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Abstract: Improved nutrient use efficiency and use of appropriate crop varieties are required towards producing enough food 

in a sustainable manner. This study assessed the response of three cassava (Manihot esculenta Crantz) varieties to three 

potassium (K) fertilization rates on West African ferralsols. It aimed at identifying optimal K fertilizer application rates and 

corresponding appropriate crop varieties for improved and sustainable cassava production. Three K fertilizer rates including 0, 

50 and 100 kg K ha
-1

 were used together with fertilizers nitrogen (N) and phosphorus (P) each at a fixed rate of 60 kg ha
-1

. The 

cassava varieties were Gbazekoute (V1), KH (V2) and Moya (V3). Field data including cassava fresh tuber and stover yields, and 

harvest index (HI) were collected from the 2-yr experiment in which treatments were arranged in a split-plot design, with 

varieties as main plots and K fertilizer rate as subplots. Mean fresh tuber yield under Gbazekoute (65.5 Mg ha
-1

) increased by 

68.4 and 44.3% as compared with KH (38.9 Mg ha
-1

) and Moya (45.4 Mg ha
-1

), respectively, while yield under Moya was 

superior to that of KH by 16.7%, indicating that tuber yield potential was highest, intermediate and lowest for V1, V3 and V2, 

respectively. Mean stover yield under Gbazekoute (52.2 Mg ha
-1

) decreased by 12.6 and 18.7% as compared with KH (59.7 Mg 

ha
-1

) and Moya (64.2 Mg ha
-1

), respectively. Mean harvest index values increased under Gbazekoute (55.7%) by 41 and 34.5 % 

as compared with KH (39.5%) and Moya (41.4%), respectively, and value under KH was 4.6% lower than that for Moya. The 

three varieties were responsive to applied fertilizer K rate with the response being highest, intermediate and lowest for the KH, 

Moya and Gbazekoute, respectively. For the three varieties, the optimum K fertilizer application rate was 50 kg K ha
-1

.
 

Gbazekoute proved superior over KH and Moya in efficiently allocating assimilates to storage roots at the expenses of the stover. 

The use of 50 kg K ha
-1

 together with 60 kg N ha
-1

 and 60 kg P ha
-1

 (N60P60K50 kg ha
-1

) under the Gbazekoute may be a 

recommended practice towards sustaining improved cassava production on the inherently degraded West African ferralsols. 
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1. Introduction 

Food shortages have become an increasing worldwide 

concern with the highest severity in Africa where the 

phenomenon is seriously hampering the development of the 

continent. In sub-Saharan Africa, food production should 

increase by 70% by 2050 to meet the necessary caloric 

requirements [1]. However, producing enough food, in a 

sustainable manner, to meet the needs of an increasing global 

population is one of the greatest challenges we face [2]. The 

ability to achieve this goal is compounded by the decrease in 

arable land through environmental degradation and urban 

encroachment [3, 4], increased cost and potential shortages of 

fertilizers [3, 5] and climate change. Efforts towards 

improving agricultural productions to enhancing food 

security in the region should therefore address major 

constraints with focus on reversing nutrient depletion from 
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soils, mitigating the effect of drought spells and erosion, 

increasing nutrient and water use efficiency and adaptation of 

improved crop varieties. 

Cassava (Manihot esculenta Crantz) is one of the staple 

food crops in tropical countries primarily due to the variability 

of foods that can be derived from it for human as well as for 

livestock use. It is a strategic crop for the FAO because of its 

potential for famine mitigation in many tropical 

underdeveloped countries and is the third source of calories in 

the tropics after rice and maize, and, as such constitutes an 

important staple food crop especially in Sub-Saharan Africa [6, 

7]. Furthermore, cassava root and its derivatives are dominant 

food in Sub-Saharan Africa, being responsible for fifty 

percent of food intake and about 1000 calories per capita per 

day [8]. Cassava is also an industrial crop [9]. The crop is 

grown throughout the tropics, and supports approximately 25 

percent of farming households (about 100 million people) and 

is a major crop on 35 percent of all agricultural land (about 60 

million hectares) in Sub-Saharan Africa [10]. 

The cassava cropping based literature especially the crop 

nutrient needs and utilization for growth and yield is subject to 

a highly controversial debate. Several studies described 

cassava as a low nutrient demanding crop. References [11, 12] 

indicated that it can grow on poor soils. Cassava is generally 

grown in marginal soils because of its minimal requirement 

for land preparation and its ability to produce reasonably good 

yields even on eroded and degraded soils [13]. The crop can 

grow on soils that are too impoverished to support other staple 

crops [14], and farmers do not fertilize cassava, partly because 

they think that cassava does not require it and partly because 

they are contented with the minimal yields obtained from 

using limited inputs or even from their infertile soils [15]. On 

the other hand, several other studies indicated that cassava 

cropping requires fertile soils with high levels of nutrients. 

Reference [9] pointed out that cassava production is limited by 

soil fertility status and this necessitates application of organic 

and inorganic fertilizers. Cassava is known as a soil depleting 

crop because of the large amounts of nutrient it takes up from 

the soil and farmers need technical support to diagnose and 

correct soil nutrient deficiencies towards enhancing the crop 

production [16]. To achieve the yield potential of cassava, 

good soil fertility and adequate fertilization is essential [15, 

17]. The harvested roots in particular contain large amounts of 

K - the NPK ratio in the roots being 5:1:10 in comparison to 

the typical ratio of 7:1:7 as in other crops [18]. 

Despite the controversial debate on the cassava nutrient 

needs and utilization, it has been unanimously agreed that the 

crop growth and yield are primarily limited by K. Reference 

[10] reported that since cassava is a high carbohydrate 

producer, it requires a large amount of K which has a special 

role in carbohydrate synthesis and translocation. Although 

variation in local soil conditions is important, increases in 

cassava yield can be readily achieved with a strong response to 

application of K and moderate responses to nitrogen (N) and 

phosphorus (P) [19], and this can be especially important in 

the developing world, as access to synthetic fertilizers is often 

limited or non-existent [2]. However, several studies [20, 21, 

22] demonstrated that cassava response to fertilizer and 

environment is also a function of the crop genotype. Although 

the plant is well adapted to low levels of available P, it requires 

fairly high quantities of K, especially when grown 

continuously for many years on the same site [23]. Long-term 

fertility trials have clearly indicated that sooner or later K 

deficiency becomes the most limiting nutritional constraint if 

cassava is grown continuously without adequate K 

fertilization [10]. Efforts towards sustainably improving 

cassava production should primarily focus on a quantitative 

determination of optimal K fertilization schemes together with 

the use of appropriate crop varieties on a site-specific basis. 

The objective of this study was to assess the response of 

three cassava varieties to three K fertilization rates on coastal 

West African ferralsols. The aim was to identify optimal 

fertilizer K rates of application and corresponding 

appropriate crop varieties towards an improved and 

sustainable cassava production in this agro ecosystem. 

2. Materials and Methods 

2.1. Experimental Site 

The study was conducted at the University of Lomé 

Research Station near Lomé, Togo (6°22’N, 1°13’E; altitude = 

50 m). The soil type was a rhodic ferralsol locally called 

“Terres de Barre” that developed from a continental deposit 

[24]. This soil type covers part of the arable lands in Togo, 

Bénin, Ghana, and Nigeria and is commonly used for cassava 

production in coastal Western Africa. The experimental site 

has a slope of less than 1% and annual precipitation typically 

ranges from 800 to 1100 mm. At the onset of this experiment, 

the site, which has usually been used by farmers for 

unfertilized continuous maize cropping, was under a 2-yr 

grass fallow. 

2.2. Crop and Soil Management 

A 2-yr period (2010-2011) split-plot experiment was 

established with three replicates. Three cassava varieties were 

the main plot effects and three K fertilizer levels were at the 

subplot level. The site was manually plowed and 9 main plots 

(15 x 10 m) and 27 subplots (5 x 10 m) were laid out in a 

spatially-balanced complete block design [25]. 

Spatially-balanced complete block (SBCB) designs are a 

model-based approach that guarantees that the experiment is 

insensitive to trends, spatial correlation, or periodicity in the 

research domain [26]. It aims to equalize variances among 

treatment contrasts and allows for conventional statistical 

analysis methods. The three cassava varieties were: (i) 

Gbazekoute, V1, (ii) KH, V2 and (iii) Moya, V3. Gbazekoute 

and Moya are locally popular varieties and KH is a recently 

created and tested variety by the Laboratoire de 

Biotechnologie de l’Ecole Supérieure d’Agronomie de 

l’Université de Lomé. Fertilizer treatments were applied to 

subplots under each of the three varieties. Three subplots were 
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treated with three levels of K including 0 kg K ha
-1

 (T1), 50 kg 

K ha
-1

 (T2) and 100 kg K ha
-1

. All subplots were fertilized 

with N and P at a rate of 60 kg ha
-1

 each. Fertilizer N, P and K 

were manually applied by hill placement as urea, P2O5 and 

KCl, respectively, six weeks after cassava planting at 

approximately 8 cm depth. Cuttings of the tree varieties were 

planted slanted, at an angle in April and harvested in February 

of the subsequent year (approximately 11 months) at a density 

of 10,000 plants ha
-1

 (at a spacing of 1 m x 1m). The crop was 

manually weeded three times in each year. 

2.3. Data Collection 

At the onset of the experiment in 2010 (at cassava planting 

in April), soil properties including total C and N and nitrate-N 

(NO3-N) contents, available P and K, exchangeable bases 

(Ca++, Mg++, Na+ and K+), pH, total cation exchange 

capacity (CEC) and particle size distribution were measured 

for the first 20 cm soil layer (0-20 cm depth) on the 

experiment site from twenty four composite soil samples 

using the standard methods of the International Institute for 

Tropical Agriculture [27]. 

Yield data were measured on fresh tuber weight and stover 

weight from samples of 12 matured plants randomly selected 

and manually harvested from each subplot after 11 months of 

growth. Stover was the above-ground parts, made up of 

cassava stems cut at the soil surface, leaves, and branches. 

Harvest Index (HI) was also determined by the relationship 

below and expressed as a percentage: 

HI = Economic Yield × (Biological Yield)-1       (1) 

with, economic yield referring to tuber yield and biological 

yield referring to total biomass yield. The yield data were 

analyzed using the general linear mixed model with rep and 

rep*variety as random, and fertilizer level and variety as fixed 

effects. Significant effects were followed by multiple 

comparisons adjusted with a Bonferoni correction. The 

MIXED procedure in Statistical Analytical System [28] was 

used to run the analysis. 

3. Results and Discussion 

3.1. Soil Properties 

The soil of the experimental site was moderately acidic with 

a pH of 6.48 and very low total C and N contents of 0.75 and 

0.07%, respectively (Table 1). The soil texture results showed 

that the soil was sandy, with a total sand content of 80% for the 

top 20 cm soil profile, indicating that the site was a 

well-drained soil with low and fairly low P and K contents of 

10.86 and 76.80 mg kg
-1

, respectively. The CEC was low (2.52 

cmol kg
-1

) with exchangeable bases Ca++, Mg+, Na+ and K+ 

of 30.75, 7.12, 5.0 and 3.38 cmol kg
-1

, respectively (Table 1). 

Overall, the soil properties indicated that the experimental site 

was low in inherent fertility as demonstrated earlier by [29] 

and, therefore, according to [30] will require additional 

fertilizer for optimum tuber yield. It was thus expected that 

cassava crop would respond to fertilizer application on the 

site. 

Table 1. Soil properties at the onset of the experiment. 

Parameter Value 

pH (H2O) 6.48 

Total C (%) 0.75 

Total N (%) 0.07 

NO3-N (mg kg-1) 3.30 

Available P (mg kg-1) 10. 86 

Available K (mg kg-1) 76.80 

Exchangeable bases (cmol kg-1)  

Ca++ 30.75 

Mg++ 7.12 

Na+ 5.0 

K+ 3.38 

Total CEC (cmol kg-1) 2.52 

Sand content (%) 80.0 

Silt content (%) 7.0 

Clay content (%) 13.0 

3.2. Tuber Yield 

Fresh tuber yield typically ranged from 23 to 71 Mg ha
-1 

(Table 2), which agreed reasonably well with results of 28 to 

43, 30 to 45, 38 to 50 and 38 to77 Mg ha
-1

 reported by [31], 

[22], [32] and [16], respectively. Two-yr mean fresh tuber 

yield regardless of K fertilization rate increased under 

Gbazekoute variety (65.5 Mg ha
-1

) by 68.4 and 44.3 % as 

compared with KH (38.9 Mg ha
-1

) and Moya (45.4 Mg ha
-1

) 

varieties, respectively, while yield under Moya was superior to 

that of KH by 16.7% (Table 2). This indicated that yield 

potential in the agro ecosystem was highest, intermediate and 

lowest for V1, V3 and V2, respectively. 

In the first year of the study and within the three varieties, 

fresh tuber yield was in general similar for the three fertilizer 

K application rates (Table 2). The limited yield response to 

fertilizer K might be explained by the soil nutrient particularly 

K content (76.8 mg kg
-1

) at the onset of the experiment that 

presumably masked the K fertilizer effects. In the second year, 

the effects K fertilizer application rate and its interactions with 

varieties were significant. Under the Gbazekoute variety, fresh 

tuber yield increased by 18.2% (from 58.1 to 68.7 Mg ha
-1

) 

and by 2.9% (from 58.1 to 59.8 Mg ha
-1

) when applied K 

fertilizer rate was increased from 0 to50 and 0 to 100 kg ha
-1

, 

respectively, but decreased by 12.9% when applied K fertilizer 

was increased from 50 to 100 kg ha
-1

. For the KH variety, fresh 

tuber yield increased by 48.1 % (from 23.5 to 34.8 Mg ha
-1

) 

and 28.83% (from 23.5 to 32.3 Mg ha
-1

) when applied K 

fertilizer rate was increased from 0 to 50 and 0 to 100 kg ha
-1

, 

respectively, but decreased by 7.2% when applied K fertilizer 

was increased from 50 to 100 kg ha
-1

. Fresh tuber yield under 

the Moya variety increased by 25.5% (from 33.7 to 42.3 Mg 

ha
-1

) and 34.7% (from 33.7 to 45.4 Mg ha
-1

) when applied K 

fertilizer rate was increased from 0 to 50 and 0 to 100 kg ha
-1

, 

respectively, and increased by 7.3% (from 42.3 to 45.4 Mg 

ha
-1

) when applied K fertilizer was increased from 50 to 100 

kg ha
-1

 (Table 2). These results indicated that the three 

varieties were responsive to applied fertilizer K rate with the 
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response being highest, intermediate and lowest for the KH, 

Moya and Gbazekoute varieties, respectively. However, for all 

three varieties, the response was clearly significant only for K 

fertilizer increase from 0 to 50 kg K ha
-1

. Beyond the rate of 50 

kg K ha
-1

 cassava tuber yield decreased (for the Gbazekoute 

and the KH varieties) or was similar to yield under the 50 kg K 

ha
-1

 rate (for the Moya variety) (Table 2). Reference [14] 

studied cassava response to fertilizer K in the forest-savanna 

transition zone of Ghana and found that addition of 30 kg K 

ha
-1

 made a significant contribution to fresh tuber yields, 

increasing 28 to 40% over the 0 kg K ha
-1

 treatment: their 

optimal rate of 30 kg K ha
-1

 was lower than the 50 kg K ha
-1

 

from our study but the 28 to 40% corresponding increases are 

reasonably comparable to values in the range of 18 to 48% 

from our study. Results of this study corroborated those by [33] 

who reported from their study in Nigeria the rate of 50 kg K 

ha
-1

 as the optimal K fertilizer application rate for cassava 

storage root production. Furthermore, findings from our study 

agreed well with [10] who indicated that K deficiency in 

cassava can be corrected by the application of 50-100 kg ha
-1

 

of K as KCl, with rates being dependent on soil fertility status, 

and [34] who stated that the high rate of fertilizer application 

had no beneficial effect on cassava yields, but increased the P 

and K levels in the soil. 

3.3. Stover Yield 

Table 2 shows that stover yield ranged on an overall basis 

from 45 to 76 Mg ha
-1

, which was reasonably similar to values 

ranging from 45 to 67 Mg ha
-1

 reported by [22]. Two-yr mean 

stover yield values regardless of K fertilization rate decreased 

under Gbazekoute variety (52.2 Mg ha
-1

) by 12.6 and 18.7% 

as compared with KH (59.7 Mg ha
-1

) and Moya (64.2 Mg ha
-1

) 

varieties, respectively, while yield under KH was 7.0% lower 

than that for Moya (Table 2). These results indicated that the 

potential for stover production varied among varieties, being 

lower for the Gbazekute variety than that for the two other 

varieties, and thus corroborate research findings published by 

[32] and [22]. In the first year of the study and under each of 

the three varieties, stover yield typically was not responsive to 

K fertilizer rate of application (Table 2), and this might be in 

part a result of soil initial conditions in terms of nutrient 

particularly K content. In year-two of the experiment, the lack 

of response to K fertilization rate persisted under the 

Gbazekoute variety, clearly indicating that the variety utilized 

K fertilizer primarily for tuber production at the expense of the 

above ground biomass growth. This trend in the variety K 

utilization systematically differed from research results by [22] 

who reported luxuriant top at the expense of tuber growth. For 

the KH variety, increasing K fertilizer from 0 to 50 kg K ha
-1

 

resulted in a significant increase in stover yield (of typically 

24%) but further addition of K did not result in a significant 

increase of stover yield (Table 2). A similar stover yield 

pattern was observed under the Moya variety except that in 

this case K fertilization rate above 50 kg K ha
-1

 decreased 

stover yield. Reference [14] found that stover yield was 

responsive to K fertilizer rate of application up to 90 kg K ha
-1

. 

3.4. Harvest Index 

The harvest index values typically ranged from 39 to 60% 

(Table 2), which agreed well with values ranging from 41 to 

55, 53 to 63 and 55 to 67% published by [14], [35] and [36], 

respectively. Two-yr mean harvest index values increased 

under Gbazekoute variety (55.7%) by 41 and 34.5 % as 

compared with KH (39.5%) and Moya (41.4%) varieties, 

respectively, while value under KH was 4.6% lower than that 

for Moya (Table 2). These results demonstrated that the 

Gbazekoute variety was more efficient than the two other 

varieties in redistributing photosynthate and conversion of 

assimilates from leaves and stems into the tubers. During the 

experiment, vegetative growth under the KH and Moya 

varieties was more vigorous than under Gbazekoute, which 

according to [35] was a demonstration of the limited capacity 

of KH and Moya to allocate the assimilates to the storage roots. 

The fertilization level did not significantly affect the harvest 

index within each of the three varieties (Table 2), indicating 

that there was no luxuriant consumption as a result of 

fertilization rate. However, [14] found that the HI was reduced 

by fertilizing with K probably due to excessive stover 

production. 

4. Conclusions 

Increasing cassava tuber and stover yields on West African 

ferralsols requires the use of K fertilizer. Gbazekoute, KH and 

Moya were differently responsive to K fertilizer rate of 

application, but for the three varieties the optimum K fertilizer 

application rate was 50 kg K ha
-1

,
 
and application at rates 

beyond was not justified. Gbazekoute provided the highest 

tuber yield and harvest index and the lowest stover yield, and 

thus proved superior over KH and Moya in efficiently 

allocating assimilates to storage roots at the expenses of the 

stover. The use of 50 kg K ha
-1

 together with 60 kg N ha
-1

 and 

60 kg P ha
-1

 (N60P60K50 kg ha
-1

) under the Gbazekoute variety 

may be a recommended practice towards sustaining improved 

cassava production on the inherently degraded West African 

ferralsols. 

Table 2. Mean cassava yield (Mg ha-1) and harvest index. 

Treatment Tuber weight (Mg ha-1) Stover weight (Mg ha-1) Harvest index (%) 

 Year 1 Year 2 Average Year 1 Year 2 Average Year 1 Year 2 Average 

V1T1 68.0¶ 58.1a 63.1a 45.3a 58.1a 51.7a 60.0a 50.0a 55.0a 

V1T2 71.3 68.7b 70.0b 47.2a 59.2a 53.2a 60.0a 53.7a 56.9a 

V1T3 67.1 59.8a 63.4a 47.5a 55.9a 51.7a 58.5a 51.7a 55.1a 

Mean 68.8 62.2 65.5 46.7 57.7 52.2 59.6 51.8 55.7 

V2T1 49.6b 23.5c 36.6c 64.0b 46.1b 55.0a 43.7b 33.8b 40.0b 
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Treatment Tuber weight (Mg ha-1) Stover weight (Mg ha-1) Harvest index (%) 

V2T2 47.2b 34.8d 41.0d 68.4b 57.0a 62.7b 40.8b 37.9b 39.4b 

V2T3 46.0b 32.3d 39.2cd 65.7b 56.7a 61.2b 41.2b 36.3b 38.7b 

Mean 47.6 30.2 38.9 66.0 53.3 59.7 41.9 36.0 39.5 

V3T1 48.5b 33.7d 41.1d 76.8c 55.2a 66.0b 38.7b 37.9b 38.3b 

V3T2 56.7c 42.3e 49.5e 72.1c 67.1c 69.6b 44.0b 38.7b 41.6b 

V3T3 46.6b 45.4e 45.5d 60.5d 53.5a 57.0a 43.5b 45.4a 44.4b 

Mean 50.6 40.1 45.4 69.8 58.6 64.2 42.1 40.6 41.4 

¶ Means within the same column not followed by letters or followed by the same letter are not significantly different at α = 0.05. The comparisons were adjusted 

by a Bonferoni correction for multiple comparisons. 
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