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ABSTRACT

Leaf color is a crucial parameter in determining the photosynthetic productivity of a plant. We examined 150
intervarietal guava hybrids from the cross Arka Poorna x Purple Local, that were segregating for leaf color
(green and greyed purple). Variations in tree morphology, gas exchange parameters and pigment contents were
investigated to understand the impact of leaf color on plant growth and physiology. Significant differences were
observed in tree morphology between green and purple leaves, with green leaf plants showing better growth
and vigor than purple leaf individuals. Photosynthetic rate, stomatal conductance, and transpiration rates were
significantly higher in green plants than in purple leaf plants. In contrast, chlorophyll b, total chlorophyll,
carotenoids, and anthocyanins were significantly higher in the purple plants. These results suggest that the
presence of high anthocyanin and carotenoid pigments in purple plants have a masking effect that resulted in
high chlorophyll production and low photosynthetic rates due to reduced incident light. The segregating population
is an important repository for mapping QTLs associated to photosynthetic attributes.
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INTRODUCTION

Guava (Psidium guajava L.) is considered as a ‘Super
food’ because it is rich in Vitamin C, A, B, minerals,
antioxidants, and dietary fibres (Mathiazhagan et al.,
2023). Guava tree is small and multi-branched that
grows to a height of 5-7 meters. Different canopy
forms are observed as a result of branches that are
drooping, spreading, or ascending in nature (Medina
& Herrero, 2016). Leaf color in guava is dominated
by different shades of green with a rare exception of
greyed purple leaf color in the cultivar, Purple Local
or Black guava or Poly guava (Mathiazhagan et al.,
2024).

Leaf gas exchange parameters are affected by factors
like light intensity, composition of photo-protective
pigments, seasons, leaf position and its developmental
stage (Zhu et al., 2018). The composition of pigments
like chlorophyll, carotenoids and anthocyanins play a
greater role in influencing the photosynthetic CO

2

assimilation in guava leaves (Idris et al., 2019).
Further, higher anthocyanins and carotenoids in leaf

act as photo-protective agents (Stetsenko et al., 2020)
in addition to providing a shading effect on
chloroplasts against high photosynthetically active
radiations (PAR).

The aim of the present study was to examine the
possible relationship between the leaf color, tree
canopy architecture, gas exchange characters and
pigment composition using 150 intervarietal F

1
 guava

mapping population. In addition, the possible influence
of pigments in green and purple leaf plants on their
photosynthetic machinery was examined to test the
hypothesis that whether anthocyanins along with
carotenoids have a shading effect in purple leaved
plants.

MATERIAL AND METHODS

Plant material

Two years old 150 intervarietal F
1
 segregating hybrid

progenies from the cross Arka Poorna x Purple Local
were used in this study. The plants were maintained
in fruit breeding block of ICAR-Indian Institute of
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Horticultural Research, Bengaluru, India, situated at
13°8’3,984" N latitude and 77°29’23.928"
E longitude. The female parent ‘Arka Poorna’ has a
green color leaf, while, the male parent Purple Local
has a greyed purple leaf (Fig. 1). Out of 150 hybrid
progenies, 98 progenies exhibited green leaf
phenotype, while, 52 genotypes exhibited greyed
purple leaf phenotype.

Total anthocyanin content

Total anthocyanin in the fourth mature leaf was
extracted in methanol : HCl (99:1 v/v) based on the
method by Shivashankara et al. (2010) with slight
modifications. The leaf samples were extracted in the
solvent under low light and incubated overnight at
room temperature. The absorbance was read at 540
nm using UV-VIS spectrophotometer. The total
anthocyanin content was expressed in terms of mg/g
FW using the following formula,

Microscopic examination

The green and greyed purple leaves of hybrid
progenies were subjected to microscopic examination
under a bright field microscope (Carl Zeiss, Germany,
model- Axio Imager A2). Fourth mature leaves of
green and purple plants were cleaned and thin cross
sections were fixed on a slide using lactophenol dye.
The leaf samples were visualized at 20X
magnification.

Gas exchange characteristics

The gas exchange characteristics like net
photosynthetic rate, stomatal conductance and
transpiration rates were measured in the standard
4th mature leaf. The observations were recorded using
portable infra-red gas exchange analyser, LICOR
LI-6400XT (LICOR, Lincon, USA) from different
branches of a plant. The measurements were recorded
during 9.00 to 11.00 hours to ensure that the plants
were in an active photosynthetic state. The
photosynthetically active radiation (PAR) was
maintained at 1000 µmol m-2s-1 using the light source
along with an ambient CO

2
 concentration of around

400 µmol mol-1.

Statistical analysis

All data sets, including gas exchange parameters and
pigment contents of leaves in the hybrid progenies,
were recorded in triplicates. The tree morphology
characteristics were not replicated, as every individual
F

1
 progeny was a segregating population. Statistical

tests for comparison of mean (Student t-test) and the
principal component analysis were conducted using
GraphPad Prism software v10.2 (www.graphpad.com).
Correlation analysis was done using R program v4.3.3
(Olivoto & Lucio, 2020).

Fig. 1: Plant material used in the study. (a) Field view
of F

1
 intervarietal hybrids of ‘Arka Poorna’ x ‘Purple

Local’ segregating for leaf color, (b) A close-up of green
and greyed purple leaf, (c) Hybrid progeny with green
leaf and (d) Hybrid progeny with greyed purple leaf

Tree morphology

Plant height (PH) was measured from the base of the
stem to the top of the canopy in centimeters (cm) using
a measuring tape. The stem girth (SG) was measured
at the base of the trunk close to the soil surface.  The
canopy spread from east- west (E-W) and north- south
(N-S) directions of the plants were recorded using a
meter scale.

Leaf pigment estimation

Chlorophyll and carotenoid content

The chlorophyll and carotenoid content in fourth
mature leaf were estimated using DMSO method
(Barnes et al., 1992; Siebeneichler et al., 2019). The
absorbance was read at 646 nm and 665 nm for
estimating chlorophyll a and b using a UV-VIS
spectrophotometer (T80+ UV/VIS Spectrophotometer,
PG Instruments Ltd.). The total carotenoid content was
assessed at 470 nm. The Chlorophyll a, b, a/b ratio,
total chlorophyll and total carotenoid were expressed
as mg/g of fresh weight.
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RESULTS AND DISCUSSION

Tree morphology

The plant height of the 150 guava hybrids ranged from
95 to 259 cm. (Table 1). The stem girth of the plants
ranged from 7 cm to 21 cm. E-W canopy spread
ranged from 23 cm to 256 cm, while N-S recorded
38 cm to 280 cm. Significant difference between the
means of green and purple plants were observed for
the plant height (p<0.01), stem girth (p<0.0001),
E-W (p<0.0001) and N-S canopy spread (p<0.0001).
The plants with purple leaf had a lesser stem girth,
plant height and canopy spread compared to plants
with green leaves (Fig. 2). Similar results were
reported by Stetsenko et al. (2020), where green leaved
basil plants accumulated higher biomass compared to
purple leaved basil. Likewise, green perilla plants
recorded better plant growth than the red perilla plants
(Nguyen & Oh, 2021).

Trait Unit Min. Max. Mean CV (%)

Plant height cm 95.00 259.00 186.95 14.92

Stem girth cm 7.00 21.00 12.33 24.47

EW canopy spread cm 23.00 256.00 126.91 34.77

NS canopy spread cm 38.00 280.00 147.09 33.96

Table 1 : Descriptive statistics of tree morphology in segregating F
1
 guava hybrids

Fig. 2 : Comparison of tree morphological traits
between green and purple leaf of F

1
 segregating hybrids

(a) plant height, (b) stem girth, (c) east- west canopy
spread and (d) north-south canopy spread; *p<0.05,

**p<0.01, ***p<0.001, ****p<0.0001

Fig. 3 : Comparison of pigment contents in green and
purple leaf plants (a) chlorophyll ‘a’, (b) chlorophyll
‘b’, (c) chlorophyll a/b ratio, (d) total chlorophyll, (e)
total carotenoids and (f) total anthocyanins; *p<0.05,

**p<0.01, ***p<0.001, ****p<0.0001



Pigment contents in guava leaves

Chlorophyll ‘a’ content ranged from 0.56 to 1.80 mg/
g of FW; chlorophyll b pigment ranged between 0.18
to 0.78 mg/g of FW and leaf total chlorophyll content
varied between 0.94 to 2.49 mg/g of FW (Table 2).
The ratios of chlorophyll a/b were recorded between
0.83 to 6.04 mg/g of FW. The chlorophyll ‘b’
(p<0.0001) and total chlorophyll (p<0.001) were
significantly high in purple plants compared to green
leaf plants (Fig. 3b-3d). In contrast, chlorophyll a/b
ratio was significantly high (p<0.0001) in green leaf
plants than compared to purple leaf plants (Fig. 3c).
Interestingly, high total chlorophyll in purple leaves
did not result in higher photosynthetic rates.

Carotenoid pigments were found significantly high in
purple plants (p< 0.0001) (Fig. 3e). Similarly, total
anthocyanin content was significantly higher in purple-
colored plants (p< 0.0001) than in green plants
(Fig. 3f). It is well known that anthocyanins and
carotenoids in leaves act as sunscreens or photo-
protective agents against the incident light (Idris et al.,
2019).  It can be hypothesized that the shading effect
rendered by anthocyanins in purple leaves of guava
resulted in higher chlorophyll contents along with
lower chlorophyll a/b ratio (Lichtenthaler & Babani,
2022).

The high anthocyanins protected the chloroplasts from
solar radiations, thereby providing an edge over
chlorophyll retention in purple leaves compared to
green leaves. Red leaves with high anthocyanins were
reported having a lower chlorophyll a/b ratio (Zeliou
et al., 2022). In contrast, Manetas (2006) reported that
total chlorophyll content is inversely proportional to
the anthocyanin content. Additionally, it is to be

mentioned that even though anthocyanins were present
in green leaves, they were found in very low quantities
that were not sufficient to mask the functioning of
photosystems as compared to purple leaf plants.

The microscopic cross section clearly showed the
presence of anthocyanin pigments in the leaf epidermal
and mesophyll layers of purple plants. Anthocyanins
pigments were not clearly visible in green leaf
(Fig. 4). The location of foliar anthocyanins in the
epidermal and/or mesophyll regions of leaf also have
effect on the leaf photosynthetic rate (Boldt et al.,
2014).

Trait Unit Min. Max. Mean SD SeM CV (%)

Photosynthetic rate µmol CO
2 
m-2 s-1 1.40 17.53 9.11 2.92 0.24 32.07

Stomatal conductance mmol m-2 s-1 0.03 0.28 0.11 0.05 0.00 48.44

Transpiration rate mmol m-2 s-1 0.83 7.44 3.42 1.45 0.12 42.34

Chlorophyll a mg g-1 FW 0.56 1.80 0.97 0.25 0.02 26.03

Chlorophyll b mg g-1 FW 0.18 0.78 0.47 0.13 0.01 27.37

Chlorophyll a/b ratio - 0.83 6.04 2.27 0.99 0.08 43.67

Total chlorophyll mg g-1 FW 0.94 2.49 1.43 0.27 0.02 18.77

Total carotenoids mg g-1 FW 0.30 1.03 0.54 0.16 0.01 29.59

Total anthocyanins mg g-1 FW 0.77 11.87 4.64 2.58 0.21 55.53

Table 2 : Descriptive statistics of gas exchange parameters and pigment content in guava hybrid progenies

Fig. 4 : Microscopic cross sectional view of (a) green
and (b) purple leaf adaxial surface (20X) showing

presence of anthocyanin in mature leaf of purple plant

Gas exchange parameters

The net photosynthetic rates ranged from 1.40 to 17.53
µmol CO

2
 m-2 s-1 (Table 2). The stomatal conductance

was between 0.03 to 0.28 mol H
2
O m-2 s-1, while,

transpiration rates ranged between 0.83 to 7.44 mmol
H

2
O m-2 s-1. The net photosynthetic rate (p<0.001),

stomatal conductance (p<0.0001) and transpiration
rate (p<0.001) remained significantly high in green
plants compared to purple plants (Fig. 5). Due to the
shading effect of anthocyanins and carotenoid
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pigments, lower CO
2 
assimilation was observed as less

light reached the photosystems, thereby reducing their
photosynthetic rate compared to green plants. Similar
observations were made by Nielsen & Simonson
(2011) in Oxalis triangularis and Borek (2016) in
Coleus × hybridus.

Similar results were observed in red perilla plants
where lower photosynthetic rates were recorded due
to high anthocyanin pigments in leaves (Nguyen & Oh,
2021). The presence of elevated levels of anthocyanins
were known to alter the photosynthetic rates in leaves
by reducing the absorption of light in the uppermost
mesophyll layers (Gould et al., 2000). Further, in the
present study, the stomatal conductance and
transpiration rates greatly varied in segregating
individuals with high conductance in green leaf plants.
The shaded plants were known to have low stomatal
conductance compared to sun exposed leaves
(Lichtenthaler et al., 2007).

chlorophyll b (r2= -0.18 at p<0.05), total chlorophyll
(r2= -0.32 at p<0.001), total carotenoids (r2= -0.37
at p<0.001) and total anthocyanins (r2= -0.47
at p<0.001). Similar trends were observed for stomatal
conductance and transpiration rates. A similar negative
association between photosynthetic rate and
chlorophyll contents was observed in rice mutants with
low chlorophyll content (Wang et al., 2022). But in
contrary, reports on different plant species indicated
a positive correlation between chlorophyll content and
photosynthetic rates (Qian et al., 2021).

PCA analysis

Principal component or factor analysis was performed
to assess the pattern of contribution of various
variables. The first four principal components viz. PC1
(32.49%), PC2 (21.97%), PC3 (13.33%), and PC4
(11.86%) together explained around 79.66 % of total
cumulative variance observed in the traits. The biplot
depicting the loadings of the variables in PC1 and PC2
showed that there was a negative association among
the gas exchange parameters, and the pigments like
anthocyanins, carotenoids and chlorophyll b. (Fig. 7).
The PCA results were consistent with the correlation
analysis.

Guava leaf colour and plant architecture

Fig. 6 : Correlation analysis using Pearson
correlation coefficient for tree morphology, gas
exchange and pigment contents in guava leaves
(*p< 0.05; **p<0.01; ***p<0.001; ns p>= 0.05)

Fig. 5 : Comparison of gas exchange traits in green and
purple leaf plants (a) photosynthetic rate, (b) stomatal

conductance and (c) transpiration rate; *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001

Correlation analysis

The plant height, stem girth and canopy spread were
positively correlated with each other; lower the stem
girth lesser the plant height and canopy spread and
vice versa. Similar linear relationship between plant
height and stem girth was reported in sunflower
(Fayyaz-ul-Hassan & Cheema, 2005). E-W (r2= 0.24,
p<0.01) and N-S canopy (r2 = 0.31, p<0.001) had a
positive significant correlation with leaf transpiration
rate (Fig. 6). It can be concluded that leaf color has a
profound influence on the tree morphology in our
mapping population.

Photosynthetic rates showed a significant negative
correlation with chlorophyll a (r2= -0.25 at p<0.01),



CONCLUSION

The color of leaf has shown profound influence on tree
morphology, CO

2
 assimilation and pigment contents

in leaves of purple guava progenies. Purple leaf
hybrids had a small stature due to reduced
photosynthetic rate, stomatal conductance and
transpiration rates. Presence of high anthocyanin and
carotenoids in the purple leaf resulted in shading like
effects thereby reducing PAR absorption, lowered
chlorophyll a/b ratio and thus resulting in reduced CO

2

assimilation.
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