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Organic matter management (OMM) strategies such as farmyard manure

(FYM) application, legume integration, crop residue incorporation, and alley

cropping are recognized for improving soil fertility and crop productivity.

However, studies on yield and economics of a combination of such strategies

on smallholder farms are generally scarce, yet an understanding of such

can enhance adoption. This study analyzed the yield and gross margins of

crops grown with OMM strategies in comparison to those grown under

inorganic fertilizer application on smallholder farms. Field experiments with

five treatments over two short rainy (SR) and two long rainy (LR) seasons were

conducted from January 2018 to February 2020 on 10 smallholder farms.

The treatments (T) included T1 (control): the inorganic fertilizer application

strategy that involvedmaizemonocropwith 50 kg/haDiammoniumphosphate

(DAP) application and the OMM strategies (T2-T5). T2: cowpea-maize-bean-

maize rotation; T3: cowpea-maize-bean-maize rotation + 2.5 tons/ha FYM;

T4: Faidherbia albida alleys + cowpea-maize-bean-maize rotation; and T5:

Faidherbia albida alleys + cowpea-maize-bean-maize rotation + 2.5 tons/ha

FYM. The maize in T3-T5 was intercropped with Mucuna pruriens. The results

indicate that the grain and residue yields in LR were not significantly di�erent

among all treatments. The total variable costs, which included monetarized

labor and annualized capital costs for the establishment of F. albida were

significantly higher under T1 than in T2-T5 during LR2018 and not significantly

di�erent from what was observed under T3-T5 in LR2019. The accumulated

revenues and grossmargins for the four seasonswere not significantly di�erent

between T1 and the OMM strategies. We conclude that the integration

of OMM strategies can give gross margins similar to the 50 kg/ha DAP

application. Further, based on the price sensitivity analysis, we conclude that

the smallholder farmers could adopt T3 and T4 as the gross margins under

these treatments are less a�ected by grain price fluctuations than in T1, T2,

and T5. Since the smallholder farmers can access the planting materials, we

recommend the adoption of T3 and T4 on smallholder farms.

KEYWORDS

alley cropping, annualized capital costs, Faidherbia albida, farmyard manure, gross

margins, labor costs,Mucuna pruriens, organic matter management
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Introduction

Agriculture in Uganda, where 95 percent of the farmers

are smallholders with landholdings averaging two hectares, is

characterized by low land productivity (Njeru et al., 2016).

Taking an example of maize, which is one of the most important

crops grown for food and sale in Uganda (Agona et al., 2001),

its productivity in terms of grain yield has been recorded at

1.5 tons/ha compared to the potential of 7 tons/ha (Okoboi

et al., 2012; Simtowe et al., 2019). One of the major factors

contributing to these low crop yields is the lack of adequate
nutrients for crops resulting from soil nutrient depletion (Tadele,
2017), low recirculation of animal manure, low share of legumes,
lack of crop residue (straw) management, and low mineral

fertilizer application regimes (Odhiambo and Mag, 2008).

Soil nutrient depletion emanates from a complex of different

non-adapted farming practices including continuous cropping

without nutrient input, as well as farmers carrying away crop

residues from the fields for feeding livestock without recycling

nutrients through farmyardmanure (FYM) application (Nkonya

et al., 2005; Ronner and Giller, 2013; Tadele, 2017). The

productivity is worsened by the reliance of farmers on the

natural fertility of the soil since they lack mineral fertilizers

and if applied, they are washed out by surface runoff (Woniala

and Nyombi, 2014). The low transfer rates of mineral fertilizer

nutrients to the crops (nutrient availability) as a result of soil

compaction, reduced root growth, negative humus balances, low

water holding capacity, and leaching processes (Tadesse et al.,

2013; Massah and Azadegan, 2016), can force the farmers to

abandon mineral fertilizer application. There is a knowledge gap

on how to increase synthetic fertilizer uptake, i.e., productivity

via other management strategies. Other reasons for the reliance

of farmers on natural soil fertility include the prohibitive prices

and limited accessibility of mineral fertilizers by farmers located

in remote areas (Nziguheba et al., 2016).

Although trade-offs with family income due to costs

of acquisition, transport, and application of organic matter

management (OMM) strategies like vermicompost have been

reported (Flores-Sánchez et al., 2015), other OMM strategies

such as FYM application, alley cropping, forage & grain legume

integration, and crop residue incorporation on arable land have

been documented for increasing soil characteristics. These soil

characteristics include soil carbon, soil water-holding capacity,

nutrient storage and availability (Birhane et al., 2018; Beuschel

et al., 2019; Bu et al., 2020). In addition, the application

of OMM strategies reduces soil compaction and increases

crop productivity (Lupwayi et al., 2011; Akmal et al., 2015;

Birhane et al., 2018; Beuschel et al., 2019; Bu et al., 2020).

Organic matter management therefore, to a certain degree

reduces the dependency on mineral fertilizers but also acts as

a precondition for optimal utilization and uptake of nutrients

by plants (De Moura et al., 2010; Pirhofer-Walzl et al., 2012).

The multiple functions OMM contributes to ecosystem services

cannot be delivered by commercial mineral fertilizers (Mikha

et al., 2017). Moreover, the application of OMM strategies

requires less finance (cash) compared to the inorganic mineral

fertilizers and the inputs are readily available to most farmers. In

contrast to mineral fertilizers, the diverse OMM strategies offer

several benefits:

• If forage and alley legume trees such as Faidherbia albida

are integrated into the farming system, nitrogen demand

can be covered as the trees can contribute about 80.2 kg

N/ha/season when they are mature. This is about the

recommended average application rate of mineral nitrogen

fertilizer for maize production in Uganda (Mugendi et al.,

1999; Sunday and Ocen, 2015; Yengwe et al., 2018; Kohler,

2020; Silva-Galicia et al., 2020).

• Organic matter from decomposed biomass protects

nutrients against leaching, feeds microorganisms, stores

nutrients, and increases their availability (Yang et al., 2018).

• Specifically, forage and alley legume trees with their deep

rooting system can uptake nutrients from the subsoil, and

transfer them into the main rooting zone, enriching the

nutrient concentration (De Moura et al., 2010; Pirhofer-

Walzl et al., 2012). This vertical (re-)transfer of the farm

nutrient cycle of probably leached nutrients is not an

addition of nutrients per se, but an enrichment of soil stock

nutrients in the upper layer.

• Organic matter includes not only one or two nutrients,

as is usually the case when applying mineral fertilizer,

but a broad range of macro and micronutrients that

are offered to the soil and crop in a more or less

available form.

It should be noted that all nutrients in the biomass

are from the soil’s nutrient stock if no deposition, mineral

fertilizer, organic manure, or forage are added from outside

of the farm, except nitrogen, which also results from natural

fixation processes.

Although several OMM strategies have been applied to

improve soil fertility (Cai et al., 2019; Sánchez-Navarro et al.,

2019; Vanlauwe et al., 2019), their systematic and comprehensive

application is still an exception, and soil nutrient depletion and

low crop productivity have persisted (Woniala and Nyombi,

2014). The reason for the low adoption rate of the OMM

strategies such as tillage systems could be related to their high

labor requirements (Dahlin and Rusinamhodzi, 2019), and the

limited knowledge about the positive impact on yield and

economics (costs, revenues, and profits). This could specifically

be the case if more than two strategies (for example the

application of grain and forage legumes, alley trees, and FYM)

are jointly applied. While the positive influence of single OMM

strategies is well known and studied (Akmal et al., 2015;

Yengwe et al., 2018; Bu et al., 2020), literature on the impact of

combined OMM strategies on yield and economic parameters
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is limited. Moreover, training and advisory services have not

been sufficient in extending related information to farmers

(Sebaggala and Matovu, 2020). This study tested the effects

of combined OMM strategies such as alley cropping, FYM

application, as well as grain and forage legume integration

compared to inorganic fertilizer application strategy on (a)

crop yield, (b) costs and (c) gross margins. This study

hypothesizes that the application of OMM strategies would (1)

increase crop yield to amounts equal to the inorganic fertilizer

application strategy; (2) reduce costs compared to the inorganic

fertilizer application strategy; (3) yield gross margins that are

comparable to the ones obtained through the inorganic fertilizer

application strategy.

Materials and methods

This study applied a systems perspective that involved

both natural science and economic perspectives. The first part

of this section describes the study area and the field trials

including the experimental design, choice of crops, and sampling

procedure. This section was adapted from the methodology

developed by Ekyaligonza et al. (2022). The second part of

this section is the economic analysis of the different OMM

strategies (treatments) over four crop-growing seasons in 2018

and 2019.

Study area

A field experiment was conducted on 10 randomly selected

farmer fields that are located in Nyabbani Sub-county of

Kamwenge district (00◦11.17′ N, 30◦27.07′ E, 1160m a.s.l.)

in the Rwenzori region of Uganda (Figure 1). The study area

experiences a tropical climate with an annual temperature range

of 20-25◦ C and annual rainfall of 700-1,400mm with a short

rainy season (SR) from March to May and a long rainy season

(LR) from August to November (FAO, 2005). In 2018, the

study area received a total of 524.8mm of rain in SR and

657.2mm in LR, while in 2019, a total of 385.6mm of rain

was received in the SR and 578.9mm in LR (Figure 2). Any

possible differences between sites due to climatic conditions

were taken care of by the randomization and replication effect

of the experimental design. The soils were dominantly sandy

clay loamy acrisols (about 57% sand, 19% silt, and 24% clay

in the topsoil) and were acidic with a pH (H2O) of approx.

5.1, a cation exchange capacity (CEC) of 5 cmolc/kg, low

organic carbon of 0.8%, and bulk density of 1.41 kg/dm3

(FAO, 2012). Such soils require adjustment of pH and organic

mattermanagement to increase water holding capacity and plant

nutrient uptake.

Field experiments

Experimental design, treatments, and sampling

Field experiments were conducted for 2 years from January

2018 until February 2020 in four consecutive crop-growing

seasons: two for SR and another two for LR. The trials were

established on 10 smallholder farms and the owners of the farms

fully participated in carrying out all the relevant agronomic

practices. A randomized complete block design (RCBD) was

established, where each farm was considered a block (n = 10).

Five treatments were randomly allocated per block. The five

treatments (T1-T5) included:

• T1: maize monocrop with Diammonium phosphate (DAP)

fertilizer (18-46-0) at an application rate of 50 kg/ha (N: 9

kg/ha; P2O5: 10.05 kg/ha), a rate affordable to most maize

subsistence farmers in the Rwenzori. This was treated as

control as it is a common practice to use low doses of

fertilizers among the majority of the smallholder maize

farmers in the Rwenzori region;

• T2: Cowpea-maize-beans-maize rotation. The initial plan

was to rotate cowpea with maize but the farmers opted

for beans in the SR2019 following the low cowpea yields

realized during SR2018;

• T3: Cowpea-maize/Mucuna pruriens-beans-

maize/Mucuna pruriens rotation + farmyard manure

(FYM) from cattle containing N: 13 kg/ha; P: 6 kg/ha; K:

18 kg/ha. The FYM was applied at an application rate of

2.5 tons/ha as fresh matter, which is the feasible amount

that can be produced by most smallholder farmers in the

Rwenzori region;

• T4: Cowpea-maize/Mucuna pruriens-beans-

maize/Mucuna pruriens rotation + Faidherbia

albida alleys;

• T5 Cowpea-maize/Mucuna pruriens-beans-maize/Mucuna

pruriens rotation + FYM + F. albida alleys (see Table 1 for

the detailed description of the treatments).

For each farm, the five treatments were allocated to five
plots with dimensions of 10m x 10m each. These plots were
separated by 0.5m walkways. The plots were tilled with a hand
hoe and then seeds of selected crops were sown. Selection of

crops and varieties was done according to the following criteria:

(i) Maize (Zea mays) was selected because it is one of the

major staple foods for the majority of the population in East

Africa and it is cropped for both food and cash (Agona et al.,

2001). In this study, maize variety Longe 5 at a rate of 24.7

kg/ha was selected because of its high share of protein and its

drought tolerance (FAO, 2017). This maize variety matured 115

days after sowing; (ii) The legume cowpea (Vigna unguiculata)

produces high biomass and nitrogen in a short time and is

known for its high pre-crop value (Omae et al., 2014). The

grains and leaves of cowpeas are served as food to some tribes
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FIGURE 1

Location of the study farms in Kamwenge district, Uganda. Source Ekyaligonza et al. (2022).

FIGURE 2

Rainfall distribution of Kamwenge district for the period of two years in 2018 and 2019. Source Ekyaligonza et al. (2022).

in Uganda. SECOW 5T cowpea variety was planted at a rate

of 25 kg/ha during SR2018. This variety was selected due to

its ability to survive under the dry climatic conditions of the

study area; (iii) The legume M. pruriens var. utilis was selected

because it grows very fast providing good soil cover, fixes a

high share of nitrogen, and is adapted to dry seasons (Chakoma

et al., 2016). M. Pruriens seed was purchased from a farmer

group in Kasese district in the Rwenzori region and it was
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TABLE 1 Description of treatments in the four crop-growing seasons of 2018 and 2019.

Treatments SR2018 LR2018 SR2019 LR2019

T1 M M+ DAP+MR M+MR M+ DAP+MR

T2 Cp M+ CpR B+MR M+ BR

T3 Cp+ FYM M/Mpr+ CpR B+ FYM+MR M/Mpr+ BR

T4 Cp+Fa M/Mpr+ Fa+CpR B+ Fa+MR M/Mpr+Fa+ BR

T5 Cp+Fa+ FYM M /Mpr+ Fa+CpR B+ Fa+ FYM+MR M/Mpr+Fa+ BR

Seasons: SR, short rainy season; LR, long rainy season; Treatments: T1, the inorganic fertilizer application strategy that serves as a control while T2-T5 are the organic matter management

strategies; Crops: B, beans (Phaseolus vulgaris); BR, bean residues (residues are dry stalk and leaves incorporated into the field after harvesting the grains); Cp, cowpea (Vigna unguiculata);

CpR, cowpea residues; Fa, Faidherbia albida alleys; M, maize (Zea mays); MR, maize residues; Mpr,Mucuna pruriens: Nutrient sources: DAP, diammonium phosphate (18-46-0): 50 kg/ha

(N: 9 kg/ha; P2O5 : 10.05 kg/ha); FYM, farmyard manure: 2.5 tons/ha (N: 13 kg/ha; P: 6 kg/ha; K: 18 kg/ha) as fresh matter; Symbols:+= addition of; /= intercrop.

intercropped with the 30-day-old maize at a rate of 20 kg/ha; (iv)

The legume tree F. albida was selected because it fixes nitrogen

and has reversal phenology, shedding off the leaves during

the rainy season and developing leaves during the dry season.

This attribute enables the trees to grow well with minimum

water supply and competition with other crops (Roupsard et al.,

1999). F. albida of Moroto provenance, which was the only seed

provenance available at the Uganda National Tree seed center,

was planted at a rate of 1000 seedlings/ha (one tree/10 m2); (v).

The grain legume beans (Phaseolus vulgaris) were included in

the rotation system in SR2019 following the farmers’ request to

replace the cowpeas which exhibited low yields during SR2018.

Beans are rich in proteins and therefore part of human diets

both in urban and rural areas (Aseete et al., 2018). Nabe 4

bean variety was selected because it matures early after 80-85

days and has high resistance against anthracnose and the bean

common mosaic virus, which are the most prevalent diseases

in the Rwenzori region (Kankwatsa, 2018). Nabe 4 was sown

in SR2019 at a rate of 20 kg/ha. Harvesting was done for

mature crops in such a way that only maize ears or bean/cowpea

pods were picked and crop residues (leaves and stalks) left

in the field for further organic matter improvement. These

crop residues and M. pruriens were chopped with a machete

into smaller pieces of about 3 cm in length. The chopped

material together with F. albida leaves were then incorporated

within 0-15 cm soil depth using a hand hoe during the land

tilling process. A combination of crop residues, M. pruriens

and F. albida leaves is later referred to as plant residues in

the subsequent sections. As indicated in Ekyaligonza et al.

(2022), the quantity of plant residues that were incorporated

into the soil in T1 was 18, 11, 11 and 15 tons/ha during

SR2018, LR2018, SR2019, and LR2019 respectively, while those

incorporated into the OMM treatments was 2.9–3.6, 24–137,

61–180, and 15–145 tons/ha during SR2018, LR2018, SR2019

and LR2019 respectively depending on the treatment. The total

nutrients in these plant residues is described in Table 2. Land

tilling, FYM application, sowing, two times weeding by hand

pulling (the uprooted weeds were distributed in the field), and

harvesting were done by the farmers under the guidance of

the researchers.

When the crops were mature and ready for harvesting, dry

matter (DM) yield was determined. Sample collection was done

in such a way that 10 plants from each crop type were randomly

selected per plot. The plants within the first two rows from the

plot boundary were excluded from the sample to minimize the

boundary effect. The grains and crop residues were oven-dried

separately at 70◦Cuntil a constant weight was obtained. For each

plot, the average DM grain yield and DM residue yield were

weighed and measured as kg/ha and then converted to ton/ha.

A high DM grain yield is expected to improve food and income

security, while a highDM residue yield shows the potential of the

cropping system to recycle biomass, improve soil organic matter

and recycle nutrients.

Soil sampling and testing

Soil was sampled and tested before and after

experimentation to find out the contribution of the different

cropping systems (treatments) on soil fertility improvement.

Initial soil sampling was conducted in January 2018 before the

fields were subjected to experimental conditions to understand

the level of nutrients in the soil. Final soil sampling was

conducted in January 2020 to determine the contribution of

each treatment to the improvement of pH, OM, WHC, N,

P, and K levels in the soil. N, P, and K are macronutrients

which are essential for crop growth enhancement (Lhamo and

Luan, 2021), while pH, WHC and OM influence availability of

nutrients to crops (Neina, 2019). In January 2018, a composite

soil sample from five sub-samples was collected from each of

the 10 study farms/blocks. These farms were relatively uniform

in terms of terrain and vegetation. The soil sub-samples were

randomly collected at 0-15 cm soil depth with an aid of a soil

Auger. In January 2020 after the four-season experiment, soil

sampling was repeated and a composite sample was collected

from each of the 50 experimental plots.

The soil samples were tested for pH, OM, WHC, and the

plant-available forms of N, P, and K. These tests can help to

explain the impact of our experiments on land productivity.

Soil pH was determined through an electrometric method using

a pH meter (Eutech pH 700 meter). In the procedure for pH
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TABLE 2 Nutrient content of plant residues recycled into the soil in the four crop-growing seasons of 2018 and 2019.

Nutrient Total maximum nutrient content in plant residues obtained per season

Seasons SR2018 LR2018 SR2019 LR2019

Treatments (T) T1 T2-T5 T1 T2-T5 T1 T2-T5 T1 T2-T5

Nitrogen kg/ha 236 65 121 4550 162 6620 243 6620

Phosphorus kg/ha 50 286 20 384 32 411 23 411

Potassium kg/ha 398 98 199 2546 284 4141 119 3333

Source: Ekyaligonza et al. (2022).

determination, fifty (50) ml of distilled water was added to a

beaker containing 20 g of air-dried soil of 2mm particle size. The

content of the beaker was stirred for 5min. The grass electrode

was then calibrated using a standard buffer of pH= 7 and pH=

4. The electrodes were then dipped into a beaker containing the

soil-water suspension with constant stirring. The pH meter was

then switched to pH reading and the pH value was then taken

after 30 s. Organic matter was determined through the ignition

of the samples at high temperatures (up to 550 ◦C) (Pawar et al.,

2009). In the procedure for OM determination, 20 g of soil was

dried at 104 ◦C for 24 h. It was placed on an aluminum foil and

then put in an oven to dry at 550 ◦C for 8 h. The soil was then left

to cool and then weighed. The weight difference between soils

weighted before and after being subjected to very hot conditions

is the OM of the soil. For WHC, 20 g of air-dried soil of 2mm

particle size was placed on a filter paper that was fixed onto

the internal floor of a perforated dish. The filter paper prevents

soil particles from escaping through the dish perforations. The

perforated dish with its content was then placed on a trough

containing water and allowed to stand for 6 h so that the soil can

get saturated with water.Water holding capacity was determined

by calculating the difference between the weight of air-dried soil

and that of the soil saturated with water (Pawar et al., 2009). The

soil N in plant-available form was determined through the hot

hydrogen peroxide/potassium chloride (H2O2/KCl) extraction

method following Sahrawat (1982) and Tie et al. (2013) where

the soil was air-dried and sieved through a 2mm sieve. Fifty (50)

ml of 25% H2O2 was added to a 300ml conical flask containing

5 g of sieved soil. The conical flask with its content was then

placed into a ventilated oven and heated for 6 h at a temperature

of 60◦C. The suspension was cooled, 1M KCl was added and the

mixture rotated for 30min. Ammonium Nitrogen (NH4+-N)

from the filtrate was determined through distillation. The plant

available form of phosphorus was determined through Bray 1

extraction method in the procedure by Kovar and Pierzynski

(2009) where 20ml of Bray1 extraction solution [0.025M

hydrochloric acid (HCl) in 0.03M ammonium fluoride (NH4F)]

was added to 2 g of soil in a 50ml conical flask. The flask

with its contents was shaken at 200 revolutions per minute at

room temperature. The plant-available P was measured from the

filtrate by use of a spectrophotometer (VWR- UV- 6300PC) at a

wavelength of 880 nm (Kovar and Pierzynski, 2009). Potassium

(K) in plant-available form was determined following a flame

photometry procedure with ammonium acetate (NH4OAc)

extractant (Okalebo et al., 2002; Pawar et al., 2009) where 100ml

of NH4OAc was added to a conical flask containing 5 g of air-

dry soil sample. The flask and its content were shaken at 200

oscillations per min for 30min and the solution was left to

stand for 30min. The supernatant was filtrated through the

Whatman No. 42 filter paper and the extracted solution was

diluted 10 times. Five (5) ml of the solution was pipetted into a

50ml volumetric flask and 1ml of lanthanum chloride solution

was added. The contents were then diluted with NH4OAc

extraction solution to the mark. Potassium (K) content was

determined by spraying the soil extract, lanthanum chloride,

and ammonium acetate solution onto the flame of the flame

photometer (PFP7 model).

Farmyard manure was analyzed for N, P, and K using

Kjeldahl, Bray-1 and flame photometry methods respectively.

For N, analysis followed the procedure by Hendershot et al.

(1993) where 3ml of deionized H2O was added to a dry

digestion tube containing 2 g of ground manure. Three and a

half (3.5) g of K2SO4: CuSO4 was mixed with the contents of the

digestion tube and one selenized and one non-selenized Hengar

granule were added. Ten (10) ml of concentrated sulphuric acid

(H2SO4) was added and the content of the digestion tube was

digested for 1.5 h at 220 ◦C. Air condensers were put onto the

digestion tubes in the block and the temperature raised further

to 360◦ C for 3.5 h. The samples were then cooled overnight

in the block. The air condenser was then removed. Slowly

and with swirling, 25ml of deionized water was added to each

cooled digestion tube. The content in the digestion tube was

then transferred to a 0.5 l round bottom distillation flask and

connected it to the steam distillation apparatus. One hundred

(100) ml of the graduated beaker with 5ml of 2% boric acid

(H3BO3) was placed under the condenser. Very slowly, 30ml of

excess of 10M sodium hydroxide (NaOH) was added through

the distillation head. Forty (40) ml of distillate was collected.

The distillate was titrated with 0.01M H2SO4. The color change

at the endpoint is from green to pink. Nitrogen was calculated
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from the molarity of H2SO4, the volume of H2SO4 used during

titration of the sample, the volume of standard H2SO4 used

during titration of the blank, and the mass of the oven-dried soil

sample. The procedure for testing P and K was the same as that

of soil.

Economic analysis

Grain revenue and gross margin calculations were

conducted for each season and the total for the entire four-

season rotation to establish the economic impact of the OMM

strategies. The grain revenues were calculated from the yield

and selling price of the grains (Equation 1). The prices used in

calculating revenues were the farm gate prices of the grains in

the study area in 2018 (Table 3). These prices were determined

by middlemen as they are the main actors who buy produce

directly from the farmers. Gross margins were calculated from

the total variable costs and revenues, following other studies

(Beuchelt and Zeller, 2011; Uddin et al., 2016) (Equations 1

and 2):

Grain revenue [US$/ha] = Yield [kg/ha]x Price [US$/kg] (1)

Gross margins [US$/ha] = Grain revenues [US$/ha]

−Total variable costs [US$/ha] (2)

The total variable costs included all the input costs,

monetarized labor costs, and the total annualized costs of

establishing F. albida alleys during the first year. Opportunity

costs for the land (lease or rent), administration costs, and

other fixed costs were however excluded from cost calculations,

as they were fixed and therefore common factors for all

treatments. The input costs were the actual costs incurred in

buying inputs (Table 3). These were the costs incurred in buying

maize and legume seeds, as well as fertilizers. Family labor

that was used to conduct all the agronomic practices such as

land preparation, manure collection and application, sowing of

maize and legume seeds, and harvesting was also determined.

Labor was considered a key factor hindering the establishment

of OMM strategies as different treatments have different labor

requirements. The labor costs were valued in terms of money

as farming was the only income-generating activity for all the

farming families that participated in the study. These labor costs

were estimated by the farmers based on the work per completed

task, which is one of the main ways of determining labor within

the study area (Table 3). These labor costs were based on what

hired labor would be paid for similar tasks. For the annualized

costs, all the costs associated with F. albida tree alleys during the

first year (two seasons) such as purchasing the seedlings, pitting,

planting the trees as well as providing extra care not to damage

the trees during land preparation and weeding of fields were

considered. These costs were annualized for 20 years. A lending

interest rate of 20 % per year was used, as indicated by UBOS

(2019) and the World Bank database of 2018. Since there are

TABLE 3 Prices of inputs and outputs considered in the study in 2018.

Item Unit price [$]

Input

F. albida[seedlings] 0.09

M. pruriens[kg] 1.43

Cowpea [kg] 1.14

Beans [kg] 1.14

Maize [kg] 1.14

DAP [kg] 1.14

Labor [work per unit area]

Land preparation [per ha] 128.57

DAP application [per ha] 14.29

1st weeding [per ha] 107.14

2nd weeding [per ha] 71.43

Harvesting [per ha] 35.71

Tending ofM. pruriens[per ha] 14.29

Tending of F. albida seedlings [per ha] 14.29

Manure collection and application [per ha] 57.14

Output

Maize grain [kg] 0.17

Cowpea grain [kg] 0.57

Bean grain [kg] 0.86

Crop residue [kg] 0.01

Exchange rate: 3500 UGX= 1$.

two crop-growing seasons per year, the annualized costs were

calculated for 40 seasons (20 years), using an interest rate of 10 %

per season. Annualizing costs of establishing the trees, assuming

a useful life of 20 years, allows comparison of establishment

costs of alley cropping systems with cropping systems that solely

involve annual crops. Furthermore, it also enables farmers to

know how much they need to pay back per season in case they

received the total establishment costs as a loan. The annualized

capital costs per season for the establishment of an alley cropping

system were calculated following equation 3.

C =
r(EC)

1− (1+ r)−n
(3)

Where,

C = Annualized capital costs per season

EC= Establishment costs

r= interest rate per season (10 %)

n= number of periods (40 seasons)

Since price fluctuation is one of the challenges that affect

Uganda’s agricultural production (Bamwesigye et al., 2020), a

sensitivity analysis was conducted to determine the impact of

price fluctuation on gross margins. This was conducted for each

of the five treatments per season. For each of the three studied

food crops (cowpea, beans, and maize), price scenarios were set
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and these included the highest, lowest, and the 2018 food prices

since the harvests from our field experiment were sold starting

with the year 2018. The highest, the lowest, and the 2018 prices

of maize and beans were the farm gate prices. For cowpeas, the

highest and the minimum prices were obtained from Ddungu

et al. (2015) as the crop was traditionally not grown on a large

scale in the study area. For maize, the lowest price was 0.14 US$

in 2012 (83% of the 2018 maize price) and the highest maize

price was 0.29 US$ in 2015 (167% of the 2018 maize price).

The lowest bean price was 0.19 US$ in 2014 (22% of the 2018

price). On the other hand, the highest bean price was the same

as that of 2018. For the cowpeas, the lowest price was in 2018

while the highest was 0.63 US$ in 2009-2011 (110% of the 2018

cowpea price).

Statistical analysis

A linear mixed model (LMM) was used to analyze data

as it was continuous, having “treatment” as a fixed factor and

“block (farm)” as a random factor. Moreover, LMM has been

documented as a suitable analysis procedure for continuous

data with both the fixed factor and the random factor effects

(Molenberghs and Verbeke, 2001). This data was analyzed in

IBM SPSS Statistics (version 26) software using the SPSS mixed

command. The dependent variables were the soil physical-

chemical properties, grain yield, residue yield, grain revenue

and gross margins, while the independent variable was the

treatments. Data for each season was analyzed separately as

the cropping systems involved rotation of different crops. The

results in the table “Type III Tests of Fixed Effects” enabled

us to understand whether there were significant differences

in soil physical-chemical properties, grain yield, residue yield,

grain revenue and gross margins among treatments while the

“estimates of Fixed Effects” table enabled us to come up with

pairwise comparisons of the grain yield, residue yield, grain

revenue and gross margins among the treatments.

Data for the variable costs were however analyzed using

an independent samples nonparametric test, as the outputs

with LMM analysis could not be obtained. In addition, the

data did not conform to the normality and homogeneity of

variance conditions even after being subjected to transformation

processes such as logarithm, natural logarithm, and Cosine.

Descriptive analysis was conducted to compare yields, costs,

revenues, and gross margins among treatments and was used

as a supplement to LMM and the independent samples’ non-

parametric tests.

Results

We compared the soil parameters in soils collected at the

end of the experiment to determine the effect of the different

cropping systems on soil nutrient content. In addition, we

TABLE 4 Baseline soil physical-chemical characteristics of the study

area in January 2018.

Soil parameter Value

pH 5.8

Organic matter [%] 2.5

Water holding capacity [%] 62

Available nitrogen content (hot H2O2/KCl extraction) [kg/ha] 256

Available phosphorus content (Bray 1) [kg/ha] 21

Available potassium content (NH4OAc extractant) [kg/ha] 199

compared the parameters between the initial and final soil

samples to determine any possible residual effects created by

the different treatments. The yields, costs, revenues, and gross

margins were compared between treatments of the same season.

However, yield comparisons between seasons for the different

treatments were only possible between LR2018 and LR2019

since they involved the same crops. In addition, the accumulated

revenues and gross margins for each treatment across the

four seasons were calculated to identify the most profitable

cropping system.

Impact of OMM strategies on soil
physical-chemical properties

The soil pH was moderately acidic (pH ranges between

5.3 and 6.0) both before and after experimentation (Pawar

et al., 2009) (Tables 4, 5). In addition, there were no significant

differences in soil pH among all the five treatments after the

experiment (P > 0.05) (Table 5). Like pH, the WHC was not

significantly different among all the treatments after the study

period (P > 0.05), but the amounts were higher after than before

the soil was subjected to the different treatments (Tables 4, 5).

The OM content of soil tested before the experiment was high,

while that of soils tested after the experiment was very high

(Tables 4, 5) (Pawar et al., 2009). However, the OM content

of the soil collected after the experiment was not significantly

different among all treatments (P > 0.05) (Table 5). The plant-

available N content can be described as low (140–280 kg/ha) in

soils tested before the experiment but high (562–700 kg/ha) in

soils tested after the experiment (Pawar et al., 2009) (Tables 4,

5). In addition, plant-available nitrogen in soil collected after

the experiment was not significantly different among all the five

treatments (P > 0.05). For the plant-available P, the content

was within the medium range (13–22 kg/ha) before and after

subjecting the fields to the experimental conditions (Pawar

et al., 2009) (Tables 4, 5). The P content in soils collected after

the experiment was however not significantly different among

all the treatments (P > 0.05) (Table 5). The plant-available K

content was moderate (181–240 kg/ha) before the study and
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TABLE 5 Comparison of soil physical-chemical characteristics between treatments after the experiments in January 2020.

Characteristics T1 T2 T3 T4 T5 p-value

pH 5.5 (0.1) 5.5 (0.1) 5.5 (0.1) 5.5 (0.1) 5.5 (0.1) ns

OM [%] 3.1 (0.2) 3.2 (0.2) 3.1 (0.2) 3.1 (0.2) 3.1 (0.2) ns

Water holding capacity [%] 74.3 (0.2) 74.1 (0.2) 74.1 (0.2) 74.0 (0.2) 74.2 (0.2) ns

N (hot H2O2/KCl extraction) [kg/ha] 537 (24.6) 506 (24.6) 519 (24.6) 506 (24.6) 489 (24.6) ns

Bray 1- P [kg/ha] 20 (1.0) 22 (1.0) 22 (1.0) 21 (1.0) 20 (1.0) ns

K (NH4OAc extractant) [kg/ha] 302 (4.6) 293 (4.6) 293 (4.6) 290 (4.6) 298 (4.6) ns

Ns, not significant; OM, organic matter; N, nitrogen; P, phosphorus; K, potassium. Values in parentheses represent the standard error of the mean.

TABLE 6 Comparison of grain and residue yields between treatments

over 4 crop-growing seasons during 2018 and 2019.

Treatments SR2018 LR2018 SR2019 LR2019

Grain yields [ton/ha]

T1 5.5 (0.3)b 4.4 (0.5) a 4.4 (0.4) b 5.8 (0.7) b

T2 1.0 (0.3) a 4.0 (0.5) a 3.2 (0.4) a 5.6 (0.7) b

T3 0.4 (0.3) a 3.5 (0.5) a 2.7 (0.4) a 4.8 (0.7) a

T4 0.6 (0.3) a 3.3 (0.5) a 2.4 (0.4) a 6.1 (0.7) b

T5 0.7 (0.3) a 4.0 (0.5) a 3.0 (0.4) a 7.0 (0.7) b

Plant residue yields [ton/ha]

T1 17.9 (0.7) b 10.8 (0.9) a 10.8 (0.8) b 14.5 (1.4) a

T2 2.9 (0.7) a 9.8 (0.9) a 7.7 (0.8) a 15.4 (1.4) a

T3 3.9 (0.7) a 8.1 (0.9) a 6.1 (0.8) a 15.0 (1.4) a

T4 2.9 (0.7) a 8.3 (0.9) a 6.1 (0.8) a 15.1 (1.4) a

T5 3.6 (0.7) a 9.9 (0.9) a 7.6 (0.8) a 15.8 (1.4) a

For each variable per column, values followed by different small letters (a,b) are

significantly different at P < 0.05. Values in parentheses represent the standard error of

the mean.

moderately high (241–300 kg/ha) after the study (Pawar et al.,

2009) (Tables 4, 5). From the soil samples collected after the

experimental period, there were no significant differences in

plant-available K content observed among all the treatments (P

> 0.05) (Table 5).

Impact of OMM strategies on dry matter
yield of crops

A season-per-season yield comparison for different

treatments showed that DM grain and residue yield were

significantly higher under T1 than in OMM treatments (T2-T5)

during the SR (P > 0.05) (Table 6). The DM grain and residue

yields in T1 were however not significantly different from those

in the OMM treatments during the LR except for T3 were grain

yields were lowest in comparison to other treatments (P > 0.05)

(Table 6). Considering the OMM treatments (T2-T5) in SR

alone, there were no significant differences in DM grain yield

and DM residue yield observed (P > 0.05) (Table 6). Since the

treatments in LR2018 and LR2019 were similar, DM grain and

DM residue yields were compared between the two seasons.

The DM grain and DM residue yield however increased from

LR2018 to LR2019. For instance, treatments T4 and T5 showed

the highest grain yield increase of 46.3 and 42.6%, respectively

from LR2018 to LR2019. T1 had the lowest grain yield increase

of 24.2 %, whereas, in T2 and T3, the yield increase amounted to

29.0 and 25.9 %, respectively from LR2018 to LR2019 (Table 6).

The crop residue yield increased by 25.2, 36.4, 36.9, 45.0, and

46.1% for T1, T2, T5, T4, and T3, respectively from LR2018 to

LR2019 (Table 6).

Costs of establishment and maintenance
of OMM strategies

Generally, the accumulated total variable costs for the

entire four-season rotation system, which included an additional

annualized capital cost of 25 US$ to T4 and T5 for the

establishment and maintenance of F. albida alleys were

significantly lower in T2 than in other treatments (T1 and T3-

T5) (P < 0.05). The total variable costs for the entire four-

season rotation were however not significantly different between

T1, T3 andT4 (P > 0.05) (Table 7). In a season-per-season cost

comparison, the total variable costs were significantly higher

under T3 and T5 than in other treatments during SR (P <

0.05). For the LR, the total variable costs were on the other hand

significantly higher under T1 than in treatments with OMM

strategies during LR2018 but these costs were not significantly

different between T1 and T3-T5 during LR2019 (P < 0.05)

(Table 7).

Revenues and gross margins generated
through establishment and maintenance
of OMM strategies

The total grain revenues for the entire four-season rotation

system were not significantly different among T1, T2 and T5. It

was significantly higher under T1, T2 and T5 than in T3 and T4.
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TABLE 7 Comparison of total variable costs incurred during implementation of treatments in the four crop-growing seasons during 2018 and 2019.

Treatments SR2018 LR2018 SR2019 LR2019 Total

Average variable costs [US$/ha]

T1 385.4 a 456.8 c 366.1 a 427.5 b 1635.7 b

T2 371.4 a 371.1 a 352.9 a 344.0 a 1439.4 a

T3 428.6 b 413.9 b 407.0 b 385.8 b 1635.2 b

T4 396.3 a 428.2 b 377.7 a 423.7 b 1626.0 b

T5 453.4 b 428.2 b 431.8 b 423.7 b 1737.2 c

For each variable per column, values followed by different small letters (a,b,c) are significantly different at P < 0.05. 25 US$ were added to T4 and T5 per season as an annualized capital cost

for integrating F. albida alleys.

TABLE 8 Comparison of grain revenues and gross margins between treatments over 4 crop-growing seasons during 2018 and 2019.

Treatments SR2018 LR2018 SR2019 LR2019 Total

Grain revenues [US$/ha]

T1 933.7 (133.2) b 756.0 (80.0) a 756.0 (168.9) a 997.0 (114.3) b 3442.7 (258.8) b

T2 575.8 (133.2) a 685.3 (80.0) a 1819.3 (168.9) b 965.5 (114.3) b 4045.9 (258.8) b

T3 252.2 (133.2) a 605.2 (80.0) a 1514.3 (168.9) b 816.3 (114.3) a 3188.0 (258.8) a

T4 319.2 (133.2) a 559.3 (80.0) a 1386.9 (168.9) b 1041.9 (114.3) b 3307.2 (258.8) a

T5 373.7 (133.2) a 692.3 (80.0) a 1702.7 (168.9) b 1206.9 (114.3) b 3975.5 (258.8) b

Gross margins [US$/ha]

T1 548.3 (133.2) b 299.2 (80.0) a 390.0 (168.9) a 569.5 (114.3) b 1807.0 (258.8) b

T2 204.4 (133.2) a 314.3 (80.0) a 1466.4 (168.9) b 621.5 (114.3) b 2606.5 (258.8) b

T3 −176.4 (133.2) a 191.3 (80.0) a 1107.4 (168.9) b 430.6 (114.3)a 1552.8 (258.8) a

T4 −52.3 (133.2) a 131.1 (80.0) a 1034. 0 (168.9) b 643.0 (114.3) b 1755.8 (258.8) b

T5 −54.9 (133.2) a 264.0 (80.0) a 1295.7 (168.9) b 808.0 (114.3) b 2312.9 (258.8) b

For each variable per column, values followed by different small letters (a,b) are significantly different at P < 0.05. Values in the parentheses represent the standard error of the mean.

From the season-per-season grain revenue comparison, it can be

seen that the grain revenue in SR2018 was significantly higher

under T1 than in treatments T2-T5 with the OMM strategies

(Table 8). For SR2019, grain revenue was significantly higher in

T2-T5 than in T1 (P < 0.05), and no significant differences in

grain revenues were observed among treatments T2- T5 (P >

0.05). For the LR2018 and LR2019, no significant differences

in grain revenues were observed among all the treatments (T1-

T5) except T3, which yielded lower revenues than in other

treatments during LR2019 (Table 8).

Gross margins followed a similar trend as the grain revenues

except for the entire rotation where T3 resulted into the lowest

gross margins in comparison to other treatments (P < 0.05).

The gross margins were reduced by 28.9% for T1 and increased

by 86.0, 115.9, 105.0, and 104.0% for T2, T3, T4, and T5,

respectively from SR2018 to SR2019. For the long rains, the gross

margins increased for all treatments by 48.0, 49.0, 56.0, 79.0, and

67.0%, and for T1, T2, T3, T4, and T5, respectively, from LR2018

to LR2019 (Table 8).

The results of the price sensitivity analysis indicate that the

total gross margins under T1, T2, T3, T4, and T5 that would

be obtained from the lowest prices of the crops grown in the

entire rotation system would be 34, 60, 85, 72, and 66% lower

than the gross margins obtained from the 2018 farm gate prices

respectively. The gross margins that were calculated from the

highest prices under T1, T2, T3, T4, and T5 would be 132,

45, 63, 62, and 56% higher than the ones obtained from the

2018 farm gate prices respectively (Figure 3). For the season-

per-season comparison, the lowest maize price would result in

29% lower gross margins whereas the highest maize price would

result in 120% higher gross margins than those obtained from

the 2018 price during SR2018. For cowpeas, the price in 2018

was the lowest but the highest price would result in a 29, 15,

15, and 24% increase in gross margins for T2, T3, T4, and T5

respectively. During LR2018, the lowest maize price would result

in 37, 40, 58, 86, and 52% lower gross margins for T1, T2, T3,

T4, and T5 respectively than those obtained with the 2018 farm

gate price. The highest maize price would result in 180, 151,

219, 287, and 177% higher gross margins for T1, T2, T3, T4,

and T5 respectively than those obtained from the 2018 farm gate

price. For SR2019, the lowest maize price would result in a 37%

reduction in gross margins while the highest maize price would

result in a 133% increase in gross margins. For beans, the lowest

price would result in 84, 93, 91, and 89% lower gross margins

than those obtained from the 2018 farm gate price for T2, T3,

T4, and T5 respectively. The 2018 bean price was the highest
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FIGURE 3

Comparison of gross margins (US$/ha) with di�erent price

scenarios among treatments over 4 crop-growing seasons

during 2018 and 2019.

farm gate price from 2010 to 2018. In LR2019, the lowest maize

price would result in 35, 33, 41, 32, and 29% lower gross margins

while the maximum maize price would result in 118, 103, 125,

110, and 101% higher gross margins than those obtained from

the 2018 farm gate price for T1, T2, T3, T4, and T5 respectively

(Figure 3).

Discussion

Impact of OMM strategies on soil
physical-chemical properties

The higher plant-available form of N in soils sampled after

the experiment than those sampled before could be attributed

to the legume-maize rotation practice for treatments T1-T4

with OMM practices and the DAP together with crop residue

application for T5. Moreover, there is evidence that the inclusion

of legumes into a cropping system can improve soil N and other

nutrients that are crucial for crop growth (Houngnandan et al.,

2000; Imoro et al., 2013; Nassary et al., 2020). The nutrients

accumulated by such systems could have improved crop growth

with higher grain and crop residue yields. The incorporation of

crop residues into the soil could have further increased the OM

and soil nutrients. These results are in agreement with a study

by Bu et al. (2020) where crop residue incorporation increased

soil organic carbon and total N concentrations by 18.81 and

22.73%, respectively in a 12-year experiment that was established

in 2007. Water holding capacity was higher after the experiment

(74.0–74.3 %) than before (62%). This could be explained by

the organic matter formed after the decomposition of the crop

residues incorporated in all the treatments. The pH levels were

however within the same range before and after the experiment,

possibly, because both soil sample sets were collected in the

samemonth although in different years (January 2018 and 2020).

The plant-available P content from DAP in T1 and the different

combinations of OMM strategies in the other treatments did not

substantially change, compared to the situation before the trials.

The reasonmight be the low nutrient contribution by the applied

50 kg/ha DAP for T1 and the organic materials such as crop

residues incorporated in T2-T5 or export of nutrients via crop

harvest for all treatments.

The similar effect in pH,WHC, and the plant-available forms

of N, P, and K after the experiment could be explained by the

nutrient uptake by the crops during the crop growing season as

the soil was sampled 1 week after harvesting the grain.

The soil after our experiments had higher N and K levels

(489–537 and 290–302 kg/ha respectively) compared with the

recommended nutrients (180, 74 and 157 kg/ha of N, P and K

respectively) that are required for propermaize growth (MAAIF,

2019). However, the P levels (20–22 kg/ha) were below the

recommended levels. If phosphorus levels were increased, the

yields would probably increase further. Since this study only

focused on macronutrients, future studies should also test the

impact of OMM strategies on soil micronutrients.

Impact of OMM strategies on dry matter
yield of crops

Organic matter management is an important strategy for

improving soil fertility and DM crop yield (Lupwayi et al., 2011;

Akmal et al., 2015; Beuschel et al., 2019; Bu et al., 2020). The

significantly higher DM grain and residue yield in T1 than in

the OMM treatments (T2-T5) during SR could be explained

by the different crops integrated into the different treatments

as T1 involved maize while T2-T5 had cowpeas during SR2018

and beans in SR2019. In the LR, the observed DM maize grain

yields for all the treatments were 1.8–5.5 tons/ha higher than

the 1.5 tons/ha average yield reported on some Ugandan farms

that neither employ hired labor nor apply organic manure

and mineral fertilizers (Simtowe et al., 2019). This could be
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explained by the multiple pre-crop effects on soil characteristics

and nutrient supply for treatments T2-T5, and the crop residues

and DAP fertilizer that were applied under T1. For instance, the

higher maize yield of 4 tons/ha in T2 during LR2018 than the 1.5

tons/ha average Ugandan farmers’ yield could be related to the

N2 fixed and other nutrients added to the soil by cowpea biomass

accumulated during SR2018. These results are in agreement

with Vesterager et al. (2007) in a Tanzanian farm where maize

yield doubled in a field when maize followed a cowpea pre-crop

compared to a maize mono-cropping system.

A similar effect in DM grain and residue yields during LR

among all the five treatments is not surprising. It could be

attributed to the improved soil OM and availability of N and

K that resulted from the application of the OMM strategies for

T2-T5 and the inorganic fertilizer DAP and maize residues for

T1. This similar effect is an indicator that the cereal-legume

rotation system and crop residue incorporation for treatments

with OMM strategies can result in yields that are similar to

the ones in T1 with 50 kg/ha DAP fertilizer and maize-crop

residue incorporation.

The higher maize grain and residue yield in LR2019 than

in LR2018 could be explained by several factors. First, the

better rainfall distribution in LR2019 than in LR2018 could

have supported crop growth hence higher yields in LR2019.

In addition, the lower maize yield in LR2018 than in LR2019

might be an effect of the leaching processes that resulted from

the higher rainfall in LR2018 (plus 78.2mm) in a period where

the soil was still not fully covered by organic matter. Secondly,

the higher DM yields in the LR2019 could also be attributed

to the decomposition of plant residues as reported by Bu et al.

(2020) in a study where soil organic carbon, organic matter,

and macro aggregates increased after the decomposition of

the crop residues. Moreover, the plant residues in the OMM

strategies contained up to 6620, 411, and 3333 kg/ha of total N,

P and K respectively while those under the fertilizer application

strategy contained 243, 23 and 119 kg/ha of total N, P and K

respectively (Ekyaligonza et al., 2022). For T2-T5, the higher

maize yield during LR2019 than in LR2018 could have occurred

as feedback on the incorporated crop residues of the bean pre-

crop in SR2019 and its N2 fixation (see also Nassary et al.,

2020). Thirdly, the organic matter accumulation by the OMM

treatments could have improved soil nutrients and crop growth

hence higher maize yields. Moreover, OMM strategies such as

FYM application can improve soil nutrients that would favor

crop growth (Motsi et al., 2019). In addition, FYM application

improves soil organic carbon, which in turn influences the soil’s

physical properties responsible for improving crop growth (Xiao

et al., 2022). The impact of FYM on yield was also observed in

trials by Shibabaw et al. (2018) where FYM was applied in the

field at a rate of 5 tons/ha, and Kumar et al. (2011), where it

was applied at a rate of 12 tons/ha. Fourthly, the higher crop

yield under the treatments with F. albida could be explained

by nitrogen fixation as F. albida trees are known to fix about

39 kg N/ha/year (Toure et al., 1998; Umar et al., 2013), but the

amount of nitrogen fixed is expected to increase as the trees

grow. F. albida is also known for improving soil organic carbon

(SOC), total N, available P, and total K (Birhane et al., 2018;

Yengwe et al., 2018), but also for other nutrients accumulated

in the branches. The maize yield in treatments with F. albida

alleys was however higher than the amounts observed in Yengwe

et al. (2018) where maize yield in fields with 8, 12, and 22-year F.

albida trees with DM litter-fall of 0.9–3.9 ha−1 from 2014–2016

was analyzed. The yield difference between what is observed in

the current study and other studies could be attributed to the

additional role of other OMM strategies such as crop rotation,

integration of M. pruriens, and crop residue incorporation that

were applied into the field. Crop yields are expected to increase

when F. albida alleys attain an age of about 20 years (Dilla et al.,

2019). Fifth, M. pruriens which was intercropped with maize

in treatments T3-T5 could have also contributed to nitrogen

fixation, which in other trials in Africa is estimated to fix up to

177 kg N/ha, as well as increasing the SOC, and other minerals

in plant-available forms (Houngnandan et al., 2000; Imoro et al.,

2013). Under climate conditions similar to those of the study

area, the decomposition of M. pruriens can be attained within

6–7 weeks (Saria et al., 2018). An increase in DM maize grain

yield in LR2019 for the treatments with OMM strategies is

an indicator that the strategies can improve both food and

income security.

For the DM residue yield, its increase under the OMM

treatments during the LR2019 shows that the applied cropping

systems have the potential to increase biomass, which when

incorporated into the soil can recycle the nutrients hence

improving the soil organic matter. In the subsequent years, it

can be expected that the OMM strategies’ additional biomass,

nitrogen, and higher availability of nutrients can lead to higher

soil fertility with positive impacts on crop yields than what we

observed in LR2018 and LR019.

Costs of establishment and maintenance
of OMM strategies

The application of OMM strategies is expected to improve

crop yield with lower costs incurred than the inorganic

fertilizer application strategy. Our results show that T2 involved

significantly lower accumulated variable costs than all the

treatments during the entire four-season rotation. This could be

explained by the lowest labor and seedling costs incurred during

the establishment and maintenance of the cropping system in

comparison to other treatments. Indeed, T2 only involved the

application of simple OMM strategies; majorly maize-legume

rotation and crop residue incorporation without incurring any

cost of purchasing DAP, as well as preparing and applying FYM.
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During SR, the total variable costs incurred were higher

under T3 and T5 than all other treatments, and this could be

attributed to the extra labor costs of 57.15 and 54.05 US$/ha

that were incurred for each of the two treatments during SR2018

and SR2019, respectively. These extra costs resulted from dung

collection from the livestock farm and the preparation and

application of FYM in the field. These extra labor costs can

however enable farmers to generate additional income on their

farms. Conversely, the higher total variable costs under T1

than the treatments T2-T5 with OMM strategies during LR2018

could be explained by the cost incurred in purchasing DAP

fertilizer and the labor costs for applying it in the field. This

study shows that the costs involved in the application of OMM

treatments begin to reduce by the second season when the same

crop is grown.

Revenues and profits generated through
establishment and maintenance of OMM
strategies

During the SR2018, the higher revenues and gross margins

obtained in T1 than in the treatments T2-T5 with OMM

strategies could be explained by the different crops planted in the

different treatments since T1 involved maize monocrop while

treatments T2-T5 involved cowpeas. The maize and cowpeas

differed in yield and price, hence affecting the grain revenues

and gross margins. The lower revenues and gross margins under

T1 than in treatments with OMM strategies in SR2019 could

be explained by the lower selling price of maize (0.17 $/kg)

that was planted under T1 than the beans (0.86 $/kg) planted

under T2-T5.

Obtaining a similar effect in terms of grain revenues and

gross margins among treatments T1, T2, T4 and T5 during the

LR where maize was a common crop for all treatments could

be explained by the impact of the different soil amendment

strategies. Moreover, the yields obtained were not significantly

different among the same treatments in the LR. From the

gross margin results obtained during the LR and the total

gross margins after the entire four-season rotation, this study

suggests that the OMM strategies, while contributing more to

soil fertility, as shown in several studies (Lupwayi et al., 2011;

Akmal et al., 2015; Birhane et al., 2018; Beuschel et al., 2019;

Bu et al., 2020), are as profitable as the inorganic fertilizer

application strategy.

The price sensitivity analysis showed that all the crops in this

study are affected by price fluctuation, which would in turn affect

gross margins. Based on the range of gross margins in SR2018

and LR2018, the results indicate that T1 has a higher sensitivity

to price fluctuation while T4 has the least in comparison to

other treatments. This could be explained by the higher maize

price fluctuation in T1 than in cowpeas that were planted in

T2-T5. In SR2019, T2 showed the highest sensitivity to price

fluctuation while T1 showed the least in comparison to other

treatments. This could be explained by the higher bean price

fluctuation compared to the maize. In the LR2019, T5 showed

the highest sensitivity to price fluctuation while T3 showed the

least in comparison to other treatments. The total gross margins

of the entire rotation system however indicate that T1 has the

highest sensitivity to price fluctuation while T3 has the least,

in comparison to other treatments. Based on the gross margin

trends per season and the total gross margins for the entire

rotation system, it can be seen that T1 is the riskiest strategy

while T3 and T4 are the least risky strategies in comparison to

T2 and T5. The lower sensitivity levels of gross margins under

T3 and T4 than the maize monocropping system in T1 could

be explained by the wide maize price fluctuations in comparison

to the diversified rotation systems in T3 and T4. This implies

that T3 and T4 would have a higher adoption potential by the

smallholder farmers than T1, T2, and T5.

Conclusion

During this two-year study, the OMM strategies attained

similar maize crop yield as the mono-cropping system with

DAP and maize residue application. Future effects of OMM

strategies on soil productivity can be expected on this sandy,

low-pH soil with a low buffer capacity. In addition, the

revenues and gross margins from the maize yields under

the treatments with OMM strategies were similar to the

mono-cropping / inorganic fertilizer application approach.

Moreover, the total variable costs, inclusive of monetarized

family labor were higher in the treatment with inorganic

fertilizer application than in the treatments with OMM

strategies during LR2018 and they were not significantly

different from the OMM strategies of T3-T5 during LR2019.

In addition, the application of OMM strategies proved to be

as profitable as the inorganic fertilizer application strategy.

The continuation of OMM is expected to increase soil

fertility indicators and consequently crop yield and farm

economy. The price sensitivity analysis however showed that

the gross margins under T3, which involved FYM application,

maize-M. pruriens intercrop and a legume-maize rotation;

and T4, which involved F. albida alleys, maize-M. pruriens

intercrop and a legume-maize rotation are less sensitive to

price fluctuation. Due to this advantage, T3 and T4 have

a high adoption potential by smallholder farmers. Moreover,

smallholder farmers can access the planting materials for T3

and T4.

The results of this study were however based on only

four crop-growing seasons. Both cropping systems are at risk

of soil-borne diseases and need further development. Future
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studies should be conducted for at least eight seasons (four

years), involving at least four food crop families or different

cereals to ascertain whether the OMM strategies will increase

the yields and profits in subsequent crop-growing seasons,

as well as analyze the effects on soil fertility indicators.

Another study should consider varying FYM and nutrient

levels to determine whether the results will be different from

what we observed. The soil micronutrient levels should also

be determined in future studies. Since phosphorus was low

in all treatments before and after experimentation, future

studies should also consider the inclusion of an input with

liming effect for the inorganic fertilizer application treatment

and the plant materials that can increase phosphorus in the

OMM treatments.
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