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Abstract

The experiment was carried out to determine the effects of heat stress on some growth parameters like shoot height, leaf area, fresh 
weight, dry weight as well as the accumulation of chlorophylls in Carica papaya. Seedlings of C. papaya were exposed to prior heat stress 
at 40 oC. A group of plants was placed in a Gallenkamp oven for four hours; another group of plants was placed in the oven for eight hours 
while the third group of plants was placed in a dark cupboard for the period of eight hours. Sampling was carried out at weekly intervals 
starting from seven days after treatment. Plants were randomly picked from each of the three treatments. Three replicates were used 
for each parameter. The results obtained from the study showed that there was an increment in the shoot height, leaf area, fresh weight 
and dry weight from the beginning to the end of the experimental period. However, the accumulation of chlorophylls did not follow a 
particular pattern.  The analysis of variance carried out on the data obtained showed that heat stress had a significant effect on the petiole 
length, shoot height, leaf length, leaf width, leaf area, fresh weight and dry weight. Heat stress, however, did not produce a significant 
effect on the accumulation of chlorophylls a and b and total chlorophyll.
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Introduction

Heat stress is often defined as the rise in temperature 
beyond a threshold level for a period of time sufficient to 
cause irreversible damage to plant growth and develop-
ment. It is a complex function of intensity (temperature 
in degrees), duration and rate of increase in temperature. 
In tropical climates, excess of radiation and high tempera-
tures are often the most limiting factors affecting plant 
growth and final crop yield. High temperatures can cause 
considerable pre- and post-harvest damages, including 
scorching of leaves and twigs, sunburns on leaves, branches 
and stems, leaf senescence and abscission, shoot and root 
growth inhibition, fruit discoloration and damage, and re-
duced yield (Guilioni et al., 1997; Ismail and Hall, 1999; 
Vollenweider and Gunthardt-Goerg, 2005). Similarly, in 
temperate regions, heat stress has been reported as one of 
the most important causes of reduction in yield and dry 
matter production in many crops (Giaveno and Ferrero, 
2003).

In many crop plants, early maturation is closely cor-
related with smaller yield losses under high temperatures, 
which may be attributed to the engagement of an escape 
mechanism (Adams et al., 2001). Plant’s immobility limits 
the range of their behavioral responses to environmental 
cues and places a strong emphasis on cellular and physi-
ological mechanisms of adaptation and protection. Also, 

plants may experience different types of stress at different 
developmental stages and their mechanisms of response to 
stress may vary in different tissues (Queitsch et al., 2000).

The pawpaw plant is a native of South America, where 
it was cultivated since Pre-Columbian times and It be-
longs to a small family of only four general and 27-30 spe-
cies; the famous of which is C. papaya which has its center 
of diversification in the lowlands of Central America and 
southern Mexico, possibly the West Indies (Caribbean) 
(Crane, 2005). The ripe fruits are rich in vitamins A, B and 
C. papaya (Carica papaya L.) is herbaceous, but its stat-
ure is not that of a typical herbaceous plant. Papaya plants 
may reach heights of 9 m, and are thus described as giant 
herbs (Maloand Campbell, 1986). The plants have a rapid 
growth rate, are usually short-lived, but can produce fruit 
for more than 20 years (Malo and Campbell, 1986). Com-
mercial papaya cultivation is restricted to tropical and 
subtropical areas due to chilling damage at temperatures 
above freezing (Yadava et al., 1990). Understanding the 
interaction of papaya with environmental factors such as 
light, wind, temperature, relative humidity, soil water, and 
soil physical and biological characteristics, is necessary to 
maximize yield and quality limiting effects of these factors 
on the photosynthetic process. Knowledge of how papaya 
responds to environmental factors provides a scientific 
basis for the development of management strategies to 
optimize fruit yield and quality (Schaffer and Anderson, 
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randomly picked from each of the three treatments. Three 
replicates were used for each parameter. Metric rule was 
used to measure the following parameters: shoot height; 
leaf length and width; petiole length. Leaf area was calcu-
lated using the formula of Hoyt and Brand (1962) as A= 
LxWx0.75, where: A= Area of the leaf in cm2; L= Length 
of the leaf in cm; W= Width of the leaf and 0.75 is a cor-
rection factor used in correcting for the shape of the leaf. 
For the fresh weight determination, plants were carefully 
uprooted and the soil attached to the roots washed off 
with tap water. The fresh weight was then determined on 
the Mettler Toledo PB 153 digital balance after which it 
was dried in a Gallenkamp drying oven  until a constant 
weight was achieved. After cooling, the dry weight was de-
termined. In order to extract the chlorophyll, 80% acetone 
was used and the optical density of the extracted chloro-
phyll pigments was determined on a CAMSPEL visible 
linear readout spectrophotometer at 647 nm and 664 nm 
wave lengths, respectively. Chlorophyll a, Chlorophyll b 
and total Chlorophyll were later determined using the for-
mula by Coombs et al. (1985):

Chl a= 13.19A664 -2.57A647
Chl b= 22.1A647 - 5.26A664
Total chlorophyll = 7.93A664+ 19.53A647.
The data obtained from the study were first tested be-

tween normality and assumption of constant variance. A 
one-way analysis of variance (ANOVA) was carried out 
considering the factor (Heat ) as source of variation to in-
vestigate the effects 4 hours of prior heat stress, 8 hours of 
prior heat stress and no prior heat stress(control) on the 
parameters studied. The data obtained was also subjected 
to Duncan multiple range test to separate the means at 
probability level of 0.05.

Result

The shoot height of the pawpaw plants under the dif-
ferent heat treatments is shown in Fig. 1. There was an 
increment in the shoot height in all the treatments from 
the beginning to the end of the experimental period. The 
shoot heights of the plants in all the treatments were ap-
proximately equal throughout the experimental period. 

Fig. 1. Effect of prior heat stress on the shoot height of C. pa-
paya

1994). Concern about temperature increases on a global 
level has sparked research in quantifying plant responses 
to heat stress. This has become of particular interest to a 
wide range of scientists and disciplines as evidence sug-
gests that increased temperatures such as that associated 
with global warming will have widespread adverse effects 
on species diversity (Davis et al., 1998), food-web and eco-
system structuring (Cao and Woodward, 1998), dominant 
vegetation (Harte and Shaw, 1995), plant physiology and 
development (Sato et al., 2000) climate (McCarty, 2001), 
and phenology (Menzel and Fabian, 1999). The objectives 
of this research work are therefore to determine the effects 
of prior heat stress on some growth parameters of C. pa-
paya and also to study the response of photosynthetic pig-
ments of the plants to prior heat stress.

Materials and methods

This work was carried out at the Department of Bota-
ny, Obafemi Awolowo University Ile Ife, Osun State, Ni-
geria. Topsoil was collected from the Campus of Obafemi 
Awolowo University Ile Ife. The soil sample was thor-
oughly mixed to obtain homogeneity. It was later sieved 
to remove the particles other than soil. The soil was later 
soaked in 1N HCl to kill the germs that might be present. 
At the end of this, the acid was drained and the soil washed 
with tap water and later distilled water until the pH of the 
decantable water was between 6 and 7. Three wooden pots 
of approximately 30 cm x 30 cm were filled with soil. The 
seeds of C. papaya were sown at the rate of two hundred 
seeds per wooden pot at a depth of about 1 cm. After the 
seed had been sown, each pot was supplied with 250 ml 
of water to soak the soil before the periodic watering with 
250 ml of water twice daily. The seedlings were allowed 
to grow outdoor before they were incubated. The three 
pots were divided into three regimes. The seedlings were 
incubated four weeks after germination in the Gallen-
kamp illuminated cooled incubator. The first regime was 
incubated for four hours while the second was incubated 
for eight hours. The control regime was kept in a dark cup-
board throughout the period of incubation. At the end 
of the incubation period, all the three wooden pots were 
transferred outdoor. Sixty plastic pots were filled with the 
topsoil. Holes were bored at the base of each plastic pot 
to ensure drainage of excess water. The pots were divided 
into three regimes. Each of the regimes had twenty pots. 
The incubated plants as well as the controlled plants were 
then transplanted at the rate of three seedlings per plastic 
pot. The sixty plastic pots were then arranged according 
to their respective treatments. The twenty pots for each 
treatment were divided into two rows of ten pots. The first 
ten pots were used for physical measurements while the 
second ten pots were used for destructive analysis i.e. de-
termination of fresh and dry weight as well as chlorophyll 
determination. Sampling was carried out at weekly inter-
vals starting from seven days after treatment. Plants were 
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The results of the ANOVA analysis showed that there 
was no significant effect of prior heat stress on the shoot 
height of the C. papaya (p<0.05)(Tab. 1). The leaf area of 
the plants is shown in Fig. 2. 

Fig. 2.  Effect of prior heat stress on the leaf area of C. papaya

The leaf areas of the plants in the three treatments were 
approximately equal throughout the experimental period. 
The leaf area increased gradually throughout the experi-
mental period. The control plants recorded the highest 
leaf area at the end of the experimental period, while the 
leaf area of both the 4 hours and 8 hours plants were ap-
proximately equal. There was no significant difference of 
prior heat on the leaf area (p>0.05).The fresh weight and 
dry weight of plants under different heat treatments are 
shown in Fig. 3 and 4 respectively. Both the fresh and dry 
weight were observed to follow the same patterns. For a 
greater part of the experimental period, the control plants 
were observed to record the highest fresh and dry weights. 
At the end of the experiment, the plants that were stressed 
for 8 hours were observed to record the highest fresh and 
dry weights followed by the control plants, while the 
plants that were stressed for 8 hours recorded the lowest 
fresh and dry weight. The results of the ANOVA analy-
sis showed that there was a significant difference between 
the control plants and the stressed plants. It however 
showed that there was no significant difference between 
the stressed plants (4 hours and 8 hours).

Fig. 3. Effect of prior heat stress on the fresh weight of C. pa-
paya

Fig. 4. Effect of prior heat stress on the dry weight of C. papaya

The accumulation of chlorophylls a, b and total chlo-
rophyll in the plants did not follow a particular trend as 
can be seen in Figs. 5, 6 and 7. The results of the ANOVA 
analysis showed that there was no significant difference in 
chlorophylls a, b and total chlorophyll in the different heat 
treatments. 

Fig. 5. Effect of prior heat stress on the accumulation of chloro-
phyll a in C. papaya

Fig. 6. Effect of prior heat stress on the accumulation of chloro-
phyll b in C. papaya
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This higher dry weight of the control plants compared 
to the stressed plants is also in agreement with the findings 
of Ashraf and Hafeez, 2004. High temperatures caused 
significant declines in shoot dry mass, relative growth rate 
and net assimilation rate in maize, pearl millet and sugar-
cane (Wahid, 2007)

Since there was no significant difference in the chlo-
rophyll a, chlorophyll b and total chlorophyll content of 
both the stressed and control plants, it can be said to be 
in contrary to the work of previous workers such as Yi-
wei and Bingru (2001) who reported that turf quality, leaf 
relative water content and chlorophyll content decreased 
with prolonged drought, heat  and combined stresses for 
both species of Festuca arundinacea and Poa pratensis, but 
this severity of decline varied with stress type and dura-
tion. The higher chlorophyll a, chlorophyll b and total 
chlorophyll content of the plants at the early part of the 
experiment can be attributed to the fact that the other 
treatments were trying to adjust to the initial heat stress 
at that stage.

Conclusion

Prior heat stress caused an increase in the shoot height, 
leaf area, fresh weight and dry weight from the beginning 
to the end of the experimental period. However, the accu-
mulation of chlorophylls did not follow a particular pat-
tern.
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