.6 kg ha™' and full dose of N at 83 kg ha™'; micro dose
of P at 0 and 10.6 kg ha" and a full dose of P at 52 kg ha™
(Full dose of N and P as the control). Nitrogen was applied in
the form of urea (46%), in two splits of 50% each; the first
split applied at planting and second split at approximately 5%
flowering while Phosphorus was applied in the form of triple
super phosphate (TSP), (46% P,Os) at planting because it is
sparingly soluble. The micro doses represented by one third
of the full dose (83 kg N and 52 kg P ha™). After weighing
the fertilizer equivalent to the experimental plot (5 m x 3 m),
the weighed fertilizer was divided by number of rows per
plot to obtain the amount of fertilizer to be applied per row.
In this case, each plot carried ten rows (each containing 30
plants), hence for the rate of 16.6 kg N ha, each row in a
plot was supplied with 2.1 g of urea, using a coca cola bottle
top and the same procedure was followed for other fertilizer
rates. After sowing finger millet seeds in furrows and burying
them with a thin layer of top soil, nitrogen fertilizer was spot
applied on top of the seeded furrows at 30 cm spacing
between furrows. The applied fertilizer was also immediately
covered with top soil. While for weeding regime treatments;
double weeding at 20 and 45 DAS, single weeding at 20, 30
and 45 DAS were imposed in the trial, since weeding has
been one of the major bottlenecks in finger millet production
in the study region.

2.2.2. Design

A randomized complete block design in split plot
arrangement with three replications was used. Weeding
regime treatments were the main plot; while fertilizer micro
dosing treatments were the sub plots planted with SEREMI 11
finger millet variety in a plot size of 5 m x 3 m. Pests and
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disease control were not necessary since these were not
prevalent during the study.

2.3. Data Collection

Data were collected on variable costs (seed, fertilizer, seed
bed preparation, planting, weeding, harvesting, drying,
threshing, bagging, transportation, and marketing during
experimentation time) (Table 1). Also, grain yield per
treatment in kg ha' was recorded. Gross Field Revenue
(GFR) was determined by obtaining the product of prevailing
price of finger millet grain and the mean grain yield per

hectare. The amounts of N and P fertilizers, and seeds used
per plot were costed using the prevailing retail prices and
later converted per hectare. Field operations, for example
seed bed preparation, planting, fertilizer application,
weeding, harvesting and threshing were also costed using
prevailing labor cost in the study area (Table 1). Other off-
farm variable costs such as produce transportation and
marketing were considered. Finally, the Net Field Revenue
(NFR) was determined by subtracting the Total Variable
Costs (TVC) per hectare from the gross revenue per hectare
as summarized in the equation below:

Gross field revenue (GFR) = Yield of produce X its market price )

Net Field Revenue (NFR) = Total Variable Costs (TVC) - Gross field revenue (GFR) 2)

Table 1. Cost of inputs and Labor for one acre of finger millet.

S/no. Item Description Unit Unit cost (UGX) Quantity Total cost UGX

1 Tripple super phosphate fertilizer 50 kg bag 130,000 1 130,000

2 Urea fertilizer 50 kg bag 130,000 1 130,000

3 Seed Acre 3000 4 12,000

4 Opening of land Acre 90,000 1 90,000

5 Second ploughing Acre 90,000 1 90,000

6 Discing Acre 70,000 1 70,000

7 Planting Acre 150,000 1 150,000

8 First weeding and fertilizer application Acre 150,000 1 150,000

9 2" weeding and 2™ split of fertilizer application Acre 150,000 1 150,000

10 Harvesting Man days 5000 40 200,000

11 Threshing Bags 200 500 100,000

12 Transport Lumpsum - - 50,000

13 Bags pcs 1200 10 12,000

14 Drying and sorting and packaging Lumpsum - - 30,000

15 Total variable cost 2,714,000
Note: UGX= Uganda shillings, 3600 UGX= 1 US $
2.4. Data Analysis

! 3. Results

In this study, profitability of each treatment was
determined by gross margin analysis procedure as described
by [5]. This method was selected because fixed costs were
not considered due to the multiple use of farm assets a cross
many enterprises/activities in a household. Also the period of
experimentation was short (two seasons). Therefore, Gross
Margin was calculated from: ), (GFR-TVC). Where: GFR=
Gross field revenue and TVC= total variable costs

3.1. Cost Benefit Analysis of Fertilizer Micro Dosing

3.1.1. Cost Benefit Analysis of Fertilizer Micro Dosing in
Finger Millet Production
A combination of N and P micro dose (16.6 kg N 10.6 kg
P) ha™' recorded the highest gross margin of Uganda shillings
(UGX) 2,956,180 and the lowest gross margin was observed
at no fertilizer control treatment (UGX 683,430) (Table 2).

Table 2. Effect of N and P fertilizer micro dosing on profitability of finger millet production in eastern Uganda.

Fertilizer rates (kg ha™) TVC ha' (UGX)

GFR ha! (UGX) NFR ha! (UGX)

16.6 N 10.6 P 1,481,650
16.6 N 1,320,200
10.6 P 1,370,200
NO PO 1,286,900
N83 P53 1,881,650

4,437,830 2,956,180
2,820,790 1,500,590
3,388,340 2,018,140
1,970,330 683,430

4,395,900 2,514,250

Note: TVC = Total variable costs; GFR= Gross Field Revenue; NFR= Net Field Revenue; UGX= Uganda shillings; 1 United States’ dollar ($) = 3600 UGX.

3.1.2. Influence of Nitrogen and Phosphorus Agronomic
Use Efficiency in Fertilizer Micro-dosing Profitability
The effect of fertilizer micro dosing of N significantly (P<

0.05) reduced N agronomic use efficiency; while micro
dosing with sole P achieved a very high level of agronomic
efficiency (Figure 1). On the other hand, combined micro
dosing of N and P increased the agronomic efficiency of N
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(43.8 kg kg, but reduced that of P (22.1 kg kg'). With
regard to the full dose, combined application of N and P full
dose performed quite poorly, with a low agronomic use

()

0O —-

Agronomic use efficiency (K

efficiency value of 8.9 kg ka™ compared to the N and P micro
dosing counterparts.

166N 106P 16 6N+106P NO+PO 83N +52P

Fertilizer rates

Figure 1. Effect of N and P single fertilizer micro-dosing and N and P fertilizer combinations on finger millet N and P use efficiency in eastern Uganda.

3.2. Cost benefit Analysis of Different Weeding Regimes in
Finger Millet Production

Weeding once at 20 Days after Sowing (DAS) had a positive
percentage MRR (116.8). The rest of the weeding regimes

(weeding at 20 & 45 DAS, 30 DAS and 45 DAS) were dominated
and therefore were not considered for cost benefit analysis (Figure
2). This therefore means that it is not cost effective to weed finger
millet at 20 & 45 DAS, 30 DAS and 45 DAS.
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Figure 2. Cost benefit analysis of four weeding regimes in finger miller production.

3.3. Effect of Interaction of Time of Weeding with Fertilizer
Micro Dosing on the Profitability of Finger Millet

The interaction of weeding time (20 DAS) and a
combination of N and P fertilizer micro dosing (16.6 kg N ha’
"and 10.6 kg P ha™), recorded the highest gross margin of
UGX 1,984,220 ($ 551), (Table 3.) This was followed by

interaction between weeding time (20 DAS) and sole
application of N micro dose (16.6 kg N ha) with net field
revenue of UGX 1,812,720 ($ 504). An interaction of N and
P fertilizer micro dose with weeding at 30 DAS registered the
third highest Net Field Revenue (NFR) of UGX 1,528,400
($ 424). No fertilizer control (P at 0 & N 0 kg ha™) recorded
the lowest gross margin of UGX 373,000 ($103).

Table 3. Effect of N and P fertilizer micro dosing and time of weeding on profitability of finger millet production in eastern Uganda.

Weeding time 20 DAS 30 DAS 20 &45 DAS 45 DAS Total NFR
X Micro-dosing rates Profitability (UGX)

(16.6 N &10.6 P) kg ha™! 1,984,220 1,528,400 1,117,850 982,660 5,613,130
(16.6 N) kg ha™! 1,812,720 1,437,320 833,340 889,490 4,972,870
(10.6 P) kg ha'! 1,286,340 610,100 1,763,840 459,260 4,119,540
(0 P&ON) kg ha™! 373,000 1,168,390 1,462,700 1,052,400 4,056,490
7 (83 P& 52 N) kg ha'! 1,105,550 970,360 626,100 1,087,140 3,789,150

Note: UGX= Uganda shillings; 1 $ = 3600 UGX; NFR= Net Field Revenue.
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4. Discussion

The existence of interaction of fertilizer micro dosing of N
and P on the profitability of finger millet (Table 2) is
evidence of the synergetic role of N and P in finger millet
nutrition. Isolation of N or P alone is insufficient to achieve
desired grain yield and consequently profitability in finger
millet production. Even more so, the superiority of P in
agronomic efficiency, which was noted to be the most limited
compared to N [13], is also not enough to give conclusive
results without considering the critical weeding time for
finger millet which if not timed well would affect grain yield
and consequently profitability. The superior performance of
the combination of N and P fertilizer micro dosing over the
full dose (83 kg N and 52 kg P) per hectare further over
scores the observations made in this study (Table 2), where
micro dosing recorded the highest net field revenue (UGX
2,956,180) and agronomic efficiency of 53 kg kg'1 than full
dose. Studies conducted by [15] on rice noted that economic
efficiency lies between a point of maximum AE and
maximum yield. Therefore, the coincidence of AE efficiency
and economic efficiency in the present study suggests that we
were operating at the maximum agronomic efficiency.

The observed positive Marginal Rate of Return (MRR)
under weeding at 20 DAS (Figure 2) and the negative MRR
when weeding was done at 30 and 45 Days after Sowing
(DAS) suggests that finger millet needs to be weed free at a
particular period in its growth (critical weed competition
period) which lies between 20-30 DAS. It therefore, reflects
and confirms the findings of [2] who observed that finger
millet yield increased when weeding was done between 20-
30 DAS after sowing. Furthermore, finger millet requires
adequate nutrients at the early stages of growth and if the
nutrient availability to the crop is affected as a result of weed
competition due to delayed weeding, finger millet
performance will be hindered. This is in agreement with the
finding of [11, 17]. They both observed that nutrients
especially NPK are required at the early stage of finger millet
growth. It is important to note that weeding at 20 DAS was
generally superior to all treatment combinations; including
double weeding (20 & 45 DAS) which has been
recommended by several researchers in the region [20, 24]. Tt
is also worth-while noting that, the timing and number of
weeding sessions may change depending on the nature and
extent of seed-bed preparation prior to planting [12]. In this
study, the field was under legume cereal rotation which
consequently reduced weed biomass. Therefore, the initial
weed population and biomass was less than would be the
case of a virgin land. Also seed bed preparation involved first
and second ox-Ploughing into a fine seed-bed. Hence, the
conclusion from the economic assessment of weeding time
based on this study must be contextualized with differences
in seed-bed preparation before finger millet is sown. It
further suggests that there is a close relationship between
weed management and nutrient utilization and agronomic
efficiency by the finger millet crop.

The high gross margin (UGX 1,984,220) on application of
N at 16.6 kg ha” and P at 10.6 kg ha” combined with weeding
at 20 DAS is empirical evidence of the synergetic role played
by N and P in the growth and development of the plant. This
synergy is further enhanced with timing of weeding which
happened to be at 20 DAS. Weeding once at 20 DAS and N
and P fertilizer micro dose application is therefore, the most
profitable combination in eastern Uganda and could make
farmers earn profit of Uganda shillings 1,984,220 per hectare,
compared to only Uganda shillings 373,000 on none
application of fertilizer and; only Uganda shillings 1,105,550
on application of full dose of fertilizer per hectare.

5. Conclusion

a) Finger millet production was profitable when weeding
was done once at 20 days after sowing.

b) The highest profit of 1,984,220 Uganda shillings
($ 551) was obtained from application of N and P (16.6
kg N ha' and 10.6 kg P ha™') fertilizer micro dosing
with weeding at 20 DAS.

c) Nitrogen agronomic efficiency is enhanced by P
fertilizer application in fertilizer micro dosing.

6. Recommendation

Fertilizer micro dosing of N and P (16.6 kg N ha™ and 10.6
kg P ha') and weeding at 20 DAS should be adopted and
scaled out for use by finger millet producers in eastern
Uganda to be able to make maximum economic and
environmental gains

Nitrogen fertilizer should be applied together with P
fertilizer in fertilizer micro dosing in order to obtain
maximum benefit from their synergetic role in yield
enhancement and consequently profitability.
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