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I. Introduction 

Importance of root and tuber crops 

Root and tuher crops, particularly yam (Dioscorea rotunda/a) and cassava (Manihot 
eSCLUenta), arc the two largest sources of dietary food energy for the majority of the people 
living in the lowland humid tropics and much of the sub-humid tropics of West and 
Central Arrica. Yam is especially important from COte dlvoire to Cameroon, where it 
contrihutes more than 200 dietary calories every day for 60 million people. Cassava 
provides two and a half times a:-; many calories as mwze (IITA 1988). While cassava 
prodoction is l(.'ss labor intensive than growing yarn, the labor required for processing the 
rools into gari and other flours is very high, and equals the total labor input for the 
production of the roots themselves (IITA 1988, 28). Yam is the preferred staple, 
however, and is highly prized for its taste and role in the culture of many people. The 
high cost of production makes the per caloric cost of yam almost four times the cost of 
maize (lIT A 1988). 

Objectives 

The first Triennial Root Crops Symposium of the International Society of Tropical Root 
Crops, Africa Rranch wa'\ concerned with the "proposition that yams are threatened with 
extinction .... " recogniz;ng among others "some serious production constraints with regard 
to COSL .. ", but concluded thai "as long as yam eaters exist, the crop will continue to be in 
demand" (Terry ct aI. 1981,2(4). Elsewhere it is shown thai yam will continue to be in 
demand, but thai a larger quantity would be purchased if production costs were reduced 
(Nweke et al. 1991). The objective here is to identify the sources of high costs in yam 
production and draw implications for research focus. The approach is to compare 
production costs for yam and cassava across three different ecological zones suitable for 
the production of both crops. 

The study area 

Southeastern Nigeria, the area south of River Benue and east of River Niger (Fig. 1). 
stretches from the humid forest to !he subhumid guinea savanna ecological zones. Most 
of the area falls wi!hin the yarn zone of Nigcria (Bachmann and Winch 1979). West and 
central Arrica produce 93% of the world'~ yams, Nigeria produces 75% (liT A 1988), and 
souLhea~tem Nigeria alone 42% (FOS 1983). 

While cassava is grown more or less throughout southeastern Nigcria, the major yam
producing areas are restricted to deep and fertile soils and high insolation. These include 
the upper part of the alluvium, most of the shales, and all of !he metamorphic geological 
wnes of the region (Fig. 1). The alluvium geological zone mainly coincides with the 
forest regrowth; the shale geGlogical zone is mainly part of the derived savanna; and the 
metamorphic geological zone is generally part of the guinea savann:! (Agboola 1979). 
These zones will be referred to as forest regrowth, derived savanna, and guinea savanna 
throughout this monograph. 
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A sample survey was conducted in the three ecological zones of southeastern Nigeria 
during the period Octoher 19R4 to December 1985 . .lald-P;IDl is in KaLSina Ala Local 
Government Area (LGA). Benue state; Eu.a is in Ezza LGA and Atani in OniLliha LGA. 
bOlh in Anambra state. Thc population density in 1985 was estimated to be 60 
persons/km2 in .laki-Biam. 300 personslkm2 in E7.7.a. and 1200 persons/km2 in Atani I . 

The climate 
Me1eOroiogicai records, at Ibi ahout 70km northeast of Zaki-Biarn (guinea savanna). and 
at Onilc;ha, 12km north of Alani (forest regrowth), were used to project the climatic 
conditions at those two study SilCS . Comprehensive infonnaLion on climatic condilions 
wa.'\ not availahle for Ezza (derived savanna); however, because the derived savanna lies 
tx>twccn the forest regrowth and the guinea savanna in the transiLion from the rain forest 
to the guinea savanna (Agboola 1979), inferences could be drawn for the derived savanna 
from thc weather situations in ZaKi-Biam and Atani areas. 

Records indicate that, in both Zaki-Biam and ALani, insolation is lew from December to 
February (Fig. 2). This is caused by dust-borne wind from the Sahara desert which 
overcasl" the.- atmosphere and blocks most of the direct rays from the sun. This cold and 
dry season is referred to as the harmattan in these areas. 

Insolation was significantly higher in Zaki-Biam ([bi) than in Alani (OniL<;ha). The 
lowest recorded in the Zaki-Biam area (13 .1 mj/m2/day) was 1.7 mj/m2/day higher than 
the highe.<;1 in the Atani area. But more important from the point ()f view of plant growth 
is the fact that the gap was greater during the rainy season when insolation is most 
limited . In Augu."t. insolation was nearly 3.0/mj/m2/day lower in ALani than in the Zaki
Biam area. 

Overall water balance was higher in ALani than in the Zaki-Biam area (Fig. 3). However, 
the difference in distribution was marginal . Ninety percent of the total annual rainfall 
occurred in six and a half months in Alani and in six months in .lald-Biam. During these 
periods. the water balance wa<;; positive in both areas. 

The mean monthly air temperature for lhc Zaki-Biam area was 90°F with slight variation 
(CV = 0.6%). In the ALani area, it wao; 81.3°F, also with limited monthly variaLion (CV 
=0.7%). 

The soils 
Cla'\sification by Asadu (1989) shows that Zaki-Biam soils are typic-oxic, coarse loamy, 
kaolinitic isohypcrthermic (soil taxonomy); haptic and luvisols (FAOIUNESC01987). 
Parenl material is metamorphic rock or sandstones derived rrom undifferentiated bac;emenl 
complex covered by aeolian dust probably from the Sahara desert. Ezza soils are udic or 
typic rhoduslalf. loamy, mixed. isohypcrthermic (soil taxonomy), chromic or haptic 
luvisols. Parent material is alluvium, deposiLion of clayey and sandy materials. 

The dimensions of the A hori:7.0ns, and the levels of macro po~osiLics, water released, and 
hydroconductiviLie.o; show that Zaki-Biam soils are fairly deep and well drained, ALani soils 
are deep but not well drained, and EZ1.a soils are neither deep nor well drained. Gravel and 

Statistics division, Ministry of Economic Planning. Makurdi, Benlle SlAte; and SlAtistics division. 
Ministry of Finance and Economic Planning, Enugu, Anambra SlAte. 
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concrctionary laterite content~ are highest in the Ezza soils. Most essential minerals 
secm to be prescnt in fairly adequate amounL~ in alllocaLions. However, base satwation 
levels (BS) show that the level of availability varies in Ihe soils of the three locations. It 
is highest in Zaki-Biam and only moderately high in EZ1.a and Alani. Physical and 
chemical properties of the soils of the three locations are detailed in Asadu (1989). 

Methodology 

Fifteen farm houschold~ were randomly selected from a list compiled with the asistance of 
the village head in each of the Lhrcc villages. Sample size was limited by available 
resources, as the cost route method employed in dala collection was e,;pensive. 

Farmers were visi ted once every fortnight for a period of 15 calendar months. They were 
asked to rocall the number of persons by source (household member or hired), by gender, 
and by age, also the number of hours each person worked by field and by farm operation 
in the 14 days since the previous visit. Similarly they were asked to recall the types and 
quantities of various farm inputs used, such as planting materials, SlaKes, and farm 
chemicals including chemical fertilizer. 

Recall in this detail is initially difficult for the farmer, and information from the first few 
interviews may be poor. However, the quality improved with subsequent visits. Spencer 
(19R9) has observed that repeated interview visits per se are likely to aid memory 
recollection, because lhe fact that the investigator is coming back for specific infonnation 
is fixed in the mind of the respondenL Information was nceded for 12 calendar months 
bUI coIlceted over 15 calendar months. Information from the first three months was 
discarded. The labor information is presented in person days. One person day is equated 
to one man day, one woman day or two child days. A child is a person under 15 years of 
age. 

Land area cultivated was determined by measurement with com~ass, tape and ranging 
pole~. Yield estimation was based on a sample plot si7-e of 40m . All Ibe plant stands 
within the plot were counted, harvested and weighed. 
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II. Farmland t Labor and Materials 

Farmland 

Land types and toposequtmce 
In Zaki-Biam, limited areas of hydromorphic land are available in scattered small 
riverbeds, and available farm land is almost entirely upland. The toposequence is nat 
terrain. This docs not affect drainage. since the soil is loose and deep. 

In E7.7.a, the valley bottom fannland is hydromorphict while upland fields are non 
hydromorphic. The rich hydromorphic vaIley bouom land is limiled. and yarn production 
competes there wilh rice, which is also an important farming activity in Ezza. The 
combination of a flat toposequence and shaDow laterite soils causes poor drainage. 

In Atani, the annual alluvium deposiL~ from the river Niger make the riverbed valley 
bottom land very fertile. Population pressure reduced the upland areas for farming. The 
toposequence is flat on the uplands and gently sloping towards the valley bottom. 

Land rota/wn and fallow practices 
Land rotation and fallow are the main features of the cropping system. although in the 
guinea savanna site crop rotation is also practiced. In this site there are two crop 
associalions which involve root and tuber crops. These are a sole crop of yam in year 1. 
followed by grain + grain legume (soybean, groundnul or bambara nut) intercroppcd in 
years 2 and 3 in a three-year rotation; and a sole crop of yam in year I followed by sole 
crop of cas..~va in year 2, in a two-year rotation. In the £irst. the fallow period is five 
years after one rollLlon of three years. In the second. the fallow period is six years, 
including one year of old cassava. after one rotation of two years (Fig. 4). Cassava is 
often not harvested al maturity. because it stores better in the field. but has a soort shelf
life once it is harvested. 

In the derived savanna site there are three crop associations which involve root and tuber 

crops. They are yaml(maize + groundnut + vegetables)/cocoyam2 in which yam is the 
main crop; yam/(cassava + cocoyam + vegetables), again with yam is the main crop; and 
cassava + cocoyam + maize + vegetables. with cas.~va as the main crop. The first 
as.'IOCiation is grown for thrcc successive years on the same field; the field is left fallow 
for jusltwo years, and the cycle is repeated with the same crops. The second association 
is grown for one year and the field is left for five years, including ,wo years for old 
(unharvested) cas..;;ava. The cycle is repeated with the same crops afler the fallow. The 
third association follows the same pattern a<; the second association (Fig. 5). 

In the forest regrowth site. three associations involving root and tuber crops have been 
observed. They are yam/(maize + vegetables), in which yam is the main crop; 
yam/(cassava + cocoyam + maize + vegetables), in which yam is again the main crop; 
and cassava sole crop. The riverbed valley bOltom fields are reserved for the first 
association. The crop mixture is grown, year in. year out, without faJlow. The second 
and the third associaLions are grown in upland fields. The second association is grown for 

2 "r denotes interplanted later (ready); "+" denotes planted man: or less althe same time in mixture 
(Mul5aen eI al. 11lS6. p . 76). 
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Figure 4. Root and tuber-based cropping pattarns In the guinea 
savanna site, southeastern Nigeria, 1984-85. 

one ye<ar. The field is left for four years (including two years of old cassava), at the end of 
which the same crop mixture is rcplanlCd. The third association, which is plain sole 
cassava, is grown for one year and the field is rallowed for as long as seven years, 
including three years of old cassava. The same sole cassava is planted in year nine after 
the long fallow (Fig. 6). 

Root and tuber crops, especially yam, are grown in complex crop associations in the 
derived savanna and rorest regrowth sites. Fallow duration is longer in the guine<a savanna 
because demographic pressure is lower. In all ecological zones, the fallow periods are 
longest in fields reserved for cassava wiLhout yam and shonest in fields for yam without 
cassava. Since, in general. fallow periods increase as soil fertility declines, the above 
observations suggcsllhat yam fields arc higher in soil fertility than cassava fields (Okorji 
1983). 

F armlilnd allocalion 
An average of 3.70ha was cultivated per household in 1984-85 in the guinea savanna site. 
About 55% of lhis was planted to yam, 10% to cassava, and about 35% to other crops. 
In the derived savanna sile, an average of 4.85ha was cultivated per household in 1984-85. 
About 50% of this was planted to yam, and 30% to cassava (main crops associations), 
and 20% to other crops. In the forest regrowth site. there was 2.94ha per household; 55% 
of this was planted to yam main crop mixtures. and 45% to sole cassava crop. The 
proportion of household farmland allocated to cassava was lowest in the guinca savanna 
and highest in the forest regrowth siles. 
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Planting materials 

Dioscorea rOlUndata is the dominant variety of yam being grown; D alala is also grown 
but it is of limited relative importance. TIle tuber, the edible pan of the yam, is the 
propagation material. The yam planting material, called seed yam or sell, could be a 
whole tuber or cuL-Up pieces of the tuber. 

In both til.! derived savanna and forest regrowth areas, whole tubers of seed yams are used 
as setts. In the guinea savanna, whole tubers or the top portion (proximal end) of table 
yams are used as setts. Mean weights per sell were O.4kg in the guinea savanna, 0.8kg in 
the derived savanna, and l.lkg in the rorest regrowth sites. The main effect of large sett 
size is to produce a vigorous initial growth of root, vine, and leaves, whkh give the plant 
an advantage that lasts throughout the growing season (Nwoke and Okonkwo 1973). 
Plant populations were on the average 12,OOO/ha in the guinea savanna, 3,OOOlha in the 
derived savanna, and 2,800/ha in the forest regrowth sites. 

Seed yam is produced either directly by planting small sens late in the planting season or 
by milking ware yams, resulting in a second round of small tubers which can be used as 
seed yarns. Approximately 50% of the seed yams were prodl1ced by milking, and 50% by 
direct method in the guinea savanna; and 5% by milking. and 95% by direct method in 
both the derived savanna and the forest regrowth sites. Fanners use cassava stem cuttings 
as planting material. These are usually obtained from their own fields. 

(norgan ic fertilizers 

In the guinea savanna site, most of the farmers appli(',d fertilizers in their yam fields at a 
mean rate of 460 kg/ha. This was in spite of the presence of essential soil chemical 
elements in reasonably adequate quantilie~ and high base saturation. In the derived 
savanna site, chemical fertilizers were applied in yam fields at the mean rate of 180 kg/ha. 
In the forest regrowth sile, chemical fertilizers were used at the rate of 30 kg/ha in yam 
fields, as the alluvial soils of the area are rich in essential nutrients. The fertilizer type 
was non-specific, as the fanners used whatever Lhey could get Fertilizer was not applied 
to cassava in any of the sites. 

Several trials using inorganic fertilizer seem 10 give increase in yam yield, but the results 
arc not conclusive (Ferguson and Haynes 1970). Fertilizer application in yam has some 
side effects. Nitrogen increases sprouting in stored tubers with adverse consequences on 
shelf-life. while P and K tend to suppress sprouting and thus enhance storability (Aduayi 
and Okpon 1980). High rates of N combined with P result in substantial increases in the 
population of the yam nematode, Sculellonema bradys, in D. rOlunriala, though not in D. 
a/ala and D. cayenensis (Obigbcsan and Adesiyan 1981). Profuse weed growth is another 
side effect of fertilizer application (Onochie 1975). 
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Farm labor 

Use of farm labor 
In the ]984-85 crop se2Son, the average household in the guinea savanna site expended 
708 person days of labor on the fann. about 80% was on yam, 5% on cassava, and 15% 
on all other crops. In the derived savann!'! site, the average household expended 924 
person days on the fann, about 65% of which was on yam, 15% on cassava, and 20% on 
all other crops. In the forest regrowth site. 429 person days per household were spent on 
the farms: about 70% was on yam, 20% on cassava, and 10% on all other crops. The 
proportion of household labor allocated to cassava was lowest in the guinea savanna and 
highest in forest regrowt11 sites. 

The labor on yam was employed in land preparation, planting, staking, weeding, and 
harvesting operations. Land c1earing, scedc.ed preparation. artd mwching were aggregated 
under land preparation. 

Land clearing is by hoeing in the guinea savanna site wheie fallow is dominated by grass, 
and by shIsh and bum in both the derived savanna and forest regrowth sites. Temperatures 
are lower than at the guinea savanna site. Consequently there is less nced to mulch yam 
after planting. hence the vegetation is burnt. 

In all three sites. yams are planted in large conical mounds. except in riverbed vallcy 
bottom fields in the forest regrowth site where they are on flats. The main reasons for 
growing yams in mounds are to create a loose seedbed for tuber penetration, to collect 
fertile soil from the surrounding areas, to improve drainage in areas with high watertables 
and to facililate yam harvesting operations (Onwueme 1978). Top to top distance 
between mounds was 67cm in the guinea savanna, and ] OOcm in the forest regrowth. 
Top to top distance between rows was 130cm in the guinea savanna, and 175cm in the 
forest regrowth . The distance between mounds in the derived savanna where the mounds 
were nol in rows was 36Ocm. 

Mound size also has a more pronounced effect on tuber yield than fertilizer (Kang and 
Wilson 1981 , Lyonga and Ayuk-Takem 1982). On average, the mounds were about 
SOcm high and 55cm in d!ameter at the base in the guinea savanna; 90cm high and 220cm 
in diameter at the base in the forest regrowth sites. The size of mounds is determined by 
soil physical properties and depth to watertable (Tofto 10.56). In the derived savanna site, 
where soils are shallow and subject to waterlogging, large mour.1s were required to 
improve drainage. The forest regrowth site soils. though deep, are subject to water 
logging except in the riverbed valley bottom. hence large mounds were also used to 
improve drainage. In the riverbed valley bottom where the soils are sandy just below the 
surface, drainage is hardly a problem. consequently seedbeds were on the flat 

Because of the relatively low moisture balance (Fig. 3). mulching was done with 
vegetation collected after clearing in the guinea savanna site. In the derived savanna and 
forest regrowth sites, mulching was done sparingly, and only when dry weather persisted 
beyond !.he nonnal period. 

In the guinea savanna site. there were two different periods for land preparation (Fig. 7); 
the major period was from August to November with a peak during mid October to mid 
November; the minor period was from mid March to mid April. Moisture balance was 
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positive from October to mid November and the soil was still reasonably wet and not too 
hard 10 Lill (Fig. 3). At this time too, labor demand in other fann operations was low. 

In the derived savann3 site, land preparation was spread from the second half of October to 
May, but was low between January and March (Fig. 8). The soil was lateritic and 
difficult to till, both in the dry season when the soil was hard and in the wet season when 
the soil tended to form clods. Consequently, land preparation was done in between the dry 
and the wet periods. Insignificant amounts of land preparation were done in September 
for early yam in hydromorphic soil. 

In the forest regrowth site, land preparation was concentrated in December (Fig. 9). The 
minor peak which occurred in March was for seed yam in the upland fields. Land 
preparation couJd start earlier because the fields were flooded until October. 

Land preparation labor input in person days/ha was 77 in the derived savanna, 51 in the 
forest regrowth sites, and only 41 in the guinea savanna site (Table 1). Differences in 
labor inputs for land preparation in the three siLes were directly related 10 differences in 
size of the yam mounds which, as explained earlier, were determined by variations in the 
physical properties of the soil. 

In the guinea savanna site, y~m was planted from December to April (Fig. 7), but the 
peak occurred within March and April, usually six months after land preparation. Yam 
was therefore planted when the moisture balance turned positive (Fig. 3), 

In the derived savanna siLe, planting of crops in yam fields started slowly in December, 
peaked in early April and late May, and declined to zero in July (Fig. 8). Some of the 
early planting was in the hydromorphic land to maximize available insolation which was 
limited during the growing season. Late planting for the production of seed yams could 
be as late as July. 
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Tablf' 1. Distribution of yam production labor (person days/ha) by operation In 
thref' ecological zones, southeastern 'Igerla, 191'4·85. 

hem Guinea savanna Derived savlIlUla Forest regrowth 

Land preparation 41 77 51 
Planting 38 12 :n 
Weeding 122 7.i $J 
Staking 0 3) 4S 
Fcrlilil.cr application 7 3 0 
Harvcsting 31 ta 16 

TNal 239 249 204 

In the forest regrowth site. planting started in December and continued until May (Fig. 9). 
Early planting occurred in the riverbed valley bottom lands from December to February. 
Thl' soil moisture was likely to be adequate for sprouting, and insolation was higher 
during this period, thereby ensuring largc tubers. Seed yams and minor crops were 
intercmpped in the yam fields later. 

Labor inputs for planting in person days/ha was 38 in the guinea savanna. 33 in the forest 
regrowth . and only 12 in the derived savanna sites (Tallie 1). The differences were 
determined by plant population density, which was highest in the guinea savanna and 
lowest in the derived savanna. The rcilltively high labor input in the forest regrowth site 
was due to extra labor required to plant nal seedbeds. 

Yam staking improves the exposure of leaves to sunlight which promotes leaf growth and 
vitality (Okigbo 1973). keeps the vines and and leaves away from the soil. and protects 
the plllnl from anthracnose disease (Nwankiti 1982). Staking was not done in the guinea 
savanna site where the risk of anthracnose wa<; low and where insolation was relatively 
high. In the dcriv{'d savanna sileo staking wao; done only in hydromorphic field .. which arc 
walCrlogged, and where yams were grown for l~rgc tuhers. Yam staking was elahoratc in 
all land type" in the forest regrowth site where drainage was poor and insolation low . 

Labor input in staking operations was 4S person days/ha in the forest regrowth site. and 
20 person days/ha in the derived savanna site. Staking began in February in the forest 
regrowth site., because the yam planted in December was sprouting. and the demand for 
farm labor in oilier operations was relatively limited. The staking e)ltendr.d from February 
to August hccause of the continous retraining.of vines. 

In the guinea savanna site, weeding was done from February to September (Fig. 7) . 
However. most of it was from April to September with a sharp peak in July. Weeding 
between February and April was first done at the time of planting in the .earlier prepared 
fields . In the derived savanna site, weeding was concentrated in June (Fig. 8). The farmers 
were under pressure to complete weeding in )'am fields before rice production activities 
commenced in July. In the forest regrowth site, weeding wa<; done belween February and 
August, but mainly in May (Fig. 9). 
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Weeding labor was highest in the guinea savanna and lowest in the forest regrowth site 
(Table I). Annual flooding by the River Niger helps to suppress weeds in parts of the 
forest regrowth site. Relatively high weeding labor in the guinea savanna site resulted 
from a high level of fertilizer application. Onochie (1975) observes that farmers spent as 
much as 41 % of their time weeding when fertilizer was applie.d, and only 28% when 
ferLiIi7.er was not applied. 

Harvesting labor was highest in the derived savanna and lowest in the forest regrowth site 
(Table 1). In the guinea savanna site, harvesting started slowly in Augus& and peaked in 
December. November to January was the major harvesting period (Fig. 7). Yam 
harvesting was, therefore, done mainly in the dry season. However, the soils might not 
have been so hard to dig, since they were relatively non-lateritic. In the derived savanna 
site, yam harvesting was concentralCd around December (Fig. 8). because it had to be 
postponed until after the weeding and harvesting of rice. Then it had to be complcted 
quickly before the soil became 100 hard, as from January. Lateritic soil makes digging for 
harve:;;ting more laborious. In the forest regrowLh siLe. harvesting was done from laLe 
June to early September (Fig. 9) in the riverbed valley bottom fields by merely pulling 
the tubers, since the soil is sandy under the surface and still wet at this time. 

Sources of yam prodJAcrion labor 
The sources of yam labor were household 70% and hired only 30% in the guinea savanna 
site. The household members contributed approximately 35% of the labor for land 
preparation. 90% for planting. 70% for weeding, 100% for fertilizer application and 
harvesting. The farmer, his wives, their children and relatives living with them provided 
the household labor. Gender distribution was 72% female and only 28% male. The 
female labor was 5% for land preparation. 75% fol" planting. 90% for weeding, 65% for 
fertilizer application and 85% for harvesting. 

The sources of yam labor were household 47% and hired 53% in the derived savanna site. 
The household members contributed 30% for \and preparation, 85% for planting. 50% for 
weeding, (;0% for staking and fertilizer application, and 50% for harvesting. Gender 
distribution wa..<; 48% female and 52% male. Distribution of crop production enterprises 
along gender lines is a strong cultural practice in most of soulhcastem Nigeria. Yarn is 
the man's crop, and most other crops are for the women (Olorji 1983). The female labor 
was 20% for land preparation, 45% for planting, 70% for weeding, 30% for staking. and 
65% for fcrtili7.cr application and harvesting. 

The sources of the yam labor were household 35% and hired 65% in the forest regrowth 
sitc. Household labor was used for 10% of the land preparation, 80% of the planting. 
40% of the weeding. 60% of the staking. 100% of Lhe fertilizer application and for 85% 
of the harvesting. Gender distribution was 21 % female and 79% male. In yarn 
production women contributed 5% of the labor for land preparation. 10% for planting. 
50% for weeding. 5% for staking, none for fertilizer application. and 30% for harvesting. 
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III. Crop yields, costs and returns 

Crop yields 

Yam yiclds/ha were highest in the guinea savanna site, where over 90% of the fields were 
in the yield range of more than 30 t/ha (Fig.l0). In the derived savanna and forest 
regrowth site.l;, ahout 90% of the fields were in the yield range of below 20 I/ha. 

Yam yicld per stand was lowest in the guinea savanna site, where 70% of the fields were 
in the range of less Lhan 4kg per Sland. This situation existed in-spite of the differences 
in the soil chemical pmpcnies, in the level of fenilizer application, and in insolation, all 
of which were favorable . Mean sett weight was, however, smallest. 

As explained earlier, yam plant population density was highe.~t in the guinea savanna site, 
where over 90% of the fields fell into the range of more than 10,000 standslha_ This 
situation confirms that plant population density is a major consideration in aggregate yam 
yield per unit of land area (Gumah 1974). 

Plant population is restricted in the derived savanna and the forest regrowth sites by the 
unfavorable soil physical properties. Yam mounds are widely spaced in LilC derived 
savanna site because the soil is shallow. Top soil has to be collected over a wide area to 
provide the ncce.~sary soil depth for yam Luber growth (Onwucme 1978). Drainage 
problems in both the derived savanna and the forest regrowth sites necessitate large 
mounds which reduce tIlC number of such mounds per unit area. 

The effcct of plant density on yields appears, therefore, to be derived from environmental 
differences. W ithin site yield differences could be due to differences in management 
practices, which would suggest lIlat higher yield levels were possible from improved 
management practices by individual farmers_ However, the improvements in 
management practices are unlikely to upset the effccL~ of unfavorable environmental 
factors in the derived savanna and forest regrowth ecological areas, where farmers appear to 
be optimizing such management practices as intercropping. planting time, weeding, 
staking, sell sil.e, and plant population density. Environmental index analysis (Eberhart 
and Russell 1966. Hildebrand 19M) of yields in the guinea savanna site and pooled yields 
in the derived savanna and the forest regrowth sites is presented in Figure 11. The two 
yield functions diverge with higher levels of environmenLal index, an indication that yield 
would continue to be higher in the guinea savanna site, irrespective of management 
practices adopt.cd in the other sites, because of more favorable environmental factors. 

There were no improved high-yielding yam varieties available. The "miniseU" 
technology (0100 cl al. 1987) is an aucmpt to improve the technique of producing seed 
yam from existing traditional yarn varieties, the aim being to reduce the cost of planting 
materials rather than to increase yields_ Supporting lilCrature suggests that agronomic 
research in yam production has merely confirmed the rationale of traditional yam 
production management practices. Research on the "miniseu" technique. nelting with 
thread as an alternative to staking, plastic mulching, aile), cropping. etc., are all attempts 
to improve on the farmers' Lraditional management practices. Chemical fertilizer 
application is the only non-tradiLional Lcchnique employed in yam production by some of 
the farmers. 
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Basic research to achieve breakthroughs in improved yam varieties may be slow. 
However. "proSPCCL~ for yam improvement arc limited because of the scarcity of scientific 
information and active rc...;;earchers" (Terry et aI. 1981). An analysis of resource allocation 
among commodity programs by the National Root Crops Research Institute (NRCRI), 
which ha~ a national mandate for root and tuber crops research in Nigeria. indicates that 
the NRCRI tends to emphasize research on cassava relative to yam (NRCRI n.d.). 
According to a senior oflicial of the institute, that situation is not a deliberate policy. but 
a result of the lack of interest in yam research by scientisl~. 

Other crops which contributed to the output in yam fields were cassava, cocoyam, mai7.e, 
bamhara. and vegetables in the derived savanna. and cassava. cocoyam. maize. and 
vegetables in the forest regrowth sites. Yam wa~ grown as a sole crop in the guinea 
savanna site. 

Differences in ca~ava yields/ha in fields where cassava was the predominant crop among 
the three sites were similar to those of yam. Mean yield of fresh roots was over 30 t /ha 
in the guinea savanna site with a range of 28 to 46, and aboul8 t /ha with a range of 5 to 
12 in both the derived savanna and the forest regrowth sites. Other crops which 
contributed to output in cassava fields were cocoyam, mru7.e, and vegetables in the derived 
savanna site. Cassava was mostly sale in bOlh the guinea savanna and the forest 
regrowth sit.es. 
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Costs or production 

Farmland and management in the study sites have Jimitcd uses (if any) outside farming 
activities. hence they were considered fixed and not casted. Family labor was considered 
a variable cost item, as labor in general has opportunity costs in non-fann activities. 
Labor wa.~ costed at the hired labor wage rate in each site. 

Fann input prices were genera11y higher in the derived savanna and forest regrowth sites 
than in the guinea savanna site. probably because of a higher level of commercialization 
resulting from demographic pressure. Wage rates, including cash and kind payments, 
were higher for male workers than for female. 

Coslcd items in yam-based crop associations included yam planting materials (yam sellS), 
plus other planting materials interplantcd with yam. as well as fann chemicals. stakes 
where applicable. and labor. Postharvest processing costs were restricted to cassava 
(Table 2). 

Table 1. Production coststha In yam-based crop associations In three 
uoloKlul lones, southeastern Nigeria, J984-8S . 

Guinea savanna Derived savanna Forest regrowth 

llent Qty+ Value ,.* Qty VaJueW* Qty VaJue N 

Planting Materhlls 
Yam (IOn) 4.65 1906 2.53 1998 3.25 2304 
C lSSav. (ton) 
Cocoyam (IOn) 0.20 ]03 0.10 ;() 

Mail.e (kg) 1.65 1 1.44 1 
Bambera (kg) 3.00 9 
Vegetables 0.18 5 0.70 10 

Chemicals 
Fertilizer (ton) 0.46 92 0.18 4.'5 0.03 1 
0IheI 1.00 13 0.03 0 1.27 17 

Stakes 65 152 

Labor (Prod.) 
Male (Mn Days) 69.00 510 130.00 1160 162.00 1543 
Female (Wn Days) 170.00 960 119.00 792 42.00 358 

Labor (Proc.) 
Female (Wn Days) 4.00 )f 3.00 22 

Other 14 3.00 11 

Total variable cost 3480 4218 4468 

Notes: + ¥ specified 
* NI.OO was approximately USSI.20 at the time of lite study. 
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Total cost of yam production was lower in the guinea savanna site. Higher costs in the 
derived savanna and forest regrowth siles were due to the cost of planting malCrials, labor, 
and slaking. Costs of planting materials were higher in the derived savanna and lhc forest 
regrowlh SilCS, boLh because of the additional costs of materials interplanted, and because 
unit costs of yam planting materials were higher than in the guinea savanna. Additional 
costs of processing C&<iSava into gari in the derived savanna and the forest regrowlh sites 
were minimal. because of the very low cassava yields in the yam-based crop association. 

The COSl of planting materials was at least 50% of the total cost of Ihe yam-ba.'!Cd crop 
associations in all sites (Table 3). The proportion was so high because the tuber, the 
cdihlc part of the yam, was used as planting material. (n the 1984-85 season, planting 
material amounted LO 10% by weight of the total output in the guinea savanna, 25% in 
the derived savanna, and as much as 30% in the forest regrowLh sites. Price per unit 
weight was higher for planting materials (wbers) than ware tubers. Miniseu technology, 
which is an extension of the fanners' use of cut-up tubers as selLS, allows potentially 
large savings in terms of the amount of harvested ware yams reserved for planting 
material, but Lhe actual savings in cost of production are considerably smaller, since the 
production of the planting materials from "minisetL<;" requires significant Jabor and capital 
input (nTA 19~). 

Table 3. Percentage distribution of total production cost of yam-based crop 
associations by Item In tbree ecological lOnes, southeastern Nigeria, 
1984-85. 

% 

Planting 
Ecologicall.one Total (N/ton) materials 

Guinea savanna ff1 42 55 3 
Derived savanna 422 if] 5) 3 
Fore. .. , regrowth 447 41 53 4 
MClI1 319 44 53 3 

Labor COSL<; were in the range of 40%, except in the derived savanna site where soil 
physical properties caused labor inpUL" to be high. Conltibutions of other items (slakes, 
fertilizer, pe"ticides) to total cost" were relatively low. 

Costs in cassava-based crop associations can be grouped into field production and 
transformation costs (Table 4). The production process for cassava. unlike that for yam, 
~s not complete until the roots are transformed into any of various cassava products. 
Processing cassava is necessary in order to reduce HCN levels and bulk, as well as to 
extend postharvcst shelf-life (Hahn 1989). 
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Table 4. Production costs/ha by Item 10 cassava-based crop associations In 
tbree ecological zODes, southeastern Nigeria, 19&4-85. 

Guinea savanna Derived savanna Forest regrowth 

Item Qty* Value )I Qly Value)l Qty Valuc" 

Planting Materials 
Cassava (ton) 
Cocoyam (ton) 0.64 288 
Mai7..e (kg) 3.54 4 
Vegetables 'l1 

Labor (Prod.) 
Male (Mn day) 16.OD 104 32.OD 256 21 .00 178 
Female (Wn day) 48 .00 234 58.00 348 51 .00 372 

Labor (Proc.) 
Female (Wn day) 111.OD 834 42.OD 25D 48.00 350 

Other 655 160 184 

TOlal variable cost 1827 1334 1~5 

Note: * As speci lied 

Field production costs, i.e .• the costs of planting materials and field operations' labor per 
unit weight of output, declined as yield increased, because most of such COSL~ were 
constant per unit area, irrespective of the yield. Consequently. the percentage 
contribution of field production to total costo; per unit weight of output declined as yield 
increased. This percentage contribution varied from almost 70% in me derived savanna 
site. where yield was lowest. to 20% in the guinea savanna, where yield was highest 
(Table 5), as constant field production costs were spread over higher yields per unit area. 

Table 5. Garl yield (tlb.) and percent distribution or total cost by production 
aDd processlnlll or cassava in three ecological lones, southeastern 
Nigeria. 

Total (production) cost 

% Distribution 
Ecological zone Gari yield lllJba Production Processing 

Guinea saVIIJIIUI 6.20 1827 19 81 
Derived saanna 1.51 1334 (9 31 
Fore..llt regrowth 1.74 1~5 51 t¥J 

Meat 3.15 1415 46 54 

Nott·: * Ca.c;sava interplanted with cocoyam. mai7.e. and vegetables. 
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Gari is onc of the most commonly processed forms of cassava (UTA 198&). Processing 
costs per unit weight of output were constant a<; yield increased, because the processing 
technique employed wa<; traditional with a low level of capiLaI investment. Consequently. 
the percentage contrihution of the processing to total costs per unit weight of output 
increased as yield increased. This percentage contribution varied from about 30% in the 
derived savanna site, where yield was lowcsL, to about 80% in the guinea savanna site. 
where yield was highest, as constant processing costs per unit weight of output were 
added on to declining field COSK 

Rt'turns from production 

Returns from production in yam-ha..oo crop associations were ba<;ed on all the crops in the 
association in each site (Table 6). Gross returns for yam were highest in the guinea 
savanna. This was true in spite of intcrcropping and higher yam prices in the other sites. 

Following differences in cassava yield, gross returns from the cassava-based crop 
a<;sociaLions in the guinea savanna site were more than twice as high as in derived savanna 
sile, where cassava was interplant.ed with other crops, and more than three and a half times 
as high as in the forest regrowth site. where ca<;sava was grown as a sole crop (Table 7). 

Table 6. Returns ()Jlha) from production of yam.based crop associations In 
three ecological lones. southeastern Nigeria, 1984-85. 

Guinea savanna Ot..>Jived savanna Forest regrowth 

hem Qty (tns) Value ( N) Qry (IJL~) Valuc( N) Qty (ms) Value ( }II) 

Yam 42.80 11138 10.40 4160 1033 4028 
Garl 0.13 78 0.10 (0 

Cocoyam 0.46 178 0.31 105 
Maize 0.02 to 0.03 15 
Bambara 0.03 ~ 
Vegetables 1.32 161 2.62 400 

Gross return 11138 4632 4(,()9 

Returns to labor from both yams and cassava, estimated as the gross return less variable 
cost<; (cxceptlabor costs) divided by the number of person-days of production labor. were 
higher in the guinea savanna than in the other siles (Table 8) . In 1984-85. the real wage 
rates, cash and kind, were )l7.39 per person-day3 in the guinea savanna, )l8 .92 in the 
derived savanna, and )l9.52 in the forest regrowth site. Hence, the value of labor was 
high in both yam and cassava production in the guinea savanna site. but low in yam 
production in both the derived savanna and the forest regrowth sites. Yam was 
intercropped in the derived savanna and the forest regrowth sites, perhaps to spread out the 
cost of expensive inputs, such as yam sell., and labor. 

3 ~ was approximately USS1.20 at the time of the study. 
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Table 7. Returns (!ilha) from production of cassava-based crop as.'ioclatlons In 
three ecological lones, southeastern Nigeria, 1984-85. 

IlCm 

Garl 
Cocoyam 
Mai7.e 
Bambara 
Vegetahles 

Gross return 

Table S. 

IlCm 

Guinea savanna 
Derived savanna 
Forest regrowlh 

Mean 

Guinea savanna Derived savanna Forest regrowth 

Qty (In.~) Value (N) Qty (tn.~) Value (III) Qty (ins) Value (N") 

6.20 3410.00 1.51 906.00 1.70 1044.00 
1.28 486.40 
0.07 35.00 
0.03 45.00 
5.04 614.88 

3410.00 2042.28 1044.00 

Returns to labor and management (!i/person day) from production or 
yam-based and cassava-based crop associations by ecologkal zones, 
southeastern Nigeria, 1984-85. 

Guinea savanna Derived salolanna FOTest regrowth 

33 17 1.94 
8 13 0.6] 
7 9 0.77 

16 13 1.23 

Returns 10 labor were higher from yam than from cassava only in the guinea savanna site. 
where ~oil physical properties, rainfall distribution, and insolation were more favorable . 
Returns to labor were higher for cassava than yam in the other sites, where the 
environmental factors were Jess favorable. The guinea savanna area had a comparative 
advantage in yam, and the other sites in cassava production. This explains the fact that 
relatively Jess land and labor were allocated 10 cassava, in spite of ilS higher yield. in the 
guinea savanna than in the other two sites. More land and labor resources were. however, 
also allocated LO yam than to cassava in the derived savanna and forest regrowth sites, 
essentially because yam is a preferred food crop (lIT A 1988). 

Yam attracts a premium price in the derived savanna and forest regrowth sites, where 
population densities are relatively high. The mean monthly prices of ware yam at the 
farm level in 1984-85 were ~360/ton in the guinea savanna. ~500/ton in the derived 
savanna and ~490/lOn in the forest regrowth sites. The gari price differential between the 
derived savanna and the other sites was not high. The mean monthly prices of gari at the 
farm level in 1984-85 were N550/ton in the guinea savanna and J!l600/LOn in both the 
derived savanna and the forest regrowth sites. In the same year. guinea savanna yams 
were marketed in the derived savanna and forest regrowth siles in response to the high 
prices (Eluagu 1988). 
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Calorie production from cassava was substantially less expensive ~O.07/1000 calories) 
than from yam (~O.2611 000 calories) at 1984-85 prices (Table 9). However. protein 
production I'rom ca<;S3va was slightly more expensive ()!Ill 3.87/1 000 gm) than from yam 
~12.67/1000 gm), because yam has a substantially higher protein content per unit weight 
than cassava (Piau 1965), Compared with cassava, yam presents fewer postharvest 
problems. Yamin its fresh form is preferred to the processed forms. Postharvest shelf 
life is relatively long. often up to six months (Ugwu 1990). Yam has very important 
socio-cultural values as it plays specific roles in birth, marriage, and funeral ceremonies 
(Ama 1981, Okorji 1983). 

Table 9, Per un It costs or dietary calories and protein frOID yam-based and 
cassava-based crop assoch.tlons, southeastern ~IKerla, 1984-85. 

Crop association 

Yam·ha.~ 
Ca. ..... ava-ha.~ 
Yam: cassava ralio 

)J {lOoo calories 

0,26 
0.07 
3.7 

~ote: Conversion factors based on Platt (1965). 
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12.67 
13.87 
0.91 



IV. Conclusions 

Summary of observations 

Relative to cassava, the per unit cost of calorie production from yarn was high. Yam 
production technique was predominantly ltaditional, inorganic fertilizer application being 
the only improved aechnology employed by farmers in some environments. Yam 
planting material was the item of highest cosl, resulting from the use of the edible tuber 
a.~ the planting material. The cost of planting material was closely followed by the cost 
of labor. other cost items being small. 

Yam production costs were largely dependent on edaphic and climatic factors. In the 
environments where soil physical properties required elaborate seedbeds in the form of 
large mounds, yam production labor cost was particularly high. Large mounds had the 
additional effect of limiting yam plant population and thereby reducing aggregale yield per 
unit land area, further increasing production costs per unit weight of output. In the 
environments where elaborate staking of yarns was necessary to improve insolation or 
reduce the incidence of pests or disea~, yam production labor cost was also particularly 
high. 

Consequently, the guinea savanna site with its deep and well drained soils and high 
insolation, in contrast to the derived savanna and forest regrowth sites. had a comparative 
advantage in yam production against cassava production in terms of market returns per 
unit of labor inveslCd. However. yam continued to receive a higher resource allocation 
than cassava production in both the derived savanna and Ihe forcst regrowth sites. Yam 
enjoys high socioc ultural importance. and its postharvest handling costs and per unit cost 
or protein production are low in comparison with cassava. In contrast with yam, the 
major cost component in cassava production was postharvest processing, which increased 
in proportion wilh yield. eliminating the cost advantages of higher yields. 

Implications for research 

The implications of the foregoing analyses suggest that the crop of focus in root and 
tuber crop research would depend on production objectives: production of food calories at 
minimum cost for low income consumers, or production of a preferred source for those 
who can afford it 

The fonner objective would suggest that emphasL .. be given to cassava research. In Ibat 
case. postharvest research is more urgenl than field production research. as gains in 
reducing production costs will be lost in the proportionate increase in processing costs. 
However. reductions in processing cost .. will further increase the low cost advantages of 
cassava in Ibose environments most suited to root and tuber crops production, and hence 
where cassava yields are highest. This per se would resull in a significant increase in the 
national average yield of cassava. without any changes in field production technology. 

If. however. the objective is to produce food calories from a relatively high protein source 
which is a preferred food. yam research should be emphasized. In such cases. the high 
cost of planting materials and relatively low yields in certain environments tend to 
support IITA's argument for basic research 10 achieve breakthroughs in yam breeding. 
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This need nol he at the expense of current cassava research. Research on further 
improvement in traditional management practices could be de-emphasized in favor of 
"small well·focused improvement programs" (UTA 1988, 71). Although this may be 
beyond th(> capability of the national research systems, yet Nigeria's National Root Crops 
Research InSliMe (NRCRI), based in southeastern Nigeria, could lake the lead. if 
adequa~ly funded. 
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