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A B S T R A C T   

Cassava-maize intercropping is a common practice among smallholder farmers in Southern Nigeria. It provides 
food security and early access to income from the maize component. However, yields of both crops are commonly 
low in farmers’ fields. Multi-locational trials were conducted in Southern Nigeria in 2016 and 2017 to investigate 
options to increase productivity and profitability through increased cassava and maize plant densities and fer-
tilizer application. Trials with 4 and 6 treatments in 2016 and 2017, respectively were established on 126 
farmers’ fields over two seasons with a set of different designs, including combinations of two levels of crop 
density and three levels of fertilizer rates. The maize crop was tested at low density (LM) with 20,000 plants ha− 1 

versus high density (HM) with 40,000 plants ha− 1. For cassava, low density (LC) had had 10,000 plants ha− 1 

versus the high density (HC) with 12,500 plants ha− 1.; The fertilizer application followed a regime favouring 
either the maize crop (FM: 90 kg N, 20 kg P and 37 kg K ha− 1) or the cassava crop (FC: 75 kg N, 20 kg P and 
90 kg K ha− 1), next to control without fertilizer application (F0). Higher maize density (HM) increased 
marketable maize cob yield by 14 % (3700 cobs ha− 1) in the first cycle and by 8% (2100 cobs ha− 1) in the second 
cycle, relative to the LM treatment. Across both cropping cycles, fertilizer application increased cob yield by 15 
% (5000 cobs ha− 1) and 19 % (6700 cobs ha− 1) in the FC and FM regime, respectively. Cassava storage root yield 
increased by 16 % (4 Mg ha− 1) due to increased cassava plant density, and by 14 % (4 Mg ha− 1) due to fertilizer 
application (i.e., with both fertilizer regimes) but only in the first cropping cycle. In the second cycle, increased 
maize plant density (HM) reduced cassava storage root yield by 7% (1.5 Mg ha− 1) relative to the LM treatment. 
However, the negative effect of high maize density on storage root yield was counteracted by fertilizer appli-
cation. Fresh storage root yield increased by 8% (2 Mg ha− 1) in both fertilizer regimes compared to the control 
without fertilizer application. Responses to fertilizer by cassava and maize varied between fields. Positive re-
sponses tended to decline with increasing yields in the control treatment. The average value-to-cost ratio (VCR) 
of fertilizer use for the FM regime was 3.6 and higher than for the FC regime (VCR = 1.6), resulting from higher 
maize yields when FM than when FC was applied. Revenue generated by maize constituted 84–91% of the total 
revenue of the cropping system. The highest profits were achieved with the FM regime when both cassava and 
maize were grown at high density. However, fertilizer application was not always advisable as 34 % of farmers 
did not realize a profit. For higher yields and profitability, fertilizer recommendations should be targeted to 
responsive fields based on soil fertility knowledge.   
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1. Introduction 

In Africa, the finite natural reserves of nutrients in soils are declining 
at a fast rate because smallholder farmers generally do not implement 
measures to replenish nutrient stocks. This leads to a continuous 
decrease in crop productivity (Yadav et al., 2017). Agricultural land use 
in Africa has been intensified in response to an increasing food demand 
driven by population pressure (Sommer et al., 2013) but with a minimal 
increase in input use. This has resulted in nutrient depletion and soil 
degradation of agricultural lands due to continued nutrient mining 
(Thierfelder, 2013). Today, it is no longer possible to rely on long fallow 
phases to restore soil fertility. Hence, the natural accumulation of nu-
trients and soil organic matter (SOM) to support crop production is no 
more attainable, and thus, external nutrient inputs are required to sus-
tain crop production (Sommer et al., 2013). 

Intercropping is an agricultural intensification strategy proposed to 
increase food production while addressing some environmental issues 
(Midmore, 1993). Intercropping systems produce as much as 15–20% of 
the world’s food supply and can increase food security while reducing 
risk (Javaid et al., 2015). According to Delaquis et al. (2018), some of 
the remarkable benefits of cassava-based intercropping systems include 
pest and disease suppression, land-use efficiency, and soil- and 
water-regulating services. Cassava-maize intercropping is reported to be 
the most popular crop mixture in tropical regions, including Nigeria 
(Ayoola and Makinde, 2007). Cassava is a suitable intercrop for maize 
due to its initial slow growth, wide spacing, and longer growing period 
(8–15 months) before it is harvested (Silva et al., 2016). Peak nutrient 
demand of the two crops also occur at different times and their root 
systems reach different depths, thus should be able to utilize available 
nutrients from varying soil depths (Adiele et al., 2020; Duchene et al., 
2017). Furthermore, maize provides food and income early in the season 
(at 3–4 months after planting), well before the cassava harvest 
(8–15 months later). From an ecological perspective, intercropping 
cassava with other short-season crops like maize was reported to reduce 
the risk of soil erosion, weed density, nutrients loss, and improve soil 
moisture content (Ekeleme et al., 2003; Olasantan et al., 1996). 

As an affordable and energy-rich staple, cassava is an important 
constituent of sub-Saharan Africa (SSA) diets, particularly in western 
and central Africa where per capita consumption exceeds that of any 
cereal product. Maize accounts for 30–50% of low-income household 
expenditure in Africa (IITA, 2021). Over 30 % of the caloric intake of 
people in Sub-Saharan Africa comes from maize (IITA, 2021; Makurira, 
2010). Yet, currently, both crops produce low yields in SSA. Average 
yields are about 9 - 12 t ha− 1 for cassava (Adiele et al., 2020; Fermont 
et al., 2009) and less than 1 t ha− 1 for maize (Sommer et al., 2013) in 
farmers’ fields, while attainable yields are over 40 t ha− 1 for cassava 
(Ezui et al., 2017; Fermont et al., 2007) and between 5–7.5 t ha− 1 for 
maize (Meng et al., 2013; Rusinamhodzi et al., 2012). This indicates a 
substantial yield gap and reflects the challenge farmers face in subsis-
tence agriculture (Fermont, 2010; Ntawuruhunga et al., 2006). 

Poor crop management, especially inadequate weed control, sub-
optimal planting density, and inadequate nutrient management, gener-
ally reduce crop productivity (Kintché et al., 2017), and is usually 
aggravated in intercropping situations due to interspecific competition 
between companion species (Andersen, 2005; Li et al., 2001). In addi-
tion to other poorly executed agronomic operations in farmers’ fields, 
the low productivity of cassava-maize intercropping systems in southern 
Nigeria can be attributed to poor nutrient supply practices and subop-
timal plant population densities. Hence, there is an urgent need to 
investigate the potential of plant density and fertilizer application in 
reducing the staggering yield gap of cassava and maize in intercropping 
systems. Cassava yields can be increased by K supply on K-deficient soils 
(Ezui et al., 2017; Sogbedji et al., 2015). However, the effect of K on 
cassava performance is dependent on N supply and availability (Ezui 
et al., 2017). Inorganic fertilizers have been shown to improve the 
performance of cassava and maize grown as sole crops and when 

intercropped in Nigeria (Olasantan et al., 1996, 1994; Salau et al., 
2011). However, there is a need for further investigation on this, espe-
cially on a larger scale across different agro-ecologies. Furthermore, 
there is evidence for the beneficial effects of higher plant population 
density on yields in both sole and intercropping systems (Howeler and 
Cadavid, 1990; Njoku and Muoneke, 2008). Nevertheless, planting 
density above optimum would increase competition and decrease crop 
yield (Rahmani, 2016). Current farmers’ practice consists of planting 
cassava at 10,000 and maize at 20,000 plants ha− 1. Recommendations of 
10,000 plants ha-1 in cassava systems (Eke-okoro and Njoku, 2012; 
Njoku and Muoneke, 2008) are today considered below the optimum 
(Onasanya et al., 2020) and require further investigation to provide 
viable recommendations to farmers on the optimum plant density. 
Similarly, there is no evidence that the blanket fertilizer recommenda-
tions for Nigeria (Chukwu, 2019; Obigbesan and Fayemi, 1976) are 
sustainable for the cassava-maize intercropping, considering soil and 
climate heterogeneity of Nigerian agro-ecologies. 

Because Nigerian farmers are risk-averse and capital-constrained, 
they are reluctant to invest in fertilizer for their cassava-maize inter-
cropping systems without a clear indication of the return to the invest-
ment. Older fertilizer recommendations (Chukwu, 2019; Eze, 2010; 
Kolawole, 2013) did not consider environmental variability (i.e., dif-
ferences in soil fertility and rainfall) across different agro-ecologies and 
thus, may not be suitable as a blanket recommendation to farmers for 
adoption. Farmers need simple, easy-to-apply methods guiding their 
decision-making on the crop density and fertilizer use in their 
cassava-maize intercropping systems based on trials conducted across 
the diverse agroecology. 

To address these knowledge gaps, we investigated the effects of 
increasing planting density and NPK fertilizer application on maize and 
cassava yield and profitability of increasing planting density and NPK 
fertilizer application in a stepwise intensification approach by: (i) 
increasing cassava plant density from 10,000 to 12,500 ha− 1 and maize 
plant density from 20,000 to 40,000 ha− 1; (ii) fertilizer application in 
high-density intercropping systems, and (iii) increased N or K applica-
tion rates to evaluate if cassava or maize can be targeted for yield in-
creases. We hypothesized that: i) increasing both the cassava and maize 
plant densities in the system will increase yields, ii) application of N, P, K 
fertilizers will increase yields of both crops at increased planting den-
sities, iii) increasing N application relative to K will benefit maize more 
than cassava, iv) increasing K application relative to N will benefit 
cassava more than maize, v) response to fertilizer application is location- 
specific, and vi) investment in NPK fertilizers in cassava-maize inter-
cropping systems is profitable but may require modification based on 
the prevailing prices of the crop produce and fertilizer. 

2. Materials and methods 

2.1. Study area 

The trials were conducted in the Derived Savanna (DS) and Humid 
Forest (HF) agro-ecological zones (AEZs) of Nigeria in Anambra (AN), 
Benue (BN), Cross River (CR), Ogun (OG), and Oyo (OY) States (Fig. 1) 
in 2016 and 2017. The study areas were chosen based on the popularity 
of cassava-maize intercropping of collaborating partners. Within the 
chosen AEZs, rainfall is bimodal and varies between and within the AEZs 
(Alahira, 2013; Salako, 2003). Rainfall lasts for 7–8 months with peaks 
in July and September. Rainfalls span from April through October/early 
November with 4–5 months dry season starting late November through 
March. Usually, there is a temporal rainfall cease in August termed the 
‘August break’. The mean annual rainfall of the chosen Local Govern-
ment Areas (LGAs) of states within the DS and HF AEZs during the 
experimental cycles is presented in Fig. 2. 

In 2016, planting commenced mid-May and lasted till mid-July. In 
2017 planting commenced in mid-June and terminated in early August, 
in Anambra and Cross Rivers States, respectively. In Benue State, 
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planting commenced mid-June and terminated in early September in 
2016 and 2017. In Ogun and Oyo States, planting in 2016 started in 
early May and ended in late July while in 2017, planting commenced 
mid-May and ended mid-July. The cassava of the 2016 and 2017 trials 
was harvested after 12–15 months in 2017 and 2018, respectively, and 
is herein termed the first (2016/2017) and second (2017/2018) cycle. 

2.2. Site selection, trial installations, and soil conditions 

Sites in our areas of interest were grouped according to variations in 
climate, soil, and vegetation characteristics. The grouping informed the 
decision for the spread of our trials within states and local government 
areas (LGAs) of interest. It also enabled collaboration with the already 
existing network of farmers which was established by the State Agri-
cultural Development Projects (ADPs) and supervised by extension 
agents (EAs). The specific site locations for the implementation of the 
trials were selected based on the cropping decision of farmers already 
working with the ADPs. Farmers who had already decided to grow 
cassava-maize intercrop were identified and selected with the help of the 
EAs. To ensure compliance with the protocols and good quality of data, a 
cluster arrangement of the trials was adopted. A total of 19 clusters 
(intended to host 190 trials) were used in the 5 States. A cluster 
constituted an area with a 5 km radius containing 8 trials on average. 
Although not all the intended trials were established (about 5% less), 
only 126 trials in the 5 Sates were harvested. The rest were vandalized, 
poorly managed, or abandoned due to security issues. In 2016, 64 sites 
were harvested whereas, in 2017, 62 trials were harvested. Fields of 
2016 were different from those used in 2017. In most cases, fields of 
both years were close to each other. Each cluster was supervised by an 
EA with assistance from an agronomist. Trail installations, fertilizer 
applications, and harvesting were done by a team comprising of an 
agronomist, EA, and participating farmer. 

To describe our environments and to show fertility variations within 
and between States, soil data for 0–30 cm depth were extracted from 
SoilGrids (https://soilgrids.org/) at 250 m spatial resolutions and used 
for site descriptions. In this data, the soil organic carbon (SOC) was 
determined by dry combustion at 900 ◦C, pH measurement was in the 
water on 1:2.5 soil/water ratio, total nitrogen (N) by wet oxidation, 
available phosphorus (P) according to the analytical procedure of 
Mehlich III, the soil exchangeable potassium (Exch. K) determined in 

1 M NH4OAc buffered at pH of 7, and the particle size distributions 
(sand, silt, and clay contents) by the hydrometer method (https://soilg 
rids.org/). 

2.3. Experimental design 

In the first cycle, four treatments were assigned to plots in two in-
dependent sets of on-farm trials (Table 1): (1) farmer practice (control) 
at 10,000 cassava plants and 20,000 maize plants ha− 1 without fertilizer 
(LC-LM-F0), (2) increased crop density with 12,500 cassava plants and 
40,000 maize plants ha− 1 without fertilizer (HC-HM-F0), (3) increased 
crop density as in (2) with fertilizer applied at (90 kg N, 20 kg P and 
37 kg K ha− 1) assumed to favour the maize crop (HC-HM-FM); and (4) 
increased crop density as in (2) with fertilizer applied at (75 kg N, 20 kg 
P and 90 kg K ha− 1) assumed to favour the cassava crop (HC-HM-FC). 
The planting pattern of the low cassava density was on a square pattern 
of 1 m × 1 m, while the high density was on a rectangular pattern of 
1 m × 0.8 m. Low-density maize was seeded at 1 m × 0.5 m and the 
high density at 1 m × 0.25 m. Treatments were not replicated at indi-
vidual sites; each farmer’s trial represented a replicate in the multi- 
locational experimental design. 

The design was adjusted in 2017. The maize- and cassava-targeted 
fertilizer regimes (FM and FC) formed two independent sets of trials. 
Due to the better performance of cassava at high density (HC: 12,500 
plants ha− 1), the low-density (LC: 10,000 plants ha− 1) farmer practice 
(LC-LM-F0) was replaced in the second cycle with a new control treat-
ment; (1) 12,500 cassava and 20,000 maize plants ha− 1 without fertil-
izer (HC-LM-F0). Treatments (2) HC-HM-F0, (3) HC-HM-FM, and (4) 
HC-HM-FC were retained. Two other treatments were introduced; 
12,500 cassava and 20,000 maize plants ha− 1 with fertilizer assumed to 
favour (5) the maize crop (HC-LM-FM) and (6) the cassava crop (HC-LM- 
FC). Thus, while the FM set comprised of HC-LM-F0, HC-HM-F0, HC-LM- 
FM, and HC-HM-FM treatments, the FC set comprised of HC-LM-F0, HC- 
HM-F0, HC-LM-FC, and HC-HM-FC treatments, with HC-LM-F0 and HC- 
HM-F0 as common treatments between both sets. 

2.4. Crop establishment 

Maize variety, EVDT-Y 2000 STR C4 (SAMMAZ 35, yellow grain 
colour) was used in Anambra, Cross River, Ogun, and Oyo States, 

Fig. 1. Distribution of trials across southern Nigeria. Note: dots may represent multiple field locations because trial sites were in close vicinity causing dots 
to overlap. 
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whereas variety, EVDT-W 99 STR and 2011-TZE-W DT STR Synthetic 
(SAMMAZ 27 and 48, white grain colour) was used in Benue State in the 
first and second cycle, respectively. The maize variety was changed in 
the second cycle in Benue State due to observed “witchweed” (Striga 
asiatica (L.) Kuntze) attack in the first cycle. The maize varieties were 
chosen according to farmers’ colour preferences and market accept-
ability. All maize varieties were early maturing (90–95 days) to limit 
competition between cassava and maize over time. Cassava variety TME 
419 was used in all States except in Anambra where the farmers 
preferred TMS 98/0581 and in Benue state where the variety TMS 98/ 
0505 was used in the farmers’ practice control treatment (LC-LM-F0) in 
the first cycle. Both cassava varieties were chosen by the farmers based 
on popularity and acceptance; they are popular for high storage root 
yield and high dry matter content. 

Cassava and maize were planted on either mechanically or manually 
prepared one-meter parted ridges arranged across field slopes. In Ogun 
and Oyo States, some farmers preferred to plant cassava on flat fields 
after disc plough tillage. Planting patterns on flat fields were the same as 
on ridged fields. Treatment plots measured 7.2 m in the direction of 
tillage (ridging) and had 7 rows to give a net plot area of 7 × 7.2 m 
(14 × 14.4 m per trial), except for the LC-LM-F0 treatment plots in the 
first cycle which measured 7 m in tillage direction and 7 rows, to give a 
net plot area of 7 × 7 m (14 × 14 m per trial). 

Cassava and maize were planted simultaneously in both cycles. 
Healthy cassava planting stakes of 20–25 cm length, with a minimum of 
5 viable buds were inserted to ¾ of their length into the soil at an angle 
of approximately 45 ◦ along ridge crests or following a line on flat fields. 
Maize was sown with two seeds per position at mid-slope of ridged 
fields, 25–30 cm away from the cassava stakes and exactly in the middle 
between cassava rows (50 cm from cassava) on flat fields. Germinated 
maize was thinned to one plant per position 2–3 weeks after planting 
(WAP). 

The net plot for maize comprised of the 4 internal rows of 5 m and 

5.25 m in length corresponding to an area of 20 and 21 m2 in the LM and 
HM density treatments, respectively. The net plot for cassava comprised 
of the 5 internal rows of 5 and 5.6 m in length corresponding to an area 
of 25 and 28 m2 in LC and HC density plots, respectively. 

2.5. Fertilizer application and management 

2.5.1. Fertilizer application and management for the first cycle 
The fertilizer targeting the maize crop (FM) was applied to the left of 

the maize rows. At planting, 300 kg ha− 1 NPK 15:15:15 equivalent to 
45 kg N, 20 kg P, and 37 kg K ha− 1 were applied. Two equal amounts of 
50 kg urea ha− 1 (22.5 kg N ha− 1) were top-dressed at 3 and 6 WAP. The 
holes for the NPK dosage per hill were approximately 5 cm deep and 
located in the mid-slope between cassava and maize planting positions; 
approximately 5 cm next to the maize hills. Following the application, 
the holes were covered with soil. N top-dressing as urea at 3 and 6 WAP 
was done by making shallow ditches 10 cm away from maize plants 
along the ridges in the direction of tillage, and the urea dosage was 
evenly distributed along the ditch and covered with soil. 

In the FC regime, the early fertilizer dressings were applied next to 
the maize rows at a 10 cm distance, the later dressings were applied 
close to the cassava. Application of 300 kg ha− 1 NPK 15:15:15 equiva-
lent to 45 kg N, 20 kg P, and 37 kg K ha− 1 at 2 WAP and 15 kg N ha− 1 as 
urea at 6 WAP followed a similar procedure as in the FM regime. At 10 
WAP, N (15 kg urea ha− 1) and K (25 kg MoP ha− 1) were top-dressed by 
scooping 1 m long shallow ditches along the crests of ridges starting 
approximately 10 cm away from the cassava stakes and placing the 
fertilizers, and hereafter covering with soil. Application of the last 
dressing of K (28 kg MoP ha− 1) at 16 WAP followed the same procedure. 

2.5.2. Fertilizer application and management for the second cycle 
Urea top dressing in the FM regime was applied at 5 WAP instead of 

at 6 WAP. This was due to our observation that application at 6 WAP 

Fig. 2. Cumulative rainfall aggregated by the different local government areas (LGAs) within the states where trials were conducted during the first and second 
cassava growing cycle. 
Source: CHIRPS (2020). 

Table 1 
Combination of the levels of studied factors in the cassava-maize intercropping treatments in the two growing cycles.  

Treatments in the first cycle LC-LM-F0 HC-HM-F0 HC-HM-FM HC-HM-FC    
Treatments in the second cycle  HC-HM-F0 HC-HM-FM HC-HM-FC HC-LM-F0 HC-LM-FM HC-LM-FC 
Cassava planting density ha− 1 10,000 12,500 12,500 12,500 12,500 12,500 12,500 
Maize planting density ha− 1 20,000 40,000 40,000 40,000 20,000 20,000 20,000 
NPK rates in kg ha− 1 in the first cycle 0:0:0 0:0:0 90:20:37 75:20:90 0:0:0 90:20:37 75:20:90 
NPK rates in kg ha− 1 in second cycle 0:0:0 0:0:0 90:20:37 90:20:90 0:0:0 90:20:37 90:20:90 

LC = low cassava density; HC = high cassava density; LM = low maize density; HM = high maize density; F0 = no fertilizer; FC = fertilizer targeted at cassava; 
FM = fertilizer targeted at maize. 
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coincided with the onset of the maize reproductive phase i.e., anthesis. 
However, the remaining applications of the fertilizers in the FM regime 
followed the 2016 procedures. 

In the FC regime, all P was applied as triple superphosphate (TSP) at 
0 WAP. Twenty percent (15 kg N ha− 1) of total N in the regime was 
applied at 0 WAP to satisfy an early N requirement of maize. This was 
followed by N and K in 3 dressings which involved the application of 30 
and 27 kg ha− 1 of urea and MoP at 4 WAP. The remaining amount of N 
and K was applied in 2 equal dressings as urea and MoP at 22.5 and 
35.5 kg ha− 1, separately at 11 and 17 WAP. 

2.6. Crop protection 

Fall armyworm (Spodoptera frugiperda) infestation was controlled on 
maize plants by spraying with a mixture of Ampligo (active ingredient 
chlorantraniliprole) at a dosage of 15 ml per 15-liter knapsack spray 
volume. Spraying targeted the maize funnels to ensure direct contact 
with the adult moths, eggs, and/or larvae. Ampligo application was 
repeated as required by the reappearance of army-worm attacks. In 
Anambra State, termite (Isoptera) infestation was controlled by treating 
planting stakes with a mixture of Termex (active ingredient imidacloprid) 
by soaking planting stakes for 30 min in a solution of 10.5 ml Termex in 
5 L of water before planting. Weeds were manually controlled by the 
farmer using a hand hoe. 

2.7. Maize and cassava harvest 

In 2016, maize was harvested at physiological maturity at about 
12–13 WAP. In 2017, maize was harvested earlier at the dough stage, at 
about 10–11 WAP due to the farmers’ preference to collect fresh cobs for 
consumption and sales. Maize harvest started with the removal of the 
border rows. Maize plants were counted and cobs were removed from all 
net plot plants. Cobs were separated according to their quality into 
marketable and non-marketable, whereby diseased and damaged cobs 
were classified as non-marketable. In a companion researcher-managed 
trial (Nwokoro et al. 2021, in prep) grain yield equivalent of the 
marketable cobs were determined. During the cob yield assessment, the 
cobs were grouped into different size categories; big, medium, small, 
and unfit. This was specifically done to ensure that cob sampling for 
grain yield determination was a representation of cob yield in each 
treatment. For the grain yield equivalent of the cobs, we used weighted 
means of each of the cob categories per treatment to calculate the grain 
yield equivalent based on the grain yields from each category. Subse-
quently, the grain dry matter (DM) content was calculated; on average, 1 
cob was equivalent to 103 g of grain. However, we reported maize yield 
in numbers of marketable cobs ha− 1 because this was how our collab-
orating farmers sold maize; this practice is especially common in 
Southern Nigeria. Per protocol, after cob harvest, the stover was to be 
laid along in the furrow within each plot. However, some farmers carted 
away the stover and fed it as fodder to animals, for example, goats. 

Cassava was harvested between 12 and 15 months after planting 
(MAP). Fresh storage root yield was assessed from the net plots. All net 
plot plants were uprooted, and roots were cut off the planting stakes, 
counted, and weighed. Roots of a diameter > 1.5 cm, without diseases or 
rot, were regarded as marketable. The cassava root yield was expressed 
as fresh root yield (Mg ha− 1). 

2.8. Economic analysis of investment in fertilizer, and net revenue 

A financial analysis to evaluate the profitability of fertilizer use in 
cassava-maize intercropping was done by comparing returns to invest-
ment in fertilizer against the control treatment. The purchasing price of 
mineral fertilizers was obtained from an agro-dealer in Anambra State. 
The total cost for each fertilizer regime (FM and FC) was calculated. The 
NPK 15:15:15 compound fertilizer sold for 0.40 USD kg− 1. N as urea, P 
as TSP, and K as MoP fertilizers were sold for 0.44, 0.50, and 0.66 USD 

kg− 1, respectively. Prices of fresh cobs and fresh storage roots were 
obtained from the local market in Anambra State and equalled 0.06 USD 
per cob and 40 USD Mg-1 of fresh storage roots. Revenue derived by the 
increases in cob and storage root yields in response to fertilizers appli-
cation relative to the control treatment was regarded as net benefits. The 
value cost ratio (VCR), an economic indicator for cost-benefit analysis 
was calculated for each of the fertilizer treatments as the gross revenue 
increase over the cost of purchased fertilizers. An investment in fertilizer 
is considered profitable for smallholders if the VCR exceeds 2 USD 
USD− 1; VCR values between 1 and 2 USD USD− 1 are considered risky 
investments, and values less than 1 imply a loss in income. 

Trade-offs in net revenue in storage root and marketable cob yields 
were compared using the actual data and under varied scenarios of 
increasing or decreasing the market prices of cassava storage roots, 
maize marketable cobs, and fertilizers by 50 % for selected treatments 
(HC-HM-FM and HC-LM-FC) due to the relative peculiarity of higher 
marketable cob and storage root yields in those treatments. The net 
revenue from storage roots and marketable cobs relative to HC-HM-F0 
was calculated and plotted against each other. 

2.9. Statistical analysis and data visualization 

All statistical analyses were done using the linear mixed-effects 
(‘lme4()’) (Bates et al., 2015) and the analysis of variance model (‘aov 
()’) (Chambers et al., 1992) commands in the Rstudio environment (R 
Core Team, 2020). Figures for data visualizations were plotted in the 
Rstudio using the ‘ggplot2()’ data visualization package (Gómez-Rubio, 
2017). 

Analysis of variance was carried out to determine the effects of 
planting densities (maize and cassava) and fertilizer application rates 
(and their interactive effects) using the mixed effect model. Four (C-LM- 
F0, C-HM-F0, C-HM-FC, and C-HM-FM) and six (C-HM-F0, C-HM-FC, C- 
HM-FM, C-LM-F0, C-LM-FC, and C-LM-FM) treatments of the maize and 
fertilizer factor combinations were independently analysed in the first 
and second cycle, respectively. For this, the individual combination of 
factors (regarded as treatments) was the fixed effect factor, and fields of 
the individual farmers were the random effect factors. To determine the 
effects of the fertilizer and maize levels, common treatments of both 
cycles were pooled and analysed as a two-way ANOVA, comparing two 
levels of maize density and three levels of fertilizer. The maize and 
fertilizer levels (and their interaction) were the fixed factors while 
farmers’ fields were the random effect variable. 

After the computation of the VCR, a simple analysis of variance was 
carried out whereby the VCR and the fertilizer regimes were the 
response and predictive variables, respectively. The significance of dif-
ferences was evaluated at P ≤ 0.05 and P ≤ 0.01. 

3. Results 

3.1. Biophysical characteristics of the study area 

In about 90 % of the LGAs, the total amount of rainfall in the first 
cycle was slightly less than in the second cycle (Fig. 2). There was higher 
rainfall in the Humid Forest than in the Derived Savanna. In the Derived 
Savanna, rainfall ranged from 1351 to 2339 mm and 1372–2430 mm in 
the first and second cycle, respectively. In the Humid Forest rainfall 
ranged between 2241 to 3222 mm and 2321 to 3438 mm in the first and 
second cycles. Average rainfall was 1720 and 1747 mm in Derived 
Savannah and 2604 and 2744 mm in Humid Forest during the cassava 
average growing season of 428 days in the first and second cycles, 
respectively. 

All soil parameters differed between states. In general, SOC ranged 
between 1.1 to 2.1 %, pH (in 1:2.5 H2O) 5.1 to 6.3, total N 0.5 to 1.4 g 
kg− 1, total P 4.2 to 15.4 mg kg− 1, and exchangeable K 0.9 to 1.8 cmol 
kg− 1 (Table 2). The SOC and total N were higher in Anambra, Cross 
River, and Ogun States; Oyo and Benue States had the lowest 
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concentrations according to the soil grid data. The exchangeable K 
content was higher in Ogun, Oyo, and Benue States. In general, Oyo and 
Ogun States had higher sand contents. Clay content was higher in Cross 
River and Anambra; Oyo, Ogun, and Benue had the least. Fields in 
Anambra State had the lowest silt content, while those in Benue, Cross 
River, and Oyo States were found to have the highest. 

3.2. Maize marketable cob and cassava storage root yields 

There was no difference (p = 0.28) in the overall marketable maize 
cob yield between the first and second cycles. In both cycles (2016 and 
2017), the marketable cob yield was significantly increased (p < 0.01) 
due to increased maize plant density and fertilizer application (Fig. 3). 
Furthermore, fertilizer application increased (p < 0.01) the marketable 
cob yield, regardless of maize density. Increased maize planting density 
without fertilizer application (HM-F0) in the first and second cycle 
increased the number of marketable cobs by 14 % (3700 cobs ha− 1) and 
8% (2100 cobs ha− 1), respectively, compared to LM:F0 (Fig. 3). At 
conditions of low maize (LM) plant density, the application of FC regime 
increased (p < 0.01) marketable cob numbers by 11 % (2958 cobs 
ha− 1); 8% (2637 cobs ha− 1) less than the effect of the FM regime. A 

similar trend was maintained at conditions of HM plant density; the 
number of marketable cobs ha− 1 increased by 15 % (4960 cobs ha− 1) 
under the FC regime, which was 4% (1749 cobs ha− 1) less compared to 
the effect of the FM regime at conditions of HM plant density. No 
interaction effect of maize density and fertilizer was observed (Table 3). 

Overall average storage root yield was 16 Mg ha− 1 in the first cycle, 
15 % (4 Mg ha− 1) higher than the average storage root yield (12 Mg 
ha− 1) in the second cycle. Without fertilizer application, increasing 
cassava planting density (10,000–12,500 plants ha− 1) increased storage 
root yield by 16 % (4 Mg ha− 1) in the first cycle (Fig. 3). Similarly, 
fertilizer application at HC also increased storage root yield by 14 % 
(4 Mg ha− 1) in the first cycle. Without fertilizer application, the high 
maize plant density reduced (p < 0.01) cassava storage root yield by 7% 
(1.5 Mg ha− 1) in the second cycle (Fig. 3). With fertilizer application, 
however, no storage root yield reduction was observed. The effects of 
the FC and the FM regimes on cassava storage root yield were similar: 
both increased storage root yield by 8% (2 Mg ha− 1) relative to no fer-
tilizer application. No interactive effect of maize density and fertilizer 
application was observed on storage root yield (Table 3). 

3.3. Effects of fertilizer application 

To examine cassava and maize yields responses to fertilizer appli-
cation across fields, individual effects of the fertilizer regimes (FM and 
FC) were plotted against the yield in the control treatment for the two 
cycles. Although there was a generally positive response to both fertil-
izer regimes by marketable cobs, as the majority of the observations lie 
above zero (Fig. 4), there was a very weak non-significant negative as-
sociation between marketable cobs responses versus yields in control 
treatment with the FC regime in the first cycle. Similarly, there was a 
non-significant weak positive association between marketable cob re-
sponses and the control yields with the FM regime in the first cycle. In 
the second cycle, there were significantly (p < 0.05) weak negative as-
sociations of responses of number of marketable cobs ha− 1 versus con-
trol yields with either of the fertilizer regimes. Storage root yield 
responded differently to fertilizer application compared to the market-
able cobs; it appears that in both cycles, the response of storage root 
yield was greater when yield in the control treatment was small; non- 
responsive situations occurred more frequently when control yields 
were ≥ 20 Mg ha-1 (Fig. 4). There were significant strong (with FC) and 
weak (with FM) negative associations between storage root responses 
and control yields without fertilizer application in the first cycle. In the 
second cycle, the relationships were non-significantly (p > 0.05) weak 
associations with either of the fertilizer regimes (Fig. 4). 

3.4. Cost-benefit ratio of investment in fertilizer and net revenue trade- 
offs in cassava-maize intercrop 

An average VCR of 3.6 USD USD− 1 was obtained for the FM regime 
with a range from − 5 to 13.2, while the FC regime VCR was significantly 
(p < 0.001) lower at an average of 1.6 USD USD− 1 and ranging from − 3 
to 7 (Fig. 5 a). The result of the cumulative probability showed that 33 % 
and 46 % of the farmers lost income (VCR < 1 USD USD− 1) by investing 
in the FC NPK fertilizers regime in the first and second cycle, respec-
tively, whereas 24 % and 31 % of the farmers lost income by investing in 
the FM NPK regime in the first and second cycle (Fig. 5 b). While 11 % 
and 29 % of farmers gained but did not double investment (1 ≤ VCR ≤
2) in the FC regime in the first and second cycle, respectively, 56 % and 
25 % of farmers doubled investment and more (VCR ≥ 2 USD USD− 1) by 
investing in the FC fertilizer regime in the first and second cycle, 
respectively. Under the FM regime, 8% and 11 % of the farmers gained 
but not up to a double of investment cost (1 ≤ VCR ≤ 2) in the first and 
second cycle, respectively, and 68 % and 57 % of the farmers at least 
doubled the return of investment (VCR ≥ 2) in the first and second cycle. 

The net revenue gained through increases in storage root and 
marketable cob yields showed a consistent trend across the different 

Table 2 
Variation in soil physicochemical properties of SoilGrids data at 0 – 30 cm depth 
across states.  

State Parameter Min Max Mean SEM 

Anambra 

pH (1:2.5 H2O) 5.1 5.4 5.3 0.01 
Organic carbon (%) 1.1 2.1 1.5 0.03 
Total N (g kg− 1) 0.8 1.4 1.1 0.02 
P (mg kg− 1) 8.2 12.0 10.2 0.1 
Exch. K (cmol kg− 1) 0.9 1.7 1.1 0.02 
Sand (%) 56.0 69.0 63.0 0.3 
Silt (%) 9.0 16.0 13.5 0.1 
Clay (%) 21.0 28.0 23.3 0.2  

Benue 

pH (1:2.5 H2O) 5.5 5.8 5.6 0.006 
Organic carbon (%) 0.9 1.4 1.1 0.009 
Total N (g kg− 1) 0.5 1.0 0.7 0.1 
P (mg kg− 1) 4.4 10.8 6.8 0.1 
Exch. K (cmol kg− 1) 0.7 1.4 0.9 0.08 
Sand (g kg− 1) 56.0 72.0 63.9 0.3 
Silt (g kg− 1) 15.0 23.0 18.1 0.1 
Clay (g kg− 1) 13.0 23.0 18.0 0.2  

Cross River 

pH (1:2.5 H2O) 5.1 5.5 5.3 0.02 
Organic carbon (%) 1.1 2.1 1.3 0.03 
Total N (g kg− 1) 0.7 1.4 1.1 0.1 
P (mg kg− 1) 7.7 15.3 9.5 0.2 
Exch. K (cmol kg− 1) 0.8 1.8 1.3 0.05 
Sand (%) 55.0 59.0 56.5 0.1 
Silt (%) 14.0 21.0 17.5 0.2 
Clay (%) 23.0 30.0 26.0 0.3  

Ogun 

pH (1:2.5 H2O) 5.9 6.1 5.9 0.02 
Organic carbon (%) 1.2 1.4 1.3 0.02 
Total N (g kg− 1) 0.7 1.2 1.1 0.5 
P (mg kg− 1) 6.6 10.8 9.8 0.5 
Exch. K (cmol kg− 1) 1.1 1.2 1.1 0.01 
Sand (%) 64.0 72.0 66.0 1.0 
Silt (%) 14.0 16.0 15.2 0.2 
Clay (%) 16.0 21.0 19.6 0.6  

Oyo 

pH (1:2.5 H2O) 5.8 6.3 5.9 0.01 
Organic carbon (%) 1.0 1.2 1.1 0.005 
Total N (g kg− 1) 0.6 0.9 0.7 0.06 
P (mg kg− 1) 5.3 13.6 8.0 0.2 
Exch. K (cmol kg− 1) 0.9 1.3 1.1 0.07 
Sand (%) 60.0 75.0 67.8 0.3 
Silt (%) 11.0 20.0 15.8 0.2 
Clay (%) 13.0 21.0 16.3 0.1 

SEM: standard error of the mean. 
(Source: ISRIC, 2020). 
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scenarios (Fig. 6). With our actual data, only the treatment of high maize 
density under a management of FM regime (HC-HM-FM) turned a profit 
from investment in fertilizer. Regardless of maize density and fertilizer 
regime, when a 50 % price reduction was assumed for either the cassava 
storage root price (CP) or the maize cob price (MP) at constant fertilizer 
prices (FP), a negative net revenue was always realized. On the contrary, 
an increase in MP by 50 %, when the other variables (CP and FP) 
remained constant, resulted in a positive net profit of 156 USD ha− 1 at 

low maize density under the FC regime (HC-LM-FC). In the high maize 
density treatment, the 50 % increase in MP turned the highest profit 
under the FM regime (834 USD ha− 1). On the other hand, net profits 
were obtained at HM planting only under the FM regime when either the 
CP or the FP was increased by 50 % or when the FP was reduced by 50 %. 
Except for situations where the MP was increased by 50 % for HC-LM, 
the FC regime resulted always in negative net revenue. 

Fig. 3. Effect of maize and cassava planting 
density and NPK fertilizer application on the 
number of marketable maize cobs and cassava 
fresh storage root yields in cassava-maize 
intercropping system during two cropping cy-
cles. LC: low density cassava (10,000 ha− 1); 
HC: high density cassava (12,500 ha− 1); LM: 
low density maize (20,000 ha− 1); HM: high 
density maize (40,000 ha− 1); F0: no fertilizer 
applied; FM: fertilizer application at 90 kg N 
ha− 1, 20 kg P ha− 1 and 37 kg K ha− 1; FC: fer-
tilizer application at 75 kg N ha− 1, 20 kg P ha− 1 

and 90 kg K ha− 1 in the first cycle and 90 kg N 
ha− 1, 20 kg P ha− 1 and 90 kg K ha− 1 in the 
second cycle. Error bars represent standard er-
rors of the mean.   

Table 3 
Analysis of variance of treatments imposed during the experimental cycles.   

Maize cob Cassava storage root  

First cycle Second cycle Factorial First cycle Second cycle Factorial  
Pr(>F) Pr(>F) Pr(>F) Pr(>F) Pr(>F) Pr(>F) 

Overall Treatment effect* 0.00*** 0.00*** — 0.00*** 0.00*** —  

Factorial analysis ** 
Maize density — — 0.00*** — — 0.00*** 
Fertilizer — — 0.00*** — — 0.00*** 
Maize density × Fertilizer — — 0.32 — — 0.85  

* Treatments in the first cycle: LC-LM-F0, HC-HM-F0, HC-HM-FC, and HC-HM-FM. Treatments in the second cycle: HC-LM-F0, HC-LM-FC, HC-LM-FM, HC-HM-F0, 
HC-HM-FC, and HC-HM-FM. 

** Factors: 2 levels of maize density (LM and HM) and 3 levels of fertilizer (F0, FC, and FM). 
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4. Discussion 

4.1. Effect of planting density and fertilizer application on marketable 
cobs and fresh storage root yields 

Without fertilizer application, increasing cassava and maize densities 
increased marketable maize cob yield in both cycles and cassava storage 
root yield in the first cycle. Although there are reports of reduced crop 
yields at increased planting density both in sole cropping and inter-
cropping situations (Muoneke and Asiegbu, 1997), such reports re-
flected mostly a situation where the optimal planting density was 
exceeded. Similar to our result, some research reports that crop yields 
can be improved by increased planting density as long as the optimal 
planting density at any growing condition is not exceeded (Asiimwe 
et al., 2016; Egbe and Idoko, 2009; Muoneke, 2007). The average 
storage root yield (14 Mg ha− 1) in our study exceeded the average re-
ported yield by Ezui et al. (2016) or in the cassava-maize intercropping 
study by Joseph et al. (2018), and is equivalent to what was reported by 
Olasantan et al. (1997). However, our average marketable cob yield (16, 
800 cobs ha− 1) was similar to the yields reported by Joseph et al. (2018) 
and Olasantan et al. (1997) in cassava-maize intercropping studies, 
albeit at lower cassava (10,000 plants ha− 1) and a similar maize (40,000 
plants ha− 1) plant density. When the seeding rate is increased, crop 
growth, development, and yield are modified, and in most cases to the 
detriment of single crop performance, but, due to a higher number of 
plants per unit area at high-density situations, final yields are improved. 

In the second cycle when cassava was intercropped with maize at 
high plant density (HM) without fertilizer application, storage root yield 
was slightly reduced by 7% (1.5 Mg ha− 1). Similar yield reduction ef-
fects by maize and other short-duration intercrops on cassava storage 
root yield in intercropping systems were reported by Cenpukdee and 

Fukai (1992); Joseph et al. (2018), and Olasantan et al. (1996). Other 
studies (Adeniyan and Ayoola, 2007; Olasantan et al., 1996) reported 
larger cassava root yield reductions, probably due to the use of 
longer-duration maize varieties, as compared with the short duration 

Fig. 4. Maize cob yield and cassava storage root yield response due to fertilizer 
application versus control yield (without fertilizer application) in on-farm field 
trials during two cropping cycles. FM: fertilizer application at 90 kg N ha− 1, 
20 kg P ha-1, and 37 kg K ha− 1; FC: fertilizer application at 75 kg N ha− 1, 20 kg 
P ha− 1 and 90 kg K ha− 1 in the first cycle and 90 kg N ha− 1, 20 kg P ha− 1 and 
90 kg K ha− 1 in the second cycle. The regression line for second cycle storage 
root yield in FC regime is obscured by the nature of the data distribution. 

Fig. 5. The relationship between the effect of fertilizer application on the 
combined value cost ratio (VCR) from cassava storage root (Mg ha− 1) and 
marketable cob (ha− 1) yields and the combined revenue from the yields of both 
crops without fertilizer application (in control treatment) in the first and second 
cycle (a), and cumulative probability frequency effects of the FM and FC re-
gimes in cassava-maize intercropping system in both (first and second) cycles. 
FM: fertilizer application at 90 kg N ha− 1, 20 kg P ha-1, and 37 kg K ha− 1; FC: 
fertilizer application at 75 kg N ha− 1, 20 kg P ha− 1 and 90 kg K ha− 1 in the first 
cycle and 90 kg N ha− 1, 20 kg P ha− 1 and 90 kg K ha− 1 in the second cycle. 

Fig. 6. Effect of maize density and NPK fertilizer on net revenue (USD ha− 1) 
trade-off from storage roots and marketable cobs yields in cassava-maize 
intercropping system. The dotted line indicates no net revenue (and with left 
a negative and right a positive net revenue) for the cassava-maize intercropping 
system as a whole. CP: cassava price; MP: maize price; : price increase by 50 
%; : price reduction by 50 %; FP: fertilizer price; FM: fertilizer application at 
90 kg N ha− 1, 20 kg P ha− 1 and 37 kg K ha− 1; FC: fertilizer application at 75 kg 
N ha− 1, 20 kg P ha− 1 and 90 kg K ha− 1; HC-HM: cassava-maize intercropping at 
12,500 cassava and 40,000 maize plants ha− 1; HC-LM: cassava-maize inter-
cropping at 12,500 cassava and 20,000 maize plants ha− 1. The 50 % price in-
crease and reduction calculation were done for selected treatments; HC-LM-FC 
and HC-HM-FM due to the higher yield performance of cassava and maize in the 
treatments respectively. 
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varieties used in our study. In general, these observed reductions in 
cassava yield could be a result of the poor competitive ability of the 
cassava plant at the early stage of growth when intercropped with 
maize, especially at high density. Indeed, the first 3–4 months of cassava 
growth is described as a period of slow growth and reflects a time when 
cassava would compete poorly with intercropped plants (Olasantan 
et al., 1994; Silva et al., 2016). Maize, on the other hand, is a 
faster-growing crop compared to cassava, completing its life cycle 
within 3–4 months (Plesis et al., 2003). If different species of crops are 
intercropped, the component which has a higher density and possesses 
greater competitive ability tends to out-compete the other crop for 
available resources (Gou et al., 2016). Maize is fast in development and 
has an extensive rooting system such that if grown under relatively good 
conditions (i.e., adequate moisture and nutrients), it can compete for 
available growth resources (Plesis et al., 2003; Testa et al., 2016) under 
intercropping situations (Adeniyan et al., 2014). However, regardless of 
maize density at intercropping with cassava, fertilizer application 
counteracted part of the storage root yield reduction effect. Olasantan 
et al. (1996) also reported that nutrient management in cassava-maize 
intercropping systems strongly enhanced the ability of cassava to 
overcome the detrimental effects of intercropping during early crop 
growth. 

Regardless of maize plant density, fertilizer application increased the 
number of marketable maize cobs and cassava storage root yields. As is 
well-known, most tropical soils lack important nutrients required to 
sustain or improve crop yield (de Moura et al., 2016) as indicated also by 
the soil grid data of our trial locations (Table 2). Hence, N, P, and K 
fertilizer application can improve crop yields (Yousaf et al., 2017) and 
many studies have indeed reported the beneficial effects of NPK fertil-
izers on the yields of cassava and maize, either as sole crops or when 
intercropped (Adeniyan et al., 2014; Ezui et al., 2017; Munyahali, 2017; 
Olasantan et al., 1994; Kreye et al., 2020). 

Fertilizer effects on maize and cassava yields were, however, regime- 
specific, particularly for the maize crop. Regardless of maize density, the 
FM regime, leading to a higher N application rate, resulted in a higher 
marketable cob yield than the FC regime. Our result corroborates many 
previous reports on the positive effects of nitrogen on maize perfor-
mance (Băşa et al., 2016; Saïdou et al., 2003). Furthermore, the N rate in 
FM was not only higher than the rate in the FC regime especially in the 
first cycle but it was also applied earlier to the maize, which most likely 
improved plant establishment and early growth. The N rate in the FM 
regime was similar to the N recommendation by Saïdou et al. (2018) for 
maize production. Interestingly, there were no apparent differences in 
storage root yield between the two fertilizer regimes, contrary to our 
expectation that the FC regime would result in higher storage root yield 
because of the higher K rate. Seemingly the K levels (0.9 to 1.8 cmol 
kg− 1) at our trial sites (Table 2), although mostly below the minimum 
required level (1.5 to 2.5 cmol kg− 1) for cassava production (Howeler, 
2002), may not have been low enough to cause apparent differences in 
storage root yield between the two fertilizer regimes (Figs. 3 and 4), 
despite differences in K rate (37 kg K ha− 1 for FM and 90 kg K ha− 1 for 
FC). Possibly also, the soils may have adequate K stocks in the deeper 
soil layers. In contrast to our findings, Adiele et al. (2020) reported a 
higher storage root yield at a K application rate of 180 kg ha-1 in similar 
environments in Nigeria; an indication that perhaps the K rates we tested 
in our study were mostly below the K requirements of our trial sites. 

4.2. Variations in response to fertilizer application 

Response to NPK application varied across sites in both cycles. When 
either the storage root or the marketable cob yields with either of the 
fertilizer regimes were plotted against yields from the control (treatment 
without fertilizer application), we observed that the majority of the 
fields have positive responses, but more so when control yields were low 
(Fig. 4). Qiu et al. (2014) reported also progressive yield differences in 
maize grain and stover yields as the fertility levels widened between the 

unfertilized and fertilized treatments. Similarly, Fermont et al. (2010) 
reported responses to fertilizer to vary across different locations and 
indeed decrease on more fertile soils. Nevertheless, it is important to 
note that particularly for the cassava storage root, the yield response to 
fertilizer was low and negatively correlated with control treatment 
especially at high control yields, resulting in average fertilizer response 
becoming close to absent (Fig. 4). A similar result on storage root 
response to fertilizer application was reported by Munyahali et al. 
(2017) in a study conducted in the province of South Kivu, DR Congo. 
The variations in control yields and yield responses are likely at least 
partially a reflection of the effects of the variations in the soil properties 
of our study fields (Table 2; Fig. 4). Except for pH (5.1–6.3 in 1:2.5 H2O) 
and available P (4.2–15.4 mg kg− 1), the range in values of all soil 
chemical parameters were below the minimum requirements (SOC 
2.0%–4.0%, available P 4.0–15.0 mg kg− 1 and exchangeable K 1.5 to 
2.5 cmol kg− 1) for cassava (Howeler, 2002) and maize (Ayodele and 
Omotoso, 2008) production (Table 2). The yield variation could also be 
attributed to the observed variations in the total amount of rainfall 
received throughout the crop growth (Fig. 2), previous fertilizer man-
agement, fallow period and overall crop management. In a study con-
ducted in Kiduma and Mbuele, both in DR Congo, Pypers et al. (2012) 
found residual effects of previously applied fertilizers on cassava root 
yield in the following year. Although both fertilizer regimes targeted 
specific crops (FM at maize and FC at cassava), their nutrient ratios are 
similar to the recommendations by Ezui et al. (2016) for cassava and 
NAAS (2009) for maize. However, the intercropping of both crops might 
have confounded yield responses; it could be that because the maize 
matured and was harvested much earlier than the cassava, it experi-
enced less competition for nutrients from the cassava hence, the fewer 
negative cob yield responses in comparison to the cassava. As explained 
earlier, K can become a yield limiting nutrient in cassava production. 
The fact that the highest K concentration in maize is found in the stover 
(Bąk et al., 2016) could also explain the more negative yield responses of 
storage root due to the inconsistencies of stover management at different 
fields. Most of our participating farmers removed and fed the stover to 
livestock rather than returning them to the plots, thereby reducing the 
amount of K available to cassava. 

4.3. The effect of fertilizer application on value cost ratio and net revenue 

Because the maize marketable cob yields were higher under the FM 
regime at high maize density, VCR values from high maize density 
treatments were always higher than their low-density maize counter-
parts. It is widely considered that a VCR should be ≥ 2.0, especially in a 
developing economy (such as Nigeria) to provide incentives for fertilizer 
use and overcome risks and costs of capital investment (CIMMYT, 1988; 
Munyahali et al., 2017; Sommer et al., 2013). Both the FM and FC re-
gimes generated in over half of the trials a VCR exceeding 2.0 USD 
USD− 1 in both cycles (Fig. 6 a). A similar result on VCR (or a benefit-cost 
ratio (BCR)) ≥ 2.0 with fertilizer application was reported by Thandar 
(2014) for cassava intercropped with either cowpea, groundnut, or 
soybean, and by Senkoro et al. (2018) for sole cropped cassava in 
Tanzania, Kenya, and Ghana. The variations we observed in the VCR 
figures were due to differences in response to fertilizer across different 
fields (Fig. 4), possibly as a result of variation in soil properties as 
explained earlier. Our findings corroborate results by Munyahali et al. 
(2017) who reported variations in VCR values as a result of variations in 
soil qualities using cassava as a test crop. While under the FC regime 33 
% and 46 % of farmers lost money due to investment in NPK fertilizers in 
the first and second cycle, respectively, the FM regime led to 24 % and 
31 % of farmers losing money in the first and second cycles (Fig. 6 b). 
The FM regime always led to a higher VCR than the FC regime. This is 
mostly due to higher yields of maize cobs under FM than the FC regime 
because storage root yields were comparable across the two fertilizer 
regimes. Interestingly, Senkoro et al. (2018) reported a linear cassava 
yield increase along with increased rates of N application that resulted in 
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VCR > 2 at all trial locations in Tanzania, Kenya, and Ghana compared 
with increased rates of P and K observed only in Ghana. According to our 
results, it is, however, riskier to invest in the FC regime than the FM in 
cassava-maize intercropping for the conditions in our study. This con-
firms the report that the most limiting nutrient in tropical soils is N of 
which an adequate and timely supply results in increased crop yields, 
and a higher likelihood of profitable returns (de Moura et al., 2016). 
Perhaps VCR higher than what we obtained could have been achieved 
had the nutrient ratios in both regimes based on specific site re-
quirements according to soil fertility and exact nutrient requirements of 
our fields. Ezui et al. (2016) reported less benefit to cost ratio (BCR) with 
blanket fertilizer application compared to higher BCR with site-specific 
fertilizer use. This suggests that for higher response and margin in fer-
tilizer use, a decision on nutrients ratios and recommendations should 
be based on specific site requirements regardless of the cropping system. 

We observed no differences in cassava storage root yields between 
the two fertilizer regimes, and an average increase in storage root yield 
of 4 Mg ha− 1 due to fertilizer application was obtained. Nevertheless, 
the marketable maize cob yield was 18.4 % (2088 cobs ha− 1) lower 
under the FC than FM regime. Furthermore, the revenue generated by 
maize cobs constituted 84 % and 91 % of the total revenue under the FC 
and FM regimes, respectively. Therefore, except in situations where 
either the fertilizer price reduces or the storage root market price in-
creases by 50 % each, or both happen, it is unlikely that profit can be 
returned by the intercropping of cassava with low maize density (HC- 
LM) under a management of FC regime (Fig. 6). Hence, there are salient 
considerations to make when profitability is expected. Such consider-
ations include but are not limited to: i) information on soil fertility to 
determine if external fertilizer input is necessary, if yes, target yield(s) at 
which investment in fertilizer is returned should be considered, ii) 
nutrient ratios of the required NPK fertilizers, iii) the prevailing market 
prices of produce and fertilizers inputs, and iv) the cassava and maize 
planting densities. 

5. Conclusion 

In general, cassava and maize planting densities, as well as fertilizer 
application had significant effects on the yield of both crops and prof-
itability in the cassava-maize intercropping system. With or without 
fertilizer application, planting of cassava at 12,500 and maize at 40,000 
plants ha− 1 would improve yields from both crops in the system 
compared with planting cassava at 10,000 and maize at 20,000 plants 
ha− 1. However, yields would be generally higher if the system is 
managed with fertilizer, especially on nutrient limited fields such as the 
environments of our study. Without fertilizer application, intercropping 
cassava with maize at 40,000 plants ha− 1 would most likely reduce 
cassava storage root yield by at least 7% or more, depending on the 
inherent fertility of the field due to high competition for nutrients at 
higher densities. However, this effect can be counteracted by fertilizer 
application on nutrient limited fields regardless of maize density, or by 
planting maize at 10,000 plants ha− 1 in situations where fertilizers are 
not affordable. Should the system be managed with fertilizer in a similar 
production environment as our study area, 90 kg N, 20 kg P, and 37 kg K 
ha− 1 (the FM regime) is recommended over 75 or 90 kg N, 20 kg P, and 
90 kg K ha− 1 (the FC regime) due to higher marketable cob yield with 
the FM and comparable storage root yields compared with the FC regime 
according the results we obtained. Nevertheless, responses of storage 
roots and marketable cobs to fertilizer application varied substantially 
between sites and were likely related to differences in production factors 
such as soil fertility, rainfall, crop durations, and nutrients ratios. 
Therefore, it is advised that decisions on fertilizer nutrient ratios, rates 
and management should be based on good knowledge of any production 
environment of interest, especially the inherent soil fertility, rainfall 
duration and other crop production factors. Generally, fertilizer re-
sponses are less, or even negative, on moderate to fertile soils. 

The average value to cost ratio (VCR) under the FM regime was 3.6 

USD USD− 1 and higher than the average VCR (1.6) under the FC regime, 
an indication that N was perhaps the most yield limiting nutrient in our 
study environment. The application, in adequate amount, of yield 
limiting nutrients in every production environment would likely result 
in higher VCR. By investing in NPK fertilizers in cassava-maize inter-
cropping systems, profitability can be achieved, however, this is 
contextual as it would depend on agroecology and market prices. Ac-
cording to the results of this study, it is apparent that more research is 
needed to understand the peculiarities of smallholder farmers’ produc-
tion environments and their specific resources to at least understand 
under what circumstances are fertilizer investments capable of 
achieving what level of profitability, since not all the farmers benefited 
from using fertilizer. 
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