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Background and Objectives: The importance of rapid, non-destructive,
and accurate estimation of leaf area (LA) in agronomic and physiological
studies is well known. The need for such estimates of leaf area in particular
for leaves with unusual shapes has led to studies relating leaf dimensions
and leaf area. However, a search of literature revealed that little
information is available for short day onion (Allium cepa L.). The objective
of this study was to develop a statistically validated regression model for
leaf area prediction from simple non-destructive measurements for onion
cultivated in the South of Iran.

Materials and Methods: In order to prepare the required plant samples to
measure leaf area parameters, an experiment was conducted in the cropping
year 2020-2021 in a field of 300 square meters located in Hormozgan
province-Rahdad district. The short-day cultivar Takii was used because of
its wide planting area in the province. 40 leaves were chosen at random
from plants growing in the farm, half were left for validation of the model
and the other 20 leaves were subjected to measurement and calibration.
The standard method (LICOR LI-3000C) was used for measuring the
actual areas of the leaves. Before measuring the leaf area, two main
parameters related to leaf length and width were accurately determined for
each leaf. To select the best variables and the regression model for
estimating leaf area, the fitted simple and multiple linear regression were
subjected to the stepwise elimination method. Finally, the accuracy of the
selected models was validated using the root mean square error (RMSE)
and coefficient of determination (R?).

Results: All linear models for estimation of leaf area with width (W) and
length (L) as well as models including both variables were subjected to
regression analysis. The results indicated that leaf length (L) is
more appropriate variable for estimating onion leaf area and leaf width
(W) was not able to properly describe leaf area. Based on the findings
of this research leaf area estimation model with both W and L had
the best prediction, with RMSE%=8.64, RMSE=1.76 and R?=0.91.
(Area=0.121 + 0.01537 L? + 0.3225 LxW).

Conclusion: As the understanding of plant growth and development has
been increasing, such mathematical models will be very useful tools for the
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prediction of leaf area for many plants without the use of expensive
devices. Thus, the models from the present study will enable researchers of
plant growth modeling to predict leaf area non-destructively with the
equations developed.
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Table 2. Pearson correlation coefficients between the leaf variables.

Area L W
Area 1
L 0.96** 1
W 0.31™ 0.18"™ 1

** Significant at 0.01 probability level, ™ non-significant

Leaf Area (Area), Leaf Length (L) and Leaf Width (W)
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Table 3. Best subsets regression for estimation onion leaf area with leaf width.

No. Vars R? R? (adj) Mallows Cp S W2 LnwW

1 73.9 72.8 4.4 3.3821 X
1 59.6 58 18.8 4.2072 X

1 55.2 53.4 23.3 44311 X

2 77.9 76 2.3 3.178 X X
2 74.6 72.4 5.7 3.4078 X X
2 65.7 62.7 14.7 3.9629 X X

3 78.2 75.3 4 3.2263 X X X

Jde 53 s psze sldes = NO. Vars s o 0 = R-SQ s jlas Gl =1=S (S 5 0=W

W= Leaf width, S= Standard deviation if residuals, R-Sq= coefficient of determination, Vars= Variables in the model
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Table 4. Best subsets regression for estimation onion leaf area with leaf length (L).

No. Vars R? R? (adj) Mallows Cp S L LnL L2
1 96.4 96.2 8.9 1.2648 X
1 95.4 95.3 16.6 1.4142 X
1 79.2 78.3 154.2 3.0206 X
2 97.3 97 3 1.1149 X X
2 97 96.7 5.3 1.1702 X
2 96.9 96.6 6.3 1.1916 X X
3 97.4 97 4 1.1147 X X X

e 53 bs sz slaws = NO. Vars s <o o = R-SQ et 5l Gl sl =S oS 5 b =L

L= Leaf length, S= Standard deviation if residuals, R-Sg= coefficient of determination, VVars= Variables in the model
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Table 5. Best subsets regression of onion leaf area with both leaf length (L) and width (W).

No.

Mallows

R ?a;? (F;;SC?) cr s L W Lxw LW LnL Low L2
2 97.6 974  96.7 0.9 1.0506 X X
2 97.6 974  96.8 1 1.0531 X X
3 97.8 975  96.4 13 1.0298 X X X
3 97.8 975  96.1 13 1.0308 X X
3 97.7 974 966 17 1.0408 X X
4 97.9 975  96.2 25 1.0322 X X X
4 97.8 974 961 2.8 1.0416 X X X
4 97.8 974 963 2.8 1.0426 X X X X
5 97.9 974 931 42 1.0502 X X X X X
5 97.9 974 873 43 1.0519 X X X X X
5 97.9 974 945 43 10541 X X X X X
6 97.9 973 77 6.1 1.0739 X X X X X X
6 97.9 973 724 6.1 10753 X X X X X X
6 979 973 901 6.2 1076 X X X X X X
7 97.9 971 585 8 11008 X X X X X X X

e 53 bs e sldes = NO. Vars s oo = RSO dlax jlre Gl ol =S S 5,6 =W S, dsb=L

L= Leaf length, W= Leaf width, S= Standard deviation if residuals, R-Sq= coefficient of determination, Vars=

Variables in the model
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Area= 0.707 +0.021302 L?

Area= -0.523 + 0.01798 L*+ 7.07 W
Area= 0.121 + 0.01537 L? + 0.3225 LxW
Area=-0.299 + 0.01260 L* + 0.310 L

1- Refining step
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Fig. 1. Fitted regression models to the measured values of onion leaf area. Models 1 & 4 are only based on leaf
length and prediction of models 2 & 3 are based on both leaf length and width. Analysis of variance and test of
coefficients of these models are given in table 6 and 7, respectively.
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Table 6. The results of regression variance analysis of selected models.

P.....,.A”“ J:.!.I.A Sl Jde a_)LA-r—z cl*" 6”)1 a2 MS
No. Independent variables No. Model Source DF
(Regression) ¢ s S, 1 2476.56**
. () Jus L2 1 2476.56**
Model (1) (Error) U 24 3.91
Lack-of-Fit 15 4.69™
(Regression) § s 5 2 1254.16%**
L2 1 608.25**
v
2 ) J W 1 31.75%*
Model (2)
(Error) Ua> 23 2.69
Lack-of-Fit 19 2.6™
(Regression) o s 3, 2 1254.01**
L2 1 181.47**
v
2 ™ I Lxw 1 31.45%*
Model (3)
(Error) Ua> 23 2.71
Lack-of-Fit 19 2.61™
(Regression) o s 3 5 2 1250.25**
L2 1 47.4**
3
1 (&) Ja L 1 23.93**
Model (4)
(Error) Ua> 23 3.03
Lack-of-Fit 14 3.32™

** Significant at 0.01 probability level, ™ non-significant
Leaf Length (L) and Leaf Width (W)

1- Lack of Fit
yra
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Table 7. The results of regression coefficient analysis for the selected onion leaf area prediction models.

Jis ize sl Jae ol Jits (gla ize s
. . Independent . P-Value VIF
independent variables  Model number - Coefficient (+SE)
Variables or Term
T 0.707(x0.71) 0.33™
1 () Jas Constant
Model (1) ) -
L 0.021302(+0.001) 0.001 1
ol o 2
e -0.523(+0.69) 0.457™
, ) de Constant
Model (2) L2 0.01798(+0.0012) 0.001™ 2.9
W 7.07(+2.06) 0.002" 2.9
ol o 2
i 0.121(+0.616) 0.846"™
) ) e Constant
Model (3) L2 0.01537(+0.0018) 0.001™ 711
LxW 0.3225(+0.095) 0.002" 711
e -0.299(+0.721) 0.682"
, () Je Constant
Model (4) L 0.0126(0.0032) 0.001™ 18.27
L2 0.31(+0.11) 0.01™ 18.27

** Significant at 0.01 probability level, ™ non-significant
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Fig. 2. Validation of models 1, 2, 3 and 4 (described in Fig. 1 and Table 7) based on comparison between
measured and predicted values of leaf area by each model. Dotted and continuous lines show 1:1 and regression
line, respectively. Slope of regression line for all models was not significantly different from 1 (P<0.01).
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Table 8. Comparison of statistical measures of 4 selected models among all evaluated regression models.
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