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Abstract 
 
Papaya (Carica papaya L.) is one of the main horticultural crops of many tropical and subtropical regions. The fruit is sold either as a 
fresh product or processed into drinks, jams, candies, dried and crystallized fruit, while the enzyme papain is used for medicinal 
purposes. Papaya fruits have high vitamins A and C contents, as well as are good sources of calcium. Brazil is one of the most 
important producers and exporters of papaya in the world; in 2016 c.a., 1,424,650 tons of papaya was produced in 30,372 hectares 
of the territory. Optimum light absorption and utilization by the canopy are important factors for maximizing papaya crop growth 
and productivity. Thus, knowing how papaya responds to light is important to develop management strategies to optimize fruit 
yield and quality. This short review aims to present the current research knowledge related to the effects of light intensity on the 
photosynthetic processes and growth of papaya. We demonstrate that photosynthetically active radiation (PAR) greatly affects the 
physiology of papaya. Understanding the interaction between light and physiological processes is extremely important for a 
sustainable profitable production under either greenhouse or field conditions. By using improved light science-based management, 
growers may optimize photosynthetic carbon assimilation and increase papaya yield and fruit quality. 
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Introduction 
 
In 2016, 63.10% of the world´s total papaya (Carica papaya 
L.) production was concentrated in three countries, India 
(133,000 ha and 5.699,000 ton), Brazil (30,372 ha and 
1,424,650 ton) and Nigeria (97,838 and 951,922 ton) 
(FAOSTAT, 2016). In terms of productivity, the Dominican 
Republic, Costa Rica, Indonesia, Belize, Mexico, Brazil and 
China had the highest production with 287.8, 90.9, 90.6, 
60.2, 56.6, 46.9 and 19.6 ton of fruit ha

-1
, respectively. 

Papaya is an important fruit crop of tropical and subtropical 
regions grown not only for its fruit, but also as a source of 
papain, a commercially valuable proteolytic enzyme that is 
produced in the milky latex of green, unripe fruit (Dunne and 
Horgan, 1992). Evolutionarily, papain may be associated 
with protection from frugivorous predators and herbivores 
(El Moussaoui et al., 2001). Papaya fruit is known for its high 
content of vitamins A and C, and is a good source of calcium. 

On an average, 100 g of ripe papaya contains 950 I.U. of 
Vitamin A and 60.9 mg of vitamin C (ascorbic acid) (USDA, 
2017). The peel of the fruit is green when unripe and orange 
when ripe (Ali and Lazan, 1998). The soft reddish orange 
pulp has a distinct sweet flavor with a slight musk tang. Ripe 
papaya fruits are normally consumed as dessert (Ali and 
Lazan, 1998). Green fruits, leaves and flowers can also be 
used as cooked vegetables (Watson, 1997).  
Although the exact center of origin is unknown, it is believed 
that papaya is native to tropical America, perhaps in 
Southern Mexico and neighboring Central America (Morton, 
1987).  The center of diversification of papaya was the 
lowlands of Central America and Southern México, and 
possibly West Indies (Caribbean) (Crane, 2005). It has been 
reported that seeds were taken to Panama and then to the 
Dominican Republic before the year 1525 and the cultivation 
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spread to warm elevations of South and Central America, 
Southern Mexico, the West Indies and Bahamas, and as far 
as Bermuda in 1616 (Morton, 1987).  Papaya was taken to 
the Caribbean and Southeast Asia first and then spread to 
India, Oceania, and Africa (Crane, 2005). 
Papaya plants may reach 9 m height (Campostrini et al., 
2010).  Thus, papaya is considered a giant herb (Malo and 
Campbell, 1986). However, the stem is semi-woody since 
lignin accumulation in the cell wall is at an intermediate level 
between Arabidopsis and poplar (Ming et al., 2008). Similar 
to poplar, the increased number of genes associated to cell 
expansion in papaya is consistent with larger plants’ and is 
related to lignin biosynthesis showing a convergent 
evolution of a tree-like habit (Ming et al., 2008). 
Papaya plants have a rapid growth rate and usually a short-
life (2 to 3 years), but can produce fruit for more than 20 
years (Malo and Campbell, 1986). Papaya is typically single-
stemmed, although branching can occur with age or if the 
apex is removed (Marler et al, 1994). Cultivated papaya 
trees in Brazil are usually replaced before exceeding 3-4 m in 
height.  Hollow petioles up to 1 m long bear simple leaves 
with deep lobes. Leaves may be up to 70 cm in diameter 
(Marler et al., 1994).  
The papaya has a complicated reproductive system (Marler 
et al., 1994). Plants are either male, hermaphrodite, or 
female. Flowers grow either singly (female and 
hermaphrodite plants) or in large clusters (male) in leaf axils 
(Marler et al., 1994). Plants can produce flower and fruits 
continuously after flowering initiation and leaves generally 
senesce and abscise before fruits are harvested (Zhou et al., 
2000). 
Commercial papaya cultivation is restricted to tropical and 
subtropical areas due to chilling damage at temperatures 
above freezing (Yadava et al., 1990). However, there is 
growing interest in this crop for cooler areas, such as Spain, 
Israel, Argentina, Australia and Japan. For instance, papaya 
has been grown outdoors in the Southern republics of the 
former Soviet Union (Kapanadze and Khasaya, 1988) and as 
an annual crop in the Southeastern United States (Yadava et 
al, 1990). Over 350 ha are cultivated in the Canary Islands 
(ISTAC, 2017), where the crop is mostly (90%) planted in 
greenhouses (Figure 1), covered either by mesh or 
polyethylene film to prevent the infection of papaya plants 
with the ring spot virus (PRSV), as well as to benefit plants 
with controlled climatic conditions that are required to 
produce good quality fruits (Galán Saúco and Farré Massip, 
2006; Galán Saúco and Rodríguez Pastor, 2007) and high 
annual yields in a range of 200 t ha

-1
 in a 22 months cycle 

(Julian Cuevas Gonzalez, personal communication). 
Commercial plantings of papaya in Australia occur 
throughout coastal tropical and subtropical regions of New 
South Wales, Queensland and Western Australia, with 
Queensland accounting for > 95% of production (Garret, 
1995). 
The study of light effects on photosynthetic carbon 
assimilation is important because papaya cultivation is 
increasing under protected structures, such as at plantations 
located in the Canary Islands and in Southern Spain, as well 
as in Turkey (Gunes and Gubbuk, 2012; Campostrini et al., 
2018), Israel, and Japan (Galán and Pastor, 2007). Thus, it is 
important to construct protective structures that could allow 
better light distribution within the canopies in order to 
optimize photosynthesis and improve plant growth and 

yield. In sites where protected structures are used for 
papaya production, attacks by aphids which transmit PRSV 
are better controlled. Additionally, protected cultivation 
reduces damages by wind, hail and excess solar radiation. 
Yet, water use is decreased in protected structures since 
evapotranspiration is reduced by c.a. 25%. Fruit yield and 
quality have also been observed to increase when papaya is 
grown under protected structures (Galán and Pastor, 2007). 
Another important aspect of knowing the optimum 
quantities of light for optimal physiological functioning of 
papaya is that plant spacing can be adjusted for maximum 
light distribution within the canopy. Maximum light 
interception is obtained with very large plant spacing (and 
training and pruning that is not the case for papaya). On the 
other hand, leaving optimum light availability to very few 
plants leads to poor yields (although of high quality). The 
trend in orchard design is the contrary, so that many trees 
are planted although light interception is not good. Different 
tools have been used to improve light absorption. The aim is 
to reach a good correlation between number of plants and 
optimum radiation absorption by papaya leaves. Since 
maximum profits are desirable, the ideal plant density is the 
one that provides maximum yields per unit of area.  
Moreover, light management strategies such as painting the 
greenhouse structure in white, covering the soil with white 
mulching plastic, whitening the roof of greenhouses, 
removing the oldest leaves, and applying whitewash 
(processed kaolinite clay) to leaf surfaces, can be 
implemented to increase light absorption by the canopy 
(Glenn et al., 2005; Glenn and Puterka, 2010; Sharma et al., 
2015).  Thus, the challenge for papaya production will be to 
increase high quality fruit production in current planted 
areas and marginal sites where climatic conditions are 
limiting. The aim of this short review is to show the state of 
art related to light effects on both photosynthetic capacity 
and growth of papaya plant. 
 
Importance of light to papaya plants 
  
The term “light” is often defined as the electromagnetic 
radiation perceived by the human eye (wavelength: 380-760 
nm). However, in the field of physics, it refers to a wider 
range of electromagnetic radiation ranging from ultraviolet 
(10-380 nm) to infrared (760 nm-1 m) (Fujiwara and Kozai, 
1995) (Figure 2). The photosynthetic reactions of plants are 
driven by light at wavelengths between 400 and 700 nm, 

known as photosynthetic active radiation (PAR, mol 
photons m

-2
 s

-1
) (Fujiwara and Kozai, 1995). In this short 

review, the term “light” (PAR) is defined as the 
electromagnetic radiation which causes photochemical 
reactions in plants.  
Papaya is a light-demanding plant and prolonged low light 
intensity can cause significant alterations in the leaf 
anatomy and morphology (Buisson and Lee, 1993). Buisson 
and Lee (1993) studied the effects of light intensity and light 
quality on morphology and growth of papaya.  In one 
treatment, they reduced light intensity by 70% (using 
screens) and in another treatment. They also sharply 
reduced the Red/far Red ratio (R/fR). Compared to plants 
cultivated in full sunlight, these treatments caused 
reductions  in  leaf  thickness,  specific  leaf  weight, stomatal  
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Fig 1. Commercial scale protected papaya plantations in the Canary Islands. 

 

 
Fig 2. Electromagnetic spectrum. The visible portion of the electromagnetic spectrum is just a tiny portion of the full spectrum. 
 
 
 

 
 
Fig 3. 3:8 spiraled phyllotaxis configuration of the papaya leaves. There are three leaves positioned clockwise or counterclockwise 
within each 360 degrees turn around the trunk. 
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density, leaf area and petiole length, as well as increased 
chlorophyll content per unit leaf area and the amount of air 
space into the leaf mesophyll. The reduction in light 
intensity also greatly reduced the number of lobules on the 
leaf.  The presence of more lobules in leaves of papaya 
grown in full sunlight compared to those in 70% shade may 
be associated with an increased amount of leaf surface in 
contact with the air, which increases leaf cooling.  
The light saturation point [the light intensity where net 
photosynthetic rate (Pn) reaches its maximum] of papaya 
leaves is dependent on plant age and growth conditions.  For 
example, in individual leaves formed in full sunlight (13

th
 to 

14
th

 leaf below the apex) and conditions of adequate water 
and nutrient availability, photosynthetic carbon assimilation 

in six-month-old plants is saturated at around 2000 mol 
photons m

-2
 s

-1
 (Marler and Mickelbart, 1998).  However, in 

young papaya (three-month-old) leaves grown under full 

sunlight at 1250 mol photons m
-2

 s
-1

 maximum light 
intensity, the light saturation point is lower, at c.a. 1100 

mol photons m
-2

 s
-1

 (Marler et al., 1993). In four-month-old 

plants grown in a greenhouse, at 1200 mol photons m
-2

 s
-1

 
maximum light intensity with adequate water supply and 
VPDair of about 1 kPa, light saturation of the mature leaf 

(10
th

 leaf below the apex) was 1000 mol photons m
-2

 s
-1

 
(Peçanha, 2010).   
Reduced light intensity can cause a significant decrease in 
photosynthetic carbon assimilation in papaya (Marler and 
Mickelbart, 1998; Peçanha, 2010; Wang et al., 2014).  
Although PAR is very important for photosynthesis, excess 
light energy can also decrease carbon assimilation by the 
leaf. When the light source is solar radiation, this decrease in 
the Pn under excessive radiation conditions is caused by the 
interaction of stomatal and non-stomatal factors.  High solar 
radiation can cause leaf heating, increase the vapor pressure 
deficit between the leaf surface and surrounding air (VPDleaf-

air) and promote stomatal closing, reducing CO2 entry into 
the leaf mesophyll, thus diminishing the concentration of 
CO2 at the Rubisco carboxylation sites. Non-stomatal effects 
associated with lower photosynthetic carbon assimilation 
under excess solar radiation are due, in part, to 
photoinhibition, whereby photosystem II (PSII) is damaged 
(Vass, 2012; Goh et al., 2012). This destruction sharply 
reduces photochemical efficiency, with damage to ATP and 
NADPH synthesis (Vass, 2012). An interaction between 
supra-optimal leaf temperatures and photochemical 
efficiency can also be observed, because temperatures 
above 44ºC increase the initial fluorescence emission by 
excited chlorophyll a in the antennae structure of the PS II 
(F0), thus reducing the photochemical efficiency (Weng and 
Lai 2005).  
Wang et al. (2014) reported that the leaves located on the 
lower part of papaya canopy cultivated under protected 
system (35th to 45th leaf below the apex) received only c.a 
20% of the solar radiation that reached leaves in the upper 
portion of the canopy (13

th
 to 20

th
 leaf below the apex). 

Thus, in protected structures, removing leaves located in the 
lower part of the canopy can reduce the number of sinks in 
the plants and reduce transpiration, thereby lowering plant 
water uptake and allocating transpiration and mineral 
nutrient to the upper leaves in the canopy. These upper 
leaves have a higher Pn, because they receive a greater 
amount of light. To effectively implement these light 
maximization strategies in protected systems, it is necessary 

to determine the effects of light intensity on the 
photosynthetic process.  
Knowledge of the optimum light intensities for maximum 
photosynthetic efficiency of papaya provides a basis for 
reducing excess solar energy in field plantations. When 
adequate light intensities are known, actions such as 
applying particle films to the leaves (Glenn and Puterka, 
2010; Sharma et al., 2015), to prevent light damage to the 
photochemical apparatus and increased leaf temperature, 
can be implemented to provide adjustments to the quantity 
of solar radiation absorbed by the leaf lamina. Excess light 
energy can be considerably more harmful to the 
photochemical apparatus of water-stressed papaya plants 
than to well-watered plants. In papaya plants grown with 
low water availability (soil water tension of -68 kPa), the 
light saturation point was significantly decreased, showing 
that under field conditions, the optimal light intensity can 
also be altered by the amount of water in the soil (Marler 
and Mickelbart, 1998). If water availability is limited, particle 
films are more effective at protecting leaves from 
photochemical damage, because such particles increase 
excess light energy reflection in locations where there is 
intense solar radiation (Glenn and Puterka, 2010; Sharma et 
al., 2015). 
In addition to the light saturation point for optimum Pn 
being an important consideration, other variables related to 
light intensity such as the light compensation point (the light 
intensity at which Pn is 0) and a quantum yield (defined as 
the molar amount of O2 evolved or CO2 absorbed per mol of 
photons absorbed by the photosynthetic apparatus) are 
important for papaya production. In mature leaves (13th 
and 14th leaf below the apex) of six-months-old papaya 
plants grown in the field without water limitation, the light 

compensation point was 27, 29 and 30 mol photons m
-2

 s
-1

 
for papaya cultivars ‘Tainung 2’, ‘Red Lady’ and ‘Sunrise’, 
respectively (Marler and Mickelbart, 1998).  Under such 
condition, the values of incident quantum yield (Φi) were 

0.039, 0.041 and 0.040 mol CO2 mol photons leaf 
-1

, 
respectively for each cultivar.  In 103-days-old ‘Golden’ 
papaya plants grown in a greenhouse when soil water was 

not limited and maximum PAR was 1000 mol photons m
-2

 s
-

1
, Φi (CO2 assimilation for each photon unit that reaches the 

papaya leaf lamina was 0.034 mol CO2 mol photons
-1

 leaf
-1

 
(Lima, 2014).  In leaves of C3 plants, including papaya, 

without water limitation the mean Φi was 0.053 mol CO2 

mol photons
-1

 (Björkman and Demming, 1987). In the 
leaves of two papaya varieties (UENF Caliman 01 and 
Golden) (6

th
 leaf below the apex) cultivated in a greenhouse 

with adequate water, the compensation irradiance (Ic; the 
minimum light intensity limit on the leaf lamina where 
photosynthetic carbon assimilation is positive,) was 100 

mol photons m
-2

 s
-1

 (Peçanha, 2010).  At light intensities 
below this Ic value, the CO2 release rate (respiration) is 
higher than CO2 assimilation (photosynthesis). The Φi and Ic 
values are extremely important in protected cultivations, 
because knowing these values can be important in choosing 
planting spacing, greenhouse design for protected 
cultivation and in canopy management strategies, i.e., 
removal of very shaded leaves located in the lower part of 
the canopy, as reported previously (Wang et al., 2014).  In 
leaves at different positions within the canopy of different 
papaya cultivars, high Ic values indicate more sensitivity of a 
particular cultivar to shading.  
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Knowledge of the Φi values for optimal papaya plant growth 
is important because cultivars that have high Φi value have a 
higher CO2 assimilation rate in environments where the light 
intensity (PAR) is high. This is important in tropical regions 
where papaya is cultivated. In these regions, there is a 
higher predominance of clouds, which can cause intense 
fluctuations in light energy absorbed by the leaf lamina (Way 
and Pearcy, 2012). Normally, high Φi values are associated 
with lower Ic values. This is important for breeding programs 
since genetically improved papaya cultivars with high Φi, and 
low Ic values. 
The stomata of papaya are very sensitive to fluctuations in 
light intensity (Clemente and Marler, 1996), which is 
strongly reflected in the Φi values. When light intensity is 
reduced quickly, the stomata close at a rate of 3 mmol m

-2
 s

-

1
 (Clemente and Marler, 1996), which is a very high stomata 

closing rate. This value was obtained when papaya leaves 

receiving 2000 mol photons m
-2

 s
-1

 were suddenly exposed 

to a reduced light intensity of 300 mol photons m
-2

 s
-1

.  This 
shows the sensitivity of this species to shading which is very 
important when growing papaya under protected 
cultivation, because in these environments light can be 
limited by the type of structure and the plastic cover used. 
An important consideration is that water shortage in the soil 
can raise the rate at which the stomata close when the 
intensity of light impacting the papaya leaf lamina is reduced 
(Clemente and Marler 1996). 
 
Light interception effects on papaya physiology  
 
Plant spacing can significantly influence light interception by 
crop plants, affects the impact of weed competition and 
alters morphophysiological characteristics of the plants with 
significant effects on final crop yield and quality. Light 
interception by crop canopies is determined by planting 
density, planting pattern, and morphological characteristics 
of the component species (Loomis and Connor, 1992). Full 
coverage is achieved most rapidly when: 1) population 
density is high, 2) seedlings partition a significant proportion 
of new assimilates to leaf development, 3) specific leaf 
weight is small, and 4) leaf angle is low. The interception of 
radiation and early productivity are then maximal and the 
crop is also able to shade out shorter weed competitors. 
Highly productive canopies have the characteristics of full 
cover and erect leaves, at least at the top of the canopy 
(Loomis and Connor, 1992). However, in papaya plant the 
spiral leaf insertion on the trunk, associated with a long 
petiole, allows efficient light distribution in the papaya 
canopy (Ferraz et al., 2016) (Figure 3). 
In India, different spacing are being adopted in different 
traits for different papaya cultivars (Reddy, 1995). For 
example, with ‘Coorg Honey Dew’ papaya, maximum fruits 
plant

-1
 and fruit yield plant

-1
 were obtained with 2267 plants 

ha
-1

 and the minimum with 3703 plants ha
-1

. A plant 
population of 4629 plants ha

-1
 produced the maximum fruit 

yield ha
-1

, whereas 2267 plants ha
-1

 produced the minimum. 
An increasing plant density reduced the average fruit 
weight. The benefit/cost ratio was maximum (2.44:1) with 
2267 plants ha

-1
, and minimum (1.67:1) with 4444 plants ha

-

1
. Plant height and girth were non-significantly different 

among different plant densities (Reddy, 1995). Santos et al. 
(2016) found double spacing (3.8 x 2.0 x 1.8 m) promoted 
greater interception of PAR and increased PAR-use efficiency 

compared to single spacing (3.8 x 2.0 m). At the same time, 
fruit yield in double spaced plants was higher than in single 
spaced plants, showing that under double spacing, papaya 
plants intercepted more PAR with higher efficiency. 

 
Concluding remarks 
 
Light, as discussed in the present short review, can control 
photosynthetic processes and affect papaya plant growth. 
Thus, regardless of whether papaya is grown under either 
field or protected cultivation, understanding this important 
environmental factor on photosynthetic carbon assimilation 
is extremely important for commercial papaya production. 
Finally, information included in this review could greatly aid 
in future papaya breeding efforts, as well as could facilitate 
agricultural site selection for future papaya cultivation. 
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