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Jatropha curcas received a lot of attention as a biodiesel feedstock in several countries around the world. The leaf area (LA) estimation is important for biological
research due to its close relationship to soil fertility, plant physiological parameters, and photosynthetic efficiency. Allometric models for reliable and accurate models for
estimating the leaf area of Jatropha curcas plants based on non-destructive measurements of leaf length (L), width (W), and/ or leaf margins length (P) were developed.
Jatropha plant leaves were randomly selected for model construction to estimate the leaf area using L, W, and P leaf values. Simple and accurate equations were obtained,
based on leaf width (A = W'7%%), R? = 0.987, rib length (A = L,2%"), R? = 0.989, width and rib length (A_= LW®32°), R? = 0.997, rib length and leaf periphery segment (A =
LP,P,,%?7), R? = 0.995, and half rib and width length (A = LW/0.5%%), R? = 0.994. The equations were accurate for estimating leaf area of small, medium, and large size of

Jatropha leaves.

Introduction

Global fuel reserves are decreasing, and fuel prices increase
continuously, putting tremendous pressure on developing
economies. Fossil fuel deposits are rapidly diminishing, and
their consumption raises carbon dioxide discharge levels.
Alternative fuels, such as bioethanol and biodiesel, show
great promise for mitigating the problems caused by fossil
fuel consumption. The various scientific communities are
searching for alternative sources of fossil fuel [1-3]. Jatropha
curcas L. is a multipurpose plant with a drought-resistant oil
species widely distributed in tropical and subtropical areas. It
easily grows in Central and South America, Africa, India, and
Southeast Asia. It has gained importance for the production of
biodiesel [3-5]. Because their seeds contain between 25-32%
oil [6,7]. Different parts of Jatropha curcas have also been used
for various purposes, such as animal feed, pharmaceutical,
economic, and ecosystem restoration of disturbed areas [8-10].
Most importantly, Jatropha curcas seeds contain viscous oil

used for soap making in the cosmetics industry and as a diesel/
kerosene substitute or extender [9,10].

Jatropha curcas is receiving a lot of attention as biodiesel
feedstock. Interests of project managers, investors, and farmers
are triggered by the plant’s alleged potential to simultaneously
reclaim wastelands, enhance socio-economic development and
conserve and/or restore soil fertility in degraded areas [11-14].
These promising characteristics of the Jatropha farming system
have resulted in numerous Jatropha plantation initiatives in
the semi-arid areas [15]. Current scientific knowledge on the
utility of Jatropha biomass is elaborated by the researchers
[2,14,16-20]. And seed vyield [13,14,20]. The government
departments and NGOs are recommending jatropha plantation
as a possible source of bio-diesel on waste and unattended
lands in the world. Wastelands have poor fertility, flooding, or
salt accumulation in the root zone [1,3]. Jatropha grows well on
poor stony soils. Therefore, it is recommended for cultivation
on degraded soils [2,21]. In tropical and subtropical regions

globally [7,22].
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Leaf area (LA) is a key variable for most agronomic and
physiological studies involving plant growth, light interception,
photosynthetic efficiency, evapotranspiration, and responses
to fertilizers and irrigation [23,24]. Photosynthesis and
transpiration rate affect plant growth, development, and yield,
closely related to leaf area expansion [3,10,13,25]. There are
numerous ways for measuring leaf area; however, the length
of ribs (L, L,, L,, L, and L)), width (W), and segment of leaf
periphery length (P, P,, P, - P, and P ) as shown in figure
1 are usually easy to measure. In contrast, other features
are not easily determined directly (leaf area, mass, volume).
Calculation of leaf area through an equation is the most suitable
fast, simple, non-destructive method and does not depend on
any complex device. Estimating leaf area through equations
works better when the measures to be taken can be easily and
correctly identified, and the equation is based on only one or
a few measures. The equation should estimate an area close
to the accurate leaf area and be stable when measuring leaves
of different shapes and sizes. A modeling approach involving
linear relationships between leaf area and one or more leaf
dimensions is a cheap, rapid, reliable, and non-destructive
alternative for an accurate leaf area measurement [26]. Non-
destructive methods do not require leaves to be detached and
reduce the variability associated with destructive sampling
procedures, which is important because measurements must
be repeated during the plant’s growth period [27-28].

The development of statistical regression models from
linear leaf measurements to predict individual leaf area is
very useful in studying plant growth and development [7].
Therefore, models for the non-destructive prediction of the
leaf area, i.e. allometry, are helpful tools for researchers. In the
present study, we evaluate the currently used models [7,13,24].
And proposed simple, reliable, and accurate models using non-
destructive measurements of L, W, and/or P for estimating the
leaf area of Jatropha leaves.

Material and method

Leaves were collected from a three-year-old Jatropha plant
at the Department of Botany, University of Lucknow, Lucknow,
Uttar Pradesh, India, to estimate leaf area. More than a hundred
plant leaves (n = 100) of the big, medium, and small sizes were
used. Jatropha leaves were calculated by available allometric
methods and measured by leaf area meter (CI-203, Area Meter,
CID. Inc., USA).

Jatropha leaf is irregular but zygomorphic. Measurement
of leaf area using a leaf area meter is possible, but it is a
destructive procedure. There is a necessity to develop a simple
mathematical relationship for measuring leaf area using
simple linear measurements. In the present study, linear and
nonlinear power form relationships were developed to calculate
leaf area with possible linear measurements of leaf dimension.

The dimensions of a Jatropha leaf are twelve (12) linear
peripheral segments (P), rib length (L), and cross width (W).
Eighteen (18) linear measurements describe jatropha leaf:
twelve (12) linear periphery (P), six (6) rib lengths (L), and one
cross width (W=L,+L,). All of the measurements are interrelated
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and interdependent. There are correlations between these
metrics as well. As a result, the leaf area of Jatropha is linked
to these linear measurements, with mini-curves in the leaf
toward the petiole side taken into consideration by a constant.
A tiny triangle is a component of any two-dimensional form.
As aresult, Jatropha can be conceived as having a shape similar
to a triangle, as depicted in figure 1. The Jatropha leaf is made
up of ten triangles that can be shown as a single leaf.

Jatropha plant leaves were selected from different plants and
measured to develop the best fitting model to predict the leaf
area. The lengths of the leaf ribs (from lamina tip to the point of
the petiole), widths (the widest linear length perpendicular to
the L,), and leaf periphery segments were measured. Jatropha
leaf has five ribs (L). L, (midrib) is the most extended rib of
the leaf. The linear length of these ribs determines the shape
and size of the Jatropha leaves. All the ribs join at the petiole.
The tip of every rib looks like a crest. Between two crests of rib
exists a valley. The line joining petiole and lowest point of the
valley are termed a dividing line. Thus there are four divide
lines in a typical Jatropha leaf.

Statistical analysis

The experimental data were organized, processed, and
analyzed using Microsoft Excel and presented as + SD.

Results
Interdependence of linear measurements

Jatropha leaf has twelve (12) well-defined points. Lines
joining these points are defined in Figure 1. There are twelve
peripheral segments. The whole Jatropha leaf can be divided
into ten triangles. The rib lengths (L) and peripheral segments
(P) are interdependent and can be co-related with the midrib
length (L,). Each leaf perimeter segment can be denoted as
P, - P, in the clockwise direction. Figure 2 shows that the
interdependence of perimeter segmental length with the
midrib length. The coefficient of determination (R?) ranged for
perimeter segmental lengths with midrib length from o0.517

Figure 1: Morphological structure of Jatropha curcas plant leaf.
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- 0.906. The perimeter segment is not very strong and easily
affects climatic variables, insects, disease and pests, moisture,
and nutrient availability. The coefficient of determination of
periphery of Jatropha leaf and midrib length is very high (R2=
0.906). Therefore, the periphery of segment lengths, width,
and rib lengths can be used for characterizing the Jatropha
leaf area. For better understanding, L, length and W seem to
be more appropriate for describing leaf area. The combination
of length and width together should give a more accurate
estimate. Regression analysis was done between leaf area
(A)), and midrib length (L), leaf area and leaf width (W), leaf
area, and product of midrib length and width (WL) are shown
in Figure 3. Regression equations are shown in Table 1. The
lowest coefficient of determination was 0.969 for Model No.
17, which shows the variation of leaf area with half rib length
and maximum coefficient of determination, i.e., 0.997 was
observed for Model No. 13, which is based on the relationship
between the product of rib lengths and leaf width.

Correlation with midrib length

Models No. 1, 2, and 3 showed the relationship between
midrib length and leaf area with the corresponding coefficient
of determination (0.985, 0.978, and 0.989), respectively. Model
No. 1 had a quadratic form, while Model No. 3 was of power
form. Since the area had the dimension of [L?], the relationship
between the square of midrib length and leaf area was also
worked out. The coefficient of determination for the power
form equation was found to be the best.

Correlation with the product of rib lengths

Models 9 and 10 showed the relationship between the
product of rib lengths (L.L,L,L L) and leaf area. When the
product of rib lengths was taken as an independent variable,
a curvilinear relationship was observed with a coefficient

of determination of 0.996. When the same equation was
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Figure 2: The dependence of leaf area estimates (A ) based on four marginal leaf

periphery segments on midrib (L,) length in Jatropha leaves. a = P-4 segment, b =
P-6 segment, c = P-7 segment, d = P-8 segment.
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Figure 3: Equations for Jatropha plant leaves for leaf area (A ) estimation (a-f)
based on values of rib length (L), width (W), leaf periphery (P), and half leaf rib and

width length product (LW/2).

made dimensionally homogeneous by taking the 7% root of
the product of rib lengths and squaring after that, a higher
coefficient of determination (0.986) was observed. Models
16 and 17 showed the relationship between leaf area and the
product of rib lengths of half leaf (L. L, L,). Model 17 was
curvilinear with R>= 0.969, whereas Model 18 was linear with
R>= 0.994.

Correlation with width, midrib length, and width

The correlation of leaf width with the area is depicted by
models 4 and 5. Model 4 is nonlinear with R2= 0.987 and 5
is linear with R>= 0.973. The linear model is a plot between
the area and square width of the leaf, which is dimensionally
homogeneous. Model 6 depicts the relationship between leaf
area and the product of the midrib length (L,) and width (W),
which is dimensionally homogenous. The nature of the plot is
linear, and the value of R>= 0.992. The value of R> of Model 6 is
superior to other models of L, or W.

Correlation with the product of rib lengths and leaf peri-
phery, rib lengths and width

Model 7 is dimensionally homogeneous showing variation
of leaf area (L,.L,.L,.L,.L._P P )°> with R*= 0.995. Model 7 is
dimensionally non-homogeneous, and the plot is curvilinear
with R*>= 0.995. Model 7 seems superior over models 1-8 but
requires a large number of linear measurements from a single
leaf. Models 13, 14, and 15 show variation of leaf area with
the product of rib lengths and width. Model 13 is nonlinear
and dimensionally non-homogeneous with the value of R> =
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Table 1: Statistical models, regression coefficients, coefficient of determination, and leaf area (AL) equations as a function of linear dimensions of (L, W, and P) Jatropha
leaves.

Model no. Model Coefficients R2 Estimator of leaf area (AL)
. a=0442 2
1. A =al32+bL3 b 1745 0.985 0.442 L5 +1.745L,
2, A =al32 a=0.582 0.978 0.582 L7
3. A =al3b a=0.487 0.989 0.487 L7
4. A, =aWb a=0.761 0.987 0.761 W 73
5. A =aw2 a=0.452 0.973 0.452w°>
6. A =alW a=0.516 0.992 0.516 LW
7. A, =aLPb a=2019 0.990 2.019(L1L2L3L4L5P1P2 )0'274
1/7
8. A =aLPb a=1738 0.995 1.73 8(L1L2L3L4L5P]P2 )
0. A, =alb a=1353 0.9 1.353(L,L,LyL,Ls)"""™
X 2
10. A =al =1.068 0.986 <
=2 2 1.068(L,L,LyL,L)s
1. A, = alwb a=1698 0.996 1.698 (LIL2 L,L,L. W)°'242
2
12. A, =alWb a=1518 0.993 1.518(L1L2L3L4L5 W)g
13. A, = alWb a=1.149 0.997 1. 149(L1L2L3 L,L. W)0'320
a=0.941 2
1 A= alW2/6 +b b=2.361 099 0.941(L, L, L L, L )s +2.361
A 2
15. A =alW =0.967 0.989 -
e : 0.967(L,L,L,L,L W )s
16. A =alb a=1206 0.992 1 .206(L1L2 L, )0'630
17. A =alb a=0.933 0.969 0,933([,1[,21,3 )2/6
18. A, = alWb a=1.465 0.994 1.465(L1L2L3 (0.5 )0'467
19 A =alW2/4+b a=1063 0.978 2
: L b=3.152 - 1.063(L,L,L,(0.5W))s +3.152
X 2
20. A =alWw =1.103 0.976 "
=a a 1.103(L, L, L, (0.5W))s

Note: a and b are the equation coefficient, A, = Leaf area, L = rib length, W = width, P = leaf periphery.

0.997. Models 14 and 15 are dimensionally homogenous with
R?>= 0.990 and 0.989. Model 15 is passing through the origin,
while model 14 has an intercept. Model 13 is superior to all the
models discussed so far.

Correlation with the product of rib lengths, leaf periphe-
ry length, and width

Models 11 and 12 show the variation of leaf area with the
product of rib lengths, perimetric base length, and width

with R? = 0.996 and 0.993. Model 11 has a higher value of R2
but without any further improvement in the coefficient of
determination. Model 12 is dimensionally homogeneous. Both
models require eight linear measurements for calculating leaf
area without any modification.

Correlation with the product of half side rib lengths and
half-width

Model 16 describes the variation of leaf area with the
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product of half side rib lengths (L.L,.L,) and dimensionally
non-homogeneous, while model 17 is dimensionally
homogeneous. The value of R*>= 0.992 and 0.969 for models
16 and 17, respectively. Both the models are inferior to model
7. Model 18 is nonlinear dimensionally non-homogeneous
with R2 = 0.994, and models 19 and 20 are linear and
dimensionally homogeneous with and without an intercept
with corresponding R> = 0.978 and 0.976. These models are
also not better performing than model 13. Model 13, having the
highest value of R>=0.997 among all models and requiring only
two linear measurements, midrib length (L3) and width (W),
can be successfully used to calculate the leaf area of Jatropha
curcas.

Discussion

Pompelli, et al [7]. Developed eight models for calculating
leaf area using twolinear leaf measurements: leaf length (midrib
length) and width. All four models used the product of length
and width for establishing the relationship with leaf area gave
higher values of R Achten, et al [13]. Also recommended the
calculation of leaf area with the help of leaf length and width.
Severino, et al [24]. Also found that the leaf area calculated
with the help of leaf length and width is superior to the leaf
area calculated with the help of width alone [25-28].

Jatropha curcas leaf requires 18 linear measurements for fully
describing the leaf. Measurement of leaf area of Jatropha is
useful in understanding the physiological responses and yield
productivity. The water requirements of the plant could also
be correlated with the overall leaf area. Direct measurement of
leaf requires expensive instruments, while allometric methods
require a few leaf dimensions measurements. In the present
study, relationships were developed for the calculation of leaf
area of the Jatropha using leaf length (L), width (W), and/ or
leaf periphery length (P). The models were evaluated based
on the determination of coefficient (R*) and the difference
between calculated and measured leaf area of Jatropha plant
leaves. Accurate and simple equations were developed using
leaf width (A, = W'7), R* = 0.987, rib length (A = L2°%), R
= 0.989, width and rib length (A, = LW°3*), R? = 0.997, rib
length and leaf periphery segment (A = LP P _°4), R? = 0.995,
and half rib and width length (A = LW/0.5%4¢7), R? = 0.994. The
developed models calculated leaf area of small, medium, and
large Jatropha curcas plants accurately and recommended for
field application.

Acknowledgment

One of the authors, Krishan Kumar Verma is thankful to
the Science & Engineering Research Board (SERB), New Delhi,
India, for granting a Start-Up Research Grant Scheme -Young
Scientist (F.No. SB/YS/LS-167/2013).

Authors’ contributions

KKV- conceived, designed, conducted the experiment,
collected and analyzed data, wrote the manuscript, CLV-
analyzed the mathematical model and MS- reviewed and
approved the final version of the MS. All authors read and
approved the final manuscript.

https://www.peertechzpublications.com/journals/international-journal-of-agricultural-science-and-food-technology 8

References

-
i

. Verma KK, Singh M, Verma CL (2012) Developing a mathematical model for

variation of physiological responses of Jatropha curcas leaves depending
on leaf positions under soil flooding. Acta Physiol Plant 34 1435-1443.Link:
https://bit.ly/3wvk3eL

Verma KK, Singh M, Gupta RK, Verma CL (2014) Photosynthetic gas exchange,
chlorophyll fluorescence, antioxidant enzymes and growth responses
of Jatropha curcas L. during soil flooding. Turk J Bot 38: 130-140. Link:
https://bit.ly/3D3rtbp

Nakabaru M, Hoang DT, Watanabe K, Takaragawa H, Yabuta S, et al. (2020)
Responses of leaf gas exchange rate to acute soil drying in Jatropha curcas L.
Plant Prod Sci 23: 333-342. Link: https://bit.ly/3D0corc

Yee KF, Wu JCS, Lee KT (2011) A green catalyst for biodiesel production from
jatropha oil: Optimization study. Biomass Bioenergy 35: 1739-1746. Link:
https://bit.ly/3kmS0sT

Juan JC, Kartika DA, Wu TY, Hin TYY (2011) Biodiesel production from jatropha
oil by catalytic and non-catalytic approaches: an overview. Bioresour Technol
102: 452-460. Link: https://bit.ly/31Lilun

Pompelli MF, Barata-Luis R, Vitorino H, Goncalves ER, Rolim EV, et al. (2010)
Photosynthesis, photoprotection and antioxidant activity of purging nut
under drought deficit and recovery. Biomass Bioenergy 34: 1207-1215. Link:
https://bit.ly/3qluKPG

Pompelli MF, Antunes WC, Ferreira DTRG, Cavalcante PGS, Wanderley-Filho
HCL, et al. (2012) Allometric models for non-destructive leaf area estimation of
Jatropha curcas. Biomass Bioenergy 36: 77-85. Link: https://bit.ly/3kmjKOW

Heller J (1996) Physic nut. Jatropha curcas L. Promoting the conservation
and use of underutilized and neglected crops. 1. Institute of Plant Genetics
and Crop Plant Research, Gatersleben/ International Plant Genetic Resources
Institute, Rome, Italy. Link: https://bit.ly/3gjTrMx

Openshaw K (2000) A review of Jatropha curcas: an oil plant of unfulfilled
promise. Biomass Bioenergy 19: 1-15. Link: https://bit.ly/3kF3fgH

. Carneiro ICS, Pereira EG, Souza JP (2015) Combined effects of low light and

water stress on Jatropha curcas L. promotes shoot growth and morphological
adjustment. Acta Botanica Brasilica 29: 467-472. Link: https://bit.ly/3EZEYcJ

. Francis G, Edinger R, Becker K (2005) A concept for simultaneous wasteland

reclamation, fuel production, and socio-economic development in degraded
areas in India: need, potential and perspectives of Jatropha plantations. Nat
Resour Forum 29: 12-24. Link: https://bit.ly/3FewlG7

. Zahawi RA (2005) Establishment and growth of living fence species: an

overlooked tool for the restoration of degraded areas in the tropics. Restor
Ecol 13: 92-102. Link: https://bit.ly/31Dzlgp

. Achten WMJ, Maes WH, Reubens B, Mathijs E, Singh VP, et al. (2010) Biomass

production and allocation in Jatropha curcas L. seedlings under different levels
of drought stress. Biomass Bioenergy 34: 667-676. Link: https://bit.ly/3wvtjiT

. Ishimoto Y, Yabuta S, Kgokong S, Motsepe M, Tominaga J, et al. (2018)

Environmental evaluation with greenhouse gas emissions and absorption
based on life cycle assessment for a Jatropha cultivation system in frost- and
drought-prone regions of Botswana. Biomass Bioenergy 110: 33-40. Link:
https://bit.ly/30ay11M

. GEXSI (2008) Global market study on Jatropha - final report. Berlin, Germany:

GEXSI. Link: https://bit.ly/3H4yJpV

. Gunaseelan VN (2009) Biomass estimates, characteristics, biochemical

methane potential, kinetics and energy flow from Jatropha curcus on dry
lands. Biomass Bioenergy 33: 589-596. Link: https://bit.ly/3H85ySI

. Sharma DK, Pandey AK Lata (2009) Use of Jatropha curcas hull biomass

for bioactive compost production. Biomass Bioenergy 33: 159-162. Link:

https://bit.ly/305Yttk

Citation: Krishan Kumar V, Verma CL, Singh M (2021) Non-destructive allometric models for leaf area prediction of Jatropha curcas L. J Agric Sc Food Technol 7(3):

341-346. DOI: https://dx.doi.org/10.17352/2455-815X.000129



E’ PeertechzPublications https://www.peertechzpublications.com/journals/international-journal-of-agricultural-science-and-food-technology 8

18. Inafuku-Teramoto S, Mazereku C, Coetzee T, Gwafila C, Lekgari LA, et al. 23.Blanco FF, Folegatti MV (2005) Estimation of leaf area for greenhouse
(2013) Production approaches to establish effective cultivation methods for cucumber by linear measurements under salinity and grafting. Sci Agr 62: 305-
Jatropha (Jatropha curcas L.) under cold and semi-arid climate conditions. J 309. Link: https://bit.ly/3oeyJeb

Agron Plant Prod 4: 3804-3815. Link: https://bit.ly/3mXurlP
24. Severino LS, Vale LS, Beltrao NEM (2007) A simple method for measurement

19. Tominaga J, Inafuku S, Coetzee T, Kawamitsu Y (2014) Diurnal regulation of of Jatropha curcas leaf area. Rev Bras Ol Fibros 11: 9-14.
photosynthesis in Jatropha curcas under drought during summer in a semi-
arid region. Biomass Bioenergy 67: 279-287. Link: https://bit.ly/3gjeajs 25. Asner GP, Scurlock JMO, Hicke JA (2003) Global synthesis of leaf area index
observations: implications for ecological and remote sensing studies. Glob
20. Ishimoto Y, Kgokong S, Yabuta S, Tominaga J, Coetzee T, et al. (2017) Ecol Biogeography 12: 191-205. Link: https://bit.ly/3bQHFAW
Flowering pattern of biodiesel plant Jatropha in frost- and drought-
prone regions of Botswana. Int J Green Energy 14: 908-915. Link: 26. Antunes WC, Pompelli MF, Carretero DM, DaMatta FM (2008) Allometric
https://bit.ly/3ql05AwW models for non-destructive leaf area estimation in coffee (Coffea arabica and

Coffea canephora). Ann Applied Biol 153: 33-40. Link: https://bit.ly/30gkOwh
21. Abou-Kheira AA, Atta NMM (2009) Response of Jatropha curcas L. to water

deficits: yield, water use efficiency and oilseed characteristics. Biomass 27. Peksen E (2007) Non-destructive leaf area estimation model for fababean
Bioenergy 33: 1343-1350. Link: https://bit.ly/302Cuer (Vicia faba L.). Sci Hortic-Amsterdam 113: 322-328.

22. Kochhar S, Singh SP, Kochhar VK (2008) Effect of auxins and associated 28. Serdar U, Demirsoy H (2006) Non-destructive leaf area estimation in chestnut.
biochemical changes during clonal propagation of the biofuel plant e Jatropha Sci Hortic-Amsterdam 108: 227-230. Link: https://bit.ly/3wtAqbr

curcas. Biomass Bioenergy 32: 1136-1143. Link: https://bit.ly/302CzyL

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights
< Signatory publisher of ORCID
<  Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

< Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

< Journals indexed in ICMJE, SHERPA/ROMEQ, Google Scholar etc.

<  OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
< Dedicated Editorial Board for every journal

< Accurate and rapid peer-review process

< Increased citations of published articles through promotions

< Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
(https://www.peertechz.com/submission).

Peertechz journals wishes everlasting success in your every endeavours.

Citation: Krishan Kumar V, Verma CL, Singh M (2021) Non-destructive allometric models for leaf area prediction of Jatropha curcas L. J Agric Sc Food Technol 7(3):
341-346. DOI: https://dx.doi.org/10.17352/2455-815X.000129



