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ABSTRACT

In South Western Nigeria, where weather pattern is predicted to introduce new precipitation  regimes, the

effects of rainfall patterns on soil moisture, soil temperature and plant growth in  alfisol soil of the humid

forest transitional zone was investigated. Rain shelters were established in a fallow field consisting mainly of

Ageratum conizoides (Linnea), Panicum  maximum (Linnea) and Imperata cylindrica (Linnea). Daytime ambient

air temperatures  within the shelters increased by an average of 2.0 C, similar to predicted future increases ino

 air temperatures for this region. To simulate six precipitation regimes which cover the maximum range to be

expected under climate, a portable irrigation system was designed to modify the frequency of monthly rainfall

events with a constant delivery rate of water, while maintaining contemporary average precipitation volumes.

Controls consisted of blocks irrigated with frequencies and total monthly precipitation consistent with the 10

year average rainfall for this location. It was observed that seasonal soil moisture correlated with the above

ground plant biomass (R = 0.447, P = 0.029) and by reducing irrigation frequency, soil moisture content

decreased by 42%, p < 0.001. Manipulating the number of precipitation events and inter-rainfall intervals, while

maintaining monthly rainfall averages affected plant growth. Even with monthly rainfall averages that are

similar to contemporary monthly precipitation averages, decreasing the number of monthly rainfall events

reduced plant growth through soil moisture deficits. Although many have speculated that climate change will

increase ecosystem productivity, our results show that a reduction in the number of monthly rainfall events

while maintaining monthly averages influence moisture and temperature dynamics, which ultimately affect the

plant growth.
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Introduction

The greatest contemporary challenge in terrestrial ecology is to determine the future impact of climate

change on the world’s ecosystems. For the fact that climate has a fundamental  influence on the distribution

and productivity of ecosystems, impacts from anthropogenic greenhouse gas emissions will have far – reaching

social, economic and ecological consequences. Thus far, numerous general circulation models project a global

 mean temperature increase of 0.8 – 3.5 C by the year 2100 (Sanchez, 2000 and Oguntala, et al., (1979) ando

predicted changes in regional climate have been used as a basis to speculate about the effect of climate change

on vegetation. In practice, the effect of climate change at the local level should vary due to the interaction

among climate, topography and vegetation. Hence, ecologists must determine the influence of climate change

on specific ecosystems in order to predict its impact at the local level.
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However, the ecological dynamics that governed the establishment, succession and maintenance of

contemporary ecosystems may be altered dramatically under climate change:

(a) possibly climate change will introduce new climatic extremes that may completely override contemporary

ecological precepts regarding species distribution (Riebsame, 1989);

(b) current ecosystems are the results of thousands of years of interaction between climate and vegetation

whereas new ecosystem types should rapidly develop under climate change (Adejuwon, 1962 and Perry,

1990); and (c) human influences at the local and regional levels may restrict species migration, succession

and dispersion across landscapes (Parker, et al,. 1998).

The objectives of this investigation was to measure the impact of the range of precipitation regimes

potentially associated with climate change on soil moisture, soil temperature and plant growth in alfisol soil

of the humid forest transitional zone of South western Nigeria. We hypothesized that rainfall patterns will play

a critical influence in future ecosystems. As a general rule, heavy rainfalls may become more frequent, with

light rainfalls occurring less frequently (Ayoade, 1983 and IUCN, 2004). Also, incidence of droughts and

growth – limiting water deficits may increase from the current 5% of the time to more than 20% by the 2020’s

(Smith, 1975 and Sanchez, 2000). The length of the growing season is predicted to increase by 40 – 60 days

and mean air temperature to rise by 1.5 - 2.0 C (Abeyratne, 1956 and Swaminathan, 2007). Smit (1987)o

speculates that even if monthly rainfall volumes increase, precipitation effectiveness could be greatly reduced

through runoff, evapotranspiration or a decrease in the number of rainfall events. Presently, increased

evapotranspiration should render the humid forest transitional zone climate drier that present. We attempted

to capture the range of extreme rainfall frequencies by manipulating inter – rainfall intervals and keeping

monthly averages constant.

Methodology:

Site:

The study site is located on latitude 7 06 N and longitude 5 36 E at Rufus Giwa Polytechnic, Owo, Ondoo 1 o 1

State of the humid forest transitional zone of South Western, Nigeria. The topography of the area is undulating,

with an average altitude of 15m above sea level. The soil is a high silicate argilic alfisol with considerable

amount of bases (Donahue, et al., 1990).

The surface vegetation consists predominately of A. conizoides, P. maximum, and I. cylindrica. This site

was selected for its uniformity in vegetation distribution with a total area of 10ha allowing for adequate

spacing of plots from potential impacts of shade and composition by surrounding forests. Primeval forests were

cleared for agriculture about 50 years ago and used for annual cropping until the early 1980’s when a change

in land ownership occurred. Since then the land has been sitting fallow.

The climate is tropical, with an average growing season length of 200 days from mid- April through late

– October, and mean growing season precipitation of 1000mm (Ojeniyi, 1990 and Omotosho, et al., 2000).

Total annual precipitation at the study site during the period between 1996 and 2006 was 1200mm and the

observed mean annual temperature is 32.5 C with a monthly mean of 33 C for January and 30 C for July.o o o

Rain Shelter:

We established the experiment within five rain shelters (7.0m x 7.0m) in 2007 to test the effect of altered

precipitation. The shelters consisted of wooden frames with a slanted roof (4:12 pitch; 1m above the ground

at the lowest point of the roof), mounted on nine support posts with an average roof height above vegetation

of 1.6m. The roof was covered by transparent vapour barrier and held in place by wooden slats. Air was

allowed to circulate freely within the structure as the side walls were covered only by 3cm wire mesh to2 

exclude wildlife. This height of the rain shelter was selected after many trials to increase inside noon air

temperatures 10cm above the soil surface by 2.0 C ± 0.9 C, which coincided with the predicted increase ofo o

the air temperature in this region under climate change (Agboola, 1981 and Fleshman, 2007).

Irrigation Regime:

The experiment was established as a randomized complete block design and within each of the five blocks,

sixteen 1m x 1m plots were staked out with 20cm buffer zonesbetween each plot, and 1.25m buffers around

the outside perimeter to avoid effects from natural rainfall. Three plots within each shelter were randomly

selected for each of the five irrigation treatments (leaving the sixteenth plot unused), with one plot dedicated

to soil moisture core extractions, one plot for above ground biomass harvests, and one for a seed germination

study, which is not included in this paper. The shelters were covered on June 5 – 6, 2007 and irrigation
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commenced on June 9, 2007 and continued through September 6, 2007. To simulate different precipitation

regimes, we modified the number of monthly rainfall events, while maintaining contemporary average monthly

precipitation in a replicated experimental design. For this, the 10 – year average June precipitation for the zone

was delivered artificially in a 28 day cycle as 1, 2, 4, 8, and 14 rainfall events in the form of 6, 12, 24, 42,

and 84 Lm  respectively. Historical weather data indicates few variations in growing season precipitation–2

patterns therefore the June precipitation regimes was applied for the duration of the experiment. Irrigation water

 was obtained from a nearby stream and delivered by hand with a slosh nozzle at a constant flow rate of 2

L min  that minimized lateral movement of water across the soil surface. Controls consisted of the 14 rainfall–1

events every 28 days based on the 10 year measurable precipitation frequency of one precipitation event every

2, 4 days for this area (Ayoade, 1983). Hence treatments are designated: Control (6 litres m  of water applied–2

every 2 days), 12 litres m  every 4 days, 24 litres m  every 8 days, 42 litres m  every 14 days and 84 litres–2 –2 – 2

m  every 28 days. Volumes of irrigation water were calibrated at the beginning of the experiment and checked–2

weekly throughout its duration.

Soil Temperature, Moisture and Plant Biomass:

Soil temperature was measured using a soil temperature thermocouple probe (soil thermometer) adjacent

to the PVC collar to a depth of 10cm below the soil surface. Percentage soil water content was measured for

a 0cm to 10cm depth by extracting a 6cm diameter soil core within one – half meter of the permanent sample

collar. To minimize the impact on soil water balance, soil core holes were backfilled with similar materials

and marked to avoid other samples being taken from the same location. The cores were placed in plastic bags

and frozen until processed. The cores were weighed before drying, then dried in an oven for three days at 70 Co

and then re-weighed again.

Above ground plant biomass was harvested from one 1 x 1m plot per treatment per shelter for each of

the five rain shelters in June and again in August to simulate total biomass harvest under an average

agricultural season. For this, all above ground vegetation within the plot was cut, placed in plastic bags, dried

at 70 C for three days and weighed. Weights from both harvests were combined for a seasonal total ando

expressed in terms of gm . Soil moisture and soil temperature data showed non significant differences within–2

 treatments over the course of the growing season at p < 0.05. Therefore, the repeated measures for each

treatment were pooled. The effect of treatments on soil moisture, soil temperature and above ground biomass

were analyzed using analysis of variance (ANOVA) to test for significant differences using Sigma Stat. When

ANOVA results indicated a significant treatment effect, Tukey’s HSD test was performed on each reduced data

set to determine which levels of the treatment differed significantly (á = 0.05). Strength of associations was

tested using Pearson product moment correlation and regression analyses were conducted using SYSTAT 8.0

(1998).

Results and Discussion

As the irrigation treatments became more intense and less frequent, there was a decrease of 42% in soil

moisture content at p < 0.001 (Table 1). The most frequent (6-litre treatment every 2 days) led to the greatest

soil moisture content of 25.59%, where the least frequent (84-litre treatment every 28 days) produced a soil

moisture content averaging 18.07%.

Correlation effects between percentage soil moisture, soil temperature and above ground plant biomass

were observed (Table 2). Soil moisture and plant biomass correlated at R = 0.447, P = 0.029, while soil

moisture and soil temperature correlated at R = - 0.028, P = 0.897. Soil temperature and above ground plant

biomass also correlated at R = 0.116, P = 0.588.

Discussion:

Our results provide valuable insight into the effect of precipitation regimes on ecosystems. Current models

for South – Western Nigeria predict that increases in temperature, precipitation and longer growing seasons

associated with climate change should lead to increased net productivity of agricultural crops where soils permit

 (Akobundu, et al., 1983 and Omotosho, et al., 2000). However, our findings show that increasing inter –

rainfall intervals, while maintaining monthly precipitation volumes affects ecosystem productivity. Longer than

average inter – rainfall intervals led to a negative correlation with plant growth and soil moisture content in

our experimentalsystem (Table 1). Interestingly, because our investigation was conducted on alfisol, which has

greater water holding capacity than other soil types in South – Western Nigeria (Ghuman, et al., 1984), we

speculate that the effect of the longer than average inter – rainfall intervals used in this investigation might

be equivalent or greater on most other soil types.
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In this investigation, soil moisture decreased significantly (p < 0.001, Table 1) as inter – rainfall intervals
was increased while maintaining monthly precipitation averages. Contrary to the hypothesis that elevated

temperature should increase plant productivity and water use efficiency under climate change (Hunt, et al.,
1991), our observations and those of other investigators (Adefisan, et al., 2007; Fay, et al., 2000 and Jagtap,

et al., 2004) suggest that inter – rainfall intervals are by themselves critical in controlling ecosystem
productivity through soil moisture deficits. Indeed, our results show that the average soil moisture is

significantly lower (p < 0.001) in plots with greater inter – rainfall intervals compared with plots having shorter
intervals, even though total monthly rainfall remained constant (Table 1). One implication of our findings to

the forestry, cattle and allied industries is that climate change will demand a greater land base to maintain
current harvest levels.

Although there were no direct significant impacts on plant growth by the irrigation treatments in this
experiment, there was a positive correlation between soil moisture and plant biomass at R = 0.447, P = 0.029

(Table 2). As irrigation frequency declined, we noted that soil moisture declined by 42% and above ground
plant biomass also declined by 45% (Table 1). Therefore, the decreased soil moisture in the least frequent

irrigation regime has the potential to alter the above ground plant biomass through reduced root production
and microbial activity (Juo, et al., 1978). Our observations also lend support in predicting the impacts of

altered rainfall patterns on ecosystem processes for plant growth models.

Table 1: Season average values of soil moisture, soil temperature and plant biomass (dry weight ± S.D .) under different irrigation

regimes in alfisol soil of South- Western Nigeria.

IR (I/f) PB (gm ) SM  (0 – 10cm) (%) ST at 10cm ( C) -2 0

6L/2 days (control) 243.4a±(23.05) 25.59a±(1.47) 23.51a±(0.37)

12L/4 days 236.3a±(57.42) 22.27ab±(1.05) 23.00a±(0.27)

24L/8 days 216.1a±(86.68) 20.99bc±(2.46) 23.09a±(0.40)

42L/14 days 200.0a±(73.09) 19.33bc±(2.63) 23.37a±(0.28)

84L/ 28 days 167.9a±(54.24) 18.07c±(1.84) 23.31a±(0.33)

Within columns, values followed by a different letter are significantly different at p < 0.005.

IR = Irrigation Regime; I/f = Intensity/Frequency; PB = Plant Biomass; SM  = Soil M oisture;

 ST = Soil Temperature;

Table 2: Correlation coefficients between percentage soil moisture, soil temperature and above ground plant biomass.

Soil M oisture Soil Temperature

Soil M oisture

Soil Temperature -0.028 (p = 0.897)

Plant Biomass 0.447 (p = 0.029) 0.116 ( p = 0.588)

Conclusion:

Reductions in inter – rainfall frequency, while maintaining current monthly precipitation averages, decrease

plant biomass production and soil moisture, while soil temperature invariably increases. 
Our findings also show that the intervals between rainfall events are the main variables affecting above

ground net primary productivity under climate change. Since the relationship between soil moisture and these
variables are significant, it shows that soil moisture can serve as a reliable indicator of ecosystem disturbance

through the measurement of soil biological activity. However, our work is limited to one ecosystem; further
investigation is needed to ascertain the validity of soil moisture as an indicator of productivity in other

ecosystems worldwide.
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