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ABSTRACT

To assess the role of phenol in flowering of litchi, an experiment was conducted at ICAR-NRC on Litchi,
Muzaffarpur. Twenty desired litchi genotypes were selected and content of leaf phenol and leaf flavonoids
were estimated from flowering and non-flowering trees. Results revealed that phenol content varied from
22.86 — 53.59 mg/g in flowering tree while it ranged from 10.03 — 33.7 mg/g in non-flowering tree during
2017. Among flowering genotypes phenol content was ranged from 16.51-50.35 mg/g. The highest phenol
content was recorded in genotypes 1C-0615590 (53.59 mg/g) whereas lowest was found in genotype IC-
0615589 (22.86 mg/g) during 2017. The difference in phenol content between flowering and non-flowering
tree ranged 12.74 - 66.09 %. The genotype Coll. 39 contained 66.09 % more phenol in flowering tree as
compared to non-flowering trees in 2017 and 1C-0615597 possessed 12.74% more phenol in flowering tree
as compared to non-flowering tree during the same period. Similarly, phenol content ranged from 6.45 —
31.17 mg/g in non-flowering tree in 2018. In 2018, phenol content followed the same trend registering the
maximum content in genotype 1C-0615590 (50.35 mg/g) and lowest in 1C-0615593 (16.51 mg/g). The
difference in phenol content between flowering and non-flowering tree in 2018 ranged from 3.27 - 71.46
%. The genotype 1C-0615604 possessed 71.46 % more phenol in flowering tree as compared to non-
flowering tree and 1C-0615593 contained 3.27 % more phenol in flowering tree as compared to non-
flowering tree. In general, it was observed that the level of phenol in litchi tree varied from year to year but
flowering tree always possessed more content of phenol as compared to non-flowering trees. However, the
relation of flavonoids and flowering in litchi was not observed.
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Variation in leaf phenol content during flowering in litchi

1 Introduction

Litchi (Litchi chinensis Sonn.) is an evergreen subtropical fruit of
India. It is the most important fruit plant among other species
including Longan (Dimocarpus longan Lour.), Rambutan
(Nephelium lappaceum L.), Ackee (Blighia sapida Koen.), Pulasan
(Nephelium mutabile Blume.), Momoncillo (Melicocca bijuga),
Kusum  (Pistacia oleosa Lour) and Guarana (Paullinia
cupana H.B.K.) of the family Sapindaceae and sub-family
Nepheleae, which has about 150 genera and more than 2000
species (Lal et al., 2017a). Originating from southern China, litchi
needs cool and dry environmental condition especially during
flower bud differentiation for flower induction, flowering and
fruiting (Davenport & Stern, 2005). Environmental factors
especially temperature significantly affects fruit retention (Lal et
al., 2017b). Being highly specific in climatic requirements, the
expansion of litchi cultivation to newer areas with insufficient
chilling temperature greatly increased problems of irregular
flowering and fruiting (Davenport & Stern, 2005). The litchi tree
completes its reproductive cycle in 3-4 months. Anthesis starts and
fruit set takes place during March in Bihar condition and the
success of fruit set depends on the sources of pollen grains (Lal et
al., 2019a and b). Fruit is a heart, round or oblong-shaped nut when
ripe, fleshy and indehiscent. A wide variation in litchi fruit quality
parameters viz., TSS (17.04-19.98 °B), ascorbic acid (14.62-47.50
mg/100g), acidity (0.23-0.55 %), total sugar (10.05-13.54 %),
reducing sugar (7.69-10.78 %), TSS/acidity ratio (33.98-84.19),
phenol in pericarp (7.5-62.2 mg GAE/g) and seed (23.01-59.93 mg
GAE/Qg), and flavonoids in pericarp (0.73-59.93 mg CE/g) and seed
(2.41-27.50 mg CE/g) have been reported (Lal et al., 2018a and b).

Litchi produces 4-5 flushes per year depending on climate and soil
condition or cultural practices. The early and mid-season flushes
significantly influence flowering in litchi. Some researchers opined
that presence of an endogenous, hypothetical flowering stimulus
called florigen (Goldschmidt, 1996; Davenport & Nunez-Elisea,
1997) and plant hormones (Bernier et al., 1993) are indispensable
for development and emergence of flower bud. Generally, irregular
flowering is a major concern in litchi especially during juvenile
phase of the tree but in some shy bearing cultivars (China and
CHESS-1I) maintained at National Active Germplasm site
(NAGS), ICAR-NRCL, Muzaffarpur, alternate bearing is observed
even in mature trees which ultimately reduce productivity of the
crop. Though, irregular bearing is governed by many factors, the
role of phenols in flowering of litchi has not been properly
emphasized. Preliminary studies have indicated that phenol and
flavonoids, as secondary metabolites varies greatly among
genotypes which might have important role in flowering and
fruiting. Phenolic compounds are secondary metabolites, which are
produced in the shikimic acid of plants and pentose phosphate
through phenyl propanoid metabolization (Randhir et al., 2004).
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Phenolics are the most important secondary metabolites in litchi
and it plays various roles in entire metabolic process for instance
incorporating attractive substances to accelerate pollination,
coloring for camouflage and defense against herbivores, as well as
antibacterial and antifungal activities (Ahmad & Tahir, 2017).
These phenolic substances contain numerous varieties of
compounds: simple flavonoids, phenolic acids, complex flavonoids
and colored anthocyanins (Babbar et al., 2014). Flavonoids are
involved in various metabolical processes like morphogenesis,
photosensitization, energy transfer, respiration, photosynthesis, and
impart plants an appealing taste and flavour which either attract or
repels pollinator and pests (Harborne & Williams, 2000). The
present investigation was carried out with objective to assess the
relationship  between phenolics compounds (Phenol and
Flavonoids) and litchi flowering.

2 Materials and Methods

Present study was conducted on twenty diverse litchi genotypes of
10 years old plants at ICAR - National Research Centre on Litchi,
Muzaffarpur for two consecutive years (2017 and 2018). The study
was conducted in randomized block design with three replications
at spacing of 8 meters. All the standard agronomical practices were
followed round the year. To establish the relation between
phenolics and flowering, leaf samples were taken for estimation of
phenol and flavonoids. Phenol and flavonoids from mature leaf
was estimated as described by Vyas et al. (2015) with minor
modification. For estimation of phenol, 200 mg of leaf sample was
taken in the second week of March during flowering in both the
years and ground with 5 ml of 80 % ethanol and kept overnight.
Next day, 0.1 ml of aliquot was pipetted out in a test tube followed
by 3 ml of distilled water and 0.5 ml of Folin-Ciocalteu reagent
(IN). After 3 minutes, 2 ml of 20% Na,COs; solution was added
and mixed thoroughly and the absorbance was read at 750 nm
against blank. The calculation was done with the help of Gallic
acid standard curve. Data recorded were subjected to statistical
analysis utilizing an analysis of variance (ANOVA) test at a
significance level of a=0.05. All the analyses were performed with
SAS software (version 2.0, SAS Software). Mean values
subscripted with same alphabets are non-significant.

3 Results and Discussion

A great variation in phenol and flavonoid contents among the
genotypes in flowering and non-flowering trees was observed.
Phenol and flavonoids content in leaf of flowering and non-
flowering trees for 2 consecutive years are presented in table 1.
During 2017, the phenol content in flowering genotypes varied
from 22.86 — 53.59 mg/g while it ranged from 10.03 — 33.7 mg/g
in non-flowering trees. In flowered genotypes, the highest phenol
content recorded in genotype IC-0615590 (53.59 mg/g) while it
was 30.95 mg/g in non-flowered trees whereas, the lowest phenol
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Table 1 Phenol and flavonoids in flowering and non-flowering tree of litchi genotypes

Phenol ( GAE mg/g) Flavonoids (CE mg/g)

Genotypes 2017 2018 2017 2018

Flowering Non- Flowering Non- Flowering Non- Flowering Non-

Flowering Flowering Flowering Flowering

1C-0615585 28.76' 19.38f 33.451 23.33¢ 10.304 6.54' 19.47% 15.65"
1C-0615587 31.37" 23.48¢ 29.569 20.97° 13.70' 13.04" 14.33" 20.5%
1C-0615589 22.86% 11.11° 19.88! 6.45° 9.44' 12.88" 8.75 13.13'
1C-0615590 53.59°% 30.95° 50.35°% 28.25° 28.16° 19.31° 25.31 20.72°
1C-0615591 49.09" 24.07¢ 37.22¢ 20.41° 17.04%" 18.13f 14.02" 20.88°
1C-0615592 41.99° 23.07% 40.18° 21.62° 27.36% 20.75° 24.2% 19.18°%
1C-0615593 23.36% 14.78% 16.51 15.97¢ 15.67" 11.89 13.45" 11.83!
IC-0615594 31.35" 13.41" 33.9°f 16.04¢ 18.84% 15.52¢ 22.04% 17.01¢
1C-0615595 51.12° 30.99° 47.42° 31.17° 22.34° 3.53" 20.72¢% 3.92'
1C-0615596 48.61° 33.7° 39.79° 30.39° 17.24% 10.15 17.99¢ 7.04¢
1C-0615597 26.44) 23.07% 28.91¢ 24.79° 3.25™ 2.75™ 3.59' 3.91'
Coll. 39 44.06¢ 14.94% 50.11° 18.88f 17.82¢ 15.49¢ 22.41° 19.32%f
1C-0615599 51.12° 22.96% 49.42° 17.33¢ 21.06° 7.25' 19.45% 2.15™
1C-0615600 25.57) 10.03! 20.32! 9.16" 16.22%" 19.25¢ 12.67' 20.13%¢
1C-0615601 28.72' 23.52¢ 23.98 20.72° 9.49' 18.65° 8.07 19.29%F
1C-0615603 27.27" 13.7" 24.12' 8.12' 17.88° 15.94¢ 23.12% 18.61f
1C-0615604 39.45f 21.69° 35.04° 10 19.33¢ 26.24° 17.219 28.93°
1C-0615605 39.83f 29.6° 46.19° 28.07° 14.65' 24.33° 18.31% 27.53°
1C-0615606 31.37" 16.449 27.51" 17.149 10.99% 14.17" 10.25 16.45%
1C-0615611 34.13¢ 29.6™ 29.78¢ 26.84° 26.28° 30.39° 23.99%® 29.12°
('F',ES 05) 2,03 1.68 1.36 143 1.44 1.14 1.42 1.22

content was found in genotype 1C-0615589 with 22.86 mg/g in
flowering and 11.11 mg/g in non-flowering trees. The difference in
phenol content between flowering and non-flowering tree ranged
from 12.74 % (1C-0615597) - 66.09 % (Coll. 39) which was more
in flowering trees as compared to non-flowering trees. Similarly,
during 2018, the range in phenol content was 16.51-50.35 mg/g
(flowering trees) and 6.45 — 31.17 mg/g (non-flowering trees) and
lowest was registered in genotype 1C-0615593, recording a phenol
content of 16.51 mg/g and 15.97 mg/g in flowering and non-
flowering trees respectively. The difference in phenol content
between flowering and non-flowering tree ranged from 3.27- 71.46
% which was maximum in genotype 1C-0615604 and minimum in
genotype 1C-0615593 (Figure 1). Though, the level of phenol in
litchi tree varied from seasonally but study revealed that flowering
tree always possessed more content of phenol as compared to non-
flowering trees at flowering stage. The phenol acts as analogues of
hormone which trigger floral development in litchi.

The flavonoids content in leaf during 2017 ranged from 3.25-28.16
mg/g in flowering tree and 2.75-30.39 mg/g in non-flowering trees
while it varied from 3.59-25.31 mg/g and 2.15-29.12 mg/g in
flowering and non-flowering trees respectively during 2018. As in
phenol content, flavonoid content was also recorded highest in
flowering trees compared to non-flowering trees and genotypes IC-
0615590, 1C-0615592, and 1C-0615611 showed maximum
flavonoid content during both the years. In contrast, genotypes IC-
0615600, 1C-0615604 and 1C-0615606 possessed lower flavonoids
in flowering tree as compare to non-flowering trees.

In this study, the level of phenol in leaf was found higher in
flowered trees as compare to non-flowered trees. The phenol
content in leaf has shown strong relation with flowering in litchi
but the level of flavonoids did not follow any pattern and seems
that it has no relation with flowering in litchi. The litchi flavonoids
may have role in imparting colour to fruits. Kumar et al. (1978)
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Figure 1 Per cent difference of leaf phenol content in flowering over non-flowering litchi genotypes in two successive years (2017 and 2018).
Height of rows indicates the mean value of parameters. Error bar indicates standard error of the mean. The least significant difference (LSD) at

P =0.05 were 6.82 for 2017 and 4.79 for 2018 respectively.

also reported that phenolic compounds are able to induce
maximum floral buds in I. balsamina. Datta et al. (1978) found a
significant role of phenol in the mobilization of reserve food
materials to the sinks for grain-filling process. The relation of
higher content of phenol with flowering in litchi might be due to
the mobilization of reserved food materials to shoots which
promote floral bud differentiation resulting in good flowering.

In Neelum, a regular bearing mango cultivar, the highest level of total
phenol content was recorded at flower and fruit bud differentiation
(Kumar et al., 2014) which provide supporting evidence on the role of
phenol in litchi flowering. Patel et al. (1992) found that phenolic
content of fruit buds in mango was stable in undifferentiated (or) scar
buds while it increased steadily with advancing flower bud
differentiation. Besides ensuring good flowering and fruit set, phenols
also played an important role in germination of pollen grain (Villar et
al., 1987; Shivanna et al., 1989). Result presented here are first
evidence that phenols could be involved in floral induction in litchi
which could provide an alternative approach to regulate irregular
flowering. There is paucity of reports elucidating the role of phenol in
flowering in fruit trees. Hence, in order to validate the effect of phenol
on flowering in litchi, the response of flower bud differentiation to
external application of phenols needs to be quantifies.

Conclusion

The phenol content in leaf has great role in floral induction in
litchi. Among genotypes, phenol content varies significantly in
flowering and non-flowering trees. Comparatively, flowering
genotypes have higher phenol content as compared to non-
flowering trees, though the level of phenol in litchi tree varied
from year to year. The phenol acts as analogues of hormone
which trigger floral development in litchi. In contrast,
flavonoids content in leaf was found higher in non-flowering
trees comparatively. The flavonoids content in leaf varied
irrespective of flowering and non-flowering trees. It can be
concluded that flowering has direct relation with phenol but not
with flavonoids.
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