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ABSTRACT 
The current trend in the development of value chains for cereal crops is expected to increase the volume of 

ready-to-use millet products. Laboratory studies were conducted to evaluate the susceptibility of four pearl 

millet product forms (whole grains and fractions with particles >1.0 mm, 0.5 – 1.0 mm and <0.5mm in 

diameter) derived from undehulled and dehulled grains of three pearl millet varieties to infestation by the red 

flour beetle, Tribolium castaneum (Herbst). Results showed that pearl millet variety had no influence on 

progeny production and developmental period. Dehulling significantly (p<0.05) increased number of progeny 

but did not influence developmental period. Number of progeny differed significantly among pearl millet forms 

with higher numbers emerging from smaller particle sized pearl millet forms.  Longer developmental period of 

T. castaneum was observed with decrease in particle size. The susceptibility indices (SI) across all the pearl 

millet substrates ranged from 4.9 to 8.9, and were classed either as moderately resistant or susceptible. The 

implications of these findings for stored pearl millet products value chain are discussed. 

___________________________________________________________________________ 
Keywords: pearl millet substrate, variety, value chain, T. castaneum, infestation 
 

INTRODUCTION 
Pearl millet, Pennisetum glaucum (L.) R. Br. is a 

major staple diet in the sahelian regions of many 

tropical and subtropical countries (Lale and Yusuf, 

2001). In Nigeria, it is second in importance only to 

sorghum as a staple food crop. Over 40% (about 4 

million ha) of land sown annually to cereals is being 

devoted to pearl millet. About 4 million metric tonnes 

of pearl millet grain is harvested annually (Ikwelle, 

1998).  Pearl millet is high energy, nutritious food 

recommended for the health and well-being of infants, 

lactating mothers, elderly and convalescents. The 

good nutritional values including high levels of 

quality protein, ash, calcium, iron, zinc, phosphorus 

and potassium which make millet nutritionally 

superior than most cereals. In addition, pearl millet 

products are now being enhanced through bio-

fortification and micronutrient research (NRC, 1996; 

Obilana and Manyasa, 2002). Across Africa several 

indigenous foods and drinks are made from flour/meal 

and malt of the millets. In West Africa, the main food 

dishes from pearl millet vary by country (Ndjeunga 

and Nelson, 2001).  The physical, chemical and 

processing properties of pearl millet and their food 

uses have been studied by Rooney and McDonough 

(1987), Nkama et al. (1994) and Nkama and Ikwelle 

(1998). 

Numerous varieties of pearl millet have been 

recognized and new ones are continually developed 

and released by breeders. Grain yield and resistance or 

tolerance to pests, diseases and striga received the 

greatest attention in millet breeding programmes 

(Nkama and Ikwelle, 1998). With increased grain 

production, however, comes the necessity for storage 

of excess pearl millet grain (Lale and Yusuf, 2001). In 

recent years value chains are being developed for 

many cereal crops including millet.  As ready-to-use 

millet products become increasingly available, higher 

losses to stored products insects may be expected. 

The red flour beetle, Tribolium castaneum (Herbst) is 

an important pest of harvested grain crops (including 

wheat, sorghum, maize, pearl millets and rice) and 

grain-based products worldwide (Campbell et al., 

2004; Fedina and Lewis, 2007).  T. castaneum can 

live on a variety types of food such as flours, cracked 

grains, breakfast foods or meals (Kheradpir, 2014). 

The distribution and abundance of this species and its 

significance as a pest depends partly on the relative 

suitability for development of resources and their 

condition that may be available within the distribution 

system (Ahmad et al. 2012). 

While the suitability of milled pearl millet grain for 

the development of this insect pest has been 

documented (Gueye and Dolobel, 2001; Lale and 

Yusuf, 2001; Kabir et al., 2010), the effects of 

conditioning and particle size of pearl millet products 

has not been sufficiently investigated. It is against this 

background that we tested the relative performance of 

T. castaneum on different pearl millet food substrates. 

The aim of our study was to identify differences in 

susceptibility to T. castaneum among different particle 

sized substrate derived from undehulled and dehulled 

grain of three pearl millet varieties. 

mailto:bgkabir@yahoo.com
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MATERIALS AND METHODS 

The experiments were conducted under ambient 

Laboratory condition [26 – 34
o
C and 45 - 59% 

relative humidity (r.h.)]. The ambient temperature and 

r.h. were monitored using Omson’s hygrometer.  

Grains of three pearl millet varieties, Ex-Borno, 

SOSAT-C88 and LCIC 9702 were obtained from 

Lake Chad Research Institute, Maiduguri, Nigeria.  

Two kilograms grains of each variety were used.  For 

each of the grains half (1 kg) was dehulled, by the 

traditional method of wetting and pounding, and then 

cleaned and dried. The other halves were just cleaned. 

Whole pearl millet kernels were selected from the 

undehulled and dehulled lots, and these formed the 

whole grain substrate.  Then both the undehulled and 

dehulled grains were ground, using a laboratory 

blender and passed through sets of sieves to obtained 

fraction with particle sizes <0.5 mm, 0.5 -1 mm and > 

1 mm) in diameter.  

The insect T. castaneum were obtained from the stock 

Laboratory culture, which were maintained on wheat 

flour medium. For this experiment, new cultures of T. 

castaneum were set up on millet flour mixed with 

baker yeast in the ratio of 19:1 (w/w).  About 200g of 

flour-yeast mixture were placed in plastic containers 

(16x10x5 cm) and 100 adult insects introduced into 

each container. The containers were then covered with 

perforated lids and the insects were allowed to feed 

and oviposit for 10 days, then removed and discarded. 

The infested flour was kept on shelves. The resulting 

F1 progeny aged 7-14 days old were used for the 

experiments. 

Treatment consisted of three pearl millet varieties, 

two conditioning forms (dehulled and undehulled) and 

four particle sizes (<0.5 mm, 0.5 -1 mm and > 1 mm 

in diameter; and whole grains). Treatments were laid 

in split-split-plot design with three replications. 

Twenty grammes of each treatment combination were 

placed in 150 ml glass bottles and 5 pairs of adult T. 

castaneum were introduced to each bottle. The insects 

were restrained by using perforated plastic lids which 

permitted gaseous exchange. Adults were allowed to 

oviposit for 7 days and removed; the infested grains 

were and kept under the same ambient conditions. 

Observation of the F1 progeny began on the 20th day 

after infestation. Observation entails pouring out the 

content of each bottle into sieve (depending on the 

particle of size) and shaken above a white paper. The 

emerging adult insects were counted, removed and 

discarded while larvae and pupae were returned to the 

bottles, after every 48 hours until there was no 

emergence of adults for the three consecutive count 

days. The data collected was used to calculate the 

median development period being period from the 

middle day of oviposition period to when 50% of F1 

progeny have emerged. The median developmental 

period and the number of F1 progeny was further used 

to calculate the susceptibility index (SI) according to 

Dobie (1974):  

Susceptibility index (SI) = log
e
F1/Dx100; where: F1 - 

number of emerged progeny  and D - median length 

of developmental period (days). 

The 0 – 11 scale where; 0 - 3 = resistant, 4 - 7 = 

moderately resistant, 8 - 10 = susceptible and > 11 = 

highly susceptible (Abebe et al., 2009) was used in 

ranking the various pearl millet products for 

susceptibility to T. castaneum. 

The data on progeny and length of development 

period were square root transformed and subjected to 

ANOVA.  Differences between treatment means were 

separated using the Tukey-Kramer’s honestly 

significant difference (HSD) test at 5% level of 

probability.
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RESULTS

The effects of pearl millet variety, conditioning and 

particle size on progeny development of T. 

castaneum is presented in Table 1.  

 
Table 1. Effect of pearl millet variety, conditioning and particle size on progeny production and development 

               time of T. castaneum 

Treatment 

 

No.  of progeny Development period 

Variety (A)   

Ex-Borno 155.0a 28.7a 

LCIC 9702 157.4a 28.7a 

SOSSAT-C88 146.3a 29.3a 

Conditioning (B)   

Unde-hulled 127.8b 29.1a 

De-hulled 178.0a 28.7a 

Particle size (C)   

Whole grain 40.7d 27.2c 

>1mm 89.7c 28.4b 

0.5 -1mm 186.8b 29.5ab 

<0.5 mm 294.8a 30.4a 

Interactions   

A x B NS  NS 

A x C * NS 

B x C NS NS 

A x B x C NS NS 
     Means within a column and treatment different accompanied by same letter are not significantly, HSD Test (P>0.05). NS – Not    

    significant, * - significant at P<0.05. 

 

Pearl millet varieties did not significantly differ 

(P>0.05) in number of progeny and development 

period. However the effect of conditioning on number 

of progeny was significant, thus higher number of 

progeny developed on dehulled than undehulled pearl 

millet substrates. Similarly, substrate particle size 

significantly affected number of emerged progeny. 

Significant differences were noted among all the 

differently sized pearl millet substrates and whole 

grains. For number of progeny, all the associated 

interaction were not significant (P>0.05), except for 

the interaction between variety x conditioning. 

Development time was not affected by both pearl 

millet variety and conditioning. However, T. 

castaneum developed faster on whole grains than 

processed pearl millet substrates. With regards to 

development time all the associated interaction were 

not significant. 

Development of T. castaneum was possible on all the 

substrates derived from undehulled and dehulled pearl 

millet (Table 2).  

 
Table 2. Comparison of numbers (mean ±SE) progeny of T. castaneum in different millet substrates and 

varieties  

Pearl Millet condition Substrate fraction size Pearl millet variety 

Ex- Borno SOSAT-C88 LCLC 9702 

Un de-hulled Wholegrain 33.3±6.7e 24.7±3.4f 27.7±6.7f 

 >1mm 77.0±20.6de 83.0±6.5e 73.3±1.9e 

 0.5 – 1mm 153.7±31.5cd 150.0±18.0cd 162.6±21.0cd 

 <0.5 mm 298.3±12.6ab 203.3±5.0bc 246.7±23.7b 

De-hulled Wholegrain 53.7±4.3e 51.3±5.4e 84.3±6.2e 

 >1mm 78.3±4.4de 106.3±6.2cd 116.7±9.2d 

 0.5 – 1mm 196.7±27.7bc 236.7±19.0ab 221.3±12.4bc 

 <0.5 mm 350.0±23.6a 315.0±25.7a 355.7±17.8a 

Means within a column accompanied by same letter are not significantly different, HSD Test (P>0.05) 

 

Generally, number of progeny was relatively very 

lower undehulled than dehulled grains and the number 

increased with decrease in particle size. This trend 

was consistent for both dehulled and undehulled 

substrates of all the three pearl millet varieties. The 

only exception was SOSAT-C88, in which case the 

difference between undehulled whole grain and 

substrate with particle size >1 mm was not significant. 

Higher number of progeny developed on dehulled 
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than undehulled products, though in some instances 

the differences were not significant. 

Development time differed significantly among 

various pearl millet substrates, but not consistent with 

pearl millet varieties. The trend was that length of 

developmental period increased with decreasing 

substrate particle size within a variety. On Ex-Borno 

T. castaneum developed faster on whole grains of 

both undehulled and dehulled substrates, while the 

longest development period (31.0±1.6 days) was 

recorded on dehulled substrate of the particle size 

<0.5 mm, though not significantly different from 

development period on dehulled pearl millet 

substrates with particle size  of <0.5 and 0.5-1.0 mm. 

On SOSAT-C88 development period ranged from 

27.3±0.3 to 30.3±0.7 and did not significantly differ 

(P>0.05) among the various substrates (Table 3). 

 
Table 3. Comparison of developmental periods of T. castaneum in different pearl millet substrates and varieties  

Pearl millet  

condition 

Substrate fraction 

size 

Pearl millet variety 

Ex- Borno SOSAT C88 LCIC 9702 

Un de-hulled Wholegrain 26.7±0.3b 27.7±0.7a 27.7±1.0c 

 >1mm 27.7±0.7b 29.0±1.6a 30.0±0.6a-c 

 0.5 – 1mm 29.3±0.3ab 29.7±0.7a 30.3±0.7ab 

 <0.5 mm 29.7±0.6ab 30.3±0.7a 31.7±0.7a 

De-hulled Wholegrain 27.0±0.0b 27.7±0.9b 27.7±0.0c 

 >1mm 28.3±0.7ab 23.3 ±0.3a 28.3±0.7bc 

 0.5 – 1mm 29.3±0.4ab 28.3±0.3a 27.7±0.7a-c 

 <0.5 mm 31.0±1.6a 29.7±0.3a 30.3±0.7ab 

       Means within a column accompanied by same letter are not significantly different, HSD Test (P>0.05) 

 

 

On LCIC 9702 T. castaneum developed faster on 

whole grains of both un de-hulled and de-hulled pearl 

millet. 

The susceptibility index (SI) of the various pearl 

millet substrates to T. castaneum ranged from 4.9 to 

8.9 (Fig. 1). Out of the 24 treatment combinations, 

undehulled whole grains of SOSAT-C88 and LCIC 

9702 had the lowest SI of 4.9. While dehulled pearl 

millet substrates with particle size <0.5 of variety 

SOSAT-C88 had the highest SI of 8.9. Using the 0 – 

11 SI scale, only two categories of susceptibility were 

distinguished: moderately resistant or susceptible. 

With the exception of undehulled pearl millet 

substrate of particle size 0.5 – 1.0 mm, all other 

substrates with particle size <0.5 and 0.5 – 1.0 mm 

were classed as susceptible to T. castaneum 

infestation. 
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DISCUSSION 

 

The results of the present study demonstrated the 

performance of T. castaneum on different pearl millet 

substrates. Although it is commonly believed that T. 

castaneum cannot attack whole grains, our data 

showed that it can feed and develop on apparently 

undamaged kernels. In terms of number of progeny, 

performance on whole grains was very poor relative 

to broken and milled pearl millet substrates. In 

agreement with our results Roorda et al. (1982) 

reported that larvae of T. castaneum can feed and 

develop on undamaged threshed pearl millet kernels. 

Lale and Yusuf (2001) also reported the development 

of T. castaneum on whole grains of six pearl millet 

varieties. Although in their experiment the number of 

adult T. castaneum that developed on 10 g grain 

sample was scanty and did not exceed 6 in any of the 

varieties tested. 

The performance of T. castaneum was markedly 

improved by dehulling and milling pearl millet grains. 

Dehulling to remove the seed coat from endosperm 

has been found to offer the best means of preparing 

attractive  products from grain pearl millet (Nkama 

and Ikwelle, 1998); however dehulling lowers protein, 

minerals and vitamins of millet but increases 

digestibility of the product (Nkama, 1998). The fact 

that dehulling increases the susceptibility of pearl 

millet products to T. castaneum infestation indicate 

poor response of T. castaneum to the nutrient 

composition of meals, at least in the short term. It is 

not known whether the effect will manifest in 

subsequent generations. It appears food digestibility is 

more important than nutritional composition to T. 

castaneum for Kheradpir (2014) concluded that food 

preference in T. castaneum is related to digestibility of 

different grains and flours. Absence of significant 
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effect of variety on progeny numbers and 

developmental period implies that varietal resistance 

may be of little significance in managing T. 

castaneum on processed pearl millet products, as the 

seed coat is tampered, and hardness of the seed coat is 

one of the element of resistance to stored product 

insects (Semple et al., 1992) 

The observed effects of milling pearl millet grains 

stresses the importance of particle size to explain the 

relative susceptibility to T. castaneum infestation. 

However, these results should be interpreted with 

caution, especially with regards to the smallest 

particle sized (<0.5 mm) substrates, as these 

experiments were conducted under laboratory 

conditions on limited amount of food medium (20g). 

The results may not hold true under field conditions 

involving commercial quantities of pearl millet 

products. For instance, Campbell and Runnion (2003) 

reported that large quantities of flour are tightly 

packed and Sastawa et al. (2009) noted that flours 

tightly packed may restrict initial accessibility to T. 

castaneum to few niches for oviposition. 

Pearl millet may be available to T. castaneum not only 

in whole seed form but also variously in damaged 

(cracked)  and processed forms e.g. flours, grits and 

other forms, across the millet growing regions and at 

various points in the supply and value chains.  

Apparently, processing pearl millet grain to any form 

increase susceptibility to infestation to T. castaneum.  

Pearl millet is widely cultivated by farmers in the 

semi-arid Northern Nigeria and stored either as 

processed or whole grain for varying lengths of time 

before use (Kabir et al., 2010). And direct mixing of 

new and old stocks of grains or grain products in the 

same warehouse are common features of storage 

practices in tropical warehouses (Sastawa et al., 

2009). The results of this study imply that despite the 

poor performance, infested whole grains may become 

the source of infestation to the more susceptible 

processed millet products within the vicinity. 

Moreover T. castaneum is a secondary pest which 

prefers broken grains and milled products. 

  
 

CONCLUSION 

Results of the present study demonstrated the 

performance of T. castaneum on different pearl millet 

substrates. Dehulling and milling increases 

susceptibility of pearl millet products to infestation by 

T. castaneum.  Smaller particles sized substrate 

supported higher number of T. castaneum progeny 

and hence more susceptible than substrates with large 

particle size and whole grains. Pearl millet grain 

varietal differences in milled products may not have 

any significant role in resistance to infestation by T. 

castaneum. These findings underscore the need to 

emphasize prophylactic and curative control measures 

against this pest in stores and at all points within pearl 

millet value chains. 
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ABSTRACT 

Mistletoe plays an important role in the life of rural people as it has nutritional and medicinal values for 

livestock and human respectively. In Nigeria, mistletoe is used as remedy for several human ailments and as 

animal feed. Ruminants and local fowls do relish it without any reported digestive disorder. Feed has remained a 

major constraint in animal production, hence the need to search for alternative protein sources that are cheap. 

Mistletoe is a promising plant since it is an evergreen, perennial and semi-parasitic shrub is available when other 

multipurpose tree species shade their leaves. The study was conducted to explore the utilization and nutrient 

composition of mistletoe obtained from different species of trees. A total of 120 questionnaires were 

administered to obtain information about the nutritional as well as the medicinal importance of mistletoe. It can 

be seen from the result that 87.5% of the respondents were male and 90% were married. The result also 

indicated that 82.5% of the respondents use mistletoe as feed for livestock especially during the dry season as it 

is known to be an ever green plant. For medicinal purpose, 94.2% of the respondents believe that mistletoe 

served as a cure to some diseases. Samples were collected from five different trees infested with mistletoe. The 

proximate composition revealed no significant difference (p>0.05) in terms of crude protein (CP) among all the 

treatments (Feidherbia albida, Psidium guajava, Parkia biglobosa, Vitallaria paradoxa, piliostigma 

reticulatum), while Feidherbia albida and Psidium guajava shows significant difference (p<0.05) in terms of 

crude fibre (CF) over other treatments. Ether Extract (EE) is also significantly higher in Feidherbia albida while 

Nitrogen free extract (NFE) is higher in Parkia biglobosa. In terms of Ash content, Parkia biglobosa, 

Feidherbia albida, and Vitallaria paradoxa shows significant difference over others. The study concluded that 

the parasitic plant played an important role in the life of rural people as it is used for medicinal purposes by 

humans and it is a good source of feed for ruminants especially during the dry season period since it is an 

evergreen parasitic plant. 

_______________________________________________________________________________________ 

Keywords: mistletoe, utilization, chemical composition, livestock feed 

 

INTRODUCTION 

Mistletoe is a general term for woody shoot parasites 

in several plant families, especially in Loranthaceae 

and Viscaceae families (Ogunmefun et al., 2013; 

Begho et al., 2007). It is popularly called “Kauchi” 

and “ewe afomon” among the Fulani and Yoruba 

speaking people of Nigeria, respectively.  It is an 

obligate semi-parasitic evergreen tropical plant, 

normally found growing on a variety of trees, 

including palm fruit, mahogany and other tropical 

plants. Birds feed on the fruit of the plant and the 

undigested seeds from the bird droppings are spread 

on tree branches and thus germinate on the host plant 

(Adebisi et al., 2013). Mistletoe is always produced 

by seed and cannot be cultivated in the soil like other 

plants, hence the ancients considered it to be an 

excrescence of the tree. By rubbing the berries on the 

smooth bark of the underside of the branches of tree 

till they adhere, or inserting them in clefts made for 

this purpose, mistletoe could be grown quite 

successfully (Grieve, 2010).  

In Nigeria, mistletoe is used as a remedy for several 

human and animal ailments that include stomach 

ache, diarrhoea, dysentery, wound and cancer. 

Ruminants and local fowls do relish it without any 

reported digestive disorder (Egbewande et al., 2011). 

Mistletoe has been analyzed and observed to contain 

lecithin, viscotoxin, polysaccharides and many 

phytochemicals as an active ingredient (Adebisi et al., 

2013). It has been reported to have hypoglycaemic 

properties; since it decreases the blood glucose level 

and has effects in controlling the loss of body weight 

which occurs in person with diabetes mellitus 

(Obatomi et al., 1994).  Mistletoe has also been used 

in the treatment of problems, such as epilepsy, 

infertility in men and women, menopausal syndrome 

and rheumatism (Bonnia et al., 1998). 

According to Gammon (1999), one of the most 

important limitations to beef production is poor 

performance of livestock during the dry season. The 

use of protein-rich leguminous trees and shrubs 
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appears to be one sustainable solution for dry season 

ruminant supplementation in the tropics. 

 Feed supply, according to Amaefule et al., (2004), 

has remained a major constraint in animal production 

due to the ever increasing cost of conventional 

feedstuffs occasioned by the competition between 

man and livestock for cereal grains and protein 

sources; hence the need to search for alternative 

protein sources that are cheap, readily available and 

less competed for by man and the industry 

(Akinmutimi, 2004). Many multipurpose tree species 

are used in feeding livestock especially at critical 

period such as during the dry season. Mistletoe is a 

promising plant since it is an evergreen, perennial and 

semi-parasitic shrub and is available when other 

multipurpose tree species shade their leaves. The use 

of mistletoe as animal feed is of greater benefit to 

farmers as it improves and supplements animals feed 

at scarce period and hence reduces cost of production.  

In view of the contribution by this parasitic plant, the 

study is aimed at documenting the uses and nutritive 

value of Mistletoe (Viscum album).  

 

MATERIALS AND METHODS 

Study Area 

The study was carried out in Kiyawa one of the 27 

Local Governments in Jigawa State covering a total 

land area of 925km
2 

according to Jigawa state 

statistical year book (2005). It is one of the densely 

populated areas in Jigawa state. It is located at 

11
0
47’05”N and 09

0
36’30”E, with an estimated 

population of 172,952 as of 2006 (NPC 2006).  

Majority of the people are Hausa and Fulani; Islam is 

the dominant religion practiced in the area. 

Questionnaire design and administration 

A total of 120 questionnaires were used and was 

designed to collect information on the nutritional and 

medicinal values of African mistletoe. Three 

settlements were randomly selected from each of the 

eight (Andaza, Balago, Fake, Katuka, Kiyawa, 

Kwanda, Maje, Shuwarin) out of eleven wards of the 

local government, and five people were purposively 

selected from each ward to fill the questionnaire. 

Discussion with respondents on the uses of mistletoe 

followed after filling the questionnaire.  

Chemical Analysis 

For chemical analysis, samples collected from tree 

species were bulked and made into a composite 

sample after drying under shade separately. This was 

then subjected to proximate analysis after thorough 

mixing. Proximate components of Crude protein (CP), 

Crude fiber (CF), Ether extract (EE), Nitrogen free 

extract (NFE) and Ash were determined by AOAC 

(1990) methods. 

Statistical Analysis 

Data collected was analyzed using descriptive 

statistics (frequency and percentages), while those 

generated from proximate analysis were statistically 

analyzed using the analysis of variance (ANOVA) 

procedure in the SPSS program to assess the effects of 

different treatments. Means were compared using the 

least significant difference (LSD) test. 

 

RESULTS AND DISCUSSION 

The personal characteristics of the respondents are 

presented in Table 1. It shows that about 87.5% of the 

respondents are males. Greater percentage of the 

respondents (40%) belonged to the 30-34 age bracket; 

11.67% are in the 20-24 age group, while about 

32.5% are aged between 25 and 29 years. Smaller 

percentage (5% and 10.8%) of the respondents are 

less than 20 years and above 35 years respectively. 

Furthermore, about 94.17% of the respondents are of 

the Islamic faith, while 5.83% did not indicate their 

religious leanings. None of the respondents was a 

Christian because Islam is the predominant religion of 

practice in the area and as well Christians in the study 

area are not into farming activities, but are mostly 

civil servants and traders. Also 90% of the 

respondents are married, while the remaining 10% are 

single. It is not surprising that majority are married as 

Hausa/Fulani are known to marry early (Friday, 

2008). 
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Table 1: present the Socio-Economic Characteristics of the Respondents 

Parameter Frequency Percentage (%) 

Gender     

Male  105 87.5 

Female 25 12.5 

Total  120 100 

Marital status     

Single 12 10 

Married 108 90 

Total 120 100 

Age     

Less than 20 6 5 

20-24  14 11.67 

25-29  39 32.5 

30-34  48 40 

35 and above  13 10.83 

Total 120 100 

 

 

Table 2: Uses of mistletoe 

Uses Frequency* Percentage  

Animal feed 

Medicine  

Charm 

99 

113 

120 

82.5 

94.2 

100 

 

*Multiple response 

 

Table 3: specific diseases cured by mistletoe according to respondent’s knowledge 

Disease  Frequency*  Percentage  

Cancer  

Heal wounds  

Ulcer  

Others  

99 

86 

86 

113 

87.6 

76.1 

76.1 

100 

*Multiple response  

The result from table 2 shows that 82.5% of the 

respondents use mistletoe as animal feed while 94.2% 

uses it for medicinal purpose. All the respondents 

believed that the plant can be used as a cure for charm 

'sammu'. This has also been reported by Egbewande et 

al., (2011) that mistletoe could be use as feed and as 

well medicine. Egbewande et al., (2011) replaced 

Groundnut cake with mistletoe leaf meal and observed 

no deleterious effect on the birds, it stimulate feed 

intake and increase feed gain ratio. In Nigeria, the 

Hausa and Fulani tribes of Northern Nigeria use 

mistletoe in the treatment of cancers and 

inflammations (Abubakar et al., 2007). Animal 

consume it with relish provably because of high 

nutritional quality of mistletoe tissues (Watson et al., 

2008).  

Table 3 showed the distribution of the respondents 

according to diseases cured by mistletoe. Some 

believed that it can be used for treatment of cancer, 

while others believed that it can be used to heal 

wounds as well cure ulcer. It is not surprising that all 

the respondents believed that the parasitic plant can 

cure many other diseases because they believed 

mistletoe can be used to treat unknown diseases. The 

result showed that 65.48% of the respondent used 

mistletoe as medicine to treat disease and it worked. 

However, only 34.5% believed that it could be used 

for treatment of diseases. 
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Table 4: percent farmers that use mistletoe to treat disease 

Option  Frequency  Percentage  

Yes  

No  

74 

39 

65.48 

34.51 

 

 

Table 5: Chemical Composition of mistletoe from different tree species 

Parameter (%) Treatments 

Parkia 

biglobosa 

Feidherbia 

albida 

piliostigma 

reticulatum 

Psidium 

guajava 

Vitallaria 

paradoxa 

Crude protein 

(CP) 

6.33 7.15 8.09 6.50 7.48 

Crude fibre 

(CF) 

28.19
b
 37.77

a
 30.10

ab
 33.11

a
 29.0

b
 

Ether Extract 

(EE) 

4.13
c
 8.10

a
 4.72

c
 6.28

b
 6.50

b
 

Nitrogen free 

extract (NFE) 

56.48
a
 41.92

b
 53.09

a
 49.98

ab
 51.86

a
 

Ash 4.87
a
 5.16

a
 4.0

b
 4.13

b
 5.16

a
 

 

The result presented in Table 5 showed no significant 

difference (p>0.05) in terms of CP among all the 

treatments, while Feidherbia albida and Psidium 

guajava shows significant difference (p<0.05) in 

terms of CF over other treatments. EE is also 

significantly higher in Feidherbia albida while NFE is 

higher in Parkia biglobosa. In terms of Ash content, 

Parkia biglobosa, Feidherbia albida, and Vitallaria 

paradoxa shows significant difference over others. 

The crude protein content of the mistletoe obtained 

from the present study indicates a range of 6 to 8%. 

These values are within the value range of most 

tropical grasses (Le Houerou, 1980). This therefore is 

an indication that mistletoe could serve as a good 

source of feed for ruminants. The crude fibre value 

range of 28 to 36% obtained in the study corresponds 

with the values of Le Houerou (1980) who reported 

high values of crude fibre on browse plants in the 

tropical environment especially during the dry season 

 

 

CONCLUSION 
It is a well known fact that feeding ruminants in the 

semi-arid environment of Nigeria becomes very 

critical especially during dry season. In this regard, 

mistletoe has been used and in the present study, it is 

found that it can be used as animal feed and for  

 

 

 

medicinal purposes. In this way, mistletoe can help in 

livestock health improvement, and production. 

However, to use mistletoe effectively as medicine, 

knowledge of its chemical properties and the specie to 

be used is needed.  
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ABSTRACT 
The research was conducted in Warawa Local Government area of Kano state to investigate the characteristics 

of cowpea producing households. Warawa was once an area where cowpea production was high. Four villages 

were purposively selected and fifty respondents were drawn through simple random sampling. Data collected 

were analyzed using descriptive statistics and gross margin. The results revealed that majority of the farmers 

ages were within the 25-35 year of age, and had 1-10 years of farming experience. Despite the negligence of 

government on farming sector, the farmers were still able to produce at a profitable rate with a marginal gross 

margin of N5,447.37 per hectare. Major constraints identified in the study include irregular inputs prices, 

antagonistic government policies and farmers’ declining interest in cowpea production. The paper recommend 

prompt delivery of subsidized inputs, and farmers re-orientation for production be encouraged by government 

and farmers’ associations in the study area. 

__________________________________________________________________________________________ 

Keywords: Characteristic, Cowpea Producers, Profitability, Government Policies, Farmers re-orientation 

 

INTRODUCTION 
Cowpea is an annual crop and one of the major 

important crops to the livelihood of millions of 

relatively poor people in the less developed countries 

in the tropics (Duke, 1990). Cowpea is a unique crop 

that serves as source of protein in the diet of those 

who cannot afford animal protein like meat and fish 

(IITA, 2006). It has a protein value of about 23%, fat 

0f 1.3%, fibre 1.8%, carbohydrate 67% and water of 

8-9%. As it is with all leguminous crops, its amino 

acid profile complements that of cereal grains 

(Jefferson, 2010). Brainard (2005) stated that cowpea 

is very effective in weed control as its provide a good 

shade that denies the weed light for their survival. 

Singh (1997) reported that from the production of 

cowpea, families derived food, animal feed and cash, 

with spillover benefit to their farmland from decayed 

root residues. Its market price fluctuates due to 

seasonality and demand (Anjiorin, et al 2009).  

The major cowpea producers in the world are Nigeria, 

Niger, Burkina Faso, Senegal, China, Chad, 

Cameroun etc IITA (1992). Cowpea can be processed 

into various form of food such as bean cake, or mixed 

with rice, potatoes, flour etc. (Kay, 1985). Cowpea in 

Nigeria is economically sound, it contributes to the 

general improvement in living standard of the farmers 

growing it since farmers sale it as cash crops and the 

stalk and leaves are used for livestock feed and in soil 

improvement (Onwueme, 1974). 

Its production in Nigeria is faced by problems of low 

grain yields, this is probably due to a number of 

physical, biological, technical and socio-economic 

constraints, drought, insect pests and diseases 

(Omisore and Mohammed, 2007).   

Warawa LGA of Kano state was once known for its 

cowpea production potentials but the production now 

is low with other ventures like sorghum, millet and 

maize production dominating the area. These happen 

as a result of limited farm input, inadequate credit 

facilities, poor knowledge of market and marketing, 

vulnerability to pest infestation both at farm and as 

stored product. Furthermore, part of the problem 

might be due to inefficient utilization of resource.  

Therefore, this study aims at describing the socio-

economic profile of the farmers and to determine their 

profitability in cowpea production. 

 

METHODOLOGY 

 

Study Area 

Warawa LGA is one of the 44 local governments in 

Kano state, which is located between latitude 11
0 

53’ 

N and longitude 8
0
41’E. It has a total land area of 360 

km
2
. The local government falls within the Sudan 

savanna vegetation, with temperature that reaches 

between 30-35
o
C in hot season around March-May. In 

cold season temperature falls to as low as 10
o
C mostly 

in the month of December-January. The average 

relative humidity and annual temperature are 45% and 

30
o
C respectively (Kano State Local Government,  

 

 

 

2001). The average annual rainfall ranges between 

850-900mm with its peak period around the months of 

August-September (Olofin et al, 2008). People of the 

area are predominantly farmers and traders with 

women engaging in small scale groundnut oil 

production. Other crops grown in the area includes, 

sorghum, groundnut, maize, pearl millet etc. 

mailto:jnrhud@gmail.com
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Sampling procedure and sampling size 

The population of Warawa LGA is 128,787 (NPC, 

2006), a sample frame of 208 was used and 50 

farmers were randomly selected as they are 

homogenous with similarities in both their social and 

economic life. The villages of Kanta, Burku, Bagoji, 

and Rinji were purposively selected because they 

were among the areas that were producing huge 

quantity of cowpea in the study area. 

 

Instrument for data collection/Method of data 

collection 

Primary data was sourced using a structured 

questionnaire. Twenty (20) structured questionnaire 

were administered to Kanta as they have more 

population of cowpea farmers while 10 structured 

questionnaires were administered to the villages of  

 

 

 

 

 

Burku, Bagoji and Rinji respectively, forming a total 

of Fifty (50) respondents. 

 

Specification of Tools of Analysis 
Descriptive statistics was used to describe the socio-

economic characteristics of the farmers through the 

use of frequency tables and percentages. This helps to 

describe the proportion of the respondents to a 

particular response.  

 

Cost and Returns Analysis 

Farmers in this locality were mostly small scale in 

nature and as such were not normally using large farm 

implement like tractor, so their fixed cost were very 

minute and negligible. This led to the adoption of 

gross margin as tool for determining the profitability 

and it is given by; 

Gross Margin = Gross Receipt – TVC……………(1) 

Where; 

TVC=Total Variable Cost. 

RESULTS AND DISCUSSION 

Table 1 shows that 56% of the farmers were in the 25-

35 year age group which implies that farming in the 

study area was in the hands of the most productive 

age group. They were young and energetic and could 

cope with the tedious agronomic practices required of 

the crop. This is followed by the respondents (24%) in 

the 36-45 year age group. The least goes to the 

unproductive age grade that is class 45 – 55 because 

they are old and could not work in farms and it forms 

only 6% of the respondents. Majority of the farmers 

(88%) were married implying farming was left in the 

hands of the married people in the study area. This is 

probably due to their early marriage practiced in the 

area. The table also shows most of the respondents 

(80%) depended on other secondary occupations 

thereby using farming to serve as a means of securing 

family livelihood (food) with only 10% of the 

respondents having farming as their primary source of 

income.  

 

 
Table 1: Socio-economic Characteristics 

Ages Frequency Percentage (%) 

15-25 7 14 

25-35 28 56 

36-45 12 24 
45-55 3 6 

Marital Status      

Single 6 12 

Married 44 88 

Major Occupation     

Farming 10 20 

Non-Farm 40 80 

Source of Income     

Processing 7 14 

Marketing 26 52 

Transportation 17 34 

Educational Background     

Primary 12 24 
Secondary 4 8 

Tertiary 2 4 

Qur'anic 32 64 

Years of Experience     

1 to 10 25 50 

11 to 20 21 42 
More than 20 4 6 

Reason for Production     

Home consumption 4 8 
Income generation 5 10 

Both 41 82 

Field survey, 2012 
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Table 2: Cost and Returns Analysis 

Inputs (N) Average Cost Minimum Value Maximum Value 

Seed  1,489.00 1,500.00 3,850.00 

Labour  7,144.03 6,528.46 20,228.15 

Fertilizer 7,172.80 660.00 35,000.00 

Pesticide  2,550.00 1,500.00 8,000.00 

Output  23,801.20 15,900.00 97,500.00 

Field survey, 2012 

 

G.M = TR - TVC 

G.M = 23,801.20 - (1,489.00 + 7,144.03 + 7,172.80 + 2,550.00) 

G.M = 23,801.20 – 18,355.83 

G.M = N5, 447.37 …………………………………. (1) 

Returns per naira investment from (1) above can be computed as; =TR/TVC =N23,801.20/N18,355.83 

Returns per naira invested=N1.30 …………………. (2), This means for every N1 spent it returning power is N1.30. 

 

The majority (64%) of the farmers in the study area 

had no formal education but only Islamic education 

while 24% had primary education. In essence, the 

level of literacy was enough to enable farmers 

understand basic farm instructions in local Hausa 

language to help in adoption of innovation. However, 

the far north hardly accepts western education and at 

certain level do consider it as inappropriate thereby 

keeping themselves and their children away.  Class of 

1-10 year forms the modal class which implies that 

the majority of the farmers in study area had farming 

experience that falls within the range of 1-10 years. 

The category that ranges from 20 years and above 

were mostly the old aged whom were less productive 

normally depending on the efforts of the productive 

age category. Most of the farmers (82%) represent 

both consumption and income generation, since the 

output obtained only served as source of food to the 

farmer and his family with no or little for sale, 8% and 

10% represents home consumption and income 

generation respectively. 

From Table 2, it could be seen that the farmers in the 

study area were able to produce cowpea at profitable 

rate though less government support has been a major 

limitation to the rural farmers. It went further to show 

the returns per naira invested and found out that for 

every N1 spent, it generates N1.30. This agrees with 

the findings of Mohammed (2009), that says cowpea 

is a profitable ventures and had cost/benefit ratio of 

1.52 which is a bit more than 1.30. By implication, 

with more government support on the venture, 

farmers will be able to produce at a much more 

profitable rate thereby increasing their living 

standards.

 

CONCLUSION AND RECOMMENDATIONS 
The socio-economic characteristics of the 

respondents denote that the farmers were all 

subsistent farmers. Therefore, the farmers were not 

solely dependent on agriculture as their source of 

livelihood. Despite the availability of fertile land, the  

 

 

 

inhabitants are running away from farming due to the 

difficulties associated with farming. Cowpea 

production in the study area was a profitable venture 

but very difficult to practice which was probably why 

the farmers are running away for other crops like 

millet, sorghum etc. 

 

Based on the findings of the study, the following 

recommendations are hereby proffered;   

1. Enlightenment through extension should be 

intensified to encourage farmers to use their 

resources efficiently for reaping maximum profit and 

thus increasing their interest in cowpea production. 

2. Government’s subsidized inputs should be made 

available to the targeted farmers without the needless 

diversions and unnecessary delays.
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ABSTRACT 

This study was conducted in Zaria on Samaru College of Agriculture experimental farm during the 2009 and 

2010 cropping seasons. A variety of ginger (Tafin Giwa) and a maize variety which is an early maturing were 

intercropped at varying population densities, with the main aim of determining the effects of the maize plant 

population on the economic returns of ginger. The experiment was laid out in a Randomized Complete Block 

Design with 6 treatments replicated three times. A constant sole ginger plant population of 250,000 was 

intercropped with varying maize populations between 22,222 plants ha
-1

 and 72,222 plants ha
-1

. Sole ginger at 

250,000 plants ha
-1 

and sole maize at 72,222 plants ha
-1

 served as the control. Yield parameters data were 

subjected to Statistical Analysis of Variance and significant means were compared using Duncan’s multiple 

range tests at 5% level of probability. The results showed that rhizome and maize grain yields were significantly 

different among treatments (P < 0.05). Yields from sole ginger treatment was significantly higher (14.08 tonnes 

ha
-1

) with a net return of N1,003,760.42 ha
-1

. Among the intercropped system, 250,000 ginger + 27,778 ginger-

maize plant ha
-1

 produced significantly high net income of N704,129.37 with a land equivalent ratio of 1.71. 

Maize was found to be the dominant specie in the intercrop. The intercrop enhanced crops productivity per unit 

area.  

_________________________________________________________________________________________ 

Key words: Ginger, maize, intercropping, rhizome yield, and economic returns. 
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INTRODUCTION 

Intercropping, which is the simultaneous growing of 

two or more crops on the same piece of land (Beets, 

1990), has featured prominently among the traditional 

semi-intensive ginger farmers in southern Kaduna of 

Nigeria due to numerous benefits derivable from it. 

Ginger is grown to meet the cash demands of farmers, 

while maize may help converse their family food 

needs. The combination of cash and food crops is 

aimed at benefiting both economic and sustenance of 

food supply among households.  

Ginger cultivation in commercial quantities in Nigeria 

is traced to the colonial administrations’ initiative that 

introduced the crop into then southern Zaria province 

of Kaduna State in 1927, to boost the economic being 

of farmers in the area (Turu, 1991). Nigeria was the 

world leading producer of ginger between the 1960s 

to mid-1970s. Although, Nigeria is currently ranked 

fourth contributing 10% to the world ginger 

production, its production in 2011 was estimated at 

160,000 metric tonnes (FAOSTAT data, 2014) and 

90% is dried primarily for export markets. Nigerian 

ginger is highly valued in international markets for its 

aroma, pungency and high oil and Aleoresin content 

(Nigerian Best Forum, 2011). 

Maize (Zea mays) has been in the diet of Nigerian’s 

for centuries. Indeed, it is a staple food crop in 

Nigeria with a per capita consumption of 60kg/year 

(Oikeh et al. 2003). It started as a subsistence crop 

and has gradually become a very important staple 

crop. More than 60% of Nigeria's production of maize 

is consumed domestically by the industrial sector for 

production of flour, beer, malt drinks, corn flakes, 

starch, syrup, dextrose and animal feeds. Out of the 

remaining 40%, about 35% is consumed locally in 

various forms while a small part is exported to 

neighboring countries (Cadoni and Angelucci, 2013). 

Nigeria’s population growth rated in 2013, was 

estimated at 2.54% (CIA, 2013), and requires a 

corresponding increase in productivity per unit time 

and area. In order to meet the production of both cash 

and food crops in the country, intercropping systems 

need to be enhanced to cater for its rapidly growing 

population. Intercropping systems are increasingly 

becoming recognized as low-input production systems 

that can help small scale farmers reduce risks of 

significant crop failures caused by pests, inclement 

weather, or unexpected downturns or competition in 

the produce market, (Valenzuela, 2011). It is also 

adopted as insurance against soil degradation and 

ensures stability of yield, risk minimization, 

continuous and diversified food supply and high 

yields (Perin, 1977; Steiner, 1982; Uvah, 1992 and  

 

 

 

 

Willey, 1979). When crops are carefully selected, 

other agronomic benefits are also achieved. For 

example, in India, ginger yields were increased 

compared to monoculture yields when intercropped 

with poplar (Populus deltoids ‘G-3 Marsh’); in China, 

ginger yields were 34% greater than in sole 

(Newsman et al., 1998). In the Philippines ginger has 

traditionally been inter cropped with cash crops such 

as Mung bean (Brasica oleracea) and sweet corn (Zea 

mays) (Nestor and Teresita , 2007).  In ginger–maize 

intercrop, maize has the advantage of providing 

partial shade to ginger which has a year-long growing 

season to tolerate the shade and is amenable to 

polyculture systems (Valenzuela, 2011). A row of 

maize crop in a field intercropped with ginger reduces 

the wind speed above it and thus reduces desiccation 

(Beets, 1990). Farmers grow maize at very irregular 

and wide spacing due to the fact that most farmers 

inter-crop maize with other crops. An optimum plant 

population is essential for maximum yield in maize. A 

direct relationship between plant population and final 

yield is obvious. A maize plant population of 53,333 

is recommended (Iken and Amusa, 2004).  

Research on multiple-cropping practices in the tropics 

has somewhat been neglected as a result of the 

influence of mono-cropping oriented research in the 

Western world. However, recently, interest in 

intercropping has increased. In areas with labour 

surpluses due to overpopulation, under-employment, 

and a low degree of mechanization, multiple cropping 

practices are desirable and can increase total 

production substantially. Available literature reveals 

that maize intercropped with other crops make up 

about 15% of intercrop researches. However, there are 

very minimal researches on ginger maize intercrops. 

Few of these researches include, a study in India on 

“Effects of inter-cropping bell-pepper with ginger on 

plant parasitic nematode populations and crop yields 

by Sharma and Bajaj (1998) who used bell pepper 

intercrops as a means to control nematodes infesting 

ginger (Zingiber officinale).  Because so little research 

has been conducted with intercrops and that such 

systems are very location specific, there are very few 

recommendations for the best crop combinations that 

can be utilized in ginger–maize production.  

The objectives of this study were to: 

i. Evaluate the rhizome yield of ginger in sole 

crop; 

ii. Evaluate maize grain yield in sole cropping;  

iii. Compare Ginger and maize yields 

intercropped at varying population 

densities;  

iv. Determine the effects of the yield on 

economic return. 
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MATERIALS AND METHODS 

 

Study Area 
The study was carried out during the raining seasons 

of 2009 and 2010 at the Samaru College of 

Agriculture Research field, Zaria, located in the 

Northern Guinea Savanna ecological zone of Nigeria. 

It is located on latitude 11
0
 06'40" N and longitude 7

0 

43'21"E. it is 644 metre above sea level 

(Dateandtime.Info, 2015). 

The characterization of the soil showed that the soil 

type was sandy loam. The preceding crop was maize, 

and the land had been fallowed for 11 months at the 

time of planting. 

 

Experimental Design  
There were six treatments adopted for this study. 

Uniform ginger population of 250000 plants/ha and 

varying populations were used to obtain the 

treatments. The maize population of 72,222 plants ha
-

1
; 35,000 plants ha

-1
; 27,778 plants ha

-1
; and 22,222 

plants ha
-1

, represented treatments 1, 2, 3 and 4 

respectively. Treatment 5 was sole ginger with 

250,000 plants, while treatment 6 sole maize had plant 

population of 72,222 plants ha
-1

. Thus treatments 5 

and 6 served as control for the experiment. Treatments 

were laid out in a randomized complete block design 

with three replications. Ploughing of the field was 

followed by harrowing in late April when the rains 

were established. Plots of 3 by 3 metres (9m
2
) at 1 

metre and 0.5metre between replicates and plots 

respectively were laid out. Organic manure (cow 

dung) was applied uniformly on the farm at 30t ha
-1 

as 

recommended by Ayuba et al. (2005) in each plot. 

Sowing was carried out in the first week of May, and 

weeds were controlled by mulching and hand pulling 

at 5, 8 and 11 weeks after planting. An early maturing 

maize variety,  and the most common ginger variety 

grown in the producing area, the yellow variety “Tafin 

Giwa”, were used as the species. All plots were 

planted manually at two seeds per hole for maize and 

one sett per hole for ginger. The maize was thinned to 

one plant per stand in accordance with Sasakawa 

Global 2000 (Friesen, 2002) recommendations. Both 

maize and ginger were harvested manually at 16 

Weeks after planting and 24 Weeks after planting 

respectively. The spatial design is shown in Table 1. 

 

Data Analysis 

Yield of each crop were analyzed using Analysis of 

Variance and means were compared using Duncan’s 

Multiple Range Test at 5% level of probability. Land 

Equivalent Ratio (LER) was used to measure crops 

mixture productivity (Jolliffe, 2000).  For each crop a 

ratio was calculated to determine the partial LER for 

that crop, the partial LERs were summed to give the 

total LER for the intercrop (Darish et al., 2006). Any 

result above 1 signifies a polyculture advantage; any 

result below 1 signifies a sole crop advantage.  

 

Land Equivalent Coefficient (LEC). This was used 

to measure interactions and strength of relationships 

between the two-crop mixtures. A yield advantage is 

obtained if LEC value exceeds 0.25.  

Aggressivity was used to determine the competitive 

ability the crops. An Aggressivity value of zero 

indicates that the component crops are equally 

competitive. For another situation, both crops may 

have the same value but the sign of the dominant crop 

will be positive and that of the dominated, negative. 

The greater the numerical value, the higher is the 

difference in competitive ability and the higher the 

difference between the actual and expected yield. 

Gross Margin (GM). This was used as it serves as a 

proxy measure of profitability. The variable costs in 

this study were incurred on setts, seeds, labour for 

land preparation sowing, weeding and harvesting. The 

total monetary values of the produce such as grain, 

tuber, bulb, etc. and byproducts viz. straw, fodder, etc. 

obtained from the experiment. In addition, the 

produce and byproducts were calculated based on the 

local market prices. The total return is expressed in 

terms of unit area, i.e one hectare. 

Benefit Cost Ratio. This index provides an estimate 

of the benefit derived and expenditure incurred by a 

farmer in enterprise. 

 

RESULTS AND DISCUSSION 

Ginger-maize spatial arrangement used in the 

study 
The spatial arrangement used in the study is as 

depicted in Table 1. It shows treatments 1 to 6 where 

treatments 5 and 6 (sole ginger) and sole maize 

respectively served as the control. 

 

Table 1. Ginger: Maize Spatial Arrangement Used in the study 

 

Treatments 

Spatial Arrangements 

Spacing(cm) Plant Population (plants ha-1) 

Ginger  Maize  Ginger  Maize  

Treatment 1 20 x 20 75 x 25 250,000 72,222 

Treatment 2 20 x 20 75 x 50  250,000 35,000 

Treatment 3 20 x 20 75 x 75 250,000 27,778 

Treatment 4 20 x 20 75 x 100 250,000 22,222  

Treatment 5 20 x 20 No maize 250,000 00 

Treatment 6  No ginger 25 x 75 00 72,222 
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Physical and Chemical properties of the soil of the 

experimental site at commencement of study. 
Some physical and chemical properties of soil of the 

experimental site were analyzed before the 

experiment was conducted and the results are 

presented in Table 2. Particularly, the size distribution 

analysis showed that the soil texture was sandy loam. 

A total nitrogen, organic carbon and available 

phosphorus (ppm) were found to be present in the 

soil. 

 

 

Table 2: Some Physical and Chemical properties of the soil of the experimental site at commencement of 

study. 

Parameters Amount in soil 

Particle size distribution  

Sand (g kg
-1

) 580 

Silt (g kg
-1

) 300 

Clay (g kg
-1

) 120 

Soil textural class           Sandy Loam 

pH in H2O (1:2.5) 5.90 

pH in CaCL2 (1:2.5) 4.90 

Total Nitrogen (N) (g kg
-1

) 3.50 

Organic Carbon (g kg
-1

) 37.80 

Available Phosphorus (ppm) 52.5 

C:N Ratio  

Calcium  (Cmol
+
 g kg

-1
) 4.40 

Magnesium  (Cmol
+
 g kg

-1
) 0.84 

Potassium (Cmol
+
 g kg

-1
) 0.15 

Sodium (Cmol
+
 g kg

-1
) 0.40 

 

 

Chemical Properties of cow dung. 
An analysis of the cow dung used was carried out 

and the result in Table 3. The cow dung was found 

to have a C: N ratio of 1.10. 

 

 

Table 3.  Some Chemical properties of the Cow Dung used in the experiment at commencement of the 

study. 

Parameters  Amount in Manure 

Nitrogen (N) (g kg
-1

) 17.5 

Phosphorus (P) (g kg
-1

) 4.70 

Potassium (K) (g kg
-1

) 14.4 

Calcium (Ca) (g kg
-1

) 28.6 

Magnesium (Mg) (g kg
-1

) 4.6 

Sodium (Na) (g kg
-1

) 0.8 

Organic Carbon (g kg
-1

) 19.24 

C:N Ratio 1.10 

 

Ginger yield in sole vs intercropping. 
The effects of treatments on the fresh rhizomes yield 

is as shown in Table 4. The results showed significant 

difference between treatment means at 5% level of 

significance. As indicated in table 4, treatment 5 (sole 

ginger) gave the highest rhizome yield (14,077 kg ha
-

1
) while the lowest rhizome yield (7,822 kg ha

-1
) was 

obtained from treatment 1(plant population of 

250,000, ginger + 72,222 maize plants/ha). 

Nevertheless, this yield figure was lower than the 

Nigerian highest yield of 15,000 kg ha
-1

 (NRCRI, 

2005) which is far less than of USA of 51,925 kg ha
-1

 

(Zala, 2009) the highest in the world. There were 

however, no significant difference between rhizome 

yields of treatments 2, 3 and 4. The low rhizome yield 

in treatment 1 may be attributed to its high plant 

population (250,000 ginger + 72,222 maize plants ha
-

1
). This conforms with Pandey et al. (2006) assertion 

that ginger yield depends on the space allowed for 

rhizome to develop.  
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Table 4.  Ginger rhizome yield in sole Vs intercropped system with maize. 

Treatments  

 

Maize grain 

Yield per ha 

(tones) 

Fresh ginger 

rhizome 

yield per ha 

(tones) 

Land Equivalent Ratio 

(LER) 

Aggressivity LEC 

Ginger Maize Total Ginger 

(Aab) 

Intercrop 

(Aba) 

Treatment 1  3.93
ab

 7.82
b
 0.56 0.93 1.49 - 0.50 + 0.50 0.52 

Treatment 2  2.74
abc

 8.94
b
 0.64 0.65 1.29 - 0.73 + 0.73 0.42 

Treatment 3  3.98
a
 10.84

ab
 0.77 0.94 1.71 - 1.37 + 1.37 0.72 

Treatment 4  2.05
c
 10.54

ab
 0.75 0.49 1.24 - 0.86 + 0.86 0.37 

Treatment 5   14.08
a
 1.00 - 1.00 - - - 

Treatment 6  2.22
bc

  - 1.00 1.00 - - - 

Se± 0.582 1.560       

 

Aab: Aggressivity value for the component crop “a” 

Aba: Aggressivity value for the component crop “b” 

Source: Field Experiment, 2009 and 2010 

 

The dry maize grain yields were not significantly 

different between treatments, unlike those of ginger. 

The highest yield of maize (3,980 kg ha
-1

) was in 

treatment 3 which had 250,000 ginger plants/ha + 

27,778 maize plants ha
-1

while the least yield (2,050 

kg ha
-1

) was obtained from treatment 4 (250,000 

ginger + 22,222 maize).  

 

Economic returns of sole vs intercropping 
Total Land Equivalent Ratios (LER) shown in table 4, 

were greater than 1.0, indicating satisfactory 

biological efficiency. Treatment 3 (250,000 ginger + 

27,778 maize plants ha
-1

) gave the highest value of 

LER (1.71) followed by treatment 1 (1.49). These two 

treatment yielded LER higher than what Pandey et al. 

(2006) obtained in India. The least LER value was 

obtained in treatment 4 (1.24) (250,000 ginger + 

72,222 maize plants ha
-1

). These results suggested that 

in spite of the fact that sole cropping of ginger 

produced high yield, there are some benefits to be 

derived from growing it in mixture with maize. It is 

believed that the ginger + maize complement each 

other mutually in the utilization of resources for 

agricultural production. 

All intercrop combinations in this study had LEC 

values above 0.25, suggesting yield advantages. These 

showed a productivity coefficient (PC) greater than 25 

percent. Again treatment 3 had a combination 

advantage of 71% 

The results in Table 4 showed that the varying 

populations and ratio of maize in ginger did not 

compete equally. In all the treatments, maize crop 

indicated dominant behavior over the intercrop as 

indicated by their positive (+) signs as against the 

negative (-) signs of ginger. Competitive inequality 

was most pronounced in treatment 3 (250,000 ginger 

+ 27,778maize plant ha
-1

) which coincidentally 

proved to be the best population density combination 

of ginger and maize with highest LER. The least 

Aggressivity was obtained in treatment 1 

(250,000ginger + 72,222 maize plant ha
-1

) 

 

 

Table 5. Pooled Monetary Returns, Cost Benefit Ratios of Sole Vs intercropped system of Maize + 

Ginger. 

Treatments Average Gross Returns 

(N) 

Average Total Variable 

Cost 

(N) 

Average Gross 

Margin (N) 

Average Benefit Cost 

Ratio 

Treatment 1      1,355,088.78 1,154,193.87 200,894.91 1.17 

Treatment 2      1,382,460.76 1,103,973.50 278,487.26 1.25 

Treatment 3      1,784,709.45 1,080,580.09 704,129.36 1.65 

Treatment 4      1,620,086.35 1,067,851.38 552,234.98 1.52 

Treatment 5      2,011,254.51 1,007,494.09 1,003,760.42 2.00 

Treatment 6      181,460.00 168,055.50 13,404.50 1.08 

Source: Field Experiment, 2009 and 2010 

 

The Gross margin analysis (Table 5) showed that sole 

ginger yielded the highest return of N1,003,760.42 ha
-

1
which was 42.55% higher than best intercrop 

combination (Treatment 3). On the contrary, sole 

maize had the least Gross Margin.  

High Gross Margin of sole ginger treatment was in 

conformity with the returns obtained by Pandey et al. 
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(2006). The high Gross Margin of sole ginger may be due to the fact that no cost was incurred on

maize and its related costs, thus lowering the total 

variable cost. Treatment 1 (250,000 ginger + 72,222 

maize plants ha
-1

) which had the highest Total 

Variable Cost, yielded the least return. Treatment 3 

gave the highest returns among the intercrop 

treatments. The benefit cost ratios were very low due 

to the high cost associated with ginger production. 

The ginger + maize combinations were more 

beneficial when 250,000 ginger and 27,778 maize 

were used. The BCR was a reflection of the Gross 

Margin analysis as it followed the same trend. All the 

intercrop combinations had BCR greater than one, 

with treatment 3 again exhibiting higher than other 

intercrops. Since most of the intercrops had BCR 

ratios greater than 1.0, it is considered economically 

justified. However, sole ginger had the greatest BCR 

of 2. This means that for every one naira invested one 

naira was received in return. Sole maize again had the 

least BCR among the treatments. 

CONCLUSION AND RECOMMENDATION 
Intercropping is an important practice in the savanna 

agro-ecology of Nigeria and is considered part of the 

subsistence farming designed to meet increase 

domestic food requirements. From this study, it was 

observed that intercropping did not significantly 

increase maize grain yield; while rhizome yields were 

significantly (P <0.05) different among the treatments.  

Sole culture grain yields did not exceeded 

intercropped yields but nonetheless, results showed 

that mixed cropping increased the land equivalent 

ratio by 71% in treatment 3 planting pattern over sole 

cropping. However, an average farmer in Nigeria 

might not be interested in the LER, of intercropping 

but rather in the profitability of intercropping one crop 

with the other (that is, which of the intercropping 

combinations would generate higher income than the 

other). Correct combination of the ginger-maize 

intercrop ensure food security and cash income for the 

farmers. In conclusion therefore, for optimum and 

sustainable productivity and profitability. It is 

therefore concluded from this study that it is both 

technically and economically beneficial to intercrop 

maize into ginger. The intercrop gave high ginger 

yield for income as cash crop and maize harvested 

ensures food supply for consumption.  Nevertheless 

sole ginger cropping is beneficial.  

Following these findings the researchers make the 

following recommendations: 

1. Sole cultivation of ginger is recommended at 

250,000 plants ha
-1

 for high yield. 

2. farmers should inter crop ginger 20 x 20 cm + 

maize 75cm by 75cm intra row spacing (250,000 + 

27,778 plants ha
-1

) so as to gain improved 

economic returns. The recommended combination 

will require less quantity of seeds, thus less cost 

associated with seeds, and conversely, less labour 

hours that will be expended for planting and yet 

produce ginger yields that are significantly at par 

with the highest yield recorded from sole 

cropping.
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ABSTRACT 

Okra (Abelmoschus esculentus L. Moench) a tall herb cultivated for its edible and immature pods belongs to the 

family malvaceae. Okra is one of the numerous vegetable crops largely grown in Nigeria.  Also, cowpea (Vigna 

unguiculata L. Walp) is a legume cultivated for its edible and mature pods belongs to the family leguminaceae. 

Cowpea is one of the numerous legume crops largely grown in Nigeria. A field experiment was conducted at the 

Division of Agricultural Colleges, Samaru College of Agriculture Teaching and Research Farm to study the 

performance of Okra and Cowpea under different relay cropping systems during the 2013 and 2014 cropping 

seasons. The cropping relays consisted of Okra transplanted 1 week after Cowpea, Okra transplanted 2 weeks 

after Cowpea, Okra and Cowpea planted at the same time, Okra transplanted 1 week before Cowpea, Okra 

transplanted 2 weeks before Cowpea, sole Okra and sole Cowpea. These were arranged in randomized complete 

block design (RCBD) with four replications. From the results produced, it was observed that okra planted one or 

two weeks after cowpea in mixture significantly produced higher means of characters assessed; whereas okra 

planted one or two weeks before cowpea in mixture significantly produced the lower means in both cropping 

seasons. Also, cowpea planted sole and one week before okra in mixture significantly produced higher means of 

characters assessed; whereas cowpea planted one week after okra and at the same time significantly produced 

lower means of the same characters studied in both cropping seasons. 

__________________________________________________________________________________________ 

Keywords: Performance, Okra, Cowpea, Relay Cropping.    

 
INTRODUCTION   

Okra (Abelmoschus esculentus (L.) Moench) is an 

important crop widely grown in Nigeria and is one of 

the most important food crops (Babatunde et al., 

2000; Babatunde et al., 2011). Cowpea (Vigna 

unguiculata (L.) Walp) is an important crop which 

supplies 40% protein and is a cheap substitute for 

meat and fish when consumed with cereals or roots 

and pods to supply Methionine and cystine (Singh et 

al., 2008; Ekwere et al., 2013; Obadoni et al., 2010; 

Ibeawuchi et al., 2008; Egbe and Idoko, 2009) 

Ibeawuchi et al. (2008); Dantata et al. (2010) reported 

that although legume in mixtures will not usually 

compete with other species for nitrogen, they will of 

course; compete for other growth factors in which 

case, some loss of yield from the main crop is normal.  

Relay cropping as a system of farming implies the 

growing of one crop after the other (Takim and 

Fadayomi, 2010). Takim and Fadayomi (2010) noted 

that for crop mixtures to be successful, the sum of the 

intercrop competition should be less than the sum of 

the intra-crop competition of the component crops 

when grown alone. Ijoyah (2012); Ijoyah et al., 

(2013); Lyocks et al.,  (2013) explained that 

intercropping is the growing of two or more crops 

simultaneously on the same field such that the period 

of overlap is long enough to include their vegetative 

stage. Relay cropping and intercropping are the two 

basic principles of multiple cropping (Njoku et al. 

2008; Oyewole, 2010). Specific multiple cropping 

systems have developed over the centuries in the 

different regions and they are closely adapted to the 

prevailing ecological and socio-economic conditions 

(Babatunde et al., 2011). Ijoyah (2012) observed that 

population pressure has led to an intensification of 

intercropping in order to increase the production per 

unit area. 

In view of the above, the objective of this research is 

to find out the appropriate time to introduce the 

different intercrops for maximum performance in 

terms of growth and yield.    

MATERIALS AND METHODS 

The study was conducted during the 2013 and 2014 

cropping seasons at the Division of Agricultural 

Colleges,  Samaru College of Agriculture Teaching 

and Research Farm, Ahmadu Bello University; Zaria 

situated at latitude 11
0
11" N, longitude 07

0
38" E and 

686 m above sea level in the Northern Guinea 

Savanna Ecological zone of Nigeria.  The treatments 

consisted of seven different cropping relays namely; 

okra planted 1 week after cowpea, okra planted 2 

weeks after cowpea, okra and cowpea planted 

simultaneously, okra planted 1 week before cowpea, 

okra planted 2 weeks before cowpea, sole okra and 

sole cowpea. These treatments were laid out in a 

randomized complete block design with three 

replications.  The gross plot was 182m
2
. This was 
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demarcated into plots of 4m x 3.6m, with 6 ridges per 

plot. Planting started in second week of June after rain 

has established. Weeds were controlled at two weeks 

interval up to maturity of the crops. Fertilizer (NPK 

20-10-10) was applied at the rate of 120 kg N, 25 kg 

P205 and 25kg K20 ha
-1

 at 2 and 6 weeks after planting 

(WAP) on okra rows.  The crops were harvested at 

physiological maturity. Harvesting which followed 

the cropping relay at planting was done at different 

times. The net plot was harvested for the 

determination of percent production of fruits and pods 

in okra and cowpea, respectively. Data collected was 

subjected to analysis of variance (ANOVA) using 

mixed model procedure of statistical analysis system 

software version 8. Separation of treatment means 

was significantly done using Duncan’s multiple range 

tests at 5% level of probability (Duncan, 1955).    

RESULTS AND DISCUSSION   

Table 1 shows the physical and chemical properties of 

the soil used for the experiment in 2013 and 2014 

cropping seasons. The soil contains high amount of 

sand, low silt, low clay and low organic carbon. The 

total nitrogen, phosphorus, potassium, calcium, 

sodium, magnesium and cation exchange capacity 

were equally very low in both seasons. It was 

observed that the values in 2014 were higher than 

those of 2013 cropping season. This may be that the 

nutrient content in 2014 increased as a result of 

residual effect from 2013 cropping season which 

improved the fertility status of the soil. 

 
Table 1: Physical & Chemical Properties of Soil Used for the Experiment During 2013/2014 Cropping Seasons 

Soil property Soil depth 0-30cm Soil depth 0-30cm 

 2013 2014 

Sand % 83.26 86.88 

Silt% 7.14 7.42 

Clay% 10.21 11.24 

Organic carbon% 5.34 5.44 

PH in H20 6.45 6.52 

Total nitrogen % 3.44 3.56 

Available phosphorus mg kg-1 2.12 2.24 

Available potassium mg kg -1 1.68 1.58 

Available calcium mg kg -1 0.39 0.58 

Available sodium mg kg -1 0.52 0.53 

Available magnesium mg kg -1 1.38 1.35 

Cation exchange capacity (CEC) mg kg -1 
5.14 

5.23 

 

Source: ABU, Zaria, Soil Science Laboratory Analysis Result

Effect of Relay Cropping on the Performance of 

Okra 

 

Plant height (cm) 

Table 1 shows the effect of relay cropping on plant 

height of okra in 2013 and 2014 cropping seasons. 

There was a significant difference (P<0.05) on plant 

height due to relay cropping. Okra planted two weeks 

after cowpea significantly produced higher means in 

both cropping seasons over the rest of the relay 

cropping systems. However, there were no significant 

difference between okra planted sole and okra planted 

two weeks before cowpea (P>0.05).  Similar results 

were observed by (Babatunde et al. (2011); Egbe and 

Idoko (2009) that cropping combinations sometimes 

do not significantly differ irrespective of their interval 

especially when the soil is very fertile. 

Number of leaves plant
-1 

Table 2 shows a no significant difference (P>0.05) 

among the means due to relay cropping in both 

seasons on number of leaves plant
-1

. Similar results 

were observed by (Obadoni et al. (2010); Ekwere et 

al. (2013) that when the nutrient status of the soil is 

adequate, cropping combinations might not 

significantly differ on traits measured. 

 

Number of branches plant
-1 

Table 2 shows a no significant difference (P>0.05) 

among the means due to relay cropping in both 

seasons on number of branches plant
-1

. Dissimilar 

results were observed by (Takim and Fadayomi 

(2010); Dantata et al. (2010) when they conducted a 

research on sweet potato and soybean to determine 

their cropping sequence, they observed that sweet 

potato introduced a week or two weeks after soybean 

did not significantly differ (P>0.05) in percentage 

tuber and pod production with all of the cropping 

sequences, but sweet potato planted at one week after 

soybean or two weeks after soybean significantly 

(P<0.05) differed in percentage tuber and pod 

production with all of the cropping sequences. 

 

Number of fruits plot
-1 

Table 2 shows a significant difference (P<0.05) due to 

relay cropping on number of fruits plot
-1

. Okra planted 

sole significantly produced higher number of fruits 

plot
-1

 in both seasons. Okra and cowpea planted at the 

same time significantly produced the lowest means in 

both seasons. Other treatments did not significantly 

differ (P>0.05) in both seasons. Similar observations 

were made by (Oyewole (2010); Lyocks et al. (2013). 
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that better performance was observed in sole cropping than intercrops in terms of grain yield. 

 

Table 2: Effect of relay cropping on the performance of okra in 2013 and 2014 cropping seasons 
 

 
 

Treatments 

Plant height (cm) 

 

Number of  
leaves  

plant-1 

 

 
Number of 

 branches plant-1 

 

Number of 

fruits  
plot-1 

 

Fruit yield ha-1 

  

2013 

 

2014 

 

2013 

 

2014 

 

2013 

 

2014 

 

2013 

 

2014 

 

2013 

 

2014 

Sole okra 16.37b 16.48b 7.00a 7.10a 3.22a 3.24a 
20.2

8a 
20.31a 2756.13a 2768.15a 

Okra planted 1 week after 

cowpea 
22.69ab 22.77ab 7.11a 7.12a 3.22a 3.25a 

20.1

0a 
20.00a 1745.32ab 1748.61ab 

Okra planted 2 weeks after 
 cowpea 

 

22.76a 22.99a 7.10a 7.11a 3.20a 3.21a 
20.3
1a 

20.32a 1344.20ac 
1348.21ac 
 

 

 

 

           
Okra and cowpea planted at 

 same time 
21.53ab 21.62ab 6.85a 6.88a 3.00a 3.00a 

13.1

2b 
13.14b 685.37c 687.26c 

Okra planted 1 week before  

cowpea 
 

 

17.48ab 17.59ab 6.82a 6.87a 3.10a 3.11a 20.1

0a 
20.11a 1444.24ac 1448.13ac 

Okra planted 2 weeks 
before cowpea 

16.35b 16.56b 6.84a 6.89a 3.10a 3.12a 20.1
2a 

20.14a 1524.13ac 1546.11ac 

SE+ 1.00 1.10 NS NS NS NS 9.43 9.45 273.11 288.12 

 

Means followed by the same letter (s) within a column and treatment group are statistically similar using DMRT 

 NS = Not significant at 5% level of probability 

Fruit yield ha
-1

 
Table 2 show a significant difference (P<0.05) due to 

relay cropping in 2013 and 2014 cropping seasons on 

fruit yield ha
-1

. Okra planted sole significantly 

produced (P<0.05) the highest means in both seasons 

followed by okra planted one week after cowpea. 

Okra and cowpea planted at the same time 

significantly produced the lowest means of fruit yield 

ha
-1

 in both cropping seasons. Okra planted two weeks 

after cowpea, okra planted one week before cowpea 

and two weeks before cowpea did not differ 

statistically in both years. Similar results were made 

by (Njoku et al. (2008); Ijoyah et al. (2013) that 

cropping sequence sometimes influence crop 

performance, but at other times it does not produce 

significant difference on the traits assessed. 

 

Effect of Relay Cropping on the Performance of 

Cowpea 

 

Vine length (cm) 

Table 3 shows the effect of relay cropping on plant 

height of cowpea in 2013 and 2014 cropping 

seasons. There was no significant difference 

(P>0.05) on plant height due to relay cropping on 

cowpea in both years. Also Obadoni et al. (2010); 

Odedina et al. (2014) observed similar results that 

there was no significant difference on the means of 

parameters measured. 
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Table 3: Effect of relay cropping on the performance of cowpea in 2013 and 2014 cropping seasons 

Treatments 
Vine length (cm) Number of leaves 

plant-1 

Number of vines 

plant-1 

Number of pods plot-

1 

Pod yield ha-1 

  

2013 
 

2014 

 

2013 
 

2014 

 

2013 
 

2014 

 

2013 
 

2014 

 

2013 
 

2014 

Sole cowpea 20.70a 20.72a 19.00ab 20.00ab 10.10a 10.13a 15.00a 16.00a 2878.52a 2898.54a 

Okra planted 1 week after 
cowpea 

21.35a 21.38a 22.19ab 22.28ab 11.21a 11.24a 14.19bc 14.21bc 2565.23ab 2567.24ab 

Okra planted 2 weeks after 

cowpea 
20.55a 20.58a 20.63ab 20.68ab 10.10a 10.12a 15.80ab 16.00ab 2535.26ab 2545.25ab 

Okra and cowpea planted at  
same time 

18.54a 18.58a 20.25ab 20.29ab 10.00a 10.13a 12.80c 12.88c 1253.50c 1256.48c 

Okra planted 1 week before 

cowpea 
19.31a 19.33a 21.68ab 21.72ab 11.00a 11.08a 16.62a 16.69a 2554.82ab 2558.86ab 

Okra planted 2 weeks before 

cowpea 
19.28a 19.30a 25.18a 25.22a 12.42a 12.46a 14.78ac 14.81ac 2324.32ac 2326.28ac 

 

SE+ NS NS 1.10 1.11 NS NS 0.90 0.91 278.24 288.45 

Means followed by the same letter (s) within a column and treatment group are statistically similar using DMRT. NS = Not 

significant at 5% level of probability 
 

Number of leaves plant
-1 

Table 3 shows a significant difference (P<0.05) 

among the means due to relay cropping in both 

seasons on number of leaves plant
-1

. Cowpea planted 

two weeks after okra significantly produced higher 

means (25.18 and 25.22) on number of leaves plant
-1

. 

All other treatments did not differ significantly 

(P>0.05) in 2013 and 2014 cropping seasons. Similar 

results were observed by (Babatunde et al., 2011; 

Odedina et al., 2014) when they carried out a research 

on okra/cowpea intercrop. They observed that there 

was no significant difference (P>0.05) on means of 

the parameters assessed.  

 

Number of vines plant
-1 

Table 3 shows a no significant difference (P>0.05) 

among the means due to relay cropping in both 

seasons on number of vines plant
-1

. Similar results 

were observed by (Ibeawuchi et al. (2008); Egbe and 

Idoko (2009) when they worked on the effect of 

cropping sequence on cowpea –maize in 2008 and 

2009, respectively. They equally observed that the 

cropping interval did not significantly differ on means 

of parameters measured. 

 

Number of pods plot
-1 

Table 3 shows a significant difference (P<0.05) due to 

relay cropping on number of pods plot
-1

. Cowpea 

planted a week after okra significantly produced 

higher number of pods plot
-1

 in both seasons followed 

by cowpea planted sole. Cowpea and okra planted at 

the same time significantly produced the lowest 

means in both seasons. The same results were 

observed by (Dantata et al. (2010); Babatunde et al. 

(2011) when they conducted similar research on sweet 

potato and soybean intercrops. They observed that 

there was no significant variation on the means of the 

characters assessed due to cropping sequence. 

 

Pod yield ha
-1

 
Table 3 show a significant difference (P<0.05) due to 

relay cropping in 2013 and 2014 cropping seasons on 

pod yield ha
-1

. Cowpea planted sole significantly 

(P<0.05) produced the highest means in both seasons. 

Cowpea and okra planted at the same time 

significantly produced the lowest means on pod yield 

ha
-1

 in both cropping seasons, but did not significantly 

differ with cowpea planted two weeks after okra. 

Similar observations were made by (Ijoyah et al. 

(2013); Takim and Fadayomi (2010); Odedina et al. 

(2014) when a similar research on cropping pattern of 

maize/cowpea was carried out. They observed that 

there was no significant difference between sole 

cropping and intercrops on mean values produced 

throughout the period of the study.  

CONCLUSION 

It was observed from the results that okra planted 

one or two weeks after cowpea in mixture 

significantly produced higher mean values; whereas 

okra planted one or two weeks before cowpea in 

mixture significantly produced the lower means of 

the characters studied in both cropping seasons.  

 

Also, cowpea planted sole and one week before okra 

in mixture significantly produced higher means of 

characters assessed; whereas cowpea planted one 

week after okra and at the same time significantly 

produced lower means of the same characters 

assessed in both cropping seasons. 
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ABSTRACT 

 A field experiment was conducted during the 2012 and 2013 cropping seasons to determine the effect of cane 

portion and methods of planting on sprouting, growth and cane yield of sugarcane (Saccharum officinarum L.) 

variety “mamudo”. The trial was carried out at the Teaching and Research Farm of Institute for Agricultural 

Research, Ahmadu Bello University Irrigation Station Kadawa. The experiment was laid out in a randomized 

complete block design (RCBD) with three replications and five treatments comprising cuttings of 15cm in length 

from top portion, middle portion, bottom portion, vertical planting  and horizontal  planting methods. From the 

results, it was observed that the middle portion of cane and horizontal methods of planting significantly (P<0.05) 

enhanced stalk length, number of leaves plant
-1

, number of tillers plant
-1

 and number of internodes plant
-1

 by 

providing significantly (P<0.05) higher means on characters assessed over the top or bottom portions and vertical 

methods of planting in 2012 and 2013 cropping seasons. There was no significant difference (P>0.05) due to cane 

portion and methods of planting on stalk diameter and cane yield ha
-1

 in both seasons. 

__________________________________________________________________________________________ 

Keywords: - Sugarcane, portion, methods, planting, sprouting, growth and yield. 

 

INTRODUCTION 

Sugarcane, (Saccharum officinarum L.) is propagated 

commercially by the vegetative method using stem 

cuttings known as setts, seed-pieces or seed canes. It is 

apparent that the planting material would have a 

substantial influence on sprouting (Hoy et al., 2004; 

Mengistu, 2013). Thus, the selection of proper and 

suitable planting material is the most important factor 

among the various agronomic practices which require 

due attention (Garrison et al., 2000; Mengistu, 2013).  

Age of the seed material, portion of a stalk, number of 

buds sett
-1

, nutritional status of seed cane, duration 

between cutting and planting are known to have 

considerable effect on sprouting and subsequent growth 

of sugarcane (Mengistu, 2013; Das, 2005; Subbaro and 

Prasad, 2010). Apart from other aforementioned factors, 

portion of a stalk cutting used as seed has more 

influence on sprouting (Mengistu, 2013). Buds on 

different portion of stalk also differ in the rate of 

sprouting (Hoy et al., 2005; Hoy et al., 2006; Mengistu, 

2013). Johnson et al. (2010); Das (2005) and Viator et 

al. (2005) found higher germination percentage (%) in 

cuttings taken from the upper portion and the time 

required for sprouting was also much shorter when 

compared to cuttings taken from the middle and lower 

portions. Salassi et al. (2004); Salassi et al. (2010); Hoy 

et al. (2006); James and Miller (2009) stated that older 

buds of a stalk are relatively slower in the rate of 

sprouting. Ching (2000); James (2007); James and 

Miller (2009); Mengistu (2013) found that sprouting, 

number of tillers and stalks ha
-1

 were higher in sets 

taken from the middle and upper portion of cane.  Field 

experiment conducted in Ethiopia at Metahara 

sugarcane plantation showed that the upper and the 

middle portions of the stalk cuttings of three sugarcane 

varieties, viz. B41/227, B52/298 and Mex54/245 gave 

higher germination percentage (%), higher number of 

tillers and cane height than the lower portion (Mengistu, 

2013). At Wonji-Shoa sugarcane plantation, the whole 

stalk discarding few upper and lower internodes was 

used as planting material and no investigations were 

made in this respect to identify the more suitable cane 

portions for planting purpose.  Therefore, this study was 

conducted with the objectives of evaluating the effects 

of cane portions and methods of planting on sprouting, 

growth yield of sugarcane. 

 

MATERIALS AND METHODS   

A field experiment was carried out during the 2012 and 

2013 cropping seasons to determine the effect of cane 

portion and methods of planting on sprouting, growth 

and cane yield of sugarcane variety “mamudo”. The 

trial was carried out at the Teaching and Research Farm 

of Institute for Agricultural Research, Ahmadu Bello 

University Irrigation Station Kadawa. The experiment 

was laid out in a randomized complete block design 

(RCBD) with three replications and five treatments 

comprising of cuttings of 15cm in length from top 

portion, middle portion, bottom portion, vertical 

planting  and horizontal  planting methods.  Each plot 

consists of five rows of 5m in length and 3m in width 

mailto:hammaidi@yahoo.com
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(gross plot area of 15m
2
). In each row, the cuttings were 

sown at an intra-row and inter-row spacing of 0.5m and 

0.75m, respectively.  Data was collected from the three 

middle rows (plot area of 7.5m
2
). All agronomic 

practices were conducted as at when due. The plots 

were harvested at maturity stage of sugarcane. Data 

collected included; stalk length plant
-1

, number of 

leaves stalk
-1

, number of tillers stalk
-1

, stalk diameter, 

number of internodes stalk
-1

 and cane yield ha
-1

. The 

data was subjected to statistical analysis of variance 

(ANOVA) using the mixed model procedure of 

statistical analysis system and means were separated 

using the least significant difference (LSD) at 5% level 

of probability (Rangaswamy, 2010). 

 

RESULTS  

Appendix 1 shows the physical and chemical properties 

of the soil used during the 2012 and 2013 cropping 

seasons. The results of the analysis revealed that the soil 

contains high amount of sand (86.88 and 87.25), low 

silt (7.42 and 7.51), low clay (11.24 and 11.33), low 

organic carbon (5.44 and 5.56), low PH in water (6.52 

and 6.48), low total nitrogen (3.56 and 3.68), low 

available phosphorus (2.24 and 2.28), low potassium 

(1.58 and 1.54), low calcium (0.58 and 0.56), low 

sodium (0.53 and 0.53), low magnesium (1.35 and 1.32) 

and low cation exchange capacity (5.23 and 5.25). 

 
Appendix 1: Physical and chemical properties soil used for the experiment during the 2012 and 2013 cropping seasons. 

 

 

Mechanical composition 

 

Soil depth 0-30cm 

 

Soil depth 0-30cm 

 
2012 2013 

Sand % 86.88 87.25 

Silt% 7.42 7.51 

Clay% 11.24 11.33 

Organic carbon% 5.44 5.56 

PH in H20 6.52 6.48 

Total nitrogen % 3.56 3.68 

Available phosphorus mg kg-1 2.24 2.28 

Available potassium mg kg -1 1.58 1.54 

Available calcium mg kg -1 0.58 0.56 

Available sodium mg kg -1 0.53 0.53 

Available magnesium mg kg -1 1.35 1.32 

Cation exchange capacity (CEC) mg kg -1 5.23 5.25 

 

Table 1: Effects of cane portion and method of planting on the growth and yield of sugarcane in 2012/2013 seasons at Kadawa. 

 

Cane portion 
Stalk length 

(cm) 

Stalk length 

(cm) 

Number of 

leaves /stalk 

Number of 

leaves /stalk 

Number of 

tillers/stalk 

Number of 

tiller/stalk 

 
2012 2013 2012 2013 2012 2013 

Top portion 283.00ab 294.13a 33.50ab 35.32b 2.36c 2.67c 

Middle portion 290.14a 280.16b 38.42a 39.14a 3.78a 3.96a 

Bottom portion 218.46c 235.28c 28.77c 31.35c 2.84b 2.92b 

LSD 7.58 8.48 3.15 3.26 0.12 0.14 

Methods of planting       

Horizontal 203.12b 211.22b 27.38b 32.41a 7.32a 7.64a 

Vertical 285.22a 243.36a 34.86a 35.64a 3.87b 4.11b 

LSD 4.86 5.27 5.11 5.14 0.09 0.11 

 

Means followed by the same letter (s) are not significantly different at 5% level of significance using DMRT. 

 

Table 1 shows that stalk length and number of tillers 

stalk
-1

 differ significantly (P< 0.05) due to cane portion. 

The middle portion of the cane significantly produced 

higher means in both seasons on stalk length (290.14 

and 280.16cm) and number of tillers stalk
-1

(3.78 and 

3.96), respectively. The bottom portion significantly 

produced lower means on stalk length (218.46cm and 

235.28cm) and number of tillers stalk
-1

(2.84 and 2.92), 

respectively. Table 1 also shows that stalk length and 

number of tillers stalk
-1

 differ significantly (P< 0.05) 

due to methods of planting. The vertical method of 

planting significantly produced higher means in both 
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seasons on stalk length (285.22cm and 243. 36cm). The 

horizontal method of planting significantly produced 

lower means of stalk length (203.12cm and 211.22cm). 

There was a significant difference (P<0.05) due to cane 

portion on number of leaves stalk
-1

. The middle portion 

significantly (P<0.05) produced higher number of 

means on leaves stalk
-1

 (38.42 and 39.14), while the 

bottom portion significantly (P<0.05) produced lower 

means on number of leaves stalk
-1

 (28.77 and 31.35).  

There was a significant difference (P<0.05) due to 

methods of planting on number of leaves stalk
-1

 in 2012 

season. The vertical method of planting significantly 

(P<0.05) produced a higher mean on number of leaves 

stalk
-1

 in 2012 season (34.86), while the horizontal 

method of planting significantly (P<0.05) produced a 

lower mean in 2012 (27.38). There was no significant 

difference (P>0.05) on number of leaves stalk
-1

 due to 

methods of planting in 2013 season. Number of tiller 

stalk
-1

differ significantly (P< 0.05) due to cane portion 

and methods of planting. The middle portion of cane 

and horizontal method of planting significantly 

produced higher means on number of tiller stalk
-1

(3.78 

and 3.96) and (7.32 and 7.64), respectively. The bottom 

portion of cane and vertical methods of planting 

significantly produced lower means on number of tillers 

stalk
-1

 (2.84 and 2.92) and (3.87 and 4.11), respectively. 
 

Table 2: Effects of cane portion and methods of planting on the growth and yield of sugarcane in 2012/2013 seasons at Kadawa. 

 

 

Cane portion 

 

No. of 

internodes/stalk 

 

No. of 

internodes/stalk 

 

Stalk 

diameter 

(cm) 

 

Stalk 

diameter 

(cm) 

 

Cane 

yield/ha 

(tons) 

 

Cane yield/ha 

(tons) 

 
2012 2013 2012 2013 2012 2013 

Top portion 15.78ab 16.15ab 1.85a 1.91a 31116a 32125a 

Middle portion 19.24a 20.37a 2.07a 2.17a 32445a 33347a 

Bottom portion 13.87c 14.42c 2.14a 2.18a 27902a 28913a 

LSD 4.56 4.83 2.00 1.82 293 294 

Methods of planting       

Horizontal 13.28 13.28 1.96 1.96 32445 32445 

Vertical 17.33 17.33 2.03 2.03 30278 30278 

LSD 4.34 4.34 0.11 0.11 288 288 

         

        Means followed by the same letter (s) are not significantly different at 5% level of significance using DMRT 

 

Table 2 shows a significant difference (P<0.05) due to 

cane portion on number of internodes stalk
-1

 in 2012 

and 2013 cropping seasons. The middle portion of the 

cane significantly produced higher means on number of 

internodes stalk
-1

 in 2012 and 2013 cropping seasons. 

The bottom portion of the cane significantly gave lower 

means on number of internodes stalk
-1 

(13.87 and 

14.42). There was no significant difference due to cane 

portion on stalk diameter and cane yield ha
-1

 in 2012 

and 2013 cropping seasons. Table 2 shows that there 

was no significant difference (P> 0.05) due to methods 

of planting on number of internodes stalk
-1

, stalk 

diameter and cane yield ha
-1

 in 2012 and 2013 cropping 

seasons. 

 

DISCUSSION 

The middle portion of sugarcane produced higher 

means than the top or bottom portions. This is because 

the planting material had a substantial influence on 

sprouting as reported by Garrison et al. (2000); Hoy et 

al. (2004); Mengistu (2013) that selection of proper and 

suitable planting material is the most important factor 

among the various agronomic practices which require 

due attention.  Similarly, Ricaud et al. (2004); Mengistu 

(2013) reported that the age of seed material, portion of 

a stalk, number of buds sett
-1

, nutritional status of seed 

cane, duration between cutting and planting have been 

known to have considerable effect on sprouting and 

subsequent growth of sugarcane.  Ching (2000); James 

(2007); Subbaro and Prasad (2010) similarly reported 

that the portion of a cutting used as seed at different age 

has more influence on sprouting and buds differed in 

the rate of sprouting. Johnson et al. (2010); Das (2005) 

and Viator et al. (2005) also found higher germination 

percentage (%) in cuttings taken from the upper portion 

and the time required for sprouting was also much 

shorter when compared to cuttings taken from the 

middle and lower portions. The bottom portion of the 

cane did not do well in terms of higher means 

production as the middle portion or top portion. This 

observation is similar to Salassi et al. (2010); Hoy et al. 

(2006); James and Miller (2009) who stated that older 

buds of a stalk are relatively slower in the rate of 

sprouting. James and Miller (2009); Mengistu (2013) 

found that sprouting, number of tillers and stalks ha
-1

 

are higher in sets taken from the middle and upper 

portion of cane than from bottom portion when he 

conducted a research in Ethiopia at Metahara sugarcane 

plantation.  
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CONCLUSION AND RECOMMENDATIONS 
It was observed from the results, that the middle portion 

of the cane and the horizontal method of planting 

enhanced the performance of sugarcane by providing 

higher means of the traits assessed over the top or 

bottom portions and vertical method of planting in 2012 

and 2013 cropping seasons. Therefore, it is 

recommended that farmers who are into sugarcane 

production should always use the middle portion of 

cuttings and plant them in a horizontal pattern

. 
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ABSTRACT 

A field experiment was conducted at the Irrigation Research Station of the Institute for Agricultural Research 

(IAR) sub-station, Kadawa during the 2007 dry season to study the relationship and contribution of some growth 

and yield characters of sweet corn to fresh cob yield. The investigation revealed a positive and highly significant 

(P<0.01%) correlation between fresh cob yield and cob length and cob diameter. All other characters tested 

positive but not significant to cob yield. The result also showed that out of a total correlation of 0.213, the direct 

effect of plant height to cob yield was found to be very small (0.0507) while its indirect effects via total dry 

matter (TDM), cob length and cob diameter were 0.0548, 0.0448 and 0.0479, respectively. However, the total 

correlation between cob yield and cob length and diameter was highly significantly (0.318 and 0.367, 

respectively). The cob diameter gave the highest individual percent contribution of 6.15% while plant height 

contributed only 0.28% to the final cob yield. All the various individual and combined contribution were less 

than 17%. However, the residual effect was found to be quite high (83.69%). Other characters not considered in 

this study should be considered in order to unveil the highest contributors to fresh cob yield. 

Key words: Growth, yield, correlation, path analysis, sweet corn 

 

INTRODUCTION

Sweet corn (Zea mays var.saccharata L.) belongs to 

the family Poaeceae. It is a warm-season vegetable 

that can be easily grown in any garden with sufficient 

soil nutrient, moisture and space. Sweet corn is 

distinguished from other corns by its high sugar 

content, early dough stages and by its wrinkled, 

translucent kernels when dry (Pathom, 1988). The 

crop is primarily grown for human food and it is 

harvested at an immature stage. The kernels are 

relatively high in sugar and they are canned, frozen or 

eaten as corn. Sweet corn is produced mostly for the 

canning industry but also used as sugar syrup in 

pharmaceutical industries. Although consumers enjoy 

sweet corn for its tender kernels, high sugar 

concentration and flavour, it is also an excellent 

source of both vitamins C and E and some minerals 

(Makhlouf et al., 1995; Warman and Havard, 1998). 

The nutrient content of the seeds includes: 

water10.4ml; calories 364; protein 10%; fat 4.8%; 

carbohydrate 73.6%; fibre 2%; plus minerals and 

vitamins. The seeds are also high in protein, 

phosphate, potassium, thiamine and vitamin A 

(Raymond, 1997). 

The demand for sweet corn in the amusement parks, 

theaters, circus and exhibitions is increasing with the 

rise in urban population. Due to its high demand, there 

is an increasing tendency for commercial production 

of sweet corn (Arunkumar et al., 2007). Before, green 

maize production in Nigeria had been restricted to the 

rainy season along with other arable crops. However, 

with the expansion of irrigation facilities, there has 

been a tremendous boost in irrigated cropping, 

particularly in the Northern Savanna ecology. This 

has necessitated the present study with the aim of 

assessing the interrelationship between some growth 

and yield characters; with the view of enhancing the 

crop yield which can serve as a criteria for selection in 

the crop improvement programme.  

 
MATERIALS AND METHODS 

A field experiment was conducted during 2007 dry 

season at the Irrigation Research Station of the 

Institute for Agricultural Research (IAR) located at 

Kadawa (11
o 

39’ N; 08
o 

02’ E, 500m above sea level) 

in Northern Guinea Savanna agro ecological zone of 

Nigeria.  Prior to land preparation soils were sampled 

at random from the experimental site and analysed for 

physico-chemical properties according to standard 

procedure: Particle size distribution was determined 

by the Bouyoucous hydrometer method (Day, 1965) 

and the texture determined by the USDA textural 

triangle. The soil pH was in 1:1 (soil to water ratio) 

and was measured with pH meter using glass 

electrode (Bates, 1954). Electrical conductivity (EC) 

was determined in 1:5 soil to water suspension 

(Landon 1991). Organic carbon was determined by 

Walkley-Black (1934) method. Correction factor (CF) 

= 1.33 while total nitrogen was determined by regular 

macro-Kjeldahl digestion method. Available 

phosphorus was determined by Bray- 1 method (Bray 

and Kurtz, 1945). Cation exchange capacity (CEC) 

was determined by the neutral normal ammonium 
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acetate saturation. The exchangeable bases were 

extracted using ammonium acetate. K and Na were 

determined in flame photometry while Ca and Mg 

were determined by EDTA titration method. 

The treatments consisted of three each of NPK 

fertilizer rates (60:30:30; 90:45:45 and 120:60:60 

NPK kg ha
-1

), irrigation intervals (5, 10 and 15 days) 

and intra-row spacing (20, 25 and 30 cm). The 

treatments were laid out in a split plot design 

replicated three times. The combination of NPK 

15:15:15 fertilizer and irrigation interval was assigned 

to the main plot while the intra-row spacing was 

assigned sub plots.  The plot dimension was 4.5m 

long and 3.0m wide giving a gross plot size of 13.5m
2
 

and net plot size of 9.0 m
2 .

The sweet corn cultivar 

used was ‘challenger’. Fertilizers were applied on the 

plots according to the treatment in two split doses. 

The first half dose of N and all of P and K was applied 

at 2 WAS using the compound NPK 15:15:15 grade. 

The remaining half of N was applied at 6 WAS using 

Urea (46% N) as the source. Application was by side 

placement at about 8cm away from the plant stand. 

Controlled flooding of individual plots (basins) was 

used as the method of irrigation. The variable 

irrigation treatment was imposed only after 4 WAS 

when the young plants were well established. The 

irrigation schedule was at 5, 10 and 15 day intervals 

as per the treatment levels. Simple correlation and 

path coefficient analysis among important parameters 

was worked out using the procedure described by 

Dewey and Lu (1959) and Little and Hills (1978) in 

order to assess the type and magnitude of the cause 

and effect relationships among the variables.  

r = SPxy/√SSx.SSy, Where r = Coefficient of correlation 

SPxy = Sum of product x and y ∑ (x-x) (y-y) 

SSx= Sum of squires of x ∑ (x-ˉx)
2
 

SSy = Sum of squires of y ∑ (y- ỹ)
2
 

The results of the above correlation were used to 

develop the following simultaneous equations in order 

to work out the path coefficients (P1-P5) (Dewey and 

Lu, 1959). 

r16 = P1 + r12P2 + r13P3 + r14P4 + r15P5 ----------------(1) 

r26 = r12P1 + P2 + r23P3 + r24P4+ r25P5-----------------(2) 

r36 = r13P1 + r23P2 + P3 + r34P4+ r35P5-----------------(3) 

r46 = r14 + r24P2 + r34P3 + P4+ r45P5--------------------(4) 

r56 = r15 + r25P2 + r35P3 + r45P4+ P5--------------------(5) 

Where P1- P5 are path coefficients, while r12 -r56 are the 

coefficients of correlation.  The direct and indirect 

effects of individual and combined (two factors) 

contributions of yield components to fresh cob yield/ha 

were determined using path-coefficient analysis.  The 

combined contribution was estimated using the 

following formula: Cij = 2PiPjrij, where C = combined 

effect of i and j, rij = coefficient between i and j (i and j 

are the direct and indirect contributions) of yield 

components to fresh cob yield/ha were determined using 

path-coefficient analysis (Ajala et al., 1996). The 

residual factor Rx that is unaccounted for by the direct 

and combined contributions was estimated using the 

following formula: Rx = 1 –√ (P1 r15 + P2 r25 + P3 r35+ P4 

r45+ P5r56). 

 

RESULTS 

The physico-chemical analysis of the soils in the 

experimental site indicated that the soil is sandy-loam, 

and contains 1.36 total N, 0.06 meq kg
-1

 available P 

and 0.37 meq exchangeable K (Table 1).  

 

Table 1. Correlation matrix between fresh cob yield & some growth & yield attributes in 2007 dry season.

 Fresh cob yield 

(kg/ha) 

Plant height  

(12 WAP) 

TDM/Plant  

(12 WAP) 

Cob 

length 

Cob 

diameter 

1000-grain 

weight 

Fresh cob yield 1.000      
Plant height  0.213 1.000     

TDM/Plant  0.147 0.504** 1.000    

Cob length 0.318** 0.217 -0.084 1.000   
Cob diameter 0.367** 0.193 0.103 0.367** 1.000  

1000-grain weight 0.208 0.166 0.0510 0.208 0.249* 1.000 

 

The correlation coefficient must exceed 0.218 and 

0.283 to be significant at 0.05 and 0.01 probability 

levels, respectively. The temperature during the 

period of trial ranged between 32.3
o
 C and 42.8

o 
C, 

while relative humidity was 29.9 – 38.3%. Table 2 

shows the results of correlation studies between some 

of the parameters assessed. It showed that all the 

parameters were positively related to fresh cob yield. 

However, cob yield and cob length (r=0.318) and cob 

diameter (r= 0.367) were highly significant  

 

(P<0.01%). The relationship between cob yield and 

the remaining parameters tested were positive but not 

significant. The relationship among other parameters 

were positive; but that between total dry matter and 

cob length (r=-0.084) was negative.  The relationship 

between total dry matter and plant height (r=0.504), 

and that between cob length and cob diameter 

(r=0.367) were highly significant (P=0.01) while that 

between 100-grain weight and cob diameter was 

significant (P=0.05). 
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Table 2: The Direct and indirect contributions of some growth and yield components on fresh 

cob yield of sweet corn during 2007 dry season 

 

    Effect through 

 

Parameter Plant height Total dry 

matter 

Cob 

length 

Cob 

diameter 

1000-

grain wt 

Total 

Correlation 

Plant height 

Total dry matter/plant 

Cob length 

Cob diameter 

1000-grain weight 

0.0507 

0.0256 

0.0110 

0.0098 

0.0084 

0.0547 

0.1087 

-0.0091 

0.0112 

0.0055 

0.0448 

-0.0174 

0.2065 

0.0758 

0.0430 

0.0479 

0.0255 

0.0910 

0.2479 

0.0617 

0.0148 

0.0046 

0.0185 

0.0222 

0.0893 

0.213 

0.147 

0.318 

0.367 

0.208 

 

The direct and indirect effects of some of the 

parameters tested from individual total correlation 

values are presented on Table 2. The result showed 

that cob diameter (0.2480) had the highest direct 

effect on fresh cob yield followed by cob length 

(0.2065), total dry matter (0.1087), 100-grain weight 

(0.0893) and finally plant height (0.0507) which were 

all positive. Most of the parameter greatly contributed 

to yield via cod diameter.  All the indirect 

contributions were positive except that of total dry 

matter via cob length (-0.0174) and cob length via 

total dry matter (-0.0091) which were negative. 

Table 3 shows the percent contribution of individuals 

and the combined effect of two characters to fresh cob 

yield. The result showed that cob diameter made the 

highest contribution to fresh cob yield (6.15%) 

followed by cob length with a contribution of 4.27%; 

while plant height made the least contribution of 

0.26% to fresh cob yield. The contribution of 100-

grain weight to fresh cob yield was small and less 

than one percent. While the contribution of all the 

parameters in combination with cob diameter were 

more than for other percent contrition of two 

characters.  The highest combined contribution of two 

characters of 0.99% was from cob length + cob 

diameter while the least values was from the 

combined contributions of plant height + 1000-grain 

weight (0.08%).  However, the contribution that 

otherwise could not be accounted for was very high 

(83.69%).

 

Table 3: Percent contributions of growth & yield components to fresh cob yield & their residual effect in                 

              2007 

 

Growth and Yield Components % Contribution 

Direct Contribution (Pi)
2
 

Plant height 

Total dry matter (TDM) 

Cob length 

Cob diameter 

1000-grain weight 

 

0.25 

1.18 

4.27 

6.15 

0.80 

Combined contribution (2Pipjrij) 

Plant height and TDM 

Plant height and Cob length  

Plant height and Cob diameter 

Plant height and 1000-grain wt 

TDM and Cob length 

TDM and Cob diameter 

TDM and 1000-grain wt 

Cob length and cob diameter 

Cob length and 1000-grain wt 

Cob diameter and 1000-grain wt 

Residual  

 

0.28 

0.23 

0.24 

0.08 

0.48 

0.52 

0.16 

0.99 

0.31 

0.37 

83.69 

Total 100.00 
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DISCUSSION 
The positive correlations observed between fresh cob 

yield and the growth and yield parameters could be 

attributed to the compatibility between fresh cob yield 

and those parameters. This further indicates that these 

parameters are important yield determinants of sweet 

corn. Cob size (diameter and length) had the greatest 

relationship with cob yield ha
-1

 which further stressed 

the importance of large cobs to enhanced yield of 

sweet corn. This is in agreement with the report of 

Asghar and Mehdi (1999); and Oktem (2008).    Plant 

height, Total Dry Matter (TDM) and Crop Growth 

Rate (CGR) though positively related to cob yield, 

their contributions to final cob yield was quite small; 

indicating that other parameters not considered in this 

studies might have contributed more to this important 

parameter.  Hence, the reason for high residual (83%) 

as compared to less than 17% generally contributed 

by other parameters. 

 
CONCLUSION 

Based on the findings of this study it can be 

concluded that cob diameter and cob length made the 

highest contributions to fresh cob yield of sweet corn 

(6.15%) and 4.27%, respectively, and should therefore 

be regarded as to more important parameters for 

consideration in breeding for high fresh cob yield in 

sweet corn. The high residual (>83%) observed in this 

research indicated that those parameters that made the 

greatest contribution were not considered in the study. 
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ABSTRACT 

Field trials were conducted in three years of 2006, 2007 and 2008 wet seasons at Institute for Agricultural 

Research (IAR) Farm Ahmadu Bello University Zaria to evaluate effects of nitrogen and sulfur fertilizers on 

quality protein maize varieties and their interactions on soil nitrogen and sulfur content after harvest. Treatments 

consisted of four rates each of nitrogen (0, 60,120 and 180 kg N/ha) using Urea (46%N) and sulfur (0, 5, 10 and 

15 kg S/ha) using Potassium sulfate (1%S).  Two quality protein maize varieties namely Obatanpa and EVDT99 

- STR were used as test crop during the trials. The experiment was laid out in a split plot design, with nitrogen 

and variety in the main plot and sulfur in the sub plot. The treatment combination was replicated three times. 

The result showed that soil N and S content was significantly affected by interaction between N and S fertilizers. 

Influence by various rates of the two fertilizers was shown to be inconsistent. It can be concluded that 

application of nitrogen and sulfur fertilizers increase uptake of both due to their synergistic effect that exist 

between the two nutrients. It is therefore recommended that farmers should be applying sulfur in addition to 

nitrogen as both are important for growth, development and yield that are enhanced by their synergistic effect. 

__________________________________________________________________________________________ 

KEY WORDS: Nitrogen, Sulfur, Interaction, Variety and Maize. 

 

INTRODUCTION 

Maize (Zea mays L.) is a significant food and feed 

crop of the world. World production was 817 million 

tonnes in 2009—more than rice (Oryza sativum L.) 

(678 million tonnes) or wheat (Triticum aestivum L.) 

(682 million tonnes) (FAO, 2009). It is a versatile 

crop that adapts easily to a wide range of production 

environments and fits well in the existing cropping 

systems worldwide. Being a source of diversified 

products obtained from industrial inputs, such as 

starch, corn oil, glucose etc., the demand of maize 

crop has been constantly mounting. conventional 

maize grain has been elevated in terms of nutritive 

value to contain about 72% starch, 10% protein, 4.8% 

oil, 5.8% fibre, 3.0% sugar and 1.7% ash (Chaudhary, 

1983). Present day maize hybrids have high yield 

potential but their average yield do not appear to be 

satisfactory in Nigeria as compared to other maize 

growing countries of the world. The world average 

yield in 2009 was 4255kg per hectare.  Average yield 

in USA was 8600 kg per hectare, while in Sub-

Saharan Africa it was 1316 kg per hectare (Anon., 

1992). The most important factors responsible for low 

yield of maize are: imbalance nutrition and low plant 

density are of prime importance. Nitrogen being an 

essential element plays an important role in crop 

development and final grain yield (Tisdale et al., 

1990; Ahmad et al., 1994). The deficiency of this 

element has been approved as one of the major yield 

limiting factors for cereal production (Shah et al., 

2003). Application of nitrogen at low rates reduced 

grain yield by 43-74% and number of grains per plant 

up to 33-65% (Andrea et al., 2006). Yield and protein 

concentration in maize seed increased with increase in 

nitrogen rate (Raja, 2003). 

Sulfur is the fourth major nutrient after N, P and K. It 

is a constituent of the essential amino acids lysine and 

tryptophan. On the average maize crop absorbs as 

much S as it absorbs P. When S is deficient in soil, 

full yield potential of the crop cannot be realized 

regardless of other nutrients even under good crop 

husbandry practices (Tandon, 1989). Deficiency of S 

is likely to be widespread in Africa, especially in the 

savanna regions, where annual bush burning results in 

losses of sulfur to the atmosphere as Sulfur dioxide 

(SO2) (Tandon, 1989). Quantitative increase in yield 

of maize could thus be achieved by N and S 

enrichment of the soils of the savanna. Quality 

enhancement of maize through soil N and S 

enrichment from inorganic fertilizers are also 

considered necessary for the production of QPM.  

Worldwide production of maize is 785 million tons, 

with the largest producer, the United States, producing 

42%. Africa produces 6.5% and the largest African 

producer is Nigeria with nearly 8 million tons, 

followed by South Africa. Africa imports 28% of the 

required maize from countries outside the continent. 

Most maize production in Africa is rain fed. Irregular 

rainfall can trigger famines during occasional 

droughts (IITA 2014). 

Maize yield in most African countries especially 

Nigeria is far below the yield obtained in other 

countries. United States of America is the highest 

producer of maize accounting for more than one third 

of the world’s total (42%) followed by Asia (29.1%) 

and Latin America (10.9%).  Africa produced 7.6% of 
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the world’s total with Nigeria producing 7.3 million 

tonnes or 0.86% of the world’s figure (FAO, 2010).  

The world average yield in 2010 was 5215kg per 

hectare.  Average yield in USA was 9592 kg per 

hectare, while in Sub-Saharan Africa it was 2078.7 kg 

per hectare (FAO, 2010). 

Problems associated with low yield are many, but one 

of the most important is fertilization. It is either in 

terms of improper type, rate, application method etc. 

Nitrogen is the most important nutrient in maize 

production and its application together with Sulfur 

enhances its uptake, but this is not known by most 

farmers and fertilizer blending companies so as to 

have the two nutrients blended together for easy 

application. One of the objectives of this study was to 

evaluate effect of interaction between Nitrogen and 

Sulfur on uptake of each nutrient (N & S) by QPM 

maize. This paper therefore reports effects of 

interaction between nitrogen, sulfur and maize 

varieties on soil N and S content after harvest. 

 

MATERIALS AND METHOD 

The experiment to evaluate response of two quality 

protein maize varieties to different rates of nitrogen 

and sulfur was conducted for three years during the 

wet season of 2006, 2007 and 2008 at the Institute for 

Agricultural Research (I.A.R.) Farm at Samaru, Zaria 

(11
0
 11

/
 N; 07

0 
38

/
 E and 686 meters above sea level), 

located in the northern Guinea Savanna zone of 

Nigeria.  The experiment was laid out in split plot 

design with nitrogen and maize variety in the main 

plot and sulfur in the subplot. The treatments 

consisted of two open pollinated QPM varieties 

(Obatanpa and EV-99-EVDT99-STR), four rates each 

of nitrogen (0, 60, 120 and 180 kg N/ha) using urea 

(46%N) and sulfur (0, 5, 10, and 15 kg S/ha) using 

potassium sulfate (1%S) to evaluate effects of 

nitrogen and sulfur on quality protein maize (QPM) 

varieties with respect to growth and yield 

performance, nutrient uptake and protein content of 

grains.  The experiment was replicated three times. 

Gross plot size was 6 ridges i.e. 4.5 m by 2.5 m, 

giving an area of 11.25 m
2
, while net plot size was 4 

ridges i.e. 3.0 m by 1.5 m with an area of 4.5 m
2
. 

The two varieties used for the trials were open 

pollinated quality protein maize namely Obatanpa and 

EVDT99 - STR; both were sourced from Institute for 

Agricultural Research Ahmadu Bello University 

Zaria. Obatanpa is a non tillering variety, erect, 

medium maturing with 106 to 110 days to 

physiological maturity. The plant height is 150 – 245 

cm, while the plant colour is green. Potential grain 

yield of Obatanpa is 5.8 t/ha (Ado et al., 2009). The 

seed characteristics shows that the row arrangement is 

straight with 14 – 18 rows per cob, the kernel is white 

and kernel type is dent/flint. Obatanpa has high 

essential amino acids, lysine (3.9%) and tryptophan 

(1.1%) about 56% higher than conventional maize 

with protein content of 10 – 12%. In addition to high 

yield, it is tolerant to striga infestation, stem borer and 

maize streak virus (MSV). EV-99-EVDT99-STR is 

medium maturing at about 58 days to mid-silking with 

170 cm in height, white seeded kernels. It is adapted 

to lowland tropics with days to maturity of 90 – 95 

days, high yield with potential yield of 5.5 t/ha. It is 

tolerant to Striga hermonthica and resistant to maize 

streak virus (Ado et al., 2009).     

Soils were randomly sampled from the experimental 

site before land preparation each year, at the depth of 

0 – 30 cm and a composite sample was taken, dried, 

ground and sieved using 1mm sieve. The composite 

sample in each year was taken to laboratory and 

analyzed for the determination of physical and 

chemical properties (Table 1). Total nitrogen, as 

determined by macro-Kjeldahl extraction (Bremner, 

1965), Available phosphorus was determined by Bray 

1 method (Bray and Kurz, 1945). Exchangeable 

cations were determined from ammonium acetate 

leachate (Black, 1965), using atomic absorption 

spectrophotometry for calcium (Ca) and magnesium 

(Mg), and flame photometry for sodium (Na) and 

potassium (K). Soils were also sampled from each 

plot after harvest and analyzed for N and S content 

using Kjeldahl and Turbidimetric Methods 

(Tabatabai, 1974).  

The land was double harrowed and then ridged 75cm 

apart. Plots were demarcated after ridging with well-

formed borders between plots (1m) and replications 

(1.5m) to minimize nutrient seepage. Sowing was 

done by hand on 11
th

 and 9
th

 July in 2006, 2007 

respectively and 17
th

 June in 2008 after a good rain to 

provide moisture for good germination. Two seeds 

were planted per hole at the spacing of 25cm between 

stands, and the seedlings were later thinned to one 

plant per stand at two weeks after sowing. This gave 

plant population of 53,333 plants per hectare.  

The nutrients applied were N, P, K and S where by P, 

K, S and 75% of N were applied at 3 weeks after 

sowing while the remaining 25% of N at 6 weeks after 

sowing. P and K were equally applied to all plots at 

the rate of 26 and 50 kg/ha respectively, while N and 

S were varied according to the rates used for the trial 

(0, 60, 120 and 180 kg N ha
-1

 and 0, 5, 10 and 15 kg S 

ha
-1

). Nitrogen for each rate was applied in two doses 

of 75% and 25%. First dose of N was applied at 3 

weeks after sowing along with the whole of P, K and 

S, while the second dose was applied at 6 weeks after 

sowing at the time of remolding.  

Weeding was done manually using hoe to control 

weeds at 3 and 6 weeks after sowing. Second weeding 

was followed by second dose of N fertilizer 

application and remoulding to cover the applied N and 

give support to the crop against lodging. Chemical 

weed control was not applied during this trial. Stem 

borer infestation was observed at 3 weeks after 

sowing, which was controlled by spraying with a 

combination of cypermethrin and dimethoate at the 

rate of 0.03 and 0.25 kg active ingredient per hectare 

respectively. No disease was observed throughout the 



Dutse Journal of Agriculture and Food Security                                                                                 Jaliya et al. 

Volume 2 Number 1 June, 2015 pp 37-42 

 

39 
 

period of the trial. Data collected were subjected to 

statistical analysis of variance (ANOVA) as described 

by Snedecor and Cochran (1967) and means of 

treatments were compared using Duncan Multiple 

Range Test (DMRT) (Duncan, 1955).  

 

RESULTS   

Nitrogen (N g/kg) in Soil after Harvest 2006 

Interaction between 0 kg N/ha and 15 kg S/ha 

produced the highest N in soil after harvest 

compared to its interaction with other S rates that 

interacts with 0 kg N/ha which were statistically 

similar, it is also the interaction that left the highest 

soil N reserve compared to all other interactions  

 

 

except interaction between 60 kg N/ha and 5 kg S/ha 

(Table 2). Interaction between 60 and 180 kg N/ha 

with all the S rates did not significantly differ in 

their left over soil N after harvest. However, 

interaction between 120 kg N/ha and 0 kg S/ha 

produced the lowest soil N content after harvest 

compared to its interaction with other S rates. 

 

Table 1: Physical and chemical properties of the soils of the experimental sites at Samaru Zaria in 2006, 

2007 and 2008. 

Soil Characteristics Soil Depth (0 – 30cm) 

2006                        2007                2008 

Physical Characteristics (%) 

Sand 

Silt 

Clay 

Textural Class 

Chemical Characteristics  

pH 1:2.5 in H2O    

pH 1:2.5 in CaCl2 

Organic Carbon (%) 

Total Nitrogen (%) 

Available Phosphorus (mg/kg) 

Exchangeable Bases (Cmol/kg) 

Ca 

Mg 

K 

Na 

S 

CEC 

ECEC 

Total Acidity 

 

36.40 

50.00 

13.60 

Loam 

 

5.91 

5.69 

1.44 

0.27 

22.40 

 

4.80 

3.00 

0.28 

0.61 

5.50 

8.69 

9.29 

0.60 

 

51.40 

37.50 

11.10 

Sandy Loam 

 

6.44 

5.15 

0.59 

0.11 

7.35 

 

3.00 

1.80 

0.41 

0.87 

7.50 

6.08 

6.18 

0.10 

 

31.40 

50.00 

18.60 

Loam 

 

6.01 

5.28 

0.90 

0.18 

23.45 

 

3.60 

3.00 

0.33 

0.83 

8.00 

7.76 

8.16 

0.20 

 

Nitrogen (N g/kg) in Soil after Harvest 2006 2007 

When the interaction between 0 kg N/ha and all the S 

rates was observed, its interaction with 10 kg S/ha 

gave a significantly highest N left over in the soil after 

harvest than its interaction with other S rates which 

were statistically similar (Table 2). Lower value was 

observed from interaction between 180 kg N/ha and 

10 kg S/ha compared with its interaction with other S 

rates. Similar trend was observed from interaction 

between 60 kg N/ha and 15 kg S/ha in comparison 

with its interaction with other S rates.  
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Table 2: Effects of Nitrogen and Sulfur fertilizer Interaction on soil N and S content.   

Treatment 0kg S/ha 5kg S/ha 10kg S/ha 15kg S/ha 

 Nitrogen N (g/kg) in Soil after Harvest 2006 

0 kg N/ha 0.44 c 0.485 bc 0.485 bc 0.573 a 

60 kg N/ha 0.483 bc 0.528 ab 0.485 bc 0.483 bc 

120 kg N/ha 0.35 d 0.44 c 0.485 bc 0.485 bc 

180 kg N/ha 0.438 c 0.44 c 0.398 cd 0.44 c 

S.E. ± 0.0257    

 Nitrogen N (g/kg) in Soil after Harvest 2006 2007 

0 kg N/ha 0.743 cd 0.77 b-d 0.925 a 0.755 b-d 

60 kg N/ha 0.753 b-d 0.855 a-c 0.865 a-c 0.685 d 

120 kg N/ha 0.785 a-d 0.805 a-d 0.763 b-d 0.895 ab 

180 kg N/ha 0.798 a-d 0.86 a-c 0.673 d 0.875 a-c 

S.E. ± 0.0433    

 Sulfur S (mg/kg) in Soil after Harvest 2007 

0 kg N/ha 74.35 d-f 86.688a-d 93.863 ab 100.393 a 

60 kg N/ha 76.888 c-e 60.848 f 99.6 a 86.243 a-d 

120 kg N/ha 79.883 b-e 71.233 d-f 86.74 a-d 89.98 a-c 

180 kg N/ha 99.038 a 70.358 ef 95.78 a 77.92 c-e 

S.E. ± 4.722    

Means followed by the same letter(s) within a treatment group are not significantly different at 5 percent level of 

significance using DMRT 

 

Sulfur (S mg/kg) in Soil after Harvest 2007 

Soil sulfur content analyzed after harvest indicated 

that interaction between N and S influenced the 

balance of S in the soil (Table 2). When S is fixed and 

N varied, interaction between 0 kg S/ha and 180 kg 

N/ha produced significantly higher S content in the 

soil than its interaction with other N rates which were 

statistically similar. When 5 kg S/ha interacts with 0 

kg N/ha higher S content was observed from the soil 

after harvest compared to its interaction with other N 

rates which were statistically similar. The effects of 

interaction between 10 kg S/ha and all the N rates did 

not show any significant difference. However, 

interaction between 15 kg S/ha and 180 kg N/ha 

produced lower S content in the soil after harvest 

compared to its interaction with other N rates which 

were statistically similar.   

 

Nitrogen (N g/kg) in Soil after Harvest 2006 

Interaction between QPM variety and sulfur 

significantly influenced nitrogen content of the soil 

after harvest in 2006 (Table 3). Interaction between 0, 

5 and 15 kg S/ha and Obatanpa variety gave similar 

but significantly higher soil N content than their 

interaction with EV-99-EVDT99-STR.  

However, interaction between 10 kg S/ha and both 

varieties was not significantly different.  

 

Table:3. Effects of Variety and Sulfur fertilizer Interaction on soil N and S content.   
Treatment 0kg S/ha          5kg S/ha        10kg S/ha   15kg S/ha 

 Nitrogen N (g/kg) in Soil after Harvest 2006 

Obatanpa (V1) 0.505 ab 0.5275 a           0.464 bc       0.55 a 

EV-99-EVDT99-STR (V2) 0.35 d 0.419 c           0.463 bc       0.44 c 

S.E.± 0.0182    

 Nitrogen N (g/kg) in Soil after Harvest 2007 

Obatanpa (V1) 0.769 b             0.768 b           0.874 a       0.771b 

EV-99-EVDT99-STR (V2) 0.77 b             0.878 a           0.739 b       0.834 ab 

S.E.± 0.0307    

 Sulfur S (mg/kg) in Soil after Harvest 2007 

Obatanpa (V1) 81.484 cd            72.393 d           99.288 a      96.411 ab 

EV-99-EVDT99-STR (V2) 83.595 c            72.17 d           88.704 bc      80.856 cd 

S.E.± 3.339    

 Sulfur S (mg/kg) in Soil after Harvest 2008 

Obatanpa (V1) 97.263 b            83.931 b           95.25 b     110.736 a 

EV-99-EVDT99-STR (V2) 92.609 b            94.364 b           94.06 b     89.428 b 

S.E.± 4.399    

Means followed by the same letter(s) within a treatment group are not significantly different at 5 percent level of 

significance using DMRT 

 

Nitrogen (N g/kg) in Soil after Harvest 2007 
Interaction between QPM variety (Obatanpa) and 10 

kg S/ha significantly gave higher residual N than its 

interaction with other S rates which were statistically 

similar (Table 3). However, when the other QPM 

variety interacts with 5 kg S/ha more N was found in 



Dutse Journal of Agriculture and Food Security                                                                                 Jaliya et al. 

Volume 2 Number 1 June, 2015 pp 37-42 

 

41 
 

the soil after harvest than its interaction with other S 

rates though at par with its interaction with 15 kg 

S/ha. When sulfur rates were fixed and QOM varieties 

varied, no significant difference was observed when 0 

and 15 kg S/ha interacted with the varieties. 

Interaction between 5 kg S/ha and EVDT99 - STR 

QPM variety produced higher residual N while higher 

residual N was observed when 10 kg S/ha interacts 

with Obatanpa QPM variety. 

 

Sulfur (S mg/kg) in Soil after Harvest 2007 

When varieties were kept constant and sulfur rates 

varied, with Obatanpa variety increase in S rate from 

0 to 5 kg S/ha did not affect residual S in the soil after 

harvest. Further increase to 10 kg S/ha significantly 

increased residual S which was found to be 

statistically similar with application of 15 kg S/ha. 

Lower residual S was observed in plots where 

EVDT99 - STR QPM variety was planted when 5 kg 

S/ha was applied than application of other S rates 

though at par with 15 kg S/ha. Application of 0, 10 

and 15 kg S/ha left statistically similar residual S in 

plots where EVDT99 - STR variety was planted. 

Application of 10 and 15 kg S/ha produced 

significantly higher residual S in plots where 

Obatanpa was planted than plots where EVDT99 - 

STR was planted.  

 

Sulfur (S mg/kg) in Soil after Harvest 2008 

Increase in sulfur rates from 0 up to 10 kg S/ha 

produced statistically similar residual S in Obatanpa 

plots, further increase to 15 kg S/ha produced 

significantly higher residual S. Application of all the 

four sulfur rates did not differ in their residual S in  

EV-99-EVDT99-STR plots. Keeping sulfur rates 

constant and varying QPM varieties showed no 

significant difference in residual S from plots where 0, 

5 and 10 kg S/ha were applied. However, when 15 kg 

S/ha was applied, higher residual S was produced by 

plots where Obatanpa QPM variety was planted.    

 

DISCUSSION 

Analysis for the residual N and S in soil per plot after 

harvest showed significant interaction between N and 

S in 2006 and 2007 while in 2008 the interaction was 

not significant. It was indicated in both years that 

application of only one of the nutrient left higher 

residual content of the other compared to when both 

nutrients were applied. This could be due to the fact 

that N and S have synergistic effect on each other, 

meaning the uptake of one is enhanced due to the 

presence of the other. It was also observed that N and 

S interaction significantly influenced plant tissue N 

and S content. This observation agreed with that of 

Ray and Mughogho, (2000) who reported that N and 

S content of plant leaf increased with application of 

the two nutrients than when only one was applied 

especially in nutrient deficient areas. Fazli et al., 

(2008) found that uptake of N was considerably 

reduced under S deficiency. A number of studies 

indicated synergistic effect of combined application of 

S and N on the uptake of these nutrients by maize and 

rapeseed (Fazli et al., 2008).  

Sulfur addition, however, significantly increased the 

percent N in grain. Sulfur is an important nutrient for 

plant growth and development. Sulfur interactions 

with nitrogen are directly related to the alteration of 

physiological and biochemical responses of crops, and 

thus required to be studied in depth. This would help 

to understand nutritional behavior of sulfur in relation 

to nitrogen nutrients and provide guidelines for 

inventing balanced fertilizer recommendations in 

order to optimize yield and quality of crops (Fazli et 

al., 2008, Jamal, 2010). 

It was also observed that interaction between sulfur 

and Obatanpa QPM variety left more residual N and S 

in the soil after harvest compared to the interaction 

between sulfur and EVDT99 - STR QPM variety. 

This result is an indication that EVDT99 - STR 

variety is more efficient in terms of nutrient uptake. 

Alhough the two varieties used for the study were not 

significantly different in terms of grain yield, they 

differed in some of the parameters measured. Uptake 

of N and S showed that EVDT99 - STR is more 

efficient in this regard. This observation tally with 

report by CIMMYT (2005) who reported success of 

Obatanpa which prompted a renewed interest in 

development and dissemination of QPM in sub-

Saharan Africa, supported by three complementary 

projects funded by the Nippon Foundation. 

 

CONCLUSION 

It can be concluded that interaction between nitrogen, 

variety and sulfur was found to be significant. 

Application of both nitrogen and sulfur was observed 

to be better than application of only one of the 

nutrients. This was due to their  

 

 

synergistic effect whereby the presence of one 

enhances the uptake of the other. It is therefore 

recommended that the two nutrients be applied for 

their better uptake which leads to better growth, 

development and yield.  
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ABSTRACT 

This study determined the socio-economic factors affecting the profitability of  sedentary pastorism production in 

Adamawa State of Nigeria.Two hundred agro-pastoralists were randomly selected in the study area in 2010/2011 

cropping season. Data collected were analysed using both descriptive and inferential statistics such as percentages 

and gross margin analysis. The study revealed an average of 52 years for the respondents with majority (80%) 

above 40 years. Years of experience in farming in the area showed that majority (86%)  having over 20 years. 

Majority of the respondents had household size of between 10 – 14 persons with an average of 12 persons. The 

educational status of the respondents revealed that 99%  had no formal education and had farm size of less than 

two hectares. The average farm size was found to be  2.75 ha.  Majority (82.55%) of the respondents practised 

animal herding and crop production.Two animal production enterprises were identified in the study area namely 

cattle/sheep /goat enterprise accounting for 71% and cattle/sheep/goat/poultry accounting for 29%. Ten cropping 

systems were identified, with maize being the dominant crop in the combinations. The main crop enterprise was 

maize/sorghum/cowpea accounting for 58% of the total hectarage allocated to crop production. Analysis of the 

profitability of the different enterprises revealed that the gross margin per livestock unit was N7,306/TLU/annum, 

while for the different crop combinations, it revealed that the maize/sorghum/rice/cowpea combination had the 

highest gross margin of N62,533.33/ha. The crop enterprise with the least gross margin was the 

maize/millet/cowpea combination with gross margin of N31, 150.00/ha. The conclusion from the foregoing is that 

even though a profitable venture, it is faced with the follwing challenges such as inadequate and high cost of 

inorganic fertilizers, high cost of paid labour. low fertility status of farm land, high cost of transportation and  

inadequate grazing land. It is recommended among others that the agro-pastoralist be educated in modern methods 

of agricultural production and also production input should be made more readly available. 

_________________________________________________________________________________________ 

Keywords: sedentary pastorism, Tropical Livestock  Unit, Cropping System, Agro- pastoralist. 

 

INTRODUCTION 

In large part of Africa, where agro-pastoral or mixed 

crop-livestock farming systems dominate with 

increasing priority. In many of these areas land is 

being degraded as a result of over-exploitation 

through expansion of cropland and increasing mixture 

of livestock, (Roeleveld and Broak 1996,Fitzhugh, 

1996) hence, there is urgent need for development of 

more intensive and sustainable farming systems. 

Additionally, rural population has increased slowly, 

while urban population has grown drastically with 

growth rate of about 3% per annum. It is projected 

that by 2020, human population in West Africa will 

reach about 370 million, of which 42% will live in 

rural areas and about 35% will be engaged in 

Agriculture (FAO, 2003). The result has been an 

increase in demand for cereals such as sorghum and 

millet, (which also produce residues for livestock), 

and a much increased urban demand for livestock 

products. Grazing land has also continued to diminish 

due to urbanization. These changes in land size and 

population pressure have had several impacts on 

livestock rearing. While the amount of lands under 

fallow or bush decrease (due to large number of 

farmers), the supply of crops residues that could be 

used as animal fodder increases, due to cultivation of 

cereals to meet increased urban and rural needs. In 

addition, there is increased demand for industrial raw 

material such as starches and brewing grains. The co-

existence of farming and large populations of 

livestock (agro-pastoralism) in the arid and semi-arid 

zones creates opportunities for beneficial and negative 

interactions. On the positive side, it has led to greater 

crop-livestock integration and increasing productivity. 

Contrarily, it has resulted in competition between 

animals and crops for land, labour and capital. It is not 

just livestock and cropland that are sharing space, but 

also cause different social conflicts among actor- 

herders and farmers, owners and non-owners of 

livestock, mobile, sedentary and semi-sedentary 

populations. Each group uses cropland and livestock 

to varying degrees, having come from different 

starting points and with different goals and assets. 

Although transhuman pastoralism is still the dominant 

system of cattle production in these regions, this 

traditional system is breaking down because of 

mailto:elharunyl@yahoo.co.uk
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population pressure in recent decades and cycles of 

low rainfall, drought and shortage of fertile land in the 

sahel (Tiffen, 2003). 

Many studies have shown the effects of socio 

econonic variables on efficiency in production with 

variying concequences (Parikh and Shah,1994; 

Ajibefun and Daramola, 1999; Bzugu, 1999; Ndaeyo 

et al., 2001; Alene and Hassan, 2003; Rahman, 2003). 

Sanni et al.,(2001) in their study of mixed farming 

systems among the Agro-pastoralist in Zaria Area of 

Kaduna State, Nigeria also found out that the system 

is profitable. Previous experiences in livestock 

management as reviewed by Dicko, et al., (1988) to 

identify constraints on livestock development, 

identified four main constraints on cattle production, 

while Morton and Martheman (1996) observed that 

agricultural extension services in Nigeria have centred 

around crop production and for the most part remain 

tied to the seasonal nature of cropping. Such a system 

is less useful for livestock production, with a year-

round production time-scale and unsynchronized 

product delivery (e.g. calving, lambing and Kidding) 

of different animals and herds. They suggested that 

for successful integration of crop and livestock 

systems, there is an urgent need to cross-train crop 

specialists in livestock production practices, and 

similarly for animal health/production specialist staff 

to be trained in crop production practices.  

The main objective of this study was to asses how the 

socio- economics variables affect the agro pastoralists 

in livestock – crop farming system in Adamawa State, 

Nigeria, as well as the profitability of the enterprise.  

 

METHODOLOGY  

 

The Study Area 

The study was carried out in Adamawa State in the 

North-eastern part of Nigeria where sedentary agro 

pastorism is prominant. The study area lies between 

latitudes 8
o
N and 11

o
N of the equator and longitudes 

11.5
o
E and 13.5

o
E of the Greenwich Meridian 

(Adebayo, 1999). The major vegetation formations in 

the State are Southern Guinea Savannah, Northern 

Guinea Savannah and the Sudan Savannah. Within 

each formation is an interspersion of thickest tree 

savannah, open grass savannah and finging forests in 

the river-valley. Majority of the people are farmers, 

cultivating different variety of crops and rearing  

animals.  

 

Sampling and Analytical Technique  

 

A simple random sample of 200 sedentary agro 

pastoralist were selected from 20 villages of the State 

based on probability proportional to size. Data 

collected were analyzed using descriptive statistics for 

the socio economic attributes while the budgetary 

technique was used to determine the profitability of 

production.  

 

Budgetary Technique 

Gross-margin analysis was employed to determine the 

profitability of livestock- crop integration as modified 

and used by Sanni, et al., (2001), 

GM = TR – TVC .......................... (1) 

Where, 

GM  = Gross margin of household (N/ha)  

TR  = Total revenue (N/ha) 

TVC = Total variable cost (N/ha) 

The gross margin analysis was used based on the 

proxy that the fixed costs of production are negligible 

(Iheanacho and Onor, 2002). The fixed costs in 

livestock-crop production mix consist of the costs of 

feeding and water troughs for livestock. The variable 

costs include cost of family and hired labour, seed, 

fertilizer, agro-chemicals, farmyard manure, 

supplementary feeds, drugs and veterinary services. 

The major components of total revenue include crops 

and livestock sales, milk, hiring out work animal, and 

livestock (including value of manure). The livestock is 

converted to a common denominator for analysis 

using the conversion factor inTable 1. 

 

Table 1. Livestock Conversion for various Animals 

Class of livestock 

Tropical Livestock  Unit 

(TLU) Equivalent 

Males Females 

a. Cattle   

 Calves 0 – 1yr                                                        0.25 0.25 

 Weaners and yearlings 1 – 2 yrs                            0.34 0.34 

 Above 2 – 3yrs old                                                 0.80 0.75 

 Above 3 years old                                                    1 1 

b. Sheep 0.1 0.1 

c. Goats 0.1 0.1 

d. Fowls   0.01 0.01 

Source: Williamson and Payne (1965) as cited by Okike 2002 
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RESULTS AND DISCUSSION 

 

Socioeconomic Characteristics of the Respondents  

The socio-economic ccharacteristics of the farmers 

revealed that while majority (84%) of the respondent 

were over 40 years with a mean age of 52 years. This 

can be attributed to the ownership structure of animals 

by the Fulani’s, where ownership is mostly centered 

around the household head who in most cases are 

elderly. Therefore adopting new scientific methods 

could be more difficult for these category of farmers. 

The number of years of settlement of the agro-

pastoralist should translate into significant level of 

specialization and expertise in agricultural production 

as it could stimulate willingness in the respondents to 

adopt measures that could improve productivity, 

production and overall efficiency in agricultural 

production. Comparable findings were those obtained 

by Kurkalova and Jensen (2000), Fasasi (2007) and 

Shehu et al., (2007) who reported significant 

relationship between farmers productivity with 

farming experience. Here also the mojority of the 

farmers had experience of over 21 year with a mean of 

32 years. The study indicated that mojority of the 

household had a family size of 10-14 (56.5%), this 

could not be far from the culture and tradition of the 

Fulanis who are predominantly muslims and the 

practice of polygamy is common, therefore it is 

expected that the size of the family here be large. Also  

ownership of animals is a form of responsibility that is 

usually associated with marriage.  

 

Table 2a: Socio- economic Distribution of Respondent 

Variable Frequency  Percentage (%) 

Age (ranges in years) 

21-30 

 

18 

 

9.0              

31- 40 13 6.5 

41- 50 27 13.5 

51- 60 96 48.0 

Above 60 46 23.0 

Total 

Mean 

Farming experience (ranges in years) 

1 - 10 

11 - 20 

21 - 30 

31 – 40 

Above 40 

Total 

Mean 

Household Size 

1 – 5 

6 – 10 

11 – 15 

Above 15 

Total 

mean 

Farm Size (Hectares) 

Less than 2.0 

2.1 – 4.0  

4.1 – 6.0 

Above 6.0 

Total  

Mean 

200 

52 years 

 

10 

17 

70 

61 

42 

200 

32 years 

 

1 

48 

112 

39 

200 

12 

 

98 

62 

25 

15 

200 

2.75 

 

100 

 

 

5.0 

8.5 

35.0 

30.0 

21.0 

100 

 

 

0.5               

24.0 

56.5 

19.0 

100 

 

 

49.0              

31.0 

12.5 

7.5 

100 

Source: Field survey, 2011 

 

The ability to accept scientific innovation is easier 

when the respondents are literate in the western form 

of education as put forwad by Njoku (1991) who 

observed that years of formal education have a 

positive influence on the adoption of innovation by 

farmers. Agom et al., (2009) and Abubakar et al., 

(2009) also made similar deductions but from the data 

of this study it can be seen that almost all the 

respondents (99%) did not have any form of formal 

education while only 1% attained primary school. This 

scenerio can have a negative impact on the 

respondents particularly in the ability to accept new 

and proven practices in agricultural production. The 

farmers in the study area given the results reveaved 

that they are operating under small scale (49% 

between 2.1 – 3.9 hectares) which many studies have 

shown is not efficient in the utilisation of 

resources(Maurice, 2004; Awoke and Okorji, 2004; 

Idiong et. al., 2006 and Shehu et. al., 2007). A herd in 

the study area  usually consist of 40-45 calttle 

irrespective of sex or age known as ‘tokke’ in Fulfulde 

or ‘garke’ in Hausa. It should be noted that the 
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primary animal composition of the livestock for the 

agro-pastoralist here is cattle. Thus, the herd is not 

segregated based on other livestock. From the study it 

was observed that the average cattle holding was 84 

animal accounting for about 54% of the respondents. 

For sheep and goats the average holding was 15 

animal accounting for 63% and 58%  respectively, the 

figures suggest small scale production level. Result of 

this study reveals that majority of the respondents 

(79.5%) relied on the  community in one way or the 

other for source of land for grazing and also the type 

of implement used in agricultural here for production 

shows the level of sophistication of the production 

system and is also an indication of the scale of 

production with 84% using ox-drawn plough. 

 

 

Table 2b: Socio- economic Distribution of Respondent 

Variable Frequency  Percentage (%) 

Type of labour used 

Hired labour alone 

Both family and hired labour 

Total 

Implement used in cultivation 

Ox-drown plough 

Tractor, ox-drawn plough & hoe 

Tractor & hoe 

Total 

Land ownership 

Community  

Inheritance 

Purchase 

Lease/rent  

Community/rent 

Community/inheritance 

Community purchase 

 

28 

172 

200 

 

168 

11 

21 

200 

 

87 

8 

1 

34 

46 

18 

6 

200 

 

14.0 

86.0 

100 

 

84.0 

 5.5 

10.5 

100 

 

43.5 

4.0 

0.5 

17.0 

23.0 

9.0 

3.0 

100 

Source: Field Survey, 2011 

 

Major Cropping  and Animal Combination. 

Though the results of the study revealed that almost all 

the respondents had no formal education, their risk 

management technique could be based on the 

diversification component in different animal 

combination. Also, the availability of the small animals 

in the household provides easy access to cash in times 

of need. The animal combinations that were 

predorminant in the study area were cattle, sheep and 

goat constituting about 71%, while cattle, sheep, goats 

and poultry constituted 29% .The yearly sequence and 

spatial arrangement of crops on a given area is termed 

cropping systems. The objective of any cropping system 

is efficient allocation of all resources. The study 

revealed ten (10) cropping systems among the 

respondents with maize crop been the main crop around 

which other crops form the mixture and also none of the 

respondents practiced sole cropping this is becouse 

maize is the staple food crop of the study area and it is 

easier to manage than other crops in the area. 

Maize/sorghum/cowpea enterprise accounted for a 

greater percentage (54%) and a greater hectarage 

allocation (58.4%), while the least practiced cropping 

pattern is the combination of 

maize/sorghum/rice/millet/cowpea that was practiced by 

only 1% of the respondent and accounted for  0.2% of 

the total hectarage allocated. Diversification in 

production is a means to spreading risks and assurance 

of stable income. Mixed croping is a form of such 

measures (Norman,1974; Abalu, 1976). 

 

             Table 3: Distribution of Respondents based on Average Animal Composition        

Type of Animal Frequency* Percentage of flock Mean number of 

Animals 

Cattle 107 53.5 84 

Sheep 

Goat  

126 

116 

63.0 

58.0 

15 

15 

 Source: Field survey, 2011 
*Multiple responses 
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               Table 4: Animal Mixture Ownership of the Respondents        

Type of Animal Mixture  Frequency Percentage 

Cattle, sheep and goats  142 71 

Cattle, sheep, goats and poultry  58 29 

Total 200 100 

Source: Field survey, 2011 

 
        Table 5:  Distribution of Respondents by Major Cropping Combinations and Hectarage Allocation 

Major Cropping Combinations 

Respondents Land allocated (Hectares) Average  

No % No % Farm size 

(Hectare) 

Maize/Sorghum                                     41 20.5 102.00 18.8 2.49 

Maize/Sorghum/Cowpea                     108 54.0 319.67 58.4 2.96 

Maize/Sorghum/Millet                            1 0.5 1.00 0.1 1.0 

Maize/Sorghum/Rice                             13 6.5 47.50 8.7 3.7 

Maize/Millet/Cowpea                              1 0.5 2.00 0.2 2.0 

Maize/Rice/Cowpea                                 1 0.5 2.00 0.2 2.0 

Maize/Sorghum/Rice/Cowpea              21 10.5 53.00 9.7 2.52 

Maize/Sorghum/Rice/Millet                   11 5.5 13.00 2.4 1.18 

Maize/Sorghum/Millet/Cowpea           2 1.0 7.00 1.3 3.5 

Maize/Sorghum/Rice/Millet/Cowpea    1 0.5 2.00 0.2 2.0 

               Total      200 100 549.17 100 2.75 

Source: Field survey, 2011 

 

 

Gross Margin (GM) Analysis. 

 

Livestock Eenterprises 

Gross margin technique was used to determine the  

profitability of both the crop and livestock enterprises 

associated with the agro-pastoralist. All livestock and 

animals were converted to the Livestock standard unit 

(LSU) to arrive at a uniform parameter for analysis. 

There are two production cycles per year for the agro- 

pastoralists. The gross margin per TLU/annum on the 

average was N7,330 with an average variable cost of 

N 3,586. The replacement of the animals constituted 

the highest cost (50%) of TVC. This is followed by 

cost of hired labour which accounted for 20% and 

followed by crop residue 7.45%. The least cost 

component of the agro-pastoralist in the livestock 

husbandry is the cost of veterinary services about 5%. 

This could also be attributed to the low level of 

education of the respondents and also low access to 

veterinary services as such low level of adopting 

scientific methods of caring for their animals.   

 

Table 6: Costs and returns associated with crop production 
Variable Cost(N) Crop Enterprises   

 A B C D E F G H I J 

Variable Items 

Fertilizer:  

Seeds:    
Hired labour: 

Agro chemical:  

Empty sacks:  
Transportation: 

TVC: 

TVC/ha: 

Returns: 

GR:  

GR/ha: 
GM:  

GM/ha: 

 

728,800 

309,900 
764,200 

41,900 

105,800 
82,500 

2,033,100 

19,932 
 

7,673,450 

75,229.90 
5,640,350 

55,297.55 

 

2,258,100 

1,365,700 
2,533,500 

175,000 

261,500 
283,000 

6,876,8002 

1,512.18 
 

21,340,100 

66,756.66 
463,300 

45,244.47 

 

20,000 

7,800 
24,000 

0.00 

:2,000 
6,000 

59,800 

59,800 
 

102,000 

102,000 
42,200 

42,200 

 

421,500 

164,600 
375,700 

54,700 

26,300 
30,000 

1,072,800 

22,585 
 

3,912,000 

82,357.89 
2,839,200 

59,772.63 

 

18,500 

7,800 
32,000 

0.00 

10,000 
6,000 

74,300 

37,150 
 

136,500 

68,250 
62,300 

31,150 

 

 

26,000 

12,000 
17,000 

0.00 

1,600 
2,000 

58,600 

14,650 
 

227,500 

56,880 
168,900 

42,225 

 

 

534,600 

310,500 
608,500 

130,800 

47,500 
53,700 

1,685,500 

31,800 
 

4,999,666.67 

94,333.33 
3,314,166.67 

62,533.33 

 

279,000 

145,300 
271,200 

9,900 

33,700 
36,000 

775,100 

59,623 
 

1,294,500 

99,580 
519,500 

39,960 

 

33,000 

:21,500 
62,500 

0.00 

4,000 
3,000 

124,000 

17,714 
 

452,800 

64,690 
238,900 

46,980 

 

14,500 

16,300 
16,300 

16,000 

1,800 
3,500 

52,100 

26,050 
 

162,333.33 

81,166.67 
110,233.33 

55,116.67 

Source: Field survey, 2011 

 

Crop Eenterprises 

Ten different crop enterprises were identified in the 

study with maize/sorghum/rice/cowpea combination 

having the highest gross margin of N62,533.33/ha and 

a TVC/ha of N31,800.00/ha. It was also obsevered 

that hired labour cost constituted the highest 

contribution to the total variable cost accounting for 

36.7%,  while cost of inorganic fertilizer accounted for 

31.7% . The staple food for the study area mostly 

includes maize, sorghum and rice.  
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Table 7: Percentge share of variable cost items to total variable cost for crop production 

Variable cost(N) % Share of total variable cost   

 A B C D E F G H I J 

Variable Items 

Fertilizer:  

Seeds:    

Hired labour: 

Agro chemical:  

Empty sacks:  

Transportation: 

 

35.8 

15.2 

37.6 

2.1 

5.2 

4.1 

 

32.8 

19.9 

36.8 

2.5 

3.8 

4.1 

 

33.5 

13.0 

40.2 

0.0 

3.3 

10.0 

 

39.3 

15.3 

35.0 

5.1 

2.5 

2.8 

 

24.9 

10.4 

43.1 

0.0 

13.5 

8.1 

 

44.4 

20.5 

29.0 

0.0 

2.7 

3.4 

 

31.7 

18.4 

35.7 

7.8 

3.2 

3.12 

 

36.0 

18.7 

35.0 

1.3 

4.3 

4.7 

 

27.9 

31.2 

30.7 

0.0 

3.5 

6.7 

 

26.6 

17.3 

50.4 

0.0 

3.2 

2.4 

Source: Field survey, 2011 
Key: A = Maize/Sorghum 

B = Maize/Sorghum/|Cowpea 

C = Maize/Sorghum/Millet 
D = Maize/Sorghum/Rice 

E = Maize/Millet/Cowpea 

F = Maize/Rice/Cowpea 
G = Maize/Surghum/Rice/Cowpea 

H = Maize/Surghum/Millet//Cowpea 

I = Maize/Surghum/Rice/Millet 
J=Maize/Surghum/Rice/Millet/Cowpea

 

Production Constraints of the Agro-pastoralists 
Agricultural production in Africa is bedeviled by a lot 

of challenges and the agro-pastoralists in Nigeria are 

not spared. The agro-pastoralists of Adamawa State 

are faced with the following as problems that affect 

their optimal production (Table 9). About 50% of the 

respondents ranked inadequate and high cost of 

fertilizer as the first in the ranking according to 

severity. The reason for this could be the non 

availability of the input on time in most of the 

goverment subsidsed sources. This is followed by high 

cost of paid labour, while low fertility of the soil was 

ranked third. 

 

Table 8: Costs and Returns Associated with Livestock Production / TLU/Cycle 

Items                                                       Cost (N)   ‘000      % Contribution to Cost 

Variable Items:   

Hired labour               5,000 20.59 

Crop residue                3,042 12.53 

Salt/suppliments          1,810 7.45 

Veterinary services         1,212 4.99 

Replacement    11,676 48.07 

Other cost  (E.g payment for darmages)                 1,558 6.41 

TVC 24,289 - 

AC/TLU 1798.10 - 

Returns:   

GR   73,802 - 

GM  49,513 - 

TLU  13508.08 - 

GM/TLU/Cycle  3.665 - 

Source: Field survey, 2011 

  

      Table 9: Distribution of Respondents based on Constraints Associated with Livestock- Crop Farming System. 

Constrains Frequency %* Ranking 

Inadequate and high cost of fertilizer                                     98 49.00 1 

High cost of paid labour                                                          96 48.00 2 

Low fertility status of farm land                                            93 46.50 3 

High cost of transportation                                                    81 40.50 4 

Lack of adequate grazing land                                              69 34.50 5 

Clashes with  pastoralists                                                          55 27.50 6 

Lack or inadequate water during the dry season               39 19.50 7 

High cost of agrochemicals (herbicide & 

pesticide)              

37 18.50 8 

Drought/floading                                                                     26 13.00 9 

Insecurity for life and property                                            20 10.00 10 

Lack of improved seeds                                                           15 7.50 11 

Attack by pests and diseases                                                      5 2.50 12 

High cost of supplimentary feeds                                           3 1.50 13 

Source: Field survey, 2011 

*Multiple responses existed hence  > 100% 
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CONCLUSION AND RECOMMENDATIONS 

Agro-pastoralism in Adamawa State is a well 

established enterprise given the number of years it has 

been practiced, though the scales for both animal 

holding and crop production are rather small. It can be 

concluded that the agro-pastoralis in the study area 

have little formal education, their deversification both 

in livestock and crop production gives a good 

indication of risk management. Moreover  the result of 

the GM for all the enterprises gave a positive result 

indicating that the agro-pastoralist operates a 

propiftable venture in the study area. The results of the 

gross margin analysis revealed that the best yeilding 

crop combination are the maize/Sorghum/rice/cowpea 

and the maize/sorghum/rice, while 

cattle/sheep/goat/poultry combination  was the best for 

livestock production. Therefore it is recommended 

that the agro-pastoralist should be encourage to 

practice these combinations. It was also observed that 

the agro-pastoralist are operating small scale 

production. This can be seen from their size of farm 

holding to the type of implement used. Therefore they 

should be encouraged thorugh extension education to 

increase their scale and use modern tools for improved 

output. Chemical inputs such as inorganic fertilzers 

and other agrochemicals should be made more 

available to the agro-pastoralist through an efficient 

private public partership.  
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