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Excecutive Summary  

 
The German Stiftung Sabab Lou has been working with Anoshe Women’s Group 

(AWG), a local NGO, to intensify soybean (Glycine max) production in 5 communities 

in Chereponi District, in Ghana’s Eastern Corridor. Founded in 2012, the AWG aims to 

increase the incomes of local women through agriculture. The AWG provides tractor-

ploughing services in exchange for a part of the soybean harvest and also buys soy-

beans directly from the producers. Since 2013, four-person inter-disciplinary teams 

have been conducting research in the area at the behest of Sabab Lou, with funding 

obtained from the Anton and Petra Ehrmann Stiftung, Ausgleichsstifung Landwirtschaft 

und Umwelt Stiftung and Fiat Panis. Previous research has largely focused on issues 

pertinent to the development of the organization (AWG) and the empowerment of its 

beneficiaries. Soybean specific field trials were also carried out in 2014 and 2015, fo-

cusing respectively on investigating best management practices and optimal fertiliza-

tion schemes. The research discussed in this document represents the third year of 

field trials carried out in Chereponi District, undertaken from June to November 2016, 

coinciding with the rainy season in Ghana’s North-East Corridor. 

Previous research in the area had exposed phosphorus deficiency in local soils as the 

key limitation to increasing agricultural productivity (Archibong, 2015). However, in-

creasing population pressure has also nearly eliminated fallow periods in the area, and 

slash-and-burn style agriculture does little to promote the maintenance of soil organic 

matter (SOM) pools vital to assuring sustainable production – especially in the context 

of a shift towards intensified production. The research outlined in this paper employs an 

integrated soil fertility management (ISFM) approach to evaluate the effect of organic 

matter (OM) and mineral fertilization on the development and yield of soybean in North-

East Ghana. 

Research was undertaken in 3 communities in Chereponi District with a total of 14 ex-

perimental fields. In each field, two separate trials were set up, the first with conven-

tionally prepared plots where soil was tilled and leveled and the other with ridging as a 

method of soil preparation. Due to the difficulty of ridging individual subplots, both ex-

periments had to run parallel but separate. Multi-factorial trials were laid out in a ran-

domized complete block design (RCBD), investigating organic matter inputs and fertili-

zation (TSP) application rates. 
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Results indicate that manure combined with TSP fertilization significantly increases 

early stage soybean growth and development. In the absence of manure, ridging also 

appears to have a positive effect on soybean growth parameters when compared to the 

un-ridged plots. Yield data, if analyzed on the field-to-field level, reveals that 6 out the 

14 experimental fields (46%) were relatively non-responsive to TSP fertilization without 

additional organic matter inputs. No significant yield differences were detected between 

the 2 OM sources, or the 2 application rates – while higher fertilizer application rates 

also produced no significant increase in yield. Where soils were responsive to fertiliza-

tion, or where OM was added, yields in the range of 2T to 2.2T ha-1 were commonly 

observed. 

The research clearly indicates that improved OM management must play a key role in 

any effort to intensify smallholder farming systems in the region. Mineral fertilization on 

its’ own will not provide long term and sustainable production solutions. Much more 

research is required on the local level to investigate the potential for increasing OM and 

nutrient cycling efficiency on the farm and landscape level. This process will require a 

powerful level of farmer involvement to produce meaningful and scalable solutions. 
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1 Introduction 

 

1.1 Regarding agricultural intensification in Sub-Saharan 
Africa (SSA)  

Despite the promise of the Green Revolution to solve the joint problems of hunger and 

poverty, 795 million people across the planet remain undernourished (FAO, 2015). This 

total refers to those who do not have the food necessary to fulfill their daily energetic 

needs, not encompassing those affected by micronutrient deficiencies, or so-called 

“hidden hunger”. The World Bank and the ILO concur that relative to other sectors, 

agriculture presents the greatest opportunities for ending poverty and hunger – yet tar-

geted efforts to develop agriculture have had mixed results globally, and a far worse 

track record in Sub-Saharan Africa (Rosegrant et al, 2005).  

Intensifying Africa’s agriculture has been a keystone issue for development agencies, 

but the fact remains that development paradigms have succeeded each other without 

greatly altering the social status of the majority of smallholders. The failure of the 

Green Revolution to take off in Africa in the 1960s and ‘70s prompted governments and 

development agencies to move in two vastly different directions over the years. On one 

end, bi-lateral and multi-lateral agencies pushed for de-regulation and development 

through a free market approach - focusing on developing key supply chains – while at 

the other end many NGOs promoted a low-input, conservationist oriented approach, 

strictly focused on food security and environmental conservation. The continued failure 

of either paradigm to significantly improve livelihoods over the years, as well as the 

looming challenges to food security linked with growing populations, have sparked a 

renewed interest in launching the African Green Revolution (Nin-Pratt and McBride, 

2014). The latest paradigm of “sustainable intensification” in Africa attempts to internal-

ize the lessons learned in the Asian Green Revolution and to apply them, with a greater 

emphasis on conservation, to the rural African context (Crawford et al., 2003). Africa is 

however following a very different developmental path than Asia; notably, increasing 

population densities are not necessarily leading to the lowering of labor costs neces-

sary for the rapid adoption of techniques of intensified agriculture (Nin-Pratt and 

McBride, 2014). Additionally, the tendency of development agencies to focus on scala-

ble solutions which often ignore the heterogeneous nature of the smallholder communi-
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ties, as well as the priorities of the farmers themselves, have continued to provide 

mixed results in smallholder communities (Van Asten et al., 2009). 

Africa faces unique challenges that defy the broad-scale adoption of new techniques 

and technologies. Notably, issues of land-holding size, land tenure and legality, corrup-

tion as well as access to inputs, technologies and markets all restrict the implementa-

tion of scalable agricultural solutions (Gowing and Palmer, 2008). In other words, the 

adequate preconditions are not in place for wide-scale adoption of new technologies, in 

the way that the no-tillage revolution occurred in Brazil (ibid). This helps to understand 

why some of the most well intentioned development paradigms, such as Conservation 

Agriculture (CA), which has zero or minimum tillage as one of its main precepts, have 

failed to be massively adopted over the years despite enormous capital investments on 

the part of governments and NGOs. According to Ken Giller, any dogmatic approach to 

agricultural development that does not fully try to understand particular “socio-

ecological niches” and adapt according to local situations is doomed to failure in Sub-

Saharan Africa (Giller et al., 2009). While marketed as a “holistic” package, CA failed to 

resonate in the context of African smallholder farming, as very few farmers can afford 

the risk of adopting a broad array of radical new technologies at once – nor do all the 

promoted technologies make sense in all contexts (ibid). In fact, it has been estab-

lished in manifold situations that switches to conservation agriculture do promote yield 

losses in the short term as opposed to conventional agriculture (Dalton et al., 2014). 

Overall, the body of research is in concurrence that these losses are temporary, and 

that CA does yield benefits in the long term - but the lack of short-term yield response 

is certainly a key factor influencing low adoption rates, although proper training, support 

and access to inputs are also identified as important limitations (ibid).  

Many researchers argue for a significant break from CA, and embrace a new paradigm 

combining different tools, including those of the Green Revolution, in an attempt to syn-

thesize a best-fit package for local conditions. Vanlauwe argues that without the addi-

tion of synthetic fertilizers to the arsenal of conservation agriculture there will be no 

possibility of closing yield gaps (Vanlauwe et. al, 2014). Furthermore, with adequate 

fertilization, biomass production could provide enough ground cover so as to limit ero-

sion and further degradation of the resource base (ibid). Thus, the new paradigm in 

SSA development represents a shift away from “resource-saving to productivity-

enhancing” in order to meet the current needs of the Continent (ibid). As populations 

are expected to reach 9 billion by 2050, spurred on by the high birth rates in SSA, the 

threat of increasing population pressure on the land causing further degradation and 

food insecurity looms large. According to Don Lotter, “The only route out of African food 
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insecurity in the next decade is via sustainable intensification—the use of both 

agrichemicals and organic methods together” (Lotter, 2014).  

It should be noted that distrust of the objectives and methods of the “New Green Revo-

lution” are fairly widespread. It is recognized that while many technical aspects are use-

ful and adopted by smallholders “the underpinning emphasis on commercialization 

does not allow room for them to practice site-specific soil fertility management (SFM) 

and subsistence mechanisms that they have developed as responses to risk” (Bell-

wood-Howard, 2014).  Questions can certainly be raised as to whether or not the “new 

green revolution” truly represents a farmer empowering operation – or whether in face 

of a new and disturbing crisis, foreign entities are once again acting in an authoritarian 

manner to “save” Africans from themselves – all the while imposing a free-market ide-

ology potentially harmful to those least powerful (ibid). 

1.2 The Integrated Soil Fertility Management (ISFM) approach 
in the context of SSA smallholder farmers 

 

One of the dominant paradigms for sustainable agricultural development is termed “In-

tegrated Soil Fertility Management “(ISFM). ISFM advocates the maximum use of local-

ly available resources and “the combined application of organic and mineral inputs, in 

an economically and socially acceptable way” (Vanlauwe, 2004). The ultimate goal of 

ISFM is to maximize the positive interactions that occur when fertilizer, organic matter, 

improved germplasm and local knowledge are thoughtfully combined and applied to 

farmers’ fields. The research outlined later in this document aims to explore possibili-

ties for an ISFM approach to soybean farming in Chereponi District. 

 

Certain aspects of the ISFM approach are polemical. Specifically, the use of hybrid 

seeds and fertilizer can increase labor for women due to higher planting densities as 

well as time needed for fertilizer application; meanwhile, hybrid varieties are more deli-

cate, drought-prone and difficult to intercrop with groundnut, cowpea and beans (Nyan-

takyi-Frimpong and Kerr, 2014). “Instead of accelerating the use of input-intensive agri-

culture, policy attention could focus more on supporting diversified farming practices, 

encouraging on-farm biological diversity, and less use of costly external inputs” (ibid). 

This viewpoint, warning against “New Green Revolution” overzealousness, does reso-

nate in the context of smallholder farmers in North-East Ghana. Women and children 

overwhelmingly provide the labor of weeding and fertilizing. Thus ISFM approaches 
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aiming to make land more productive per unit area must also be highly sensitive to ad-

ditional labor costs incurred. Even if new management methods do raise yields sus-

tainably, they will not be adopted if the labor requirements outstrip the labor availability 

– thus any increase in productivity will likely necessitate an uptake in a labor saving 

technology. 

 

With these warnings in mind, the question remains: how can agriculture be developed 

to become more productive per unit area in order to support the growing population – 

and also to provide additional income and a pathway for smallholders out of poverty? 

While a diversified, low-input slash and burn style agriculture may have once been sus-

tainable, population pressure on the land and decreasing fallow periods are leading to 

a cascading effect of environmental degradation. While an argument could be made 

that ISFM misapplied risks endangering the independence and resilience of smallhold-

er systems, smallholder systems in many places are already being pushed to limit of 

their capacity. 

One of the recurring quandaries addressed in the literature is the need for biomass to 

restore soil fertility, as well as to feed livestock where systems do not produce enough 

for both purposes. Without the addition and maintenance of OM, highly degraded soils 

may be unresponsive to the application of synthetic fertilizers (Lotter, 2014). As crop 

stubble is ubiquitously required to feed livestock in Northeast Ghana, especially during 

the dry season, OM maintenance in fields is a major challenge. Thus, locally developed 

strategies for OM management are necessary parts of an ISFM approach; this is where 

local knowledge and farmer expertize enter the equation. 

Fertility gradients are commonly identified in smallholder farming communities in Gha-

na, and West Africa generally. “Compound fields” are closer to houses have higher OM 

content and comparably higher fertility while the “bush fields” further away have poor 

fertility status as they benefit little from animal fertilization and nutrient cycling from 

household waste (Nyantakyi-Frimpong and Kerr, 2014). It would logically ensue that 

different fields should benefit from different cropping strategies based on both the fertili-

ty gradient as well as farmer’s preferences and priorities. ISFM does not need to be 

dogmatically applied, but could be treated as tool-box from which farmers can pick and 

chose to best fit their needs and their current land situation (Giller et al. 2009). While 

compound fields closer to homesteads may be more apt to benefit rapidly from high-

input ISFM practices, bush fields could still be managed with more low-input strategies 

aimed at restoring fertility on these fields in the long term.  
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With that said, it is argued by some that there is a basic disconnect between the ISFM 

theory and how it is applied and adopted in practice – and that indeed lack of adoption 

of key components of ISFM means that smallholders can miss out on the intended 

synergistic effects (Lambrecht et. al, 2015). Lambrecht states: “ There is still a need to 

understand how dissemination strategies can be better adapted to the local agronomic 

and socio-economic conditions and which interventions can be put in place to address 

farmers’ adoption constraints, especially with respect to the use of complementary 

technologies” (ibid). In other words, the task of restoring and maintaining soil fertility is 

not merely an agronomical issue, but requires a broader inter-disciplinary exploration of 

local farming cultures. 

 

1.3 Research objectives 

 

Previous research with the AWG has tested basic management options as well as 

mineral fertilization and their effect on soybean yield. The prevalence of burning in the 

region, as well as the lack of OM management strategies have been identified as seri-

ous challenges to sustained agricultural production in the area – especially if agricul-

tural intensification is the objective. Changing smallholder farmers’ practices and OM 

management strategies presents unique challenges. One issue is the fierce competi-

tion for crop residues to feed livestock in the dry season, while another is the culturally 

ingrained method of burning stubble as a labor saving step in field preparation. Thus, 

certain key questions presented themselves for investigation: 

 

• What OM inputs are locally available? How will their addition to the soil impact 

soybean development and yield? Are certain application thresholds identifiable? 

• Does the addition of OM to fields, when combined with TSP fertilization, provide 

a clear and immediate yield benefit to farmers that justifies the additional labor 

requirements? 

• What is the sustainable yield potential for soybean in the region? 

 

It was anticipated that higher quality OM inputs, such as manure, would have comple-

mentary effects on soybean yield when combined with TSP fertilization. It was also 

posited that low quality inputs, such as sesame stalks, would not increase yields in the 
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short term - but could have potential for long term yield stabilization by improving the 

physio-chemical properties of soils, while not requiring much labor to maintain. 

 

Joint trials were carried out testing OM management strategies in combination with 

water management strategies in order to determine any potential crossover effects. All 

treatments were replicated in ridged and un-ridged subplots. It was further hypothe-

sized that ridging of soil, in addition to fertilization and manure application would pro-

vide the greatest possible yield benefit. 

 

Additionally, one TSP only field trial was maintained in each participating community. 

The objective of these trials was to test the validity of the TSP fertilization recommen-

dations made to the AWG by Owusu-Akuoko in 2015. The TSP-only trials also provid-

ed a baseline for soybean response to fertilizer in the absence of organic matter inputs. 

Here, the hypothesis was that the recommendation for TSP fertilization at a rate of 

100kg P ha-1 would be sufficient to overcome the phosphorus deficiency of the soil - 

even with high levels of P-fixation. 
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2 Material and Methods 

2.1 Site Description 

Research was carried out in Chereponi District, in Ghana’s Northeast corridor region. 

Chereponi District is in the Guinea Savannah ecological zone, with roughly 1100mm of 

rainfall scattered between the months of June and October. Agricultural activities are 

predominantly confined to the rainy season as access to water for dry season farming 

is limited. The main staple crops include millet, sorghum, maize, groundnut and yams, 

while cotton, sesame and soybeans are all common cash crops. The vast majority of 

the population are devoted to subsistence style, low-input farming, with agriculture be-

ing the dominant employment of roughly 84% of the population (Government of Ghana, 

2012). 

2.2 Experimental Design 

2.2.1 Plot selection and Layout 

The research was carried out in three communities in Chereponi District: Ando, Nan-

soni and Chere. 15 plots were originally selected and demarcated within farmer’s fields 

in an effort to maintain 5 fields per community. An attempt was made to use the same 

fields as previous research teams for the sake of continuity and comparability of re-

sults. One field in Chere was lost early due to flooding and subsequent waterlogging 

impairing planting, and another in Ando was entirely lost over the course of the season 

to browsing animals. 

Table 1. Location and trial type of each field included in soybean trial of 2016 

Village Field 

Code 

Experimental 

Design 

Latitude Longitude 

Ando  ARF1 TSP trial 10.150151 0.292291 

Ando ARF2 OM trial 10.156998 0.292550 

Ando ARF3 OM trial 10.157057 0.291060 

Ando ARF4 OM trial 10.166372 0.296978 

Ando ARF5 OM trial 10.171726 0.297263 
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Nansoni NRF1 OM trial 10.189914 0.200046 

Nansoni NRF2 OM trial 10.188938 0.203562 

Nansoni NRF3 OM trial 10.190041 0.203302 

Nansoni NRF4 OM trial 10.189055 0.197487 

Nansoni NRF5 TSP trial 10.211825 0.206993 

Chere CRF1 OM trial 10.266598 0.246322 

Chere CRF2 OM trial 10.260477 0.248097 

Chere CRF3 OM trial 10.246078 0.259994 

Chere CRF4 TSP trial 10.248006 0.247698 

 

In an effort to reduce site-specific effects, the experiments were originally laid out in a 

Randomized Complete Block Design (RCBD), with each field counting as a complete 

replicate and each community acting as a Block. In other terms, each field was laid out 

in a Completely Randomized Design (CRD), replicated once in ridged plots and once in 

conventionally prepared plots. In subsequent analysis, it was discovered that communi-

ty did not in fact represent an adequate blocking factor, as intra-community homogenei-

ty had been over-estimated and another strategy was employed post experiment in 

order to provide possibilities for meaningful statistical analysis – notably, each individual 

field was treated as one block. 

 

Plots were demarcated with the headland perpendicularly positioned to the dominant 

landform slope; a small contour trench and berm was subsequently built to prevent 

damage from erosion. Ridged plots were laid out on the lower side of the field slope in 

order to avoid potential run-off from the trenches spreading in the un-ridged plots. Each 

subplot was 2.5m x 2.5m, with 50 cm separating subplots to avoid treatment contami-

nation. Thus, 10 subplots were demarcated per soil preparation method (conventional 

and ridged), amounting to a total of 20 subplots per field.  

 

2.2.2 Phosphorus fertilizer trials 

Collecting sufficient OM for 15 trial fields proved challenging, due to the lack of availa-

ble resources as well time constraints. Thus, it was determined that one field per com-

munity would be kept as a phosphorus only trial, which could provide a useful baseline 

for fertilizer response without additional organic matter inputs. Locally available Triple 

Super Phosphate (TSP) fertilizer, from the Yara company, was used as the mineral 

fertilizer source. The fertilizer composition is 46% P2O5, equivalent to 20% Phosphorus. 

Fertilizer was applied at with two application rates:  
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Ø Treatment 1P: 1.25g pocket-1 or 125 kg P ha-1   

Ø Treatment 2P: 2.5g pocket-1 or 250kg P per ha-1  

4 control subplots, without TSP fertilization, were maintained in each field – 2 controls 

per soil preparation method. 

2.2.3 Organic matter and phosphorus fertilizer trials 

Two different locally available OM sources were used, manure and crop residue, at two 

application rates. Two control plots (no additional OM) were also maintained per soil 

preparation method. Each OM treatment was further replicated at two different TSP 

application rates. The manure used in the experiment was a mix of sheep, goat, cow 

and donkey. Manure was incorporated into experimental subplots at 2 different applica-

tion rates. The manure obtained for the experiment came from different sources and 

had variable moisture content. The cow manure was obtained from a larger farmer who 

corralled his animals and had high moisture content relative to the sheep, goat and 

donkey manure. The sheep, goat and donkey manure was obtained as a composite 

and was already reasonably dry. Samples were taken of these different manure types, 

weighed, sun-dried for 3 days and re-weighed in order to calculate the fresh weight 

(FW) requirements to obtain the desired dry weight (DW) application rates. The follow-

ing treatment proportions were thus devised for the desired application rates: 

 

Ø 1M: 1.68 kg cow + 0.56 kg of composite sheep / goat / donkey - 2.5 T ha-1   

Ø 2M: 3.36kg cow + 1.12kg composite sheep / goat / donkey - 5 T ha-1 

 

Sesame stubble was the only 

crop residue still available locally 

at the end of the dry season. 

Sesame is cut at approximately 

30 cm from the ground at harvest, 

thus leaving roots and part of the 

stalk in the field. These residues, 

of low nutritional value, were not 

browsed on by sheep or goats 

and thus remained in large 

enough quantities for use in the 

experiment. Sesame stalks were 
 

image 1. Subplot mulched at with sesame stalks at a rate 
of 5T ha-1 
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picked, dried and chopped into small pieces by machete. These residues were bagged 

and transported to each field site.  Sesame stalks were applied at the following rates: 

 

Ø 1R: 1.56kg DM per 6.25m2 - 2.5 T per hectare.   

Ø 2R: 3.126kg DM per 6.25m2 - 5 T per hectare. 

 

Dry matter weights were estimated by sun drying the organic matter, and then adjust-

ing by a factor of 5% to compensate for the moisture potentially remaining without oven 

drying at 105°C. Due to time constraints, the crop residues could not all be gathered, 

chopped, transported and spread before planting. Thus residues were only added to 

the fields after emergence, to avoid damaging seedlings. Residues were scattered be-

tween rows and lightly incorporated into the soil using a hand-hoe. The original experi-

mental notion had called for maintaining crop residues on the soil surface as a mulch 

layer. This however proved impractical, as pre-testing in fields showed massive trans-

location following heavy rainfall, which would inevitably contaminate the experiment. 

The treatment allocations for each field can be consulted in the figures below: 

Table 2. All treatments and application rates employed in the experiment in 14 fields in 
Chereponi district. 
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Experim
ental layout for all treatm

ents in 14 fields in C
hereponi D

istrict 
Figure 1. 
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2.3 Seeds 

2.3.1 Soybean selection and variety 

Soybeans used in the field trials were an improved variety called Jenguma, which is 

commonly used in the region. Jenguma means “stop and wait for me” in a local lan-

guage, and refers to the fact that this variety exhibits a greater capacity to resist pod 

shattering before and during harvest. The jenguma variety typically has a cycle to ma-

turity of 110-120 days. The soybeans were obtained from the AWG stock. Due to time 

constraints, the soybeans could not be effectively sorted or cleaned before planting. 

They were, however, submitted to a germination test. 

2.3.2 Germination testing 

A germination test was undertaken prior to sowing to determine the germination rate of 

seeds taken from the AWG’s stock. 5 groups of 10 seeds were placed on moistened 

serviettes in petri dishes and left in dark storage for 72 hours. Germinated seeds were 

counted and the average of the 50 seeds was used as a germination rate.    

2.4 Seedbed preparation and planting 

2.4.1 Leveling and ridging 

Following demarcation, all fields were leveled using hand-hoes, in order to both pre-

pare a more uniform seedbed and fill in large troughs created by uneven ploughing. 

Ridges were constructed after the fields had been leveled. Ploughing method proved 

too poor and inconsistent to use as a guide for forming ridges; additionally, tractor op-

erators have the habit of ploughing against the slope form so as to maximize speed. 

Due to the late arrival date of the research team and the early arrival of the rainy sea-

son, most fields in the area we already planted, included some designated for research 

purposes. Thus certain plots were already planted at time of plot demarcation, albeit 

without crop emergence. These fields were ARF2, ARF4, NRF2, NRF3, NRF4 and 

NRF5.  Various crops had been sown in each field and fields were re-leveled and at-

tempts were made to remove residue previous before re-planting. Ridges were con-

structed with the help of hand-hoes. Troughs were dug approximately 10cm deep, with 

excess soil placed onto the ridges to give the aspect of raised bed. The ridges were 

60cm wide and accommodated 2 rows of soy per ridge – the troughs were 40cm wide. 

Thus, 3 ridges were accommodated per subplot. 



 23 

 Image 2 and Image 3. Subplots marked out, leveled (on left) and ridged (right). 

2.4.2 Planting 

Soy was planted using the dibbling method, with pegs and string to provide a planting 

guide. Soybeans were planted at approximately 4cm depth, with 2 seeds per pocket. 

Pockets were spaced 5 cm apart and rows had a spacing of 40 cm, per the recom-

mendations of previous research. The research team carried out planting in collabora-

tion with the participating women and their families. At times, this included small chil-

dren and toddlers, which may have had a negative influence on emergence rates. 

2.5 Weeding and fertilization 

2.5.1 Weeding 

All plots were weeded in the first week of August, 3 to 4 weeks after sowing. Weeding 

was done with hoes and by hand. Canopy closure was achieved between 5 and 6 

weeks after sowing, and it was determined that no further weeding would be required 

as weed proliferation was greatly slowed by shading. This compared favorably to farm-

ers fields, where low planting densities meant that full canopy closure was only 

achieved later in the season, thus necessitating further weeding or losses due to com-

petition. 

 

Weeding was more problematic in the crop residue trials than in the manure trials. 

Farmers in the area, unaccustomed to maintaining OM in their fields, demonstrated 

some difficulty in hoeing the plots with the sesame stalks without disrupting the ground 

cover.  



 24 

2.5.2 Micro-dosing of TSP fertilizer 

Triple Super Phosphate was micro-dosed using specially designed paper cylinders. 

Plots were fertilized at 2 different application rates:  

 

Ø 1P or 125kg ha-1 - 1.25g per pocket 

Ø 2P or 250kg ha-1 – 2.5g per pocket   

 

The paper cylinders were tested for 

accuracy before field fertilization. 

TSP fertilizer was measured out at 

both 1P and 2P application rates 

using a Sartorius Entris Lab scale. 

Paper cones were then cut out, 

filled with the fertilizer, and adjusted 

as necessary to precisely contain 

the determined quantities. Each 

cylinder was tested for accuracy by 

repeatedly scooping TSP and 

weighing the quantities captured. After 20 tries, cylinders that deviated by more than 

10% from the desired weight were discarded. Once properly calibrated, the cones were 

reinforced with tape as a means to assure their rigidity in the field. The cylinders were 

retested in the lab and were deemed satisfactorily accurate. Results from tests are out-

lined in table 3. 

Table 3. Mean weights achieved micro-dosing TSP fertilizer from cylinders (n=100) with SEM values. 

Desired	application	rate		

g	pocket	-1	
Mean	weight	recorded		

g	pocket-1	

1.25g	(1P)	 1.32	±	0.09	

2.5g	(2P)	 2.53	±	0.02	

Fertilization was begun at 20 DAS. It was deemed best to fertilize by side-dressing 

post-emergence, with each pocket receiving its’ micro-dosed application. Phosphorus 

fixation is a serious problem in heavily weathered acidic soils where the longer the 

longer the phosphorus is in contact with the soil, the greater the risk of fixation (Holford, 

1976). Therefore, providing fertilizer closer to the time when it is required by the plant 

would increase fertilizer use efficiency. 

 
image 4. Cones designed for micro-dosing of TSP 
fertilizers 
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2.6 Growth stage measurements 

2.6.1 Emergence and density 

Emergence was measured during a period of one to two weeks after sowing. All plants 

in one row (2.5 m) were counted from each subplot in order to estimate the rates of 

emergence. During harvest, 1m2 was demarcated with string in each subplot, and be-

fore pulling the plants for harvest, total pockets as well as total plants were counted. In 

order to make emergence and final density numbers comparable, the total pockets at 

harvest were multiplied by (2.5/3) in order to account for the 3rd row included in the m2 

area harvested from. Areas in the subplots were avoided if they had large gaps due to 

animal or insect damage, so stand density at harvest was necessarily over-estimated. 

2.6.2 Plant height and side-shoots 

Plant height was measured twice in each subplot over the course of the growing sea-

son. The first measurements were taken roughly 20 DAS, while the second round of 

measurements occurred around 50 DAS. It should be noted that the first round of 

measurements occurred just prior to fertilization, while the second round occurred a 

little over 3 weeks after fertilization. 10 plants were selected at random from within 

each subplot while avoiding measuring plants within 50 cm from the subplot edges. A 

simple ruler and tape-measurer were used in the process. Plants were measured from 

their base, where they emerged from the soil, up to their apical meristem. Statistical 

analysis was carried using the PROC GLM procedure in SAS (SAS Studio) in order to 

perform simple analysis of variance (ANOVA). Least square means (LSMeans) and 

standard error of means were calculated using the pdiff and stderr functions, according 

to Piepho (2015).  

 

Side shoots were measured 32 to 34 DAS in all experimental subplots, or 6 to 8 days 

after weeding and fertilizing, depending on the field. As for height, 10 plants were 

measured per subplot. The cotyledons were not considered as side shoots, nor were 

young leaves incompletely unfurled from the apical meristem. 

2.6.3 Leaf Area 
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Leaf area measurements were undertaken destructively around 40 DAS. 1 representa-

tive plant was cut from each subplot (280 plants total). The soybean plants were 

stripped of their leaves, which were placed on millimeter paper along with subplot label; 

pictures were then taken with a digital camera. Leaf areas were later calculated by trac-

ing the leaves with Image J software, version 10.2. Subplot averages were compiled in 

Excel. 

 

2.6.4 Nodulation and above ground biomass (AGB) 

Nodulation and AGB were measured at the same time, roughly 70 DAS. One plant 

from each subplot was selected at random and dug up carefully so as not to damage 

the roots and dislocate the nodules. All nodules were counted regardless of size and 

color, and above ground plant matter was chopped and placed into labeled Manila en-

velopes to be dried at the office for subsequent weighing. Due to a lack of equipment, 

samples were simply air-dried for 3 days before weighing. 

2.6.5 Soil moisture measurements 

Soil moisture measurements were taken using a SM300–UM-1.2 soil moisture sensor 

from Delta Devices Ltd. Soil moisture measurements were undertaken in all fields 9 

times during the course of the growing season. Typically, all measurements for one 

community would be taken on the same day so as to assure that the measurements 

were reflecting the same weather conditions. If rain began before all fields were meas-

ured, data was discarded and all fields measured after the end of the rainfall event. 

Three measurements were taken at random from within each subplot, as well as one 

measurement from each trough between the ridges. The Delta device reports a value 

 image 5. Pictures taken of leaves for leaf area determination with Image J software 
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which is a volumetric water content (VWC), estimating the water content in a given soil 

volume. 

2.7 Harvest and Yield Parameters 

2.7.1 Yield and above ground biomass at harvest 

An area of 1m2 was harvested in each subplot, always including 3 rows. Pods were 

removed from all plants in the m2 area. AGB was set aside and weighed on site. Pods 

were bagged, labeled and transported to Chereponi for threshing, winnowing and 

weighing. Fresh weights (FW) were recorded and later adjusted once moisture content 

was determined through oven drying of individual plants harvested. See Individual har-

vest parameters. Each subplots’ FW yield was then adjusted by a field factor. Yield per 

subplot was further adjusted by multiplying by a factor of (2.5/3) in order to more accu-

rately estimate yield on a per hectare basis, as 3 rows were harvested from each m2; at 

the specified planting density, 250 rows would have fit in a cultivated hectare. 

 

2.7.2 Individual harvest parameters 

Yield, Pods & AGB per plant 

 

3 representative plants were harvested from each subplot. The number of pods per 

plant was recorded in the field, and plants were subsequently chopped and enclosed in 

labeled folders for transport back to Chereponi. In town, seeds were separated from 

pods and loaded into vials. These were transported back to University of Hohenheim in 

order to determine seed DW and moisture content at harvest. The vials were labeled 

and pre-coded, with pertinent tare weights having been previously recorded. Once 

seeds were packed, individual plants and pods were weighed in order to estimate AGB 

at harvest – consisting mostly of pod and stalk due to leaf abscission. The seeds were 

transported back to University of Hohenheim, and dried in an oven at 105° C for 24 

hours. Dividing seed DW by recorded FW provides an estimation of moisture content in 

the field at harvest. From this data, average moisture content of seeds at harvest was 

computed for each field, and recorded yields were adjusted accordingly on a field-by-

field basis. 
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3 Results 

3.1 Germination, emergence and plant density at harvest 

The germination rate was 88% amongst the unsorted seeds. Despite a satisfactory 

germination rate – and planting with 2 seeds per pocket - emergence proved to be low-

er than anticipated and well below the desired 50 pockets m-2. Ridging had a positive 

effect on seedling emergence – this effect was significant (p<0.001) according to f-tests 

conducted in SAS as part of the PROC GLM procedure. Numbers for plant density at 

harvest prove that some growth stage plant losses occurred in the fields, although 

ridged fields still maintained significantly more plants than their un-ridged counterparts. 

The data are summarized in the following table. 

Table 4. LS mean planting densities at emergence (n=140) and harvest (n=130) for 14 fields in 
Chereponi District split into ridged and un-ridged subplots. 

	

Soil	Preparation	Method	

Density	by	growth	stage1	 Ridged	 Conventional	

	

Pockets	m-2	

Emergence	 36.3	±	0.52	 33.9	±	0.42	

Harvest	 31.9	±	0.52	 29.6	±	0.42	

1 Emergence was measured 7-14 DAS – harvest was carried out 117 to 122 DAS. 

 

Neither OM treatment nor fertilization application rate proved to have significant effect 

on plant density (at harvest) when f-tests were conducted in SAS. On the other hand, 

density had a strong effect (p<.0001) on yield when an ANCOVA was performed in SAS 

– when adjusting for density as primary effect in the model and for treatment as a co-

variate. Linear relationships can thus be projected for yield based on end of season 

planting density, as is shown in the graph below. As no significant differences were 

observed between the OM treatments, these were all grouped into one data set. The 

regression analysis has a coefficient of determination of 0.47.  
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Figure 2. ANCOVA projecting yield at harvest time with planting density by m2 adjusted by treatment 
and fitted with linear equations. 

3.2 Plant height and side-shoot measurements 

Phosphorus Trials 

 

TSP fertilization had a significant effect upon plant height, as validated through Type I 

f-tests. Soil preparation method also had a significant effect (P<.0001) on plant height 

at both 20 and 50 DAS. At 20 DAS, ridged plants were 10% taller than un-ridged 

plants, averaging 10.4 cm, as opposed to 9.46 cm in the conventional plots. At 50 DAS 

fertilization rate and soil preparation method showed a significant interaction (P<.0001) 

when tested in a general linear model, as can be seen in the following table. 

Table 5. Soybean height for 2 fertilizer application rates (n=40) and controls (n=20) at 50 DAS 
in 3 communities in Chereponi District. 

Plant Height (cm) 

Communities 

Treatments1 

Conventional Ridging 

0 125 250 0 125 250 

Ando 28.1c 47.5a 34.9b 33.55C 46.7A 43.37B 

Chere 25.8b 31.2a 28b 35.05B 40.95A 44.67A 

Nansoni 54.7b 58.7a 51.45b 62.4A 60.3A 55B 
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a-c/A-C Means within a row with different superscripts differ (P<0.05) 
1 Treatments: 0 = Control (no TSP); 125 = 125kg-ha P; 250 = 250kg-ha P 

Although plant height was influenced by fertilization rate in different ways depending on 

soil preparation method, the 1P treatments consistently outperformed their counter-

parts. In addition to producing the tallest plants, the 1P treatments also had on average 

the most side-shoots in both ridged and un-ridged plots. Plant height and side-shoots 

LS means are outlined in the figures below. 

 

a-b/A-B Means within a row with different superscripts differ (P<0.05) 
1  = 125kg P ha-1; 250 = 250kg P ha-1; CON = No TSP  

Figure 3. LS means height and number of side-shoots including 2 fertilizer application rates 
(n=120) and controls treatments (n=60) and 2 soil preparation methods across 3 communities in 
Chereponi District at 50 DAS. 

Organic matter and phosphorus trials 

 

Use of organic matter, in addition to TSP fertilization, had a significant effect (P<.0001) 

on the height of soybean plants at both 20 and 50 DAS; this holds true in both ridged 

and un-ridged plots, where the manure treatments produced the tallest plants. Signifi-

cant differences between the fertilization application rates were only observed in the 

un-ridged plots, and are illustrated in figure 4.  
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a-f Means within a row with different superscripts differ (P<0.05) 
1 Organic matter treatments: 2M = manure 5T ha-1; 1M = manure 2.5T ha-1; 2R = crop residue 5T ha-1; 1R 
= crop residue 2.5T ha-1; CON = no OM; 1P = 125kg P ha-1; 2P = 250kg P ha-1 
Figure 4. LS Means plant height (n=110) in un-ridged plots detailing organic matter x fertiliza-
tion application rate interaction at 50 DAS. 

As can be seen above, the conventionally prepared plots had significant treatment in-

teractions (organic matter application x fertilization application rate) that were statisti-

cally validated through f-tests (p=0.013). 

 

In the ridged plots, organic matter application was the only variable with a pronounced 

treatment effect; the manure treatments (1M and 2M) produced significantly higher 

mean values than the rest. The following figure illustrates the situation for all treatment 

combinations; the figure is fitted with SEM lines but no significance level markers, as 

fertilization application rate did not have a significant treatment effect in the model 

(p=0.31). 
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1 Organic matter treatments: 2M = manure 5T ha-1; 1M = manure 2.5T ha-1; 2R = crop residue 5T ha-1; 1R 
= crop residue 2.5T ha-1; CON = no OM; 1P = 125kg P ha-1; 2P = 250kg P ha-1 

Figure 5. LS Means plant height in ridged plots detailing organic matter x fertilization applica-
tion rate interaction (n=110) at 50 DAS. 

When examining height averages across communities, manure treatments perform 

best, with higher application rates producing taller plants. This is especially noticeable 

in the conventionally prepared plots; in the ridged plots, the difference between the 

manure and other treatments is less marked, although it is statistically significant. 

While ridging produced taller plants, conventionally prepared plots produced on aver-

age more side shoots. The manure treatments (1M and 2M) produced significantly 

more side-shoots per plant than the other treatments. Results are displayed in figure 6. 
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a-d Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP; 1P = 125kg ha-1 P; 2P = 250kg ha-1 P. 
Figure 6. LS mean number of side-shoots for organic matter treatments x fertilization applica-
tion rate treatments (n=110) and control fertilizer treatments (n=110) across 3 communities in 
Chereponi District (32 DAS) 

3.3 Leaf area, above ground biomass and nodulation 

3.3.1 Leaf area 

The manure treatments produced the plants with the highest mean leaf areas in both 

the conventional (590 cm2 ± 40.6) and the ridged plots (565 cm2 ± 43.7) – although the 

differences between treatments were only statistically significant in the conventional 

plots. The LS mean results for leaf area, including both soil preparation methods and 

OM treatment levels, are presented in figure 6. 
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a-b / A-B Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP; Control – No P = No OM, No TSP. 
Figure 7. LS Mean leaf area of soybean plants by manure treatments (n=22), controls with 
TSP fertilization (n=46) and controls without TSP (n=6) measured 40 DAS in Chereponi. 
 

Fertilization application rate was not statistically significant (p = 0.18) according to f-

tests conducted in a general linear model; the un-ridged controls did however have a 

noticeable variation in LA depending on fertilization application rate, as seen in the fig-

ure 8. 

 

 
a-c Means across columns with different superscripts differ (P<0.05) 
1 Conventional 1P = un-ridged plots, TSP at rate of 125kg P ha-1; 2P = TSP at rate of 250kg P ha-1 

2 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP; 1R = crop residue 1T-

a+TSP; CON = only TSP 
Figure 8. LS mean leaf area calculations for OM treatments (n=11) and controls (n=11) in un-
ridged plots at two TSP fertilizer application rates 40 DAS. 
 

No such variations were observed in the ridged subplots; mean leaf areas for control 

1P and 2P were 448.7 and 453.3 respectively (SEM ± 62.6).  

 

3.3.2 Above ground biomass and nodulation 

As with leaf area, fertilization application rate did not have a significant effect according 

to Type I f-tests (p = 0.34). In both the conventional and the ridged trials, the double 

manure treatments had highest mean AGB, although results were only significant in the 

conventionally prepared plots. The results for both AGB and nodulation are summa-

rized in the table below. 
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Table 6. AGB and nodules per plant by treatment (n=22) measured 71 DAS in Chereponi. 

Treatments1 

Soil Preparation 

Conventional Ridged 

AGB ± SEM 
Nodules 

AGB ± SEM 
Nodules 

   (g/plant)         (g/plant) 

2M	 19.04a	±	1.4	 45.1a	±	4.9	 18.33A	±	1.6	 48.8A/B	±	4.9	

1M	 17.89a/b	±	1.4	 40.7a	±	4.9	 17.65A	±	1.6	 47.9A/B	±	4.9	

2R	 17.22a/b	±	1.4	 45.6a	±	4.9	 14.23A	±	1.6	 52.8A	±	4.9	

1R	 14.48a/b	±	1.4	 36a	±	4.9	 15A	±	1.6	 41.1A/B	±	4.9	

Control	 15.24a/b	±	1.4	 35.1a	±	4.9	 16.1A	±	1.6	 34.9B	±	4.9	

a-b / A-B Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 5T ha-1+TSP; 1M = manure 2.5T ha-1 +TSP; 2R = crop residue 5T ha-1+TSP;1R = crop 
residue 2.5T ha-1+TSP; CON = only TSP 

3.4 Soybean Yield 

3.4.1 Phosphorus trials 

The fertilized subplots had higher average yields than the controls. The ridged plots 

also produced higher yields on average than the conventionally prepared fields. Aver-

age yields across treatments are summarized in the figure below. 

 

 
a-b Means across columns with different superscripts differ (P<0.1) 
1 250=TSP at rate of 250 kg P ha-1; 125=TSP at rate of 125 kg P ha-1; Control = No TSP 

Figure 9. Mean yields for soybean with 2 TSP fertilization levels (n=12) and controls without 
TSP (n=6) with 2 soil preparation methods. 
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The above results were not significant at p <0.05 level. It should also be noted that 

trend outlined in the figure above was not observed in all fields. The mean treatment 

yields from all communities is outlined in table 7. 

 

Table 7. Mean soybean yield for controls (n=2) and for 2 TSP application rates (n=4) with 2 soil 
preparation methods. 

Community 
Soil	Prepara-

tion	

Treatments1 

0 125 250 

		 (kg	ha-1)	±	SEM	 		

Ando 
Conventional	 1220a ±	257      1480a ±	182 1492a ±	182 

Ridged	 1740a ±	253 1722a ±	179 1992a ±	179 

Chere 
Conventional	 1195a ±	320 1715a ±	226 1752a ±	226 

Ridged	 1410b ±	362 2217a/b ±256 2282a ±	256 

Nansoni 
Conventional	 1360a ±	196 1480a ±	138 1590a ±	138 

Ridged	 1660a ±	157 1527a ±	111 1650a ±	111 

a-b Means across rows with different superscripts differ (P<0.1) 
1 250=TSP at rate of 250 kg P ha-1; 125=TSP at rate of 125 kg P ha-1; Control = No TSP 
 

Amongst the conventionally prepared plots, no significant differences were observed 

between the treatments, although the fertilized plots had higher overall means. 

Amongst the ridged plots, significant differences were observed in Chere. The average 

yield in the un-ridged control plots was 1258 kg ha-1 (SEM ±142) while the ridged con-

trols produced a respectable 1603 kg ha-1 (SEM ±161).  

3.4.2 Organic matter trials 

All OM treatments had higher mean yields than the controls in both ridged and un-

ridged plots, although results were not significant. Figure 10 depicts mean yields 

across communities with both soil preparation methods.  
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1 2M = manure 5T ha-1+TSP; 1M = manure 2.5T ha-1 +TSP; 2R = crop residue 5T ha-1+TSP;1R = crop 
residue 2.5T ha-1+TSP; CON = only TSP. 

Figure 10. LS mean soybean yield per OM treatment (n=20) with 2 different soil preparation 
methods in Chereponi District, Northern Ghana. 

Neither fertilization application rate (P=0.755) nor soil preparation (P=0.955) ap-

proached the P<0.05 significance level according to f-tests, when all fields and varia-

bles were included in the analysis. When pair-wise comparisons are made, certain dif-

ferences do emerge. The yield averages for all possible treatment permutations are 

listed in the table below. 

Table 8. LS Mean soybean yield for all treatment (n=10) permutations measured in 10 fields 
with 2 soil preparation methods in Chereponi District, Northern Ghana. 

    Soil Preparation 

Treatments Conventional Ridged 

Fertilization 

OM Treat-

ment1 Yield SEM Yield SEM 

(kg P / ha) 

 

     (kg / ha)      (kg / ha) 

125 1M 2268a ±131 1937a/b ±132 

125 1R 1976a/b ±131 2245 a ±132 

125 2M 1994 a/b ±131 2180 a/b ±132 

125 2R 1960 a/b ±131 2038 a/b ±132 

125 Control 1957 a/b ±131 1854 b ±132 

250 1M 2023 a/b ±131 2090 a/b ±132 

250 1R 2083 a/b ±131 1951 a/b ±132 

250 2M 2142 a/b ±131 1976 a/b ±132 

250 2R 2301a ±131 2054 a/b ±132 

250 Control 1811b ±131 2150 a/b ±132 
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1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP 
 

As outlined above in Table 8, no significant differences were detected between OM 

treatments or OM application rates. 

 

A different approach to the data is possible. Looking at harvest data for individual 

fields, more clear cut differences are detectable. Out of the 10 fields harvested in the 

organic matter trials, 4 of them exhibited strong OM treatment effects when statistical 

analysis was performed using Type I SS f-tests. The other 6 showed no meaningful 

response to organic matter addition. Similarly, out of the 3 Phosphorus only trial fields, 

only 1 field showed a significant fertilizer response while the other two demonstrated no 

significant fertilizer responses. These fields were grouped into the following categories 

for further analysis. 

  

Ø Fields apparently non-responsive to TSP fertilization without additional OM in-

puts. 

Ø Fields apparently responsive to TSP without additional OM inputs.  
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a-b / A-B Means across columns with different superscripts differ (P<0.3) 
1 2M = manure 5T ha-1+TSP; 1M = manure 2.5T ha-1 +TSP; 2R = crop residue 5T ha-1+TSP;1R = crop 
residue 2.5T ha-1+TSP; CON = only TSP; CON = control no TSP. 

Figure 11. Plots (n=6) non-responsive to fertilization without the addition of organic matter in 3 
communities in Chereponi District. 



 40 

 
a-b / A-B Means across columns with different superscripts differ (P<0.3) 
1 2M = manure 5T ha-1+TSP; 1M = manure 2.5T ha-1 +TSP; 2R = crop residue 5T ha-1+TSP;1R = crop 
residue 2.5T ha-1+TSP; CON = only TSP; Control – P = no OM, no TSP. 

Figure 12. Plots (n=7) responsive to fertilization without the addition of organic matter in 3 
communities in Chereponi District. 
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When treated as separate categories very different overall yield results are observable. 

The LS means procedure in SAS was used to include and compare yields from all 

fields, including the TSP only trials. LS means yield data for all communities, divided 

into responsive and non-responsive fields, are examined in the following figures. As no 

statistical differences were detected between the different OM treatments or the differ-

ent application rates, these were all grouped together for analysis. The same logic ap-

plied to fertilizer application rates. 

 

 
a-b / A-B Means across columns with different superscripts differ (P<0.05) 
1: 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP 

Figure 13. LS mean soybean yield in unresponsive and responsive fields with OM treatments 
(n=48 / n=56), controls with TSP (n=12 / n=14) and controls without TSP (n=4 / n=2) fertilization 
in 3 communities in Chereponi District. 

3.5 Harvest Index (HI) 

In the TSP-only trials, the control plots had the highest mean HI values (0.37), which 

were significantly higher than the 1P (0.33) or the 2P levels (0.34) fertilization levels. 

No significant differences were detected in harvest index between the ridged (0.33) and 

un-ridged (0.34) plots. No significant differences were detected between the Harvest 

Indices of the various OM treatments when data from all of the fields are jointly ana-

lyzed in a general linear model. If fields are divided into responsive and unresponsive 

categories, however, significant differences emerge, as can be seen below in Table 9. 
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Table 9. LS mean harvest indices of treatments for unresponsive (n=6) and responsive (n=7) 
fields in Chereponi District fitted with SEM values. 

Unresponsive	fields	

	

Responsive	fields	

Treatment	 Harvest	Index	

	

Treatment	 Harvest	Index	

2R	 0.353a	±	0.012	

	

CON	-	P	 0.41a	±	0.026	

1R	 0.345a	±	0.012	

	

CON	+	P	 0.356b	±	0.008	

CON	-	P	 0.344a/b	±	0.017	

	

1R	 0.343b/c	±	0.01	

2M	 0.337a/b	±	0.012	

	

1M	 0.323c/d	±	0.01	

1M	 0.328a/b±	0.012	

	

2R	 0.319c/d	±	0.01	

CON	+	P	 0.317b	±	0.008	

	

2M	 0.307d	±	0.01	

a-dMeans across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON - P = No OM or TSP; CON+P = No OM +TSP. 

3.6 Soil Moisture measurements 

According to F-tests conducted in SAS, neither fertilization level nor OM treatment had 

significant effects on volumetric water content. This was determined in both ridged 

(p=0.47) and un-ridged (p=0.92) subplots. LS means for each treatment over the 

course of the season were determined with an ANCOVA procedure, adjusting for field 

(block) and DAS (covariate). The results, grouped by community, are presented below. 
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1 2M = manure 5T ha-1+TSP; 1M = manure 2.5T ha-1 +TSP; 2R = crop residue 5T ha-1+TSP;1R = crop 
residue 2.5T ha-1+TSP; CON = only TSP 

Figure 14. LS mean volumetric water content (n=9) over the course of the soybean growing season in 3 
communities in Chereponi District, Ghana Northern Region. 

Ando clearly has the highest mean VWC of all of the communities, followed closely by 

Chere with Nansoni at the bottom of the scale. As can be seen in the figure above, 

treatments did not appear to have a notable effect on soil moisture content, although 

there were measurable differences between the ridged and the conventional plots. 

3.7 Individual Harvest Parameters 

3.7.1 Yield per Plant 

 

According to Type I f-tests run with the PROC GLM function (SAS), there was not a 

significant difference between the two fertilizer application rates (p=0.23). Fertilizer ap-

plication rate was therefore discarded from the model and further analysis. When all 

data was included in the model, OM treatments did have a significant effect (0.049) 

while soil preparation did not (0.11). The results are presented in the following graph. 

 
a-b / A-B Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP; Control – P = no OM, no TSP. 

Figure 15. LS mean yield per plant by OM treatment (n=20), control with TSP (n=44) and control without 
TSP (n=6) with 2 soil preparation methods in Chereponi District. 

3.7.2 Pods per Plant 
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OM addition (p=0.007) as well as soil preparation method (0.002) had significant ef-

fects in the statistical model, while fertilization application rate once again did not have 

a significant effect according to the f-tests conducted (p=0.54) and was excluded from 

further analysis. Amongst the un-ridged plots, the 2M treatments had the highest LS 

mean pods per plant (49.4), and had significantly higher values than both controls. 

Amongst the ridged treatments, the 2R treatments had the highest mean pods per 

plant (51.48) – although only significantly higher than the non-Phosphorus controls. 

The LSmeans pods per plant, adjusted for block and missing values, can be seen in 

the table below. 

 

 
a-c / A-B Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP;1R = crop residue 1T-

a+TSP; CON = only TSP; Control – P = no OM, no TSP. 

Figure 16. LS mean pods per plant by OM treatment (n=20), control with TSP (n=44) and control without 
TSP (n=6) with 2 soil preparation methods in Chereponi District. 

3.7.3 Above ground biomass (AGB) 

Both OM addition and soil preparation had significant effects on biomass production 

when examined in a general linear model. Fertilization application rate did not have a 

significant effect (p=0.34) when submitted to an f-test using the proc glm procedure in 

SAS. The results for biomass production by treatment are summarized in the following 

figure. 
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a-c / A-B Means across columns with different superscripts differ (P<0.05) 
1 2M = manure 2T-a+TSP; 1M = manure 1T-a +TSP; 2R = crop residue 2T-a+TSP; 1R = crop residue 1T-

a+TSP; CON = only TSP; Control – P = no OM, no TSP. 

Figure 17. LS mean above ground biomass (AGB) per plant by OM treatment (n=20), control with TSP 
(n=44) and control without TSP (n=6) with 2 soil preparation methods in Chereponi District. 

Strong correlations were identified between the parameters discussed above. There is 

a particularly strong correlation between AGB production and pods per plant – with a 

Pearson correlation coefficient of 0.85. AGB and yield per plant have a correlation coef-

ficient of 0.76, while yield and pods per plant have a coefficient of 0.74. These calcula-

tions were undertaken using the PROC CORR function in SAS. 
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4 Discussion 
 

Plant density 

 

By the end of the season, average planting densities were roughly 3/5 ths of that origi-

nally intended. Ridged plots boasted on average 320,000 pockets ha-1 and the un-

ridged plots around 300,000 pockets ha-1. Although lower than planned for, these den-

sities still fall within the range identified by the International Fertilizer Industry Associa-

tion as being consistent with intensive soy production (IFA, 1992). As a linear relation-

ship was determined between planting density and yield (up to the ideal density of 50 

pockets m-2), lower planting densities proved to be one of the key limiting factors in 

increasing yield in the context of smallholder fields. The principal yield benefits in high 

input systems are sustained by increasing the number of productive plants per surface 

area as opposed to drastically increasing the productivity of individual plants. Thus, it 

should be noted that in addition to challenges that come with introducing new inputs 

and farming techniques, one of the key challenges in intensifying smallholder systems 

comes with trying to maintain adequate cropping densities to justify the increases in 

spending and labor. 

 

It should be noted that end of season planting densities were likely over-estimated, as 

densities were calculated in the m2 sections harvested in the subplots; these m2 areas 

were chosen avoiding bare empty patches, so plant losses were likely greater than is 

apparent from the data relayed in table 4. Out of 15 fields planned originally, one was 

lost to flooding and one was entirely destroyed by small ruminants. Factors affecting 

planting densities included damage from livestock, erosion due to poor ploughing, lodg-

ing, pests as well as human error (missing planting holes, dibbling too deep or shallow, 

losses with weeding). Thus, any effort to intensify smallholder systems must also afford 

a variety of crop protection strategies. These strategies must address both biotic and 

abiotic stresses, but also be sensitive to social issues such as land tenure and their link 

to livestock feeding strategies as well as access to tillage services. 
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image 6. Subplots harmed by erosion (left) and image 7. Damage from leaf-miner ants 

4.1 Effects of OM, TSP and soil preparation on growth stage 
developments 

4.1.1 Plant height and production of side-shoots 
 

Overall, ridging produced taller plants at both periods where height was measured. 

One explanation could be that ridging facilitated early season nutrient mobilization. 

Phosphorus sorption is a critical problem in heavily weathered acidic tropical soils, 

slowing early plant growth when phosphorus stored in seed is exhausted (Hammond et 

al. 1986). It is reported that ridging enhances early root development, which in turn 

allows for greater phosphorus mobilization as a greater root mass will more successful-

ly scavenge nutrients and locate phosphorus desorption sites in the soil (Owusu-

Bennoag and Acquaye, 1989). This could explain why in the phosphorus-only trials, the 

ridged control plots had taller plants than their un-ridged counterparts. Looser soil en-

hanced early root development, which in turn improved the plant’s ability to scavenge 

phosphorus even in heavily P-fixing soils. 

 

It would also help to understand why in the OM trials, the ridged crop residue treat-

ments (1R and 2R) as well as the control plots produced taller plants than their un-

ridged counterparts. These differences were not noticeable in the manure treatments 

(1M and 2M), where both ridged and un-ridged plants performed comparably as to 

plant height. As the manure had a superior chemical quality in terms of plant available 

nutrients, it likely provided an early nutrient source pre-fertilization as compared to the 

lignin heavy sesame stalks – thus enhancing early plant growth. 



 48 

Table 10. Chemical composition of three organic matter sources used in soybean trials 

 
Analysis performed at University of Hohenheim, Stuttgart, 2016. 

 

As can be seen in the above table, the manures have higher proportions of nitrogen 

and C/N ratios propitious to mineralization of organic matter, and therefore the release 

of nutrients for crop uptake. The sesame straw, with a C/N ratio of 78.76, likely caused 

net nutrient immobilization in the soil in the early stage of crop development. It is also 

possible that the manure provided other key nutrients to plant development such as 

phosphorus and potassium that may have limited growth of the other treatments. 

 

 

image 8 and image 9. Crop residue plot (left) adjacent to manure plot (right) in Chere at 46 
DAS. 

Type I f-tests conducted in SAS showed that there was a significant fertilization appli-

cation rate x soil preparation method interaction in the phosphorus trials; thus, it 

appears that fertilizer effect varied depending on the soil preparation method em-

ployed. In the ridged plots, differences between the two fertilization levels were not 

pronounced. On the other hand, in the conventionally prepared plots the 1P treatments 

were significantly taller than the 2P treatments and controls. This would suggest that 

the 2P application rate may have negatively impacted plant growth. 
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The OM trials further validated this obser-

vation; while no significant differences 

were observed between the OM treatments 

at the two application rates, the 1P control 

treatments were significantly taller than the 

2P controls in the conventionally prepared 

plots. They also produced significantly 

more side-shoots per plant. A possible 

explanation for this is that organic matter 

acts as buffer in soils and protects plants 

from toxic effects of excessive fertilization 

application. TSP fertilizers can cause a 

temporary spike in soil pH as they solubil-

ize that can be harmful to plants, especially 

if the fertilizer is applied near the young 

seedling.	 

 

In the ridged plots, type-I f-tests indicated that fertilization application rate did not have 

a significant effect on either plant height or on the production of side-shoots. The 1P 

controls did however consistently produce taller plants with more side-shoots than the 

2P controls, so an argument could be posited that ridging reduced the negative effect 

of over-fertilization without entirely eliminating it. One hypothesis would be that un-

ridged plots were more compacted so that TSP could not rapidly percolate through the 

soil when solubilized with rainfall; rather, it remained around the base of the plant in 

toxic concentrations, causing a spike in pH and harming early plant growth. Thus, ridg-

ing may have promoted more rapid infiltration – thus reducing the concentration of TSP 

at the plant’s base and preventing significant negative impacts. It should be noted 

however that at harvest, no significant differences were observed in yield between un-

ridged 1P and 2P treatments; thus, whatever negative effects were occurred early in 

the growth stage does not appear to have had a long term effect. 

 

4.1.2 Leaf Area 

 

In the un-ridged plots, manure treatments had significantly higher mean leaf areas than 

the crop residue treatments and the controls, as seen in figure 6. The ridged treatments 

also had higher mean leaf area values, but the results were not significant; ridged 

image 10. Micro-dosed side dressing 20 DAS 
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residue treatments and controls had higher 

mean leaf areas than their un-ridged coun-

terparts. These results are consistent with 

the observations made on plant height. 

Notably, that manure enhanced early 

vegetative growth – but the results are 

more noticeable in the un-ridged plots, as 

ridging also appears to enhance early veg-

etative growth through a series of process-

es discussed in the previous section. It is 

also note-worthy that significant differ-

ences were not observed between the 1M and 2M treatments – thus application rates 

of 2.5 T manure ha-1 appear sufficient to obtain enhanced early vegetative growth, with 

no added benefits ensuing at 5T ha-1 application rate. With that said, manure was not 

brought to fields and evenly spread, but was banded and incorporated into the soil 

along the planting row. While this allowed for a relatively small amount of manure to 

have a positive effect on plant development, the laborious nature of the method should 

also be acknowledged. 

 

No significant differences were detected between leaf areas of the residue treatments 

and the control treatments at 40 DAS. The un-ridged control treatments, however, had 

variations in mean leaf area depending upon fertilization application rate (Figure 7). 

The 1P controls had higher mean leaf areas than the crop residue treatments – mean-

while, the 2P controls had lower leaf area values. This would appear consistent with 

hypothesis that the 2P fertilization application rate was excessive and stunted early 

plant development in plots un-buffered by OM and soil ridging. Still, fertilization applica-

tion rate did not appear as a significant factor in the general linear model. This can like-

ly be attributed to the low number of leaf area measurements taken. As leaf area calcu-

lations are so time consuming with the Image J software, far more replications would 

have been necessary to provide statistically significant results. 

 

Very little variation was observed between the 1P and 2P fertilizer application rates, 

potentially validating the hypothesis that ridging buffers against negative effects of ex-

cessive fertilization. 

 

image 11. Manure banded and incorporated 
along planting row. 
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4.1.3 Above ground biomass and 
Nodulation 

 

The manure treatments had higher mean AGB val-

ues than the crop residue treatments and the con-

trols although results were not significant. Once 

again, the limited number of replications possible 

due to time constraints affected the conclusiveness 

of the results; still, the general trend aligns with ob-

servations made in other vegetative stage meas-

urements.	 

 

As seen in Table 6, the data would seem to indicate 

that ridging increases nodulation; this could be regarded with skepticism however as 

ridged plots also had looser soil, and thus it may have been easier to extract intact 

roots systems without losing nodules in the soil.  

 

The 2R treatments had significantly more nodules than the controls in the ridged plots 

– although they did not differ significantly from the other OM treatments. The data 

would seem to indicate that OM addition did in fact increase root nodulation, although 

more research would be required to understand the processes by which this is 

achieved. The difficulty in removing soybean plants with all roots and nodules intact in 

field conditions also certainly affected results and may be partially responsible for the 

lack of conclusive data, in addition to the small sample size. 

 

4.1.4 Soil moisture content 

 

Soil moisture measurements did not provide any clear insight into the effect of OM ad-

dition on water holding capacity of soils over the course of the season. According to the 

data, neither the addition of manure or crop residue had a positive effect on soil mois-

ture when compared to the controls. This could be attributable to the fact that only 

small quantities of OM were added to the soils, and thus could not create a large 

change in soil water holding capacity. Alternatively, the fact that manure was applied in 

bands along the planting row could mean that the majority of measurements were tak-

en in areas of the subplots that had not benefited from manuring. Still, it would appear 

likely that the OM treatments did not greatly increase the water holding capacity of the 

image 12. Soybean plant removed for 
biomass estimation and counting of 
nodules 
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soils, and thus where gains in yield were observed, they can perhaps be attributed to 

other factors. 

 

It should also be noted that while the data implies that the ridged plots had lower mois-

ture content than the un-ridged plots, these figures are somewhat deceptive. As the 

Decagon device measures volumetric water content, the data would have had to be 

adjusted through calibration to reflect the lower bulk density of the ridged plots. As ridg-

ing reduces bulk density the ridged plots had less total soil mass per soil volume and 

greater pore spaces – which accounts for lower percentage of water per measured unit 

of volume. Similarly, the very low soil moisture contents detected in Nansoni can be 

attributed to the high skeletal fraction in the soil as opposed to rainfall patterns or other 

soil characteristics. 

 

4.2 Effects of OM, TSP and soil preparation on harvest 
parameters 

4.2.1 Yield – Phosphorus baseline trials 

 

Out of the three fields included in the TSP-only trials, only the field in Chere boasted a 

significant response to TSP fertilization. The effect was strong enough that it heavily 

influenced over-all means. Meanwhile, fertilized plants in Nansoni and Ando often ex-

hibited positive growth stage developments, but these did not translate into higher 

yields. This would seem to imply that phosphorus was not the primary limiting factor 

and that other critical limitations were present at the reproductive stage. One obvious 

hypothesis is that soils in both Nansoni and Ando were poorly responsive to fertilization 

because of lack of SOM. The exact physio-chemical processes causing un-

responsiveness are not fully understood, but fertilizer non-responsiveness in SOM defi-

cient SSA soils is well documented (Assenga et. al, 2016). It has been observed how-

ever that the addition of OM to non-responsive soils can enhance the soil micro-biotal 

activity and improve nutrient availability, soil aggregation and productivity (Ayuke et al., 

2011). 

 

It is also possible that other limiting factors were responsible for poor yield response. 

Potassium would be a prime suspect as soybean has relatively large K requirements 

(Hanway and Weber, 1971). In an effort to attend to the prime limiting factor in the sys-
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tem, only P fertilization was provided – but it should be noted that K- fertilization has 

been proven to reduce lodging and improve grain filling (Pettigrew, 2008). Both of the-

se issues were observed across fields, and may have contributed to depressing yields. 

In images 10 and 11, two adjacent subplots are pictured in Ando; while their vegetative 

growth is markedly different, both the control and fertilized plots yielded harvests in the 

range of 1.5 T ha-1.  

 

 

image 13 and image 14. Adjacent fertilized (left) and control (right) subplots in Ando 46 DAS 

The ridged plots consistently had higher yields in the p-trials; this phenomenon is es-

pecially pronounced in the control plots. This correlates with the observations made 

during the vegetative growth period, where ridged controls consistently and strongly 

outperformed the un-ridged counterparts. Once again, only in Chere was a strong ferti-

lization effect is measurable, separate from the positive yield effect generated through 

ridging. 

 

No significant differences in yield were observed between the two fertilization applica-

tion rates with either soil preparation method. Early plant development parameters 

showed that the 2P treatments impaired plant growth, especially in the conventionally 

prepared plots – but this phenomenon did not apparently impact yield. Thus, an appar-

ently counter-intuitive situation exists where vigorous vegetative growth does not corre-

late strongly with enhanced yield 

 

4.2.2 Yield – TSP and OM trials 

There are two potential pathways open to interpreting the data, as illustrated by figures 

9 and 12. Looking at mean yield data across all fields, it would appear that OM addition 

had mild but insignificant effect on soybean production across the 3 communities in 
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Chereponi district This notion, however, is belied by the sheer variation in results be-

tween fields – illustrated in figures 10 and 11 - and beckons further analysis.  

 

Compelling examples abound in the literature that certain SOM thresholds must be met 

in the soil in order to elicit a worthwhile fertilizer response. Although no clear consen-

sus has been determined, Bationo et al. (1998) found strong N and P fertilizer re-

sponses in West African soils with SOC levels as low as 1.7 mg kg-1. In the absence of 

adequate SOM stocks, plants cannot use fertilizer effectively as certain key processes 

are missing from the soil. Notably, the effective cation exchange capacity (ECEC) is 

more strongly correlated to OM than to clay in Sudan-Sahelian zones, thus a decline in 

SOM signals a decrease in overall nutrient holding capacity (Bationo and Mokwunye, 

1991). 

 

This would appear consistent with the results observed in individual fields across the 3 

communities in Chereponi District. A strong fertility gradient, often predicated on SOM 

stocks, is recognized in smallholder communities across SSA (Vanlauwe et al., 2011). 

This depends on a variety of factors, including field proximity to dwellings (infields vs. 

outfields), social status, livestock ownership and overall population pressure as it pred-

icates upon fallow periods. A compelling hypothesis is that certain fields in this experi-

ment, termed responsive, already had sufficient SOM stocks to enable the plants to 

use the TSP effectively. In these fields, the addition of low quality OM in the range or 

2.5 or 5T ha-1 did little or nothing to increase yields, as critical thresholds for SOM were 

already achieved and P was the main limiting factor to production. In the remaining 

fields, termed non-responsive, SOM was the primary limitant – and only by adding OM 

into the systems could P-fertilizer elicit a strong yield benefit. 

 

Amongst the non-responsive plots, the un-ridged OM treatments had LS means that 

were 493 kg ha-1 higher than those of the controls, thus yielding an additional 24% over 

the subplots fertilized with TSP alone. Only OM inputs had a significant effect (p=0.031) 

when fitted in a general linear model, while fertilizer application rate (p=0.35) did not 

appear to significantly affect yield. No significant differences in yield were observed 

between the different OM treatments or application rates. Amongst the non-responsive 

fields, there was no large yield variation between the OM treatments that were ridged 

or un-ridged. Once again, the ridged controls did perform far better than their un-ridged 

counterparts. This suggests once again that ridging provides little or no advantage in 

optimal conditions, but can create an interesting yield benefit in situations where soil 

conditions are sub-optimal. 
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Amongst the responsive plots, yields did not differ significantly between the different 

OM treatments or application rates – nor did they differ between the OM treatments 

and the controls. Average yields for all treatments in these fields are in the 2000 to 

2100 kg ha-1 range. Fertilization rate (P=0.24) did not exert a significant effect when 

included as a variable in a statistical model. Therefore, no yield loss or benefit is 

achieved by doubling P-fertilization to 250 kg ha-1. 

 

4.2.3 Harvest Index 

 

Differences between treatments were not significant when all fields were joined togeth-

er for analysis, but once again clear differences emerge if fields are grouped into re-

sponsive and non-responsive units. Amongst the non-responsive group, the fertilized 

controls had the lowest HIs, with values significantly lower than the crop residue treat-

ments. The non-responsive controls have HIs that were 11% lower than their respon-

sive counterparts, with a strong correlation evident between low yield and a low HI val-

ue. Although no significant differences were observed in yield between the two OM 

treatments at either application rates, the crop residue treatments had higher HI values 

than the manure treatments. Thus, it would appear that manure increased biomass 

production without increasing overall yield. One logical explanation would be that the 

key nutrient limitation, P-deficiency, was overcome through the addition of OM and that 

soy production was raised to the threshold of its next most limiting factor. If this expla-

nation were correct, the key process at play would be the reduction of P-fixation in the 

soil due to the addition of OM; it has been shown that adding crop residue results in 

increased P availability due to complexing of iron and aluminum by humic acids (Ba-

tiono et. al, 1995). Thus, manure may have spurred on more rapid vegetative growth, 

perhaps through the proportioning of Nitrogen early in the season, but without these 

biomass gains converting into yield. 

 

In the responsive fields, the controls had the highest HIs, with values that differed sig-

nificantly from the manure treatments. Thus, the manure treatments were producing 

significantly more biomass than the controls but not higher yields. The same process 

may have been at work as in the non-responsive fields, except that here the SOM 

pools may have been large enough to avoid P-fixation. In a previous study, it was de-

termined that exchangeable K+ levels across in soils across study areas were some-

what low with an average across communities of 0.2 cmol kg-1 and absolute lows de-
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tected at 0.08 cmol kg-1 (Archibong, 2015). While these totals are in the acceptable 

range for low-output production, it is possible that available K in the soils was not suffi-

cient to boost soybean yields above the identified production threshold – even if the 

mineralization of manure provided enough Nitrogen to boost biomass production. Fur-

ther research would be necessary to determine with certainty what other processes are 

at play, and which is the next most limiting factor in these systems. 
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5 Conclusion 
 

By the end of the dry season, the scarcity of OM available on farm and across the 
landscape represents a real challenge to maintaining adequate SOM pools for intensi-
fied production. Farmers with greater means have more livestock, and thus more ma-
nure available for use in the fields. Manure tends to be used on the compound fields 
where maize is grown – being one of the principal crops grown by men. Women farm-
ers tend to have less access to manure, and few possibilities of carting it out to their 
fields. With that said, over 50% of the fields experimented on appeared to have suffi-
cient SOM pools for fertilization to be effective, and of those fields that were non-
responsive, the addition of relatively low quantities of low-quality crop residue appeared 
sufficient to elicit a fertilizer response. 

This research suggests two potential strategies for intensifying soy production. The first 
would require women farmers to have greater agency in field selection and to plant 
their soybeans in fields where SOM pools are already high enough to allow for a ferti-
lizer to be effective. As field selection is largely a matter for men and community lead-
ers, solving this issue would require a broad and open dialogue within the community. 
Another potential pathway, which could provide interesting topics for future study, 
would be to use under-valued OM sources on bush fields in an effort to increase SOM 
pools.  This could potentially be a strategy to elicit fertilizer responses on very degrad-
ed soils, while not negatively impacting other systems across the landscape through 
competition. Much more research would be required to identify necessary application 
thresholds, as well to trial this strategy on a variety of different soils with varying levels 
of degradation. Research could also focus on identifying other under-utilized OM 
sources, such as prunings from naturally occurring pioneer trees and shrubs. The fea-
sibility of implementing such systems would have to be thoroughly examined with local 
farmers, with special attention given to quantifying the labor requirements. 

Results from the field trials carried out in Chereponi District in the 2016 rainy season 
suggest that soybean yields in the range of 2.1 T ha-1 are achievable in the region once 
phosphorus demands of the crop can be adequately met. In order to raise yields to a 
significantly higher level, the next limiting factor would need to be identified and over-
come. With that said, yields in the range discussed were only achieved through pain-
staking placement of TSP at the very high application rate of 125kg P ha-1. With such a 
small landholding (1 acre) cultivated by each farmer, no economy of scale can be 
hoped for to offset the high cost of inputs. Furthermore, fields were hand planted at 
densities far superior to what is commonly observed in farmer’s fields. Thus, it would 
be highly advisable to thoroughly examine the potential return on investment when in-
tensifying soy production through the techniques outlined - including the opportunity 
cost of labor - before proceeding further with implementation. 
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