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Abstract. Lakitan B, Kartika K, Widuri LI, Siaga E, Fadilah LN. 2021. Lesser-known ethnic leafy vegetables Talinum paniculatum
grown at tropical ecosystem: Morphological traits and non-destructive estimation of total leaf area per branch. Biodiversitas 22: 4487-
4495, Talinum paniculatum known as Java ginseng is an ethnic vegetable in Indonesia that has also been utilized as a medical plant.
Young leaves are the primary economic part of T. paniculatum, which can be eaten fresh or cooked. This study was focused on
characterizing morphological traits of T. panicultaum and developing a non-destructive yet accurate and reliable model for predicting
total area per leaf cluster on each elongated branch per flush growth cycle. The non-destructive approach allows frequent and timely
measurements. In addition, the developed model can be used as guidance for deciding the time to harvest for optimum yield. Results
indicated that T. paniculatum flourished rapidly under wet tropical conditions, especially if they were propagated using stem cuttings.
The plants produced more than 50 branches and more than 800 leaves, or on average produced more than 15 leaves per branch at the age
of nine weeks after planting (WAP). The zero-intercept linear model using a combination of two traits of length x width (LW) as a
predictor was accurate and reliable for predicting a single leaf area (R = 0.997). Meanwhile, the estimation of total area per leaf cluster was
more accurate if three traits, i.e., number of leaves, the longest leaf, and the widest leaf in each cluster were used as predictors with the
zero-intercept linear regression model (R? = 0.984). However, the use of a single trait of length (L) and width (W) of the largest leaf within
each cluster as a predictor in the power regression model exhibited moderately accurate prediction at the R?=0.883 and 0.724, respectively.

Keywords: Ethnic plant, flush growth, leaf area prediction, leaf cluster, traditional medicine, zero intercept regression

Abbreviations: L: leaf length; LA: leaf area; LFW: leaf fresh weight; LW: rectangular of length x width; NoL: number of leaves; W:
leaf width; WAP: week after planting

INTRODUCTION

The shoot of Talinum paniculatum (Jacq.) Gaertn. is
morphologically different from Korean ginseng (Panax
ginseng C.A.Mey), but their enlarged roots look similar.
Roots of T. paniculatum exhibited high similarity with
roots of P. ginseng and it was almost impossible to
differentiate among them (Osathanunkul & Madesis 2019).
However, T. paniculatum has not been reported to contain
the active compounds of ginsenosides in its roots.
Therefore, most studies on T. paniculatum have been
focused on its health benefits as a medicinal plant.

Talinum paniculatum is also known as Java ginseng
(Arefin et al. 2021), som Jawa (Saribanon et al. 2021),
kolesom (Kusumadewi et al. 2011), Thai ginseng
(Osathanunkul & Madesis 2019), Major Gomes or Erva
Gorda plants (Moura et al. 2021; Tolouei et al. 2019),
jewels of opar (Nguyen et al. 2018), and many more local
names. In Indonesia, T. paniculatum is also considered an

ethnic leafy vegetable. At present, it is not widely
consumed as a vegetable in Indonesia and, most likely, also
not by the global community. In many countries, T.
paniculatum is classified as a minor or ethnic vegetable
(Moura et al. 2021), or in some cases, it is treated as a
weed. The edible parts of T. paniculatum are stems, leaves,
and roots, which are rich in protein, amino acids, zinc, and
iron (Moura et al. 2021).

The young leaf of T. paniculatum is the palatable
primary part. It can be eaten fresh or cooked. The leaf is
semi-succulent with a thickness of less than 1 mm. The
canopy architecture of T. paniculatum has not been
scientifically studied. The early observation indicated that
the canopy was developed by periodical (about every two
weeks) flush growth of 3 long branches ended with a
cluster of packed leaves (about 10-20 leaves) and
terminated with inflorescence. Cutting the peduncle of the
inflorescences before the first flower bloom triggers the
next flush growth. It is possible to repeat this cycle several
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times to maximize leaf yield. Each T. paniculatum plant
produces hundreds of leaves. Therefore, a model is needed
for accurately predicting the total area of all leaves per
cluster on each branch.

Considering leaf as the primary economic part of T.
paniculatumas a promising vegetable, this study's
objective is to develop a non-destructive yet accurate and
reliable model for predicting the total area per leaf cluster
on each elongated leaf branch per flush growth cycle. Leaf
area is directly related to leaf fresh weight. The non-
destructive approach allows for frequent and time-
flexibility for measurements such that the model can be
used as guidance for deciding the time to harvest for
optimum yield on fresh leaf weight.

MATERIALS AND METHODS

Biomaterial used and cultivational procedures

Seeds of T. paniculatum were collected from a single
mother plant to maximize the homogeneity of samples used
in this study. Morphological characteristics of the mother
plant are shown in Figure 1. Two different planting
materials were compared, i.e., seeds and stem cuttings. The
seeds were directly broadcasted on moist soil's flat surface
and exposed to sunlight directly. Soil moisture was
maintained by spraying the soil surface with fine water
droplets at low pressure. The seedlings were transplanted
into pots containing soil-manure mixed substrate. Plot size
was 30 cm in diameter and 30 cm in height, filled with the
substrate up to 25 cm in height. The length of stem cutting
was 10 cm. Planted to a depth of 5 cm in a similar substrate
and pot size. The plants were maintained with regular
watering, and NPK fertilizer was applied three weeks after
planting, both for seedlings and stem cuttings.

The canopy architecture of T. paniculatum was
relatively predictable. At the end of the main stem, the
flush growth occurred developed three first branches, yet
some smaller branches also developed along the main stem.
The second flush growth developed the next three-second
branches occurred at the junction between the end of each
first branch and the base of its peduncle. Just below the
junction or near the upper end of the first branch, there was
a cluster consisted of 10 to 20 leaves. Repeated flush growths
followed a similar pattern that normally occurred until the
development of the fourth branches (Figure 2). After the
first branches, the next branches and leaves size became
continuously smaller. The number of leaves on each branch
also continuously decreased to about 6-8 smaller leaves.

The needs for leaf area estimation model

The total number of leaves per plant reached more than
450 leaves. The surface area of the fully-expanded leaf in
T. paniculatum varied from less than 1 cm? to more than 85
cm?, Even if the measurement of area for each of 450
leaves with varying sizes is conducted destructively using a
sophisticated leaf area meter, it still takes considerable
time. It is more so if measurements require non-destructive
and are frequently taken during the stretch of plant growth
and development. Therefore, leaf area estimation models

BIODIVERSITAS 22 (10): 4487-4495, October 2021

should be a viable solution for shortening the time,
simplifying the procedure, and satisfying the need for non-
destructive measurement.

The selected models should be fallen into these criteria:
(a) selected predictor(s) can be measured non-destructively,
(b) predictor should be a morphological trait or traits that
directly related to leaf, and (c) the model has been proven
to accurately estimate total area of all leaves per branch,
although there was variation in individual leaf size and the
number of leaf per cluster.

Data collection

More than 600 leaves were selected and measured, but
only 591 leaves were used in developing the models due to
probable errors during data entry. Data were eliminated if
measured leaf area (LA) was larger than a multiplication of
leaf length (L) and width (W), abbreviated as LW or if
measured LA was higher or lower than predicted LA plus
or minus twice of the standard deviation (R?). Non-
destructively measured data on 591 leaves were L, W, leaf
thickness, and the number of leaves (NoL) per cluster.
Destructive measurement data specifically for model
development were leaf fresh weight (LFW) and leaf area
(LA). The longest and widest leaves within each leaf
cluster were identified at post-data collection based on the
available database. Leaf thickness was measured using a
digital caliper (Type SH20, Taffware Co., Indonesia), and
LA was measured using an automated digital image
analysis application (Easlon and Bloom 2014).

Model development

There are two major tasks in developing a leaf area
estimation model, i.e., selecting relevant predictor(s) and
the most accurate and reliable regression model to be
adopted. In this study, the challenge was increased further
by using morphological traits at individual leaf levels to
estimate leaf clusters' total area on each branch of T.
paniculatum. Conventional allometric predictors and types
of regressions that have been proven to be reliable (Lakitan
et al. 2017; 2018; 2021; Meihana et al. 2017; Widuri et al.
2017) were adopted, but an additional trait was acquired for
increasing the accuracy of LA estimation model, i.e.,
number of lobes (NoL).

Statistical analysis

Power regression was adopted as a basic leaf area
estimation model since it nicely fit most of the probable
predictors amongst plant morphological traits, i.e., LA = a
L® or LA =a WP; a and b are the coefficients that describe
the relationship between L and LA or W and LA,
respectively. However, in this study, the zero-intercept
linear regression was used as an alternative if two or more
traits were combined and used as a predictor, i.e., LA = f§
LW and LA = B LW*NoL, and the zero-intercept quadratic
regression was used if single traits of L or W were
separately used as a predictor, i.e., LA=B L+ & L? or LA
=B W + & W2 The coefficient of determination (R?)
indicates the accuracy level of each developed model. The
R? value between measured and predicted LA indicates the
reliability of the model.
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Figure 1. A. Morphological characteristics of Talinum paniculatum.
Mature seeds ready for cultivation; B. Roots development at one
week after stem cutting was planted; C. Relatively uniform plants
at five weeks after planting using stem cuttings; D. Roots of
matured plants grown from seeds; E. Smaller roots in a plant
grown using stem cuttings

-

Figure 2. Flush growth of second branches, showing leaf cluster
and inflorescence on each branch of Talinum paniculatum
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RESULTS AND DISCUSSION

The rapid growth of Talinum paniculatum

Talinum paniculatum grew rapidly under wet tropical
conditions, especially if they were grown using stem
cuttings. The plant produced almost 30 branches and more
than 300 leaves, or on average, produced more than ten
leaves per branch at the age of five weeks after planting
(WAP). Further, at nine WAP, the branches increased
about 90 %, leaves about 155 %, and average leaf/branch
more than 33 % (Table 1). Number of branches (NoB),
number of leaves (NoL), and average humber of leaves per
branch are yield-related traits in leafy vegetables. The
number of branches and leaves of T. paniculatum in this
study was higher than the reported results of Purbajanti et
al. (2019), which revealed the increase of the number of
branches within four weeks was 50%, with the maximum
number of leaves per plant of 179. In addition, the growth
of T. paniculatum is also affected by the sufficient
availability of soil nutrients, soil texture, and water
availability (Samuel et al. 2017; Oluwole et al. 2018).

Response of Talinum paniculatum to NPK fertilizer

As a leafy vegetable, T. paniculatum was best harvested
at seven to nine WAP. Frequent shoot harvesting retained
the plant at the vegetative stage (Saleh et al. 2014). After
nine WAP, the third branches started to develop
inflorescence at each of its apexes. Earlier harvest at six
WAP is also possible if NPK fertilizer is applied at 5 g per
plant. Talinum paniculatum exhibited a significant positive
response to NPK application (Figure 3).

Application of NPK increased SPAD value in T.
paniculatum gradually. Higher SPAD value indicated high
chlorophyll content and N concentration in leaf (Nyi et al.
2012). Uko et al. (2019) observed a wider leaf surface,
profuse branches, and higher leaf area index as a result of a
higher photosynthetic rate after the application of poultry
manure containing high NPK.

The plants might be maintained for a longer period if
the cultivation is mainly for producing larger roots. In this
case, early pinching of all developed inflorescences is
necessary. Removal of inflorescences resulted in
translocation of photosynthates exclusively to the
vegetative organs, including roots, stems, and leaves.
Sunday and Chukwuka (2016) recommended a weekly
inflorescence removal in order to obtain an optimum yield
of T. triangulare. Proctor et al. (2011) reported that
inflorescence removal increased 26% of root yield and 38.6
% of leaf fresh weight in American ginseng.

Table 1. Number of branches, leaves, and ratio of leaf/branch at
five and nine weeks after planting

Plant age (weeks after planting)

Traits

5 WAP 9 WAP
Branch/plant 29.2+1.88a 55.6+2.80b
Leaf/plant 3183+21.2a 812.3+36.0b
Leaf/branch 11.1+051a 14.8+0.58b

Note: Numbers represent mean + standard error. Different small
letters on each row indicated a significant increase in each
measured trait
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Plants with a large number of leaves, such as T.
paniculatum, cause measurement of canopy area based on
image analysis becomes meaningless due to high degree of
overlapping amongst existing leaves, i.e., plants with a
similar value of canopy area may have significantly
different in total leaf area. However, measuring each of the
leaves at a large number is very laborious, consumes
valuable research time, and may decrease the accuracy of
measurements.

Propagation of Talinum paniculatum using stem cuttings
Results of the present study did not show a significantly
different effect between straight and slanting cuts on the
canopy area of T. paniculatum. Leaves of T. paniculatum
are sessile, they do not have a petiole. Therefore, the
leaves’ blades are densely packed within leaf clusters on
each branch, creating overlapping amongst leaves’ blades
since early vegetative growth. Plants grown using stem
cutting with 5 and 10 leaves exhibited faster growth and a
higher canopy area than plants grown with leaf-less stem
cutting. It shows the importance of leaves as sources of
photosynthate for successful rooting of the cuttings.
Retaining some leaves improved the rooting success rate
and formation of adventitious roots in cuttings (Caplan et
al. 2018). The plant growth rate is indicated by the higher
number of leaves and larger canopy area. Insignificant
differences in canopy area measured at three WAP between
plants initially grown using stem cutting with 5 and 10
leaves were revealed that overlapping amongst leaf blades
had occurred at the early vegetative stage (Figure 4). This
finding leads to the need for developing a non-destructive
measurement of the total leaf area of T. paniculatum.

Predicting of single leaf area and total area per leaf cluster

Pezzini et al. (2018) agreed that a single-trait predictor
(L or W) required less labor than the use of two traits
(LW). Toebe et al. (2019) reported that W was better than
L for LA estimation in squash. Misgana et al. (2018)
preferred to use two traits for higher accuracy although it
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required more time on L and W measurements. Teobaldelli
et al. (2019) moderately suggested choosing the model
according to its main purpose, i.e., for quick comparison or
use as an estimation model.

Single-trait and two-trait predictors were selected to
develop the LA estimation model in T. paniculatum (Figure
5). The R? value was calculated to examine the accuracy of
the model using the zero-intercept quadratic model (dashed
line) and power regression model (dotted line). Single-trait
predictor using L and W on both models resulted in a high
R? value (R? > 0.97). However, high reliability was found
in the power regression model using a combination of two
traits (LW) as a predictor as well as in the zero-intercept
linear model. LA estimation models using a single trait of
L or W were preferable for saving a working hour or if a
large number of leaf samples were used; however, LA =
LW model is recommended for maximizing accuracy (R? =
0.9968) in estimating LA of T. paniculatum.

The accuracy of leaf dimensional traits as a predictor
was also tested using two models, the zero-intercept
quadratic and the power model (Figure 6). Leaf thickness
as a predictor was less suitable on both models with R2
values of 0.5144 and 0.4953, respectively. Lower reliability
of LA estimation using this predictor was related to
inconsistency between leaf thickness and leaf size in T.
paniculatum. Despite the actual leaf growth is three-
dimensional, in some cases, leaf thickness increment was
considered negligible during leaf development, compared
to L and W. Geometrical principle as explained by Lakitan
et al. (2017) endorsed LW as a relevant predictor for
reliably predicting LA. Non-dimensional traits of leaf fresh
weight were also examined as a predictor. Two regression
models were used to compare the most accurate model.
Both zero intercept linear and power regression showed
high R? with the values of 0.9518 and 0.9755,
respectively. However, a destructive measurement is
needed for collecting fresh leaf weight data, which hinders
the possibility of performing a sequential measurement on
the same leaf.

v2D3
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Figure 3. Response of Talinum paniculatum planted using different bottom cuts (V) and the number of leaves (D) of stem cuttings to
NPK fertilizer application as indicated by the increase in SPAD value
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Single-trait and two-trait predictors were also used for
developing the total area per leaf cluster estimation model
in T. paniculatum. Based on the R? value, the combination
of the longest and widest leaves (R? =0.95) was a better
predictor than the separated longest leaf (R* = 0.88) and
widest leaf (R? = 0.72) in each cluster. High reliability was
found in both the power regression and the zero-intercept
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linear models if the combination of the two-trait predictor
was used (Figure 7; left column). Estimation of total area
per leaf cluster was more accurate (R?> = 0.984) if three
traits of the number of leaves (NoL), the longest leaf, and
the widest leaf in each cluster were used as a predictor, and
the zero-intercept linear regression was used as the model
(Figure 7; right column).

V201 mv202

m\203

27 31

Plant age (days after planting)

Figure 4. Canopy area in Talinum paniculatum planted using different bottom cuts (V) and the number of leaves (D) of stem cuttings at
the early vegetative growth stage. V1: straight cut, V2: slanting cut, D1: stem without leaf, D2: with five leaves, and D3: with 10 leaves
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Figure 8. Reliability of the selected models for estimating total area of leaf cluster based on length (A), width (B), and length x width

(C) of the largest leaf within each cluster

There are three complementary traits used for
estimating the area of leaf within each cluster in T.
paniculatum, i.e., length (L), width (W), and length x width
(LW) of the largest leaf within each cluster. All developed
models combined with all traits or combination of traits
used as predictors have been tested for their reliability in
predicting the total area of each leaf cluster, yet the only a
high-performance combination of models and predictors
were presented in Figure 8. The selected predictors were
based on L, W, and LW of the largest leaf within each
cluster. All selected models were classified as reliable
models with the R?=0.9809, 0.9616, and 0.9844, for L, W,
and LW, respectively.

LW was a directly related and geometrically-sound
predictor since LW was an imaginary rectangular area
created based on length (L) and width (W) of the estimated
leaf (Lakitan et al. 2017). Koubouris et al. (2018) found
that LA can be estimated with higher accuracy by
employing L compared to W as predictor in eight olive
cultivars, while Meihana et al. (2017) reported that the R?
was higher if W was used as a predictor instead of L in
estimating LA in tomato.

Talinum paniculatum has been extensively used in
Asian traditional medicine. Thanamool et al. (2013)

reported that T. paniculatum is usually used as a
reproductive tonic and promotes breast milk. Furthermore,
Cerdeira et al. (2020) reported that T. paniculatum had
been used as remedies for headache, ulcer, and diarrhea.
Patel et al. (2018) revealed that T. paniculatum root
exhibits synergistic antimicrobial activity with tetracycline,
erythromycin, and  streptomycin. Phytochemical
investigation showed secondary metabolites contents in T.
paniculatum, i.e, flavonoids, saponins, tannin, and other
polyphenol compounds (Reis et al. 2015).

In conclusion, T. paniculatum grew rapidly under wet
tropical conditions especially using stem cuttings
propagation. The application of NPK fertilizer enhanced
the growth of T. paniculatum as indicated by the increased
number of branches and leaves. All L, W, and LFW were
accurate predictors for single leaf area using the power
regression model and LW with a zero-intercept linear
regression model. An exception should be recognized that
LFW data collection is destructive. Therefore, a sequential
measurement on the same leaf cannot be performed.
Meanwhile, an accurate and reliable model for predicting
the total area per leaf cluster can be obtained using the
zero-intercept linear regression model and LW traits as a
predictor. If three traits are used, increased accuracy can be
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achieved by adding the number of leaves (NoL) to L and W
of the largest leaf within the cluster as a compound
predictor. The selected model should be a simple
alternative with high reliability for shortening the
observation time. This non-destructive approach can be
utilized for deciding the harvesting time to obtain the
optimum yield of T. paniculatum.
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