
 
 
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH 
2019, VOL. 2(1), 83-94  

 

 
 

Journal homepage: www.jhpr.birjand.ac.ir 
 

University             
of Birjand 

 

Individual modelling of leaf area in cress and radish using leaf 

dimensions and weight 
 

3hdi KhayyateM and 2, Hassan Bayat1*Mohammad Hossein Aminifard 

1, 2, 3 University of Birjand, Faculty of Agriculture, Department of Horticultural Science, Birjand, Iran 

 

 

A R T I C L E  I N F O 
  

A B S T R A C T 

Article history: 

Received 31 May 2018 

Revised 28 August 2018 

Accepted 10 October 2018 

Available online 03 January 2019 

Keywords: 

independent variables  

Lepidium sativum  

non-destructive method  

Raphanus sativus  

regression models 

DOI: 10.22077/jhpr.2018.1564.1024 

P-ISSN: 2588-4883 

E-ISSN: 2588-6169 

*Corresponding author:  
University of Birjand, Faculty of 
Agriculture, Department of Horticultural 
Science, Birjand, Iran 
 E-mail: mh.aminifard@birjand.ac.ir 

 
© This article is open access and licensed under the 
terms of the Creative Commons Attribution License 
http://creativecommons.org/licenses/by/4.0/  which 
permits unrestricted, use, distribution and 
reproduction in any medium, or format for any 
purpose, even commercially provided the work is 
properly cited.  

  

 
 

 

 

Purpose: The objective of this study was to establish equations to 
estimate leaf area (LA) using length (L), width (W), fresh weight 
(FW) and dry weight (DW), length × width (L×W), width/length 
(W/L) of cress leaves as a leafy vegetable and radish  leaves as a 
root vegetable. Research method: An experiment was carried out 
under greenhouse conditions to study the relationship between 
leaf dimension and weight with LA of these two vegetable plants. 
Observed LA was obtained by an automatic measuring device and 
leaf dimensions were measured by a ruler. Regression analyses of 
LA versus L, W, FW, DW, L×W and W/L led several models that 
could be used for estimating the area of individual cress and radish 
leaves. Findings: A linear model employing FW as an independent 
variable [LA=0.295 (Fresh W.)+ 1.430] resulted the most accurate 
estimate (R2 = 0.912, RMSE = 1.52) of cress LA. For radish, a linear 
model using W as an independent variable [LA=22.50 (W) + 7.46] 
showed the most accuracy (R2 = 0.874, RMSE = 11.26) for 
estimating LA. Validation of the regression models showed that the 
correlation between measured and simulated values using these 
equations was quite acceptable for radish and cress (R2 = 0.922, 
0.876), respectively. Research limitations: Evaluation of more leafy 
vegetables possibly had better results. Originality/Value: The 
results showed that cress and radish LA could be monitored quickly, 
accurately, and non-destructively by using the leaf FW and leaf W 
models, respectively. 
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INTRODUCTION 
 

Cress or garden cress is rich in vitamins A and C, iron, and calcium. It contains 

isothiocyanates with antibacterial properties (Xue, 2001). Cress is used to increasing sexual 

power and acts as a diuretic and purgative. It is also used to treat pleurisy, dropsy, asthma, 

and coughing with nausea, vitamin C deficiency, liver disease, hemorrhoids, and as an 

abortifacient (Perry, 1980). Radish leaves usually are medium green and lobed and have a 

rough texture that contains high amounts of vitamin A, B, C and calcium, pectin, phytin, iron, 

manganese, and copper. It is used to treat asthma, cough, diarrhea, dysentery, and 

malnutrition (Xue, 2001). 

Green leaves play a critical role in crop growth and development. Leaves receive the 

photosynthetically active radiation (PAR) and ultimately utilize it producing dry matter 

(Demarty et al., 2007). Factors related to leaf area, such as photosynthesis and transpiration 

rate, directly affect the plant productivity, which makes the leaf area (LA) a key variable in 

physiological studies involving plant growth, light interception, photosynthetic efficiency, 

evapotranspiration, and responses to fertilizers and irrigation (Blanco & Folegatti, 2005). An 

accurate LA measurement plays a key role in understanding crop growth and its environment 

(Kumar, 2009). Leaf area measurements especially under field conditions are often 

destructive and time-consuming (Tsialtas & Maslaris, 2005). However, leaves may have 

complex shapes making LA determination more difficult and subject to larger errors. 

Furthermore, it is not possible to make a successive measurement of the same leaf, and plant 

canopy would be damaged which cause problems to other measurements of the experiment 

(Tsialtas & Maslaris, 2005).  

A large number of methods, either destructive or not, have been developed to measure 

LA. The LA can be determined by using some expensive instruments and developed 

prediction models (Robbins & Pharr, 1987). Recently, new instruments, tools, and machines 

such as hand scanners and laser optic apparatuses have been developed for leaf area 

measurements that these are very expensive and complex devices for both basic and simple 

studies. Despite various methods used to estimate LA (Lu et al., 2004), the most common 

approach is to develop ratios and regression estimators by  using easily measured leaf 

parameters such as length (L) and width (W) (Kvet & Marshall, 1971), dry matter and leaf 

specific area (Lee & Heuvelink, 2003; Lieth & Pasian, 1991). These methods usually save 

time and are non-destructive. Non-destructive methods allow measurements to be repeated 

during the plant’s growth period and reduce the variability associated with destructive 

sampling procedures (Nesmith, 1992). Thus, prediction model which can estimate LA without 

harming the plant can provide researchers with many advantages in horticultural experiments 

as following: 1) the models enable researchers to measure LA on the same plants during the 

plant growth period and may reduce variability in experiments (Nesmith, 1992) reliable 

models eliminate the need for expensive instruments and labor; 3) measurement will be easy, 

quick and thus saving time if a reliable equation be resulted or chosen; 4) using reliable 

equation, consistent results will be obtained and 5) modeling equation cost nothing. The non-

destructive methods based on linear measurements are fast and easy to be executed and 

resulted in good precision and high accuracy as demonstrated for several crops like 

cucumbers (Blanco & Folegatti, 2005; Cho et al., 2007), zucchini squash (Rouphael et al., 

2006), sunflower (Rouphael et al., 2007), hazelnut (Cristofori et al., 2007), faba bean (Peksen, 

2007), stevia (Ramesh et al., 2007), persimon (Cristofori et al., 2008), potato (Busato et al., 

2010), rose (Rouphael et al., 2010), gladiolus (Schwab et al., 2014), coneflower (Aminifard et 

al., 2016) and Crotalaria juncea (De Carvalho et al., 2017). However, based on the literature 
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review, no model has been developed to predict cress and radish LA. Since each species 

shows characteristic patterns of leaf morphology, it is necessary to generate specific models 

of leaf area estimation. Therefore, the main aim of this study was to find the best model and 

allometric correlation based on estimate LA for two garden vegetable plants. 

 

MATERIALS AND METHODS 

 

Soil cultured cress and radish plants were grown under greenhouse conditions in the Faculty 

of Agriculture located in University of Birjand from January to March 2015. Air temperature 

and relative humidity ranged between 24 °C (day) and 21 °C (night) and 60-70%, 

respectively. The light intensity was about 40.5 mol. m-2 s-1. Irrigation and nutrition were 

performed based on conventional practices.  

About 50 days after planting, 100 cress plants were selected and one fully-expanded leaf 

sample was prepared from each plant. While for radish, once their roots grew adequate, which 

was about 60 days after planting, 180 plants taken out completely. Each sample (plant) was 

separately taken into plastic bags and transported to the laboratory for destructive 

measurement of LA using LA meter (Delta T-Devices Ltd., Burwell, and Cambridge, 

England). Thereafter, leaf fresh weight (FW), length (L) and width (W) of each sample were 

measured. The maximum L and W of all leaves were measured by a ruler. Width was 

evaluated from the widest area with a precision of 1 mm, and L was calculated from the top to 

the end of the blade without petiole with a precision of 1 mm. The samples were dried in oven 

at 80 °C for 24 h and dry weights were then measured. The fresh and dry weights (DW) of 

leaves were measured with a digital balance of accuracy of 0.001 g. Mean, maximum and 

minimum of all samples were calculated. 

Multiple regression analysis was performed on the data. A search for the best model to 

predict LA was conducted with various subsets of the independent variables such as: L, length 

square (L2); W, width square (W2); length × width (L×W); FW, DW, length + width (L+W); 

and width/length (W/L). The best model was selected based on the coefficient of 

determination (R2), root means square of error (RMSE), efficiency (E), index of agreement 

(D), variance inflation factor (VIF) and tolerance value (T).  

The relationship between leaf area as a dependent variable and independent variables was 

determined using regression analysis on data from 50 leaves. Coefficients of determination 

(R2) were calculated and the equation that presented the highest R2 was used in the 

estimations. Then estimated and measured leaf areas were compared by testing the 

significance of the regression equation and degree of goodness of fit (R2) between estimated 

and observed values. The final model was selected based on the combination of the highest R2 

and the lowest root mean square error (RMSE). Root mean square error of estimation was 

calculated based on Janssen and Heuberger (1995): 

 

Equation 1: RMSE = [∑ (Pi-Oi) 2/N] 0.5 

 

Where P = predicted LA, O = measured LA, N = number of observation, and i = 1…N. 

 

Comparison between the best two models (higher R2 and lower MSE) was addressed by 

calculating the statistic E, i.e., the accuracy of model 1 relative to model 2 (Allen & Raktoe, 

1981):  

Equation 2: E12 = MSE1/MSE2 
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Where MSE1 and MSE2 are the mean square error of the predictions with model 1 and 2, 

respectively:  

 

Equation 3: MSE1 = Σ (P1i - Oi) 2, MSE2 = Σ (P2i - Oi) 2 

 

The statistic E is dimensionless and varies from 0 to infinity. A value of E between 0 and 

1 implies that model 1 is superior to model 2. If E is greater than 1 then model 2 is better. The 

d measures the degree to which the predictions of a model are error free and is dimensionless 

(Willmott, 1981). The d values range from 0, for complete disagreement, to 1, for perfect 

agreement between the observed and predicted values. The index d was calculated as: 

        

Equation 4: d = 1 - [Σ (Pi-Oi)
 2]/ Σ [(|Pi-Ō|) + (|Oi- Ō|)] 2  

 

Where Ō is the average of the observed values. 

 

For detecting collinearity, the VIF (Marquardt, 1970) and the T (Gill, 1986) were calculated: 

 

      Equation 5: VIF=1/1-r2, T=1/VIF 

 

Where r, is the correlation coefficient. If the VIF value was higher than 10 or if T value was 

smaller than 0.10, then collinearity may have more than a trivial impact on the estimates of 

the parameters, and consequently, one of them should be excluded from the model. 

To validate the models, about 100 leaves of each cress and radish plants were taken and 

actual leaf area, leaf fresh weight, and width were determined by the previously described 

procedures. Leaf area of individual leaves was predicted using the best model from the 

calibration experiment and was compared with the actual leaf area. The slope and intercept of 

the model were tested to see if they were significantly different from the slope and intercept of 

the 1:1 correspondence line (Dent & Blackie, 1979). Regression analyses were then 

conducted. 

 

RESULTS AND DISCUSSION 

 

Minimum and maximum data for considering independent variables about both plants are 

shown in Table 1. Each of these variables was used to evaluate its relationship with actual 

LA, and power, linear and exponential relationships were studied.  

The results indicated that among tested equations, the third equation considering leaf FW 

(LA=0.295 FW +1.430) showed the highest R2 (0.912) and lowest RMSE (1.52) and the 

second equation employing leaf W (LA=22.50 W +7.46) with the highest R2 (0.875) and the 

lowest RMSE (11.26) for cress and radish plants, respectively, means these are suitable 

equations for non-destructive measurements of LA compared with others. These equations 

indicated that leaf FW for cress and leaf W for radish strongly related with actual LA (Table 

2, Fig. 1, and Fig. 2).  

Regarding Table 3, it is clear that the highest SE and the lowest MSE are obtained for 

equation 3 for cress and equation 2 for radish, which confirmed the goodness of these models 

to estimate LA. The highest index of agreement (D) value obtained for the first, fourth and 

seventh equations for cress (Table 3). There was no difference of d value for different 

equations related to radish (Table 3). The VIF and T of these data (Table 3) showed no 

correlation between variables especially leaf dimensions. Data showed the low difference 

between RMSE and MSE related to equations 3 and 5 for cress and equations 2 and 3 for 
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radish (Tables 2 and 3). Statistic E was used to compare these equations and models, and 

results indicated that model 3 was better than model 5 for cress and for radish model 2 was 

better compared to model 3 (Table 4). To validate the developed models for the estimation of 

individual leaf area, measured and predicted data were compared. The leaf areas, estimated by 

equations 3 and 2, strongly agreed with the measured value, with R2 = 0.922 and R2 = 0.876 

for cress and radish, respectively (Fig. 3).  

 

 
Table 1. Mean, minimum and maximum values for measured independent variables of cress and radish leaves 

Max. Min. Mean ± SDƗ Sample No. Plant parameters 

     

  Cress   

11.50 4.00 6.44±4.23 100 Length (cm) 

5.30 2.00 3.20±4.21 100 Width (cm) 

92.00 12.00 35±4.97 100 Fresh weight (g) 

0.83 0.12 0.31±0.47 100 Dry weight (g) 

58.65 8.20 21.88±4.48 100 Length×Width (cm2) 

28.09 4.00 10.96±4.16 100 Width2 (cm) 

14.20 6.40 9.70±3.88 100 Length+Width (cm) 

     

  Radish   

25.50 9.00 17.40±2.38 180 Length (cm) 

7.19 0.82 3.19±2.99 180 Width (cm) 

14.10 3.50 8.02±2.88 180 Fresh weight (g) 

178.31 7.65 58.93±28.86 180 Length×Width (cm2) 

650.25 81.00 313.32±23.63 180 Length2 (cm) 

52.00 1.00 12.00±0.16 180 Width2 (cm) 

31.99 9.85 20.59±2.68 180 Length+Width (cm2) 

0.42 0.07 0.18±2.66 180 Width/Length (cm) 

Ɨ Standard deviations (SD), minimum (Min) and maximum (Max), length (L), width (W), fresh weight (FW), dry weight 

(DW), length2 (L2), width2 (W2), length× width (L × W), length + width (L + W), fresh weight2 (FW2) and dry weight2 

(DW2). 

 

 

  Table 2. Regression models, R2 and RMSE used for leaf area estimation 

Plant parameters Equation No. Equation R2 RMSE 

    

  Cress  

Length (cm) 1 LA=2..969 (L)-8.023 0.855 1.72 

Width (cm) 2 LA=5.691(W)-7.060 0.810 2.02 

Fresh weight (g) 3 LA=0.295 (FW)+1.430 0.912 1.52 

Dry weight (g) 4 LA=33.56 (Dry W.)+1.721 0.861 1.88 

Length×Width (cm2) 5 LA=0.467(L×W)+0.907 0.890 1.56 

Width2 (cm) 6 LA=0.847 (W2)+1.968 0.808 2.01 

Length+Width (cm) 7 LA=2.403 (L+W)-12.18 0.719 2.40 

     

               Radish   

Length (cm) 1 LA=7.370 (L)-48.97 0.557 21.15 

Width (cm) 2 LA=22.50 (W)+7.46 0.874 11.26 

Fresh weight (g) 3 LA=15.00 (FW)-40.83 0.816 13.58 

Length×Width (cm2) 4 LA=0.847 (L×W)+29.39 0.814 13.70 

Length2 (cm) 5 LA=0.203 (L2)+15.62 0.547 21.40 

Width2 (cm) 6 LA=2.784 (W2)+46.05 0.793 14.44 

Length+Width (cm) 7 LA=6.142 (L+W)-47.20 0.703 17.32 

Width/Length (cm) 8 LA=494.6 (W/L)-9.118 0.692 17.64 
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Fig 1. Plot of predicted leaf area, estimated by model vs. the observed leaf area using independent variables for cress plant 

(A-G) 
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Fig 2. Plot of predicted leaf area, estimated by model vs. the observed leaf area using independent variables for radish plant 

(H-O). 
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Fig. 3. Comparison of measured and predicted leaf areas of cress (A) and radish (B) 

 

Leaf area is one of the most important growth parameters and for effective monitoring of 

the growth and plant development, it should be recorded several times accurately. Lack of an 

accurate model is a limitation for calculating LA. Non-destructive method of the estimation of 

LA has several advantages without compromising on accuracy (Antunes et al., 2008; 

Kandiannan et al., 2009; Peksen, 2007). Many studies have been carried out to estimate the 

leaf area by measuring leaf dimensions. In general, the combination of leaf L and maximum 

W has been used as the parameters of LA models (Antunes et al., 2008; Peksen, 2007). The 

results of present study were in agreement with the previous studies on model development 

for predicting LA using simple linear measurements (Cristofori et al., 2008; Busato et al., 

2010; Rouphael et al., 2010; Schawb et al., 2014; Aminifard et al., 2016; De Carvalho et al., 

2017). In this study, very close relationships were found between actual leaf area and 

predicted leaf area using the proposed model.  
 

 

Table 3. Statistics and parameters yielded from regression models for LA estimation to compare models 

Plant parameters Equation No. SEƗ MSE d VIF T 

                                                                                  Cress 

Length (cm) 1 0.42 2.97 0.99 6.89 0.14 

Width (cm) 2 0.42 4.07 0.78 5.26 0.19 

Fresh weight (g) 3 0.50 2.32 0.81 11.36 0.09 

Dry weight (g) 4 0.47 3.52 0.99 7.19 0.14 

Length×Width (cm2) 5 0.45 2.42 0.97 9.09 0.11 

Width2 (cm) 6 0.42 4.03 0.50 5.21 0.19 

Length+Width (cm) 7 0.39 5.77 0.98 3.56 0.28 

                                                                                   Radish 

Length (cm) 1 1.78 447.33 0.98 2.26 0.44 

Width (cm) 2 2.22 126.80 0.99 7.94 0.13 

Fresh weight (g) 3 2.14 184.41 0.99 5.43 0.18 

Length×Width (cm2) 4 2.15 187.69 0.99 5.38 0.19 

Length2 (cm) 5 1.76 458.07 0.98 2.21 0.45 

Width2 (cm) 6 0.01 208.56 0.98 4.83 0.21 

Length+Width (cm) 7 1.99 299.94 0.98 3.37 0.30 

Width/Length (cm) 8 1.98 311.08 0.96 3.25 0.31 

Ɨ Standard error (SE), Mean square errors (MSE), index of agreement (d), variance inflation factor (VIF) and tolerance value 

(T).  
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Table 4. Calculation of statistic E to find the best equation 

Equations MSE E12 

                                                                     Cress 

Equation 3 2.32 (MSE3/MSE5)=0.958 

Equation 5 2.42 (MSE5/MSE3)=1.043 

Radish 

Equation 2 126.80 (MSE2/MSE3)=0.687 

Equation 3 184.41 (MSE3/MSE2)=1.454 

 

 

CONCLUSION 

 

In conclusion, results showed that cress and radish LA could be monitored quickly, 

accurately, and non-destructively by using the leaf FW and leaf W models, respectively. With 

these models, agronomists and physiologists can estimate the leaf area of cress and radish 

plants accurately and in large quantities. 

 

 

REFERENCES 
 

Allen, O.B., & Raktoe, B.L. (1981). Accuracy analysis with special reference to the predictions of 

grassland yield. Biometrical Journal, 23(4), 371-388. doi.org/10.1002/bimj.4710230404. 

Aminifard, M.H., Khayyat, M., & Bayat, H. (2016). Estimation of leaf area in coneflower (Echinacea 

purpurea L.) using independent variables. Journal of Ornamental Plant, 6, 245-251. 

Antunes, W.C., Pompelli, M.F., Carretero, D.M., & DaMatta, F.M. (2008). Allometric models for 

non-destructive leaf area estimation in coffee (Coffea arabica and Coffea canephora). Annals of 

Applied Biology, 153(1), 33-40. doi: 10.1111/j.1744-7348.2008.00235.x. 

Blanco, F.F., & Folegatti. M.V. (2005). Estimation of leaf area for greenhouse cucumber by linear 

measurements under salinity and grafting. Scientia Agricola, 62, 305-309. doi.org/10.1590/S0103. 

Busato, C., Fontes, P.C.R., Braun, H., & Bustao. C.C.M. (2010). Estimativa da área foliar da batateira, 

cultivar Atlantic, utilizando dimensões lineares. Revista Ciencia Agronomica, 41, 702-708. 

doi.org/10.1590/1678-4499.0179.   

Cho, Y.Y., Oh, S., Oh, M.M., & Son, J.E. (2007). Estimation of individual leaf area, fresh weight, and 

dry weight of hydroponically grown cucumbers (Cucumis sativus L.) using leaf length, width, and 

SPAD value. Scientia Horticulturae, 111, 330-334. doi:10.1016/j.scienta.2006.12.028. 

Cristofori, V., Fallovo, C., Mendoza-De Gyves, E., Rivera, C.M., Bignami, C., & Rouphael, Y.   

(2008). Non-destructive, analogue model for leaf area estimation in persimmon (Diospyros kaki 

L.f) based on leaf length and width measurement. European Journal of Horticultural Science, 73, 

216-221. 

Cristofori, V., Rouphael, Y., Mendoza-de Gyves, E., & Bignami. C. (2007). A simple model for 

estimating leaf area of hazelnut from linear measurements. Scientia Horticulturae, 113, 221-225.             

doi: 10.1016/j.scienta.2007.02.006. 

De Carvalho, J.O., Toebe, M., Tartaglia, F.L., Banderia, C.T. &Tambara, A.L. (2017). Leaf area 

estimation from linear measurements in different ages of Crotalaria juncea plants. Annals of the 

Brazilian Academy of Sciences, 89(3), 1851-1868. doi.org/10.1590/0001-3765201720170077. 

Demarty, J., Chevallier, F., Friend, A.D., Viovy, N., Shilong , P., & Ciais, P. (2007). Assimilation of 

global modis leaf area index retrievals within a terrestrial biosphere model. Geophysical Research 

Letters, 34, L15402. doi.org/10.1029/2007GL030014. 

Dent, J.B., & Blackie, M.J. 1979. Systems Simulation in Agriculture. London: Applied Science 

Publishers, 180 pp.  

Gill, J. L. (1986). Outliers, and influence in multiple regression. Journal of Animal Breeding and 

Genetics, 103: 161-175. doi.org/10.1111/j.1439-0388.1986.tb00079.x. 

https://doi.org/10.1002/bimj.4710230404
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chevallier%2C+F
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Viovy%2C+N
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Piao%2C+Shilong
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ciais%2C+P
https://doi.org/10.1029/2007GL030014
https://doi.org/10.1111/j.1439-0388.1986.tb00079.x


 

Aminifard et al.  

 

                                                                                                                                                                                                                              
92                                         JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 2(1) MARCH 2019      

 
 

Janssen, P.H.M. & Heuberger, P.S.C. (1995). Calibration of process-oriented models. Ecological 

Modeling, 83 (1), 55-56. doi: 10.1016/0304-3800(95)00084-9. 

Kandiannan, K., Parthasarathy, Y., Krishnamurthy, K.S., Thankamani, C.K., & Srinivasan, V. (2009). 

Modeling individual leaf area of ginger (Zingiber officinale Roscoe) using leaf length and width. 

Scientia Horticulturae, 120, 532-537. doi: 10.1016/j.scienta.2008.11.037. 

Kumar, R. (2009). Calibration and validation of regression model for non-destructive leaf area 

estimation of saffron (Crocus sativus L.). Scientia Horticulturae, 122, 142-145. 

doi.org/10.1016/j.scienta.2009.03.019. 

Kvet, J., & Marshall. J.K. (1971). Assessment of leaf area and other assimilating plant surfaces. P. 

517–555. In: Z. Sestak, J. Catsky, and P.G. Jarvis (eds.). Plant photosynthetic production. Manual 

of methods. Dr. W. Junk N.V., The Hague, Netherlands. 

Lee, J.H., & Heuvelink, E. (2003). Simulation of leaf area development based on dry matter 

partitioning and specific leaf area for cut chrysanthemum. Annals of Botany, 91, 319-327. 

doi.org/10.1093/aob/mcg015. 

Lieth, J.H., & Pacian, C.C. (1991). A simulation model for the growth and development of flowering 

rose shoots. Scientia Horticulturae, 46, 109-128.doi.org/10.1016/0304-4238(91)90097-I. 

Lu, H.Y., Lu, M.L., Wei, C.T., & Chan, L.F. (2004). Comparison of different models for 

nondestructive leaf area estimation in taro. Agronomy Journal, 96, 448-453. 

doi:10.2134/agronj2004.4480. 

Marquardt, D.W. (1970). Generalized inverse, ridge regression and biased linear estimation. 

Technometrics, 12, 591-612. doi: 10.2307/1267205.  

Nesmith, D.S. (1992). Estimating summer squash leaf area non-destructively, Horticultural Science, 

27(1), 27- 77. 

Peksen, E. (2007). Non-destructive leaf area estimation model for faba bean (Vicia faba L.). Scientia 

Horticulturae, 113, 322-328.doi.org/10.1016/j.scienta.2007.04.003. 

Perry, L. M. (1980). Medicinal plants of east and southeast Asia. Cambridge, MA: MIT Press. 

Ramesh, K., Singh, V., & Megeji, N.W. (2007). Cultivation  of  stevia (Stevia  rebaudiana): a  

comprehensive review. Advances Agronomy, 89,137-177. 

Robbins, N.S., & Pharr, D.M. (1987). Leaf area prediction models for cucumber from linear 

measurements. Horticultural Science, 22 (6), 1264-1266. 

Rouphael, Y.,  Rivera, C. M.,  Cardarelli, M.,  Fanasca , S., &  Colla, G. (2006). Leaf area estimation 

from linear measurements in zucchini plants of different ages. The Journal of Horticultural 

Science & Biotechnology, 81, 238–241. doi.org/10.1080/14620316.2006.11512056. 

Rouphael, Y., Colla, G., Fanasca, S., & Karam, F. (2007). Leaf area estimation of sunflower leaves 

from simple linear measurements. Photosynthetica, 45, 306-308. doi: 10.1007/s11099-007-0051-z. 

Rouphael, Y., Mouneimne, A.H., Ismail, A., Mendoza-de Gyves, E., Rivera, C.M., & Cola, G. (2010). 

Modeling individual leaf area of rose (Rosa hybrida L.) based on leaf length and width 

measurement. Photosynthetica, 48, 9-15. doi:10.1007/s11099-010-0003-x. 

Schwab, N.T., Straeck, N.A., Rehbein, A., Ribeiro, B., Ulhmann, L.O., Angner, J.A., & Becker, C.C. 

(2014). Linear dimensions of the leaf and its use in the determination of the vertical leaf profile of 

gladiolus. Bragantia, 73, 97-105. doi.org/10.1590/brag.2014.014. 

Tsialtas, J.T., & Maslaris, N. (2005). Leaf area estimation in a sugar beet cultivar by linear models. 

Photosynthetica, 43(3), 477-479. doi:10.1007/s11099-005-0077-z. 

Willmott, C.J. (1981). On the validation of models. Physical Geography, 2 (1), 184-194. 

Xue, C.X. (2001). The encyclopedia of vegetables and fruits in Taiwan. Taipei: Taiwan Pu- Lu Publ. 

Co. (in Chinese). 

 

 

 

https://doi.org/10.1016/j.scienta.2009.03.019
https://doi.org/10.1093/aob/mcg015
https://doi.org/10.1016/0304-4238(91)90097-I
https://www.tandfonline.com/author/Rivera%2C+C+M
https://www.tandfonline.com/author/Cardarelli%2C+M
https://www.tandfonline.com/author/Fanasca%2C+S
https://www.tandfonline.com/author/Colla%2C+G
https://doi.org/10.1080/14620316.2006.11512056


 
Individual modelling of leaf area in cress and radish  

 

                                                                                                                                                                             
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 2(1) MARCH 2019                                           93 

                                                        
 

 

سازی سطح برگ شاهی و تربچه با استفاده از ابعاد و وزن برگمدل  

 محمد حسین امینی فرد، حسن بیات و مهدی خیاط

 

 چکیده:

 
گیری سطح برگ نیاز به در مطالعات مختلف باغبانی و فیزیولوژیکی مورد نیاز است. اندازهاطلاعات مربوط به سطح برگ 

با استفاده  های آسان، سریع و در حد امکان غیر مخرب دارد. هدف از این مطالعه تعیین معادلات برای برآورد سطح برگروش

و  طول× ل + عرض، عرض/ طول، طول عرض، طو× ، طول  (DW) و وزن خشک (FW) تر، وزن(W) ، عرض(L)از طول 

به  (.Raphanus sativus L) به عنوان سبزی برگی و تربچه (.Lepidium sativum L) عرض برگ های شاهی× عرض 

 تحت شرایط گلخانه برای مطالعه رابطه بین اندازه برگ و وزن با 5102ر سال د حاضر عنوان سبزی ریشه ای بود. آزمایش

گیری اتوماتیک و ابعاد برگ سبزی انجام شد. سطح برگ مشاهده شده با استفاده از یک دستگاه اندازهدر این دو  سطح برگ

L  ،W ،FW ،DW ،W×  L ،W+  L ،/  Wنسبت به سطح برگ تجزیه و تحلیل رگرسیون .گیری شدکش اندازهتوسط خط

L ، 2L 2وW مدلی خطی با استفاده از یین کرد.، چندین مدل را برای برآورد سطح برگ گیاهان شاهی و تربچه تعFW   به

از  را )RMSE = 1.52 2R ,0.912 =(دقیق ترین برآورد  ]LA=0.295 (Fresh W.)+ 1.430[عنوان یک متغیر مستقل 

 + LA = 22.50 (W)] به عنوان یک متغیر مستقل W برای تربچه، مدلی خطی با استفاده از .سطح برگ شاهی نشان داد

تایید مدل های رگرسیون نشان داد که  .داشت سطح برگ ( در برآوردR2 = 0.874, RMSE = 11.26) دقت بیشتری  [7.46

 = R2همبستگی بین مقادیر اندازه گیری شده و شبیه سازی شده با استفاده از این معادلات به ترتیب برای تربچه و شاهی )

 .( قابل قبول بود0.876 ,0.922

 های رگرسیونیغیر تخریبی، تربچه، مدل روشهی، متغیرهای مستقل، شاکلیدی:  کلمات
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