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Abstract
The response of yam tuber development to its micro-climate was monitored at the National
Centre for Agricultural Mechanization (NCAM) for two yam growing seasons. The micro climate
data measured include air temperature, rainfall, number of rain days, relative humidity, soil
temperature at intervals of 5cm, 20cm, 30cm and 40cm and soil moisture with depths at 0-15cm,
15-30cm and 30-45cm. Measurement of yam tuber circumference and length were taken on
monthly basis from the period of tuber initiation (34 WAP) to period of tuber maturity (50 WAP)
using thread and measuring tape. Monthly means of weather elements from research plot was
calculated, grouped and summarized using descriptive statistics of mean and percentages.
Dependency of yam tuber development on meteorological factors was examined through
statistical analysis of correlation and regression. Based on this, the period of tuber development
in Kwara State was identified and categorized. The growth in yam tuber responds positively more
to rainfall frequency than rainfall amount. Again soil temperature at 5cm depth was identified to
be more critical for efficient yam tuberization. Farmers in the study area are advised to improve
on the materials used for mulching to increase yam yield.
Introduction
Yam tuber is the storage organ of yam
plant and constitutes the most significant
economic part used majorly for human
consumption in Nigeria. Dioscorea rotundata
(white yam) and D. alata (water yam) are
important staple food and sources of
carbohydrate to Nigerian’s diet.
Although Nigeria is witnessing a sporadic
rise in yam production (CBN, 2008) yet not all
yam producing area in Nigeria can boast of the
upward trend in yam production, example of
such is Kwara State (Kwara State Agricultural
Project (KADP) field survey 2010). The
production trend of yam in Kwara State has not
been steady. Yield and area devoted to yam
production fluctuates together. The implication
is that more land area is being put under yam
cultivation to increase production yearly For
instance,the hectares of land put into
cultivation in 1995 was 26.10 (000) when
production was 294.30 (000 tons) and yield
stood at 11.20 (000 tons). Ten years later in
2004, to raise yam production level to 480.70
(000 tons) and yield to 12.20 (000 tons), 38.60
(000) hectares of land was cultivated while
production level increased to 480.70(000 tons).
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Such spatial shift in yam cropping pattern may
result in mismatch of environment and yam
cropping which will result in crop failure.
To avoid this, there is need for an
improved understanding of yam growing
environment to enhance its high steady
production in Kwara State. Climate has been
recognized as the major components of the
environment that control crop production of the
rain fed tropical agriculture (Oguntoyinbo,
1981; Adefolalu, 1999, Ayoade, 2004,
Adefolalu, 2005). Bello (2010) emphasized the
need to monitor the effect of climatic factors on
agriculture from the field. Such exercise
enables us to see the reality of climate effects
on agriculture. Thus, this study examined the
response of yam tuber development to its micro
climate in the guinea savanna ecological zone
of kwara State, Nigeria.
Study Location
The experimental farm plot was sited at the
National Centre for Agricultural Mechanization
(NCAM). The location is Kilometre 12 IlorinIdofian road at latitude 830´ North of the
equator and longitude 4 35East of the
Greenwich meridian.

138

Ethiopian Journal of Environmental Studies and Management EJESM Vol. 5 No. 2 2012

Olaniran (1986) described the climate of
the area as guinea savanna in his climatic
classification scheme. Mean annual rainfall
varies and the regime shows a south-north
gradient. Temperature is high throughout the

year. The study area is characterized by
ferruginous tropical soil and the vegetation
belongs to the category of guinea savanna
community.

Figure 1 Map of Ilorin South LGA Showing the Location of NCAM
Methodology
Experimental Design
The study of the fundamentals of plantclimate relationship as advocated by Olaniran
(1981) was adopted. The research farm ran for
two consecutive yam cropping seasons of
2005/2006 and 2006/2007. Each cropping
season spanned between October to September
of the following year. The cultivar of interest
was D. rotundata. This is because it is the most
favoured yam species in West Africa (Okoro,
1990) and especially in Kwara State, Nigeria
(Olanrewaju, 2009).
Farm land was cleared and left for about
twelve days to ferment. Measurements and
demarcation of plot followed after which one
hundred heaps (yam seed beds) were prepared
manually using big hoe.

A whole yam seed was planted on each
heap and mulched immediately. This is because
study showed that whole yam seeds yield better
than setts (Onwueme, 1984) and mulching of
yam bed also enhanced yam yield in the study
area (Olanrewaju, 2009). Installation of
weather instruments for measuring weather
variables was done. The micro climatic data
measured include air temperature, rainfall
amount, number of rain days, relative humidity
and all these form the aerial micro climatic
data. The sub-aerial micro data collected were
soil temperature at intervals of 5cm, 10cm,
20cm, 30cm and 4ocm, soil moisture with
depths at 0-15cm, 15-30cm and 30-45cm.
These depths were used because yam tubers
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and roots grow within these soil depths. There
was no application of any farm input because
the study is ethno scientific.
Measurements and Data Collection
Weather variables were recorded on daily
basis, collated weekly
and summarized
monthly. Length and circumference of yam
tubers were measured on monthly basis from
the period of tuber initiation at 34 weeks after
planting (WAP) to period of tuber maturity (50
WAP). This was done by careful uprooting of
five yam plant stands randomly every month.
The length and circumference of tubers were
then measured using thread and measuring
tape.
Data Analysis
Monthly means of both weather variables
and
yam
development
(length
and

circumference) were calculated, grouped and
summarized. Data was subjected to correlation
and regression analyses to determine
dependency of yam tuber development on
meteorological factors.
Results and Discussion
Figure 1 below reflects the relationship
between land devoted to yam cropping and
yield between 1965 and 2008. Both yam yield
and the number of hectares put into cultivation
yearly fluctuated together.
The pattern of yam tuber development
from the period of tuber initiation at 34 WAP
through 50 WAP when matured tubers were
harvested is shown in figure 3.

Figure 2 Land Devoted to Yam Cropping and Yield

Figure 3 The Circumference and Length of Yam Tuber During its Development
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Rapid enlargement and elongation of yam
tubers occurred after initiation at 34 WAP
through 46 WAP. Thereafter the formation of
yam tuber slowed down drastically. For
instance at 50 WAP tuber circumference
increased only by 1.4 cm and was just 1.3cm
longer than what it was at 46 WAP. The
implication is that yam tuber formation ceased
at 50 WAP. This finding is in broad agreement
with Njoku et al (1984) who put the period of
tuber formation in D. rotundata at about 120
days (which is equivalent to four months) after
initiation.
When the rate of tuber enlargement was
compared with that of tuber elongation certain
pattern of tuber formation was observed (Fig
2). The rate at which yam tuber elongated was
slower than the rate at which it enlarged
between 34WAP and 42WAP. However, at
about 44 WAP equilibrium was reached
between the two dimensions of yam tuber
growth. Thereafter, there was a sporadic

elongation of yam tuber above tuber
enlargement. This pattern of tuber development
was maintained through 50 WAP when tubers
were harvested.
Based on these findings, the period of yam
tuber development in the study could be
categorized thus;
30 – 34WAP period of tuber growth initiation
35 – 42WAP period of slow tuber development
43 – 46WAP period of rapid tuber development
47 – 50WAP period of tuber growth cessation.
Pattern
of
Aerial
and
Sub-Aerial
Microclimate of Yam Plant during Tuber
Formation
Pattern of Aerial Micro Climate
The pattern of the mean weekly rainfall,
number of rain days, relative humidity,
evaporation,
minimum
and
maximum
temperatures during the period of D. rotundata
tuberization in the study area is displayed in
table
1
below.

Table 1 Pattern of aerial micro climate during yam tuberization
WAP
Rainfall
No.
of R.H (%)
Evaporation
(mm)
rain day
(mm)
34
148.2
9
59.40
3
38
220.2
14
60.0
2.9
42
126.6
11
76.0
2.5
46
78.0
12
77.81
1.80
50
340.0
16
80.0
1.90

Min Temp.
(0C)
25.0
22.40
22.30
22.31
22.30

Max. Temp
(0C)
34.0
30.42
30.0
29.32
30.13

Figure 4 Pattern of Rainfall Amount and Relative Humidity during Yam Tuberization
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Rainfall amount fluctuated and revealed a
double maxima pattern at 38 WAP and at 50
WAP respectively. These two peaks were
separated by a period of short dry spell
experienced between 42 WAP and 46WAP
(August break). Rainfall distribution also
fluctuated between nine days at 34 WAP and
16 days at 50 WAP. Relative humidity
fluctuated with rainfall amount to a certain
extent. For instance, increase in rainfall amount
resulted in increase in relative humidity at
34WAP, 38WAP and 50WAP respectively.
However, this pattern was disrupted during
42WAP and 46WAP when relative humidity
increased with a decline in rainfall amount,
Lowest value of evaporation was recorded
between 46 WAP and 50 WAP. This marks the
period when the sky isusually overcast by a
low cumulus cloud thus blocking the earth

surface from direct impact of solar radiation.
This blockage lowers evaporation rate during
this period. Air temperature ranged between
29.320C recorded at 46 WAP and 340C
observed at 34 WAP.
Pattern of Sub aerial Microclimate
Table 2 showed the level of variation in
mean soil temperature at various depths during
the period of yam tuberization. Generally soil
temperature declined with depth. It was highest
at 5cm depth and least at 40cm depth but the
degree of variation became less pronounced
with depth (Figure 5). For instance at 34 WAP
the difference in soil temperature between 5cm
and 10cm depth was 3.080C but reduced to
about 1.160C between 30cm and 40cm soil
depth. This pattern was maintained through 50
WAP.

Table 2 Soil Temperature (0C) at various depths during Tuber Development
WAP
5cm
10cm
20cm
30cm
34
35.36
30.28
29.42
27.35
38
32.12
29.42
28.37
26.66
42
32.10
29.61
28.0
27.46
46
30.0
28.27
28.0
26.0
50
33.50
31.54
31.0
28.27

Figure

5

Soil

Temperature

at

various
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depths

during

40cm
26.19
25.17
25.05
25.65
27.0

yam

tuberization
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Overtime, the range in soil temperature
between 34 WAP and 50WAP within each soil
depth showed that soil temperature was highest
at 5cm depth during 34 WAP. However at the
soil depth of 10cm to 40cm highest soil
temperature was recorded by 50 WAP and least
at 46 WAP respectively.
The pattern of soil moisture at various depths
during yam tuberization is displayed in table 3.
Generally soil moisture increase with depth,
least at soil depth interval of 0-15cm depth and
greatest at an interval of between 30cm and
45cm. Variation in soil moisture also faded out

with depth. Soil depth intervals of 15-30cm and
30-45cm observed almost similar % of soil
moisture during 42 WAP and 46 WAP (Figure
6). As a matter of fact, a slight decline from
24.45% to 24% occurred at 46 WAP.
Overtime, soil moisture varied. The period of
34 WAP after planting observed the least
values while the highest % was recorded at 50
WAP at all depths. It is important to point out
that this kind of variation has been noted in soil
temperature. The implication is that an increase
in soil temperature brings about a decline in
soil moisture.

Table 3 Soil Moisture at various Soil depths (%) during tuber Development
WAP
34
38
42
46
50

0-15cm
16.12
17.70
21.0
20.25
21.55

15-30cm
18.53
20.17
24.0
24.45
24.43

30-45cm
19.17
21.54
21.55
24.0
25.06

Figure 6 Soil Moisture at various depths during yam tuberization
A Comparison of Yam Tuber Development
and Climate
Aerial Micro Climate
It appeared tuber formation is favoured by
low rainfall amount that is well spread. Yam
tuber developed with greatest vigour between
42 WAP and 46 WAP. This period was
characterized by low amount of rainfall that
was well distributed. This finding has further

corroborated the work of Bello (1987) that the
amount of rainfall is not as important as its
spread for yam to perform well in the field.
After rain has been established it must be
evenly distributed for proper growth and
enlargement of yam tuber.
This period
recorded high relative humidity with low
evaporation rate. Air temperature ranged
between 290C and 300C. This is also in
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agreement with Mozie and Okoro (1990),
Indira (1998) and Okuewu (2002) that yam
requires a temperature range of 25-300C for its
optimum performance. Yam grows better under
warm sunny condition.
Sub-Aerial Microclimate
Optimum soil temperature for the growth
of yam according to Onwueme (1977) ranged
between 25 - 350C. Soil temperature shortly
before rapid tuber formation (42-46 WAP)
ranged between 250C -320C thus in agreement
with the recommended values. It appeared too

much soil moisture does not favour tuber
development most especially elongation. Tuber
elongation was most rapid between 42 WAP
and 46 WAP with a slight decline in soil
moisture.
The strength of the relationships between
yam tuber development and both aerial and sub
aerial micro climate is discussed in this section.
Table 4 below displayed the level of correlation
between tuber enlargement and elongation and
the elements of aerial climate of yam plant.

Table 4 Correlation between yam tuber Development and Aerial Micro climate
Climatic element
Circumference Length
Rainfall (mm)
0.13
0.21
No. of Rain days

0.52

0.58

Relative Humidity (%)

0.98**

0.88**

Evaporation (mm)

- 0.93*

- 0.99**

Minimum Temp (0C)

- 0.76

- 0.61

Maximum Temp (0C)

- 0.82

- 0.69

* Correlation significant at 0.05 levels

** Correlation significant at 0.01 levels

The result of correlation confirmed the
assertion made earlier that rainfall amount is
not as important as its spread. Positive
relationship that is stronger exists between
tuber formation and number of rain days than
between rainfall and tuber development.
However relative humidity exhibits the
strongest positive relationship with yam tuber
development. Increase in air temperature and
evaporation reduce tuber development in the
field. A strongest negative relationship
significant at 0.05 levels and 0.01 level exist
between tuber circumference, tuber elongation
and evaporation.
Soil temperature and soil moisture at
varying depths described the sub aerial climate
of crop plant. Table 5 shows the result of
correlation between yam tuber enlargement,
elongation and soil temperature at the depths of
5cm, 10cm, 20cm, 30cm and 40cm
respectively.

Soil temperature at 5cm depth is the most
critical for both tuber enlargement and
elongation. The strongest negative relationship
between the two variables of growth and soil
temperature occurred at 5cm depth. At 10cm
depth the negative relationship has weakened
and between 20cm through 40cm depths mild
positive relationship which grew in strength
with depth was established. The implication is
that between the soil depths of 5cm to 10cm
increase in soil temperature hampered tuber
development.
However
tuberization
is
enhanced between the soil depths of 20cm
through 40cm with increase in soil temperature.
The relationship between soil moisture and
yam tuber formation is reflected in table 6
below. Tuber enlargement and elongation
established positive relationship with soil
moisture at all depths considered. However it is
important to note the variation in the strength
of these relationships. The positive relationship
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between tuber enlargement and soil moisture is
significant at 0.01 levels of confidence between
the soil depths at 0 - 15cm through 15-30cm
but significant at 0.05 levels between 30-45cm.
The implication is that the amount of soil
moisture required for tuber enlargement
diminishes with depth.
The positive relationship established
between yam tuber elongation and soil
moisture is not as strong as with that of tuber
enlargement. The implication is that too much
soil moisture is not necessary for yam tuber to
grow in length.
Summary and Conclusion
The study examined the responses of yam
tuber development to its micro climate using
the fundamentals of plant-climate relationship.
An experimental farm plot was set up at

NCAM where both the aerial and sub-aerial
climatic environment of yam tuber was
monitored for two yam growing seasons.
The period of rapid yam tuberization
occurred between 34 WAP through 46WAP.
Air temperature range of between 290C-300C
and soil temperature of between 250C – 320C
have been identified for optimum yam
tuberization in the guinea savanna ecological
zone of Kwara State. Again tuber formation is
favoured by rainfall that is well spread. Soil
temperature at 5cm depth is most critical for
tuber development. Soil moisture at all depths
shows a positive relationship with tuber
formation.
Farmers in the study area are encouraged to
improve on the materials used in mulching yam
beds. They could adopt the use of plastic which
cannot decay with time.

Table 5 Result of correlation between yam tuber Development and soil Temperature at varying
depths
Yam tuber
5cm
10cm
20cm
30cm
40cm
Circumference (cm)
- 0.60
- 0.12
0.01
0.01
0.19
Length (cm)

- 0.52

- 0.03

0.02

0.03

0.44

Table 6 Results of Correlation between yam tuber development and soil moisture at varying
depths
Yam tuber
0-15cm
15-30cm
30-45cm
Enlargement (cm)
0.96**
0.99**
0.89*
Elongation (cm)
0.80
0.86
* Significant at 0.05 level
** Significant at 0.01 level
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