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Owing to the prevailing climate change which has drastically reduced the duration of the wet season
that supports naturally cultivated maize in a typical rainforest ecology of Ife, Southwestern (SW)
Nigeria, this study determined the climatic factor(s) favouring maize yield in the agro-climatic zone.
Grain yield data obtained from five maize varieties grown in 42 environments, at Ife — Teaching
and Research Farm of Obafemi Awolowo University, along with weather data captured
electronically and automatically at the Farm, were analyzed using variance, correlation, regression,
and path coefficient analyses. Grain yield was a significant correlate of solar radiation (r = 0.58**)
and soil temperature (r = 0.39*). Subsequent stepwise multiple regression analysis isolated total
solar radiation as the single most important causal factor for increased yield, albeit, with a low R? =
34%. Fitting the regression model up to quartic level did not increase the R? value. Other climatic
factors affecting grain yield included minimum temperature, heat unit, and maximum air relative
humidity, all acting indirectly through total solar radiation. At this and similar agro-ecologies, maize
must be planted from March to early April and late July to August for the early and late season

crops, respectively.
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Introduction

The demand for maize (Zea mays L.) grains remains
consistently high throughout the year in Sub-Saharan
Africa (SSA) due to its diverse applications. As a staple
food in many African diets, a key component in livestock
feed, and a raw material for various industries, maize plays
a crucial role in the region’s agricultural economy (Fayose
& Fakorede, 2021a & b). Consequently, increasing its
production is of continuous importance (Bankole et al.,
2022). Over the years, maize has been well studied by crop
scientists in Nigeria and globally. For example, for more
than four decades, the Tropical Agriculture Institute in
Nigeria and West Africa (IITA) and the International
Maize and Wheat Improvement Center (CIMMYT) have
implemented various successful crop improvement
programs—both independently and collaboratively—
benefiting maize production in SSA. Additionally, other
notable research institutions, such as the International
Agricultural Research Centers (IARCs) and the National
Agricultural Research and Extension Systems (NARES),
have contributed significantly to advancing maize
production. These collective efforts have led to genetic
improvements in key aspects of maize, including the
development of high-yielding, disease-resistant, drought-
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tolerant, and nutritionally enhanced varieties (Badu-
Apraku & Fakorede, 2017).

Despite these advancements, maize production
continues to face multiple challenges, particularly as
demand increases. Environmental constraints have
remained a major barrier to achieving optimal production
levels, despite extensive crop improvement efforts. Some
of these challenges include declining soil fertility,
especially reduced nitrogen levels, drought, urban
expansion, and suboptimal agronomic  practices.
Additionally, maize crops are vulnerable to pests and
diseases, such as downy mildew (Peronosclerospora
spontanea) and, more recently, the fall armyworm
(Spodoptera frugiperda) infestation (Adunola et al., 2021).
Climate change further exacerbates these challenges,
posing a significant threat to maize production. While
farmers have historically adapted to climate variability,
current and projected climate change scenarios present
unprecedented challenges that surpass previous
experiences (Adger et al., 2007). According to Lobell et al.
(2008), climate change is expected to have predominantly
negative impacts on agricultural productivity, potentially
hindering food security in many regions. In Nigeria, these
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effects are already evident, as rainfall—a key determinant
of agronomic activities—plays a crucial role in crop
production. The timing of planting and other critical farm
operations largely depends on rainfall patterns (Fayose &
Fakorede, 2021a). Climate change is anticipated to impact
agricultural production most severely in tropical and
subtropical regions, with SSA being particularly
vulnerable due to its limited adaptive capacity and multiple
environmental stresses (IPCC, 2013; Yadav et al., 2021).

Evidence of climate change effects has already been
documented in the tropical rainforest regions of Nigeria.
Studies have reported a shortening of the growing season
and rising maximum temperatures in the region (Fakorede
& Akinyemiju, 2003). More recently, Fayose & Fakorede
(2021a) observed an increasing frequency of false rainfall
starts and short-duration droughts during the growing
season in the southwestern rainforest agro-climatic zone.
Furthermore, empirical observations suggest that the
characteristic August dry spell (commonly referred to as
the "August break™), which traditionally separates the early
(March—July) and late (August-November) growing
seasons, has become less distinct in recent years.

The situation was further exacerbated by the COVID-
19 pandemic, which imposed restrictions that severely
affected agricultural production. In 2021, maize production
in Nigeria reached a record low, prompting the government
to resort to grain imports. Consequently, there is an urgent
need to develop strategies to adapt maize production to
climate change and other evolving environmental
challenges. However, a major constraint remains the
scarcity of accurate data on how maize responds to various
climatic variables in SSA, which continues to hinder
precise adaptation measures and limits the potential for
improving maize production.

Several studies have examined the relationship between
climatic factors and maize yield. ljere & Weli (2018)
analyzed temperature and rainfall data alongside maize and
cassava (Manihot esculenta Crantz) yields in Port
Harcourt, a rainforest region in Nigeria, and found that
increased temperatures and erratic rainfall patterns
negatively impacted yields. Similarly, Elisha et al. (2016)
investigated the effects of climate variability on grain crop
production in the Northern Guinea Savanna using farmer-
reported yield data and meteorological records. Their
findings also indicated a significant negative effect of
climate change, particularly rainfall and temperature
variations, on grain yields. In a separate study, Oke (2016)
examined the influence of weather conditions on maize
yield in Warri, another tropical rainforest location, and
found that total rainfall and relative humidity were
positively correlated with grain yield during the grain-
filling stage (61-100 days after sowing) and throughout the
entire  growth cycle (1-100 days after sowing).
Additionally, Akinseye et al. (2013) assessed the impact of
climate variability on maize, millet (Eleusine sp.), and
sorghum (Sorghum bicolor) yields in the Sudano-Sahelian
agro-ecology of Nigeria, revealing that rainfall, relative
humidity, and temperature accounted for 60% of crop yield
variability. Using regression and correlation analyses,
Tunde et al. (2011) reported a strong correlation between
maize production and climatic factors such as rainfall,
humidity, number of rainy days, and temperature in a
Southern Guinea Savanna location. Their study identified

rainfall as the most critical climatic factor influencing crop
production, with a correlation coefficient of r = 0.73. In
Mozambique, Harrison et al. (2011) found that temperature
accelerated maize flowering and pollination failure,
ultimately shortening the crop cycle and reducing grain
yield. Fakorede & Opeke (1985) also reported a significant
negative effect of maximum relative humidity on maize
yield in lle-Ife, while identifying a positive correlation
between sunshine duration and maize productivity.
Similarly, Jong et al. (1982) concluded that solar radiation
was the most influential climatic factor affecting maize
yield in the tropics of Hawaii, with temperature playing a
significant role throughout the crop’s growth cycle.

Despite these findings, many past studies on maize
yield responses to climate are outdated, conducted with
limited climatological instrumentation, or based on data
from a narrow range of environments. Additionally, most
studies primarily analyzed only temperature and rainfall,
often with inadequate statistical methodologies that may
have produced misleading conclusions. Jong et al. (1982)
emphasized that increasing the number of sampled
environments enhances the reliability of results for
predictive and agronomic recommendations. Moreover,
because climatic variables interact in complex ways,
simplistic correlation analyses can vyield misleading
outcomes (Fakorede & Opeke, 1985). To address these
gaps, a more comprehensive approach incorporating
multiple climatic variables and advanced statistical
techniques—such as path coefficient analysis—can help
clarify the interactions between climate and maize yield.

It remains unclear whether maize response to climate
varies by genotype or whether different climatic variables
interact to influence crop growth, development, and final
grain yield. Addressing these knowledge gaps is crucial for
sustaining and increasing maize production to meet the
growing demand despite ongoing environmental
challenges. This study analyzed data from five maize
varieties grown in multiple environments to test two key
hypotheses: (1) climate does not affect maize yield, and (2)
maize responds uniformly to different climatic variables,
particularly under changing climatic conditions. The study
aims to (i) determine how maize yield responds to climate,
(ii) identify the most influential climatic factors for grain
production, and (iii) assess whether maize genotypic
response to climate varies under the natural conditions of
the rainforest agro-ecology of southwestern Nigeria,
specifically in lle-1fe.

Materials and Methods

lle-Ife (Obafemi Awolowo University, Teaching and
Research Farm — OAU TRF), situated in southwestern
Nigeria, represents a marginal rainforest zone
characterized by notable weather variability. Over the
study period, fluctuations in climatic parameters were
evident. In 2016, total global radiation was recorded at
96,675.191 KWm™, slightly exceeding the 93,807.992
KWm™ observed in 2017. Conversely, minimum (22.44°C
in 2016 vs. 24.89°C in 2017) and maximum temperatures
(31.15°C in 2016 vs. 33.38°C in 2017) were lower in 2016.
This temperature difference may be attributed to the
relatively higher total rainfall, minimum relative humidity
(56.53% in 2016 vs. 53.74% in 2017), and average soil
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moisture (0.153 m*m? in 2016 vs. 0.122 m*/m? in 2017)
recorded in 2016 (Table 1). A total of five maize varieties,
comprising four open-pollinated varieties (OPVs) and one
single-cross hybrid, were evaluated using three-replicate
randomized complete block design (Table 2). These
varieties, well-suited to tropical rainforest conditions, have
been commercially released across West and Central
Africa. Sowing was carried out weekly from March to
November in both years. Each sowing date (DOP) was
treated as a distinct environment, though some weeks
experienced  interruptions due to  unavoidable
circumstances. A total of 56 plantings were completed (28
per year), of which 42 DOPs (20 in 2016 and 22 in 2017)
reached maturity and were analyzed for grain yield and
related traits.

Each plot consisted of either four or six rows,
measuring 5 meters in length and spaced 0.75 meters apart,
with an intra-row spacing of 0.5 meters. Land preparation
involved plowing and harrowing before sowing. To
mitigate soil-borne diseases and pest damage, seeds were
treated with Apron® (a fungicide containing
thiamethoxam, mefenoxam (metalaxyl-M), and
difenoconazole). Three seeds were initially planted per hill,
and thinning was carried out at nine days after planting
(DAP) to achieve a final stand of two plants per hill,
translating to an estimated plant population density of
53,333 plants per hectare.

Weed control was achieved through the application of
Primextra®, a pre-emergence herbicide containing atrazine
(2-chloro-4-(ethylamino)-6-isopropylamino-s-triazine)
and alachlor  (N-(methyl-2-methoxy-ethyl)-2-ethyl-8-
methyl-chloroacetanilide), applied at 5 L/ha post-sowing.
Additional weed management was done using paraquat
(N,N’-dimethyl-4,4'-bipyridinium dichloride), a non-

selective contact herbicide, applied at 3 L/ha post-
emergence. Fertilization was carried out immediately after
thinning, with NPK (60 kg each of N, P-Os, and KO per
hectare).

Data collection focused on grain yield, ear number, ear
weight, ear length, ear diameter, kernel row number,
harvest moisture content, and ear aspect rating (EASP).
Grain yield data were standardized to 15% moisture
content. Climatic variables, including minimum and
maximum air temperature, relative humidity (RH), rainfall,
soil moisture (Sm), solar radiation, net radiation, wind
speed, soil temperature at multiple depths (Ts 1-5: 5, 10,
20, 30 and 50 cm respectively.), and soil heat flux, were
monitored using the Automatic Weather Station (AWS) at
the OAU MET Station, operated by the Atmospheric
Physics Research Group.

he experimental plots were located within 100-500
meters of the weather station, with an unobstructed view,
except for the final four environments in 2016, which had
some vegetation cover in between. The specifications of
the weather monitoring sensors were as described by
Fayose et al. (2025). Heat unit accumulation was calculated
daily using minimum and maximum temperature data,
following the equations provided by Abasi et al. (1985).

n

xift + xit
HU = — 10

i=1

Where X;-is the minimum temperature for the day (°C),
Xiis the maximum temperature for the day (°C) (X' =30
if XiH >30°C, Xi" = Xi" if X" < 30°C), and 10°C is the
base temperature.

Table 1. Variation index (V1) of some climatic factors at the OAU T&R Farm in 2016 and 2017.

Climatic factor 2016 2017

Value \Yiii Value Vi
Total global radiation (Wm) 96675191 1463.635 93807992 1420.109
Average global radiation (Wm?) 184.91 0.051 180.61 -0.043
Rainfall (mm) (June-Dec) 783.00 0.131 506.00 -0.090
Total rainfall (mm) - - 675.00 -
Maximum temperature (°C) 31.15 -0.307 33.38 0.318
Minimum temperature (°C) 22.44 -0.546 24.89 0.567
Mean temperature (°C) 25.75 -0.591 28.53 0.614
Maximum relative humidity (%) 94.91 0.981 95.07 0.986
Minimum relative humidity (%) 56.53 0.951 53.74 0.825
Mean relative humidity (%) 82.32 1.061 79.60 0.962
Average soil moisture (m®/m?) (June-Dec) 0.153 0.322 0.122 -0.318
Average soil moisture (m®/m?®) (total) - - 0.117 -

T - Variation index; ¢ - Total values were recorded for total global radiation and rainfall while average values were computed for the other variables

Table 2. Characteristics of five maize varieties evaluated for their response to climatic factors at the Obafemi Awolowo
University Teaching and Research Farm in 2016 and 2017.

Nomenclature Source Characteristics
1 White DT STR SYN1 - IITA, Ibadan White seeded, open pollinated variety, drought
TZL Comp. 1-W tolerant, late intermediate maturity
2 TZL Comp.4DT F, IITA, Ibadan White seeded, open pollinated variety, drought
tolerant, late intermediate maturity
3 TZL Comp. 1 IITA, Ibadan White seeded, open pollinated variety, drought
C6/DTSYN1W tolerant, late intermediate maturity
4 ACR 94 TZE Comp 5 C3 IITA, Ibadan White seeded, open pollinated variety, early maturity
5 Oba Super 1 Premier Seeds Zaria White seeded, hybrid, late intermediate maturity
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Variation index, VI was also computed to determine the
level of variation in climatic variables between the two
experimental years as follows:

X—X

VI =
SD

Where VI = variation index, X = mean of individual
year, X and SD = mean and standard deviation of 2016 and
2017 combined.

A variance analysis for a mixed model was performed
on all data using the PROC GLM procedure in the
Statistical Analysis System (SAS, 2000). In this analysis,
variety was treated as a fixed factor, while environment and
its interaction with variety were considered random
factors. The linear additive model used for ANOVA was:
Yik=p + oi + Bji) + A + ok + Eijks in which Yiik is the
observed measurement of the k™ genotype grown in the j®
rep under the i environment; p is the grand mean; o is the
main effect of the i environment, i=1,2,....., 42; Bj is the
effect of the j™ replication nested within the it
environment, j=1,2,3; % is the effect of the k™" genotype,
k=1,2,....5; ol is the first order interaction of the i
environment with the ki genotype, and ey is the random
error (residual) term.

In addition to variance analysis, correlation, stepwise
multiple regression, and sequential path analyses were
performed on all data. Correlation analysis (based on
Pearson’s correlation coefficient, r) was used to evaluate
the presence (r significantly different from zero) or absence
(r = 0) of relationships between climatic variables and the
grain yield of the five maize varieties. The strength of these
relationships was determined by r-values approaching -1
or +1, while the direction was indicated by positive (r > 0,
direct relationship) or negative (r <0, inverse relationship)
coefficients. Stepwise multiple regression analysis was
conducted to quantify the contribution of each climatic
variable to grain yield. The regression coefficients (b-
values) and coefficients of determination (R? values) were
used to estimate the magnitude of these effects.

The multiple regression model used was:

Y =a+ b Xy +bXo+ ... +b X,
In this model, Y is the dependent variable or grain yield

in this case; a is the intercept of the regression model; b1,
by, ..., bn are slopes or regression coefficients. The b-values

indicate the level of change that was observed in Y given a
unit change in X. Xi, Xz, ..., X, are the independent
variables (climatic variable) explaining the change in Y
(grain yield).

Path analysis, an extension of multiple regression, was
conducted alongside sequential path diagrams to elucidate
the cause-and-effect relationships between grain yield and
climatic variables. Stepwise multiple regression analysis
was performed using SPSS (2007) following the
procedures of Mohammadi et al. (2003), Badu-Apraku et
al. (2014), and Talabi et al. (2017). Predictor variables
(weather factors) were categorized into first, second, and
third-order variables based on their contributions to grain
yield variation while minimizing multicollinearity. First-
order variables were identified through stepwise regression
at P <0.05, and subsequent regressions determined second-
and third-order variables. Path coefficients were derived
from standardized regression coefficients and tested for
significance at P < 0.05, retaining only significant variables
at each order. This analysis distinguished climatic
variables with direct and indirect effects on grain yield.

Results

Apart from ear diameter (ED), all traits were
significantly affected by the environment. Maize genotypic
response to the environment was also observed, as shown
by the statistically significant variety x environment
interaction for yield and its components except ED and
kernel row number (KRN, Table 3). Coefficient of
variation and R? values for grain yield was about 31% and
85%, respectively. Surprisingly, CV in ED (36%) was
comparable to that of grain yield, though, slightly higher,
but CV in ear length (EL = 10%) was considerably lower.
Both ED and EL had comparable R? values (about 75 and
76% for ED and EL, respectively). The low CV (6%) for
KRN was accompanied by low R? value (60%). Mean
values for grain yield in Table 4 showed that even though
environments 1, 2, 29, 31 and 32 (planted early) were
among the top performers, their yield was comparable to
those of environments 7, 11, 44 e.t.c., planted much later
in the season. Combined regression analysis for both years
revealed higher average yield in March and a steady
decline in subsequent months until July when yield picked
up, declining again in September sowings (Figure 1). Grain
yield was highest in Var 5 and Var 4 and lowest in Var 1
and Var 3 (Table 5).

Table 3. ANOVA Mean squares of grain yield and yield components of OPVs and hybrid maize observed in this study.

Source DF EW Y Ear number Other yield components

Source DF Meansquares DF EL ED KRN
Env (E) 41 8.27*** 7.61*** Env(E) 39 411.349%** 40 23.084*** 50.795*** 3.263***
Rep/Env 84 0.57*** (0.49*** Rep/Env 80 32.517** 82 1.981 3.646 0.737
Variety(V) | 4  5.97*** 4.76*** Variety(V) 4 572.832*** 4 23.415%** 4.309 10.042%**
ExV 164 0.51*** (.45%** ExV 156  65.614*** 160 2.653*** 2.397 0.774
Error 336 0.25 0.22 Error 320 21.468 328 1.525 2.824 0.642
Total 629 0.92 0.83 Total 599 63.507 614 3.427 5.957 0.921
CV,% 31.09 30.67 CV,% 23.057 10.076 36.430 6.010
R? 0.85 0.86 R? 0.819 0.76 0.747 0.628

* *x xk%_ [ statistic significant at 5%, 1% and 0.1% level of probability, respectively; CV- Coefficient of variation; R%- Coefficient of determination;
+ KRN = kernel row number; EW: Ear weight, kg; Y: Yield t/ha; EL: Ear length, cm; ED: Ear diameter, cm
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Table 4. Yield components and grain yield performance of OPVs and hybrid maize observed in this study.

Grain yield, t/ha | EL, cm ED, cm KRN

ENVF | Mean ENV Mean ENV Mean ENV Mean
Top ten
1 3.93 1 15.76 1 14.95 1 14.59
29 3.22 44 14.31 2 8.68 31 14.24
2 3.18 29 13.80 17 6.35 7 14.03
32 2.39 16 13.65 29 4.55 33 13.85
31 2.26 32 13.51 32 4.55 49 13.83
11 2.10 43 13.49 12 4.51 2 13.75
18 1.98 19 13.19 11 4.51 32 13.69
19 1.97 15 13.13 9 4.46 44 13.68
7 1.91 11 13.12 10 4.46 20 13.67
44 1.87 7 13.11 7 4.46 12 13.67
Bottom ten

5 0.96 8 11.39 45 4.02 35 13.02
34 0.95 42 11.15 40 4.00 46 12.99
39 0.94 20 10.81 34 4.00 47 12.88
3 0.90 36 10.69 46 3.98 50 12.88
40 0.88 50 10.69 48 3.96 8 12.87
38 0.86 41 10.53 49 3.91 39 12.84
8 0.84 39 10.30 36 3.89 42 12.75
37 0.77 40 10.24 37 3.89 36 12.72
4 0.70 38 10.21 20 3.87 40 12.55
50 0.42 37 9.97 50 3.53 41 12.12
LSD o.05 0.33 0.89 1.21 0.58

LSD - Least significant difference; T- ENV = environment, EL = ear length, ED = ear diameter, KRN = kernel row number

45

401 e ¥ C=-3E-06x3 + 0.0009x2 - 0.0993x + 4.3412

R2 = (0.4498
3,5 .
* o YQ=0.0001x2 - 0.0278x + 2.7663

3,0 R2=0.2302
43
&
= A
=25 . YL =-0.0028x + 1.8037
3 * R2=0.0514
220 .
3
15

1,0

05

0,0

10 30 50 70 90 110 130 150 170 190 210

Days from March 1

Figure 1. Regression of grain yield of OPVs and hybrid maize on 42 environments at Ife in the sowing seasons of 2016 and 2017.

Yield had significant positive correlations with soil
temperatures (r = 0.38*, 0.39*, 0.39* and 0.40* for Ts1,
Ts3, Ts4 and TS5, respectively; Table 6). Furthermore,
yield and KRN would increase with increased total and
average global radiations (P <0.01). Similarly, the number
of ears harvested per plot had significant positive
correlations with total global radiation (r = 0.43*) and
average global radiation (r = 0.66**); EPPL was also
significantly influenced by soil temperatures (P <0.01) and
the heat movement in the soil as indicated by its positive

correlations with soil temperatures and negative
correlation with SHF (r = -0.52**); it also had significant
negative correlations with minimum temperature and
minimum RH (P < 0.05). The association of soil
temperature with KRN was fairly strong because of the
high level of significance observed in their correlations (r
=0.52 to 0.54; P <0.01). Ear lenght had a low correlation
(r = 0.37*) with average global radiation, and ED had a
moderate positive correlation (0.42*) with Sm (Table 6).
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Table 5. Mean separation for yield components and grain yield of OPVs and hybrid maize observed in this study.

Yield t/haf EL, cm ED, cm KRN

Variety? Mean Variety Mean Variety Mean Variety Mean
5 1.74 4 12.85 4 4.93 3 13.65

4 1.67 5 12.56 5 4.58 1 13.42

2 1.55 2 12.06 1 4.58 5 13.37

1 1.33 1 12.02 2 4.52 2 13.35

3 1.31 3 11.78 3 4.45 4 12.87
0.115 0.309 0.422 0.201

LSD — Least significant difference; T - See Table 3; ¢ - Var 1 = Obasuper 1, Var 2 = White DT STR SYN1.- TZL Comp. 1- W, Var 3=ACR 94 TZE
Comp 5 Cs, Var 4 =TZL Comp. 4 DT F,, Var 5=TZL Comp. 1 C6/DT -~ SYN -1 - W.

Table 6. Correlated relationships of some yield components and grain yield of OPVs and hybrid maize with climatic

variables monitored in this study.

ELT ED KRN EPPL Ear wt Yield, t/ha
Soil temperature 1, °C ¢ 0.33 0.21 0.54** 0.68** 0.37* 0.38*
Soil temperature 2, °C 0.31 0.13 0.52** 0.66** 0.32 0.33
Soil temperature 3, °C 0.31 0.16 0.54** 0.66** 0.37* 0.39*
Soil temperature 4, °C 0.29 0.16 0.54** 0.65** 0.38* 0.39*
Soil temperature 5, °C 0.27 0.16 0.54** 0.62** 0.40* 0.40*
Soil heat flux, w/m?2 -0.24 -0.3 -0.25 -0.52** -0.16 -0.18
Soil moisture, m3/m?3 0.01 0.42* -0.02 0.09 0.10 0.12
Rainfall, mm -0.2 0.22 -0.08 -0.10 0.16 0.15
Wind speed, m/s -0.04 0.35 0.14 0.31 0.20 0.20
Mean air temperature, °C -0.09 -0.33 -0.09 -0.32 -0.06 -0.08
Minimum temperature, °C -0.2 -0.34 -0.21 -0.46* -0.14 -0.16
Maximum temperature, °C -0.01 -0.29 0.02 -0.13 0.02 0.00
Heat unit -0.11 -0.23 -0.15 0.33 0.10 0.08
Mean relative humidity, % -0.03 0.33 -0.1 0.00 0.00 0.01
Minimum humidity, % -0.29 0.07 -0.39* -0.46* -0.18 -0.19
Maximum humidiy, % 0.27 0.32 0.15 0.32 0.13 0.15
Net radiation, w/m? 0.04 0.02 0.18 -0.10 0.29 0.28
Mean radiation, w/m? 0.37* 0.23 0.58** 0.62** 0.47** 0.47**
Total radiation, w/m? 0.34 0.15 0.47** 0.43* 0.58** 0.59**

***. Significance at 0.05 and 0.01 level of probability, respectively; t- EL = ear lenght (cm), ED = ear diameter (cm), KRN = kernel row number,
EPPL = Ears per plot, Ear_wt = ear weight (kg); ¢ - Soil temperatures at different depths (2cm, 5cm, 10 cm, 20cm and 50cm for 1, 2, 3, 4, and 5,

respectively).

Stepwise multiple regression picked total global
radiation as the only climatic variable that interacted
significantly with yield, while soil temperature and average
global radiation significantly influenced EPPL and KRN,
respectively. The simple linear regression of yield on total
global radiation produced the prediction: ¥ = 0.0000002X
— 1.66 (R? = 0.34). Other prediction equations are Y =
5.26X — 127.74 (R? = 0.43) for EPPL on soil temperature
at 10 cm depth, and Y = 10.61 + 0.02X (R2 = 0.34) for KRN
on average global radiation. The sequential path coefficient
analysis, following stepwise multiple regression, revealed
a strong indirect effect of HU (p = 0.960) on yield via total
global radiation which had a modest direct effect (p =
0.586) on yield (Figure 2). Minimum temperature (p = -
0.396) and maximum RH (p = 0.128) also had indirect but
low effects on yield via total global radiation. However, the
result showed that the effect of Sm on yield was
inconsequential as it proved to be a third order variable
with a negligible direct effect on minimum temperature.
Soil temperature and total global radiation were the
secondary variables that influenced KRN via average
global radiation.

Grain yield in Vars 1 and 2 showed similar response to
soil temperature at five levels (P < 0.01); Var 3 showed a
weaker correlation (P < 0.05), but Vars 4 and 5 showed no
significant response to soil temperature (Table 7). As
expected windspeed had no significant influence on yield,
except, surprisingly, in Var 1. Total global radiation would
increase yield strongly in Vars 1, 2 and 5 (P < 0.01), but
weakly in Vars 3 and 4 (P <0.05). Average global radiation
would also strongly increase yield in Vars 1, 2 and 3; it
would cause a smaller increase in yield in Var 5 but had no
effect on the grain yield of Var 4, a drough tolerant, late
maturing variety. Equations a — e [(a) -3.10 + 0.0000002X;
- 0.030X; (R? = 0.52); (b) -2.24 + 0.021X (R? = 0.30); (c)
-1.58 + 0.017X (R? = 0.22); (d) 33.22 + 0.0000003X; —
3.40X; + 2.02X3 (R? = 0.54); (e) -1.99 + 0.0000001X (R?
= 0.34)] resulted from the stepwise multiple regression of
grain yield of each of the five varieties on the climatic
variables. In Equation A (Var 1), X1 and X; are total global
radiation and SHF; X in Equations B and C is average
global radiation for each of Vars 2 and 3; X1, Xz and Xz in
Equation D (Var 4) are total global radiation, TS5 and TS1,
respectively; while X in Equation E (Var 5) is total global
radiation.
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Figure 2. Sequential path-coefficient analysis diagram of climatic variables influencing grain yield. Arrows in single
direction indicates direct effects while double edged arrows are correlation coefficients.

Table 7. Correlated relationships of grain yield of OPVs and hybrid maize with climatic variables monitored in this study

Variety 17 Variety 2 Variety 3 Variety 4 Variety 5
Soil temperature 1,°C ¢ 0.47** 0.48** 0.41* 0.03 0.27
Soil temperature 2,°C 0.41* 0.43* 0.41* -0.01 0.23
Soil temperature 3,°C 0.47** 0.47** 0.42* 0.02 0.28
Soil temperature 4,°C 0.49** 0.48** 0.42* 0.02 0.30
Soil temperature 5,°C 0.51** 0.48** 0.42* 0.03 0.32
Soil heat flux, w/m? -0.25 -0.28 -0.14 -0.05 -0.07
Soil moisture, m3/m?3 0.23 0.13 -0.11 0.16 0.09
Rainfall, mm 0.28 0.09 -0.13 0.18 0.22
Wind speed, m/s 0.39* 0.24 0.02 0.05 0.17
Mean air temperature,°C -0.16 -0.15 0.03 -0.05 -0.004
Minimum temperature,°C -0.24 -0.25 -0.09 -0.06 -0.06
Maximum temperature,°C -0.05 -0.05 0.12 -0.05 0.03
Heat unit 0.04 -0.07 -0.04 0.24 0.20
Mean relative humidity, % 0.06 0.03 -0.17 0.12 -0.005
Minimum humidity, % -0.18 -0.25 -0.36 0.06 -0.11
Maximum humidiy, % 0.13 0.21 0.08 0.18 0.09
Net radiation, w/m? 0.33 0.20 0.14 0.19 0.34
Mean radiation, w/m? 0.55** 0.54** 0.47** 0.12 0.39*
Total radiation, w/m? 0.64** 0.54** 0.43* 0.38* 0.59**

***_ Significance at 0.05 and 0.01 level of probability, respectively; T - See Table 4; ¢ - Soil temperatures at different depths (2cm, 5cm, 10 cm, 20cm

and 50cm for 1, 2, 3, 4, and 5, respectively).

Discussion

The main objective of this study was to investigate the
response of maize yield to climatic factors, and the results
prove that maize responds highly to different environments
and indeed, climate. The climate is an important factor of
the environment, the effect of which cannot be
overemphasized. It varies widely from one environment to
another and accounts for most of the variations observed
between environments. Climate has profound effects on
the biotic and abiotic factors of the environment; animal
distribution and microorganism dynamics, plant life cycle
and processes leading to soil formation, including
processes taking place within the soil are all dependent on
climate (Hayward & Oguntoyinbo, 1987). It is not

surprising therefore, that the impacts of climate change are
being felt in virtually all countries of the world, albeit, to
different extents depending on the adaptive capabilities and
coping strategies of each nation (IPCC, 2022). In this
study, climatic factors varied widely among the
environments and between the two years as observed in
Table 1. The high level of correlations observed between
grain yield along with its components, and climatic factors
further reinforce this position. Grain yield had a fairly
strong positive correlation with solar radiation in addition
to its rather low correlation coefficients with soil
temperatures. This might be a result of the role sunshine
plays in maize plant nutrition. Physiologically, maize is a
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C4 plant (O’Keeffe, 2009), it belongs to a group of plants
commonly referred to as the sun-lovers. Consequently, it
uses carbon dioxide, solar radiation, water, and nitrogen
more efficiently than Cs species during photosynthesis. Its
origination from the tropics also suggests that it possesses
a good level of tolerance to heat which is driven by solar
radiation. Plants with the Cs mechanism carry out
photosynthesis faster under high light intensity and high
temperatures (Tripathi et al., 2011). Fakorede & Opeke
(1985) found a significant negative effect of maximum
relative humidity; and consistently significant positive
correlation of sunshine hour with maize yield at lle-Ife. In
another study, Fakorede (2004) found relative humidity to
be more important than rainfall in determining maize yield
at the same location. The study argued that rainfall only
becomes important when drought happens forcing soil
moisture to drop below a threshold. However, Akinseye et
al. (2013) found a negative correlation of grain yield with
sunshine hours in Bauchi (a Sudano-Sahelian location in
Northern Nigeria). They also found a negative influence of
rainfall on maize yield in June and September. Oke (2016),
on the other hand, found a significant positive correlation
of grain yield with total rainfall and mean relative humidity
in Warri, a tropical rainforest location. When investigating
climate effects on crops, it is better to use several weather
variables as well as multiple statistical tests to avoid
spurious results. This is because of the complex
interactions constantly taking happening among the several
factors of climate. Results from the aforementioned studies
involved few climatic variables, although Akinseye et al.
(2013) used regression as well as correlation analysis. Jong
et al. (1982) monitored 41 sowings of maize over a 44-
month period and found solar radiation as the single most
influential climatic factor favouring grain yield and yield
components in Hawaii, USA. The study included a sample
size large enough, an important prerequisite for studies
involving climatic factors, to arrive at a far-reaching
conclusion, unfortunately, only two weather variables
(solar radiation and temperature) were analyzed in their
study. The shortcomings in the earlier studies, that is, few
sample size or inadequate statistical analyses or both,
necessitated a more comprehensive study to discover new
facts, or to confirm or refute existing information on this
subject matter, hence the present study.

Stepwise multiple regression suggests total global
radiation as the single most important factor for yield
prediction. A unit increase in total solar radiation in Wm-
brought about a 0.0000002 t/ha vyield increase. This
seemingly negligible effect of solar radiation on yield
could be of immense importance, given the huge amount
that solar radiation could reach at its peak, per day,
especially when the atmosphere is clear due to less cloud
cover, which allows maximum solar radiation to reach the
surface. However, the R? of the prediction equation
revealed that only about 34% of the total variation was
explained by the regression model. That proportion, though
seemingly low, is reasonable because of the fact that yield
is controlled by a lot of factors, genetic and environmental,
of which climate is but one environmental factor that could
significantly affect yield. Furthermore, other climatic
variables are still important in determining yield even if
they did not show statistical significance in this study. For
instance, temperature, soil moisture, and consequently,

rainfall are important in determining the final yield output
of most crops, including maize. In addition, events that
occur at critical points in the life cycle of the crop are
equally important. It has been established that moisture
availability is a critical condition at flowering. Hence,
significant yield loss occurs even at flowering when
moisture drops below a threshold. Incidences of diseases
and pests, along with poor agronomic practices are other
factors that could influence yield. Fitting the regression
model from linear up to quartic also did not increase the R?
value. Therefore, the low R? value may be indicative of a
lot of other factors responsible and probably interacting to
influence maize grain yield, but were not assayed in this
study. The results also corroborate the findings of studies
by Fakorede (1985) and Fayose & Fakorede (2020a) that
sowing maize with the first few showers of rain in
March/early April for the early season, and Mid-August for
the late season resulted in the highest yield performance.
At lle-Ife, as in other tropical rainforest locations, these are
indeed periods with low cloud cover and clear skies, that
allow high amounts of solar radiation to reach the surface.
The results also agree with the results of the study by Jong
et al. (1982) that found solar radiation, is the single most
important factor explaining vyield at the Waimanalo
Research Station in Hawaii, a tropical location in the US.
Regression analysis also showed that increased average
global radiation would increase the kernel row number,
KRN, while increased soil temperature increased the
number of ears produced per plot. Ear weight is the major
determinant of maize grain yield while KRN and EPPL are
key contributors. It seems logical, therefore, that one of the
traits (KRN) is also influenced by a radiation variable even
if it is not exactly the same as yield (i.e total radiation for
grain yield and average radiation for KRN). However, the
reason for the slight difference is unclear, perhaps, the fact
that not all the spectral regions of solar radiation are useful
for crop physiological processes would explain that result.
For instance, formative processes, photosynthesis, and
photostimulus processes within a plant could favour one
wavelength range over another. Furthermore, yield is a
more complex trait with several factors influencing its
expression. Correlation and regression analyses identified
total solar radiation as the most important factor
determining yield. Path coefficient analysis revealed that
soil heat flux directly influenced the heat unit, while soil
temperature strongly influenced average radiation at the
tertiary level. Both variables had strong direct influences
on total radiation which was the only climatic variable with
a fairly strong, positive direct effect on grain yield. All the
interactions were positive. This suggests that optimum
temperature, particularly soil temperature, and heat
transfer are important for good yield output in addition to
total radiation which is the most important factor. It is also
noteworthy, that these climatic variables are largely driven
by solar radiation with interaction from other variables
such as rainfall and wind speed along with its direction.
Yield components were also affected by the interaction of
climatic variables. At the tertiary level, soil moisture and
heat unit influenced total radiation fairly strongly. Total
radiation at the secondary level exerted a relatively weak
(p = 0.37) effect on average radiation, which was the only
variable with a direct effect (p = 0.59) on KRN. The effect
of soil temperature (p = 0.72) at the secondary level was,
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however, far more pronounced on average radiation.
Therefore, it could be inferred that soil temperature, total
radiation, soil moisture, and heat unit are positively
interacting to variable extents to modulate the effect of
average radiation on KRN. In addition, although its direct
effect on average radiation was relatively low, this result
may further highlight the importance of total radiation for
grain yield because KRN contributes to ear weight which
is an important variable in yield determination. Perhaps,
another reason for the relatively low R? of total solar
radiation on yield is the fact that it influences yield
indirectly in a number of ways too, giving rise to a
relationship that is not strictly linear.

Statistically significant ExV interaction occurred for all
traits in this study implying that climate had a huge effect
on the growth and development of different maize varieties
at this location typifying the rainforest agro-climatology of
Southwest Nigeria. The significant ExV effect for almost
all traits in this study indicates that the yield in the different
maize varieties responded differently to the different
climatic conditions. Results from correlation analysis of
each of the five varieties with climatic variables
corroborate results from the ANOVA. Oba Super 1 is a
hybrid while White DT STR SYN1.- TZL Comp. 1- W,
ACR 94 TZE Comp 5 C3z, TZL Comp. 4 DT F,, and TZL
Comp. 1 C6/DT — SYN — 1 — W are open-pollinated
varieties (OPV). Oba Super 1, White DT STR SYNL1.- TZL
Comp. 1- W, TZL Comp. 4 DT F,, and TZL Comp. 1
C6/DT — SYN — 1 — W belong to the late maturity group
while ACR 94 TZE Comp 5 Cs is an early material. Also,
White DT STR SYN1.- TZL Comp. 1- W, ACR 94 TZE
Comp 5 C3, and TZL Comp. 1 C6/DT —SYN -1 - W are
drought tolerant materials although ACR 94 TZE Comp 5
Cs has a drought escape tendency due to its early maturity,
but Oba Super 1 does not have any of the mentioned
mechanisms. Even though there were noticeable
differences in the yield response of each of the five
varieties to some of the climatic variables, there was no
definite trend in the general response of each of the
maturity groups (early, intermediate-late, and hybrid) used
in this study, to the climatic factors. It could be inferred,
however, that there was maize genotypic yield response to
the climatic factors analyzed in this study even though
further studies must be conducted to accurately quantify
maize genotypic crop response to climate.

Conclusions

Solar radiation emerged as the most influential climatic
factor driving maize grain yield in the rainforest agro-
ecology of Southwestern Nigeria. To optimize yield, maize
should be planted during periods of clear skies and minimal
cloud cover to maximize solar radiation interception. The
response of maize yield to climatic variables is strongly
genotype-dependent and shaped by complex interactions
among temperature, humidity, and radiation..
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