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ABSTRACT 
 

In order to solve the problems of damage in crops due to natural disasters like frosts and hail storm, 
it is common to insure crops against the damage. After damage, crop loss must be evaluated by 
comparing what amount of crop is left with the amount that would have been obtained under normal 
conditions. Potential crop must be evaluated quickly through the use of measurements obtained at 
the beginning of the cycle of tree’s growth. The objective of the study was to develop the best fitted 
model for estimating yield on the population of Gala Red Lum plants before bloom. The data used 
for this research were primary data collected from high density apple block SKUAST-Kashmir (HDP, 
Plate-1). The study was undertaken at experimental field of Division of Fruit Science, SKUAST-
Kashmir, Srinagar, J&K, India, during the years 2015 and 2016. The measurements of various 
tree/fruit characteristics in Gala Red Lum were recorded. The developed model was validated using 
k-fold cross validation technique and bootstrap validation. 
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1. INTRODUCTION 
 
Jammu and Kashmir State being endowed with 
natural advantages of topography and climate 
with an enormous diversity of agro-climatic 
condition has immense scope for horticultural 
development. Apple ranks first covering 43.30 
percent area and 80.18 percent production. 
During the last 30 years, yield of apple has 
shown an increase from 4.12 to 10.00 MT/ha in 
Jammu and Kashmir. Though it appears to be 
highest among the apple producing states in the 
country, yet it is far below the level achieved by 
advanced countries where productivity is of 50-
60 MT/ha. Jammu and Kashmir government is 
now emphasising on use of high density 
plantation (HDP) system, which gives the fruit 
production within 2-3 years after plantation. From 
last few years, progressive farmers are switching 
over to high density apple plantation and the 
university SKUAST-K is following the pursuit as 
well to develop the new technologies so that 
farmers adapting HDP system is benefited. 
Natural disasters like spring frosts, hail storms 
etc. can cause damage to the crop, so it is 
common to insure crops against the damage. 
These natural calamities usually affect flowers or 
young developing fruits. It is necessary to 
evaluate the loss so that any damage must be 
estimated comparing the amount of fruit left on 
the tree to the number that would have been 
produced under normal conditions.  Insurance 
companies face two main difficulties in their 
work: the study must be performed after the 
damage has occurred (i.e., must be                
performed using variables which can be 
measured after the damage) and it must be 
performed in the field, quickly and without 
complex equipment. 

 
Tree yield is a function of the number of both fruit 
on the tree and their weight. The number of fruit 
depends on the flower density (number of flower 
clusters per TCA, [1]), the tree’s size and 
percentage of set. The percent of fruit set 
decreases as the flower density increases, but 
this relationship is heavily influenced by climate 
[2,3]. When fruit set is too large for the               
tree’s size, it becomes necessary to thin to 
ensure both return bloom and a good fruit 
development [4]. 
 
Typical fruit size is different for each cultivar [5], 
although it is also highly dependent on the 

number of fruit left on the tree [6,7,8], climate 
[9,10] and cultural techniques [11,12]. Fruit 
growth rate is faster for early cultivars but growth 
time is shorter, final size tends to be smaller [5]. 
 
Only tree size, plantation density and number of 
flower buds after pruning are available at the 
beginning of the active period to estimate yield in 
a simple and rapid way.  Potential yield increase 
with tree size, although not linearly since bigger 
trees are less efficient [13,5,14]. Many studies 
have shown that tree size and trunk cross-
sectional area (TCA) are closely related, so that 
TCA is used regularly to compare different plots 
vigor (TCA/ha), efficiency (kg/TCA), flower load 
(number of flowers/TCA), etc. [13,15,16,1,17,18]. 
Plant density also influences yield, since it affects 
the amount of light intercepted by the trees. 
Robinson and Lakso [19] found that the amount 
of light intercepted by a tree was correlated with 
TCA per available area (TCA/ha).TCA/ha has 
been shown to be a good parameter to estimate 
potential yields in peach, nectarine and pear 
orchards [8,20]. 
 
The productivity of an apple tree also depends 
on the bud load after pruning, i.e., the magnitude 
of flowering [2,21,1]. Some pomologists have 
proposed flower bud density (number of flower 
buds per TCA) as an index to express the 
magnitude of flowering [1]. Flower density per 
land area (number of flower buds/m

2
) in pear 

cultivars ‘Blanquilla’ and ‘Conference’ Miranda 
and Royo [8] was found to be the most                             
influential parameter in multiple regression 
models that allowed cluster set and cluster yield 
estimation.  
 
The focus of the study was confined to the 
statistical evaluation of the biometrical characters 
in high density apple orchards and to develop 
model for ‘Gala Red Lum’ before bloom that can 
be employed by the users to predict yield, using 
parameters which can be easily measured before 
the beginning of the active period. 

 
2. MATERIALS AND METHODS 
 

2.1 Data Collection 
 
Keeping in view the specific objective of present 
study, data on population of Gala Red Lum 
plants after the harvesting season were collected 
on the yield and biometrical characters of apple 
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trees of the block namely (HDP, Plate-1) located 
at Shalimar campus of Division of Fruit Science, 
Sher-e-Kashmir University of Agricultural 
Science & Technology of Kashmir, Shalimar, 
Srinagar, Jammu & Kashmir in Northern India. 
The exotic variety ‘Gala Red Lum’ of apple 
grafted on M-9 T337 rootstock was introduced by 
SKUAST-Kashmir in spring 2013 from an Italian 
nursery, GRIBA, Italy. The plant material was 
one year old with 3 plus feathers. These two year 
old trees with uniform size, vigor and bearing 
capacity were used for the study. All these trees 
received uniform cultural practices during the 
years under study as per the package of 
practices of SKUAST-Kashmir. The required data 
for the present study included only primary data. 
The orchard consisted of three blocks of ‘Gala 
Red Lum’ having 49 trees in each block, with 
block spacing of 3 meters and tree spacing 1.5 
meters. For development of yield estimation/ 
prediction model (before bloom) on the 
population of Gala Red Lum independent 
variables (parameters) used were trunk cross 
sectional area (TCA (cm

2
) = (Trunk diameter/2)

2
 

×  ), tree height (Height, m), canopy area (CA 
(m2)= [(Canopy width + Canopy length)/4)] 2 ×  , 
[22]), canopy volume (CV (m3)= (Canopy area × 
canopy height)/2, [23]), number of primary 
branches (PB), branch density (BD = number of 
primary branches/TCA) and number of flower 
buds (FB). Primary data collected individually for 
two years (2015 and 2016) was pooled to 
average out the on/off bearing effect and a 
population of 270 plants was used for the 
development of models in Gala Red Lum. 
Models were first developed for population and 
then were tried on sample of 41 trees.  
 
2.2 Model Building 
 
Relationship between yield & biometrical 
characters of tree and fitting the regression 
models in biological studies is gaining a lot of 
importance in horticulture. Multiple regression 
equations play a vital role in the prediction of 
yield of fruit crops, thus an effort is made to fit a 
multiple linear regression equation considering 
apple yield as a dependent variable and 
biometrical characters as explanatory variables. 
To estimate the yield for an apple plot before 
bloom on the basis of various parameters of 
apple trees, multiple linear regression models 
linking parameters that could be measured 
before the beginning of the activity cycle were 
examined. The models used for the present 
study were linear, log-linear, single variable, two 
variable and multiple variable models. 

SET Linear models SET Log-linear models 
 
Set A 

110 XY     
 
Set E 

110 LnXLnY    
2

110 XY  
 

22110 LnXLnXLnY    

 
 
Set B 

22110 XXY    2

222110 LnXXLnXLnY    
2

22110 XXY    

2

22

2

110 XXY    

 
 
Set C 

21322110 XXXXY    

2

2

1322110 XXXXY    

2

222110 XXXY    

Set D 5522110 ... XXXY    

 
Many models were developed on the population 
of ‘Gala Red Lum’ having single variables, two 
variables and more than two variables. In all the 
models Yield (Y) was the dependent variable and 
the independent variables were trunk cross-
sectional area (TCA), Height, canopy area (CA), 
canopy volume (CV), number of primary 
branches (PB), branch density (BD) and number 
of flower buds (FB). The relationships were 
evaluated by fitting the linear, log-linear and 
polynomial regression models with the linear 
regression procedure of R- software and a 
backward stepwise elimination option. The 
models were given the ranks on the basis of 
coefficient of determination (R

2
), adjusted R

2 
and 

AIC. The models with highest value of adjusted 
R

2 
and least AIC value were selected for sample 

study. Residuals were analysed to determine the 
presence of outliers and non constant error 
variance. The best model in Gala Red Lum was 
Yield= TCA+CA+FB and showed the significance 
at 5% with the highest value of adjusted R

2
 

(0.9821). 
 

2.3 Model Validation 
 

The models that were tested on sample 
population were cross validated by using k-fold 
cross validation technique. In our study we used 
k=10. The data was partitioned into 10 
subsamples. Of the 10 subsamples, a single 
subsample is retained as validation data for 
testing the model, and remaining (10-1) 
subsamples are used as training data. The cross 
validation was repeated 10 times with each of the 
10 subsamples used exactly once as validation 
data. Various characteristics like root mean 
square error (RMSE), mean absolute error 
(MAE) and cross validated R2 were obtained 
during the process. Adjusted R

2
 obtained during 

the normal fitting was compared with the cross 
validated R

2
. The root mean square error 

(RMSE) has been used as a standard metric to 
measure model performance. Mean absolute 
error (MAE) was also considered a better metric 
to choose a model. The process was done on the 
yield predicting models. R software was used for 
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validation. The Bootstrap method has been used 
to quantify the uncertainty associated with a 
predictive model. It consisted of randomly 
selecting a sample of n observations from the 
original data set. This subset, called bootstrap 
data set has been used to evaluate the model. 
This procedure was repeated a large number of 
times and the standard error of the bootstrap 
estimate were calculated. The results provide an 
indication of the variance of the model 
performance. The sampling, in this case, was 
performed with replacement, which means that 
the same observation can occur more than once 
in the bootstrap set. Bootstrap with 100 resample 
was used to test the selected model. 
 

3. RESULTS AND DISCUSSION 
 
The cross validation results obtained are 
presented in (Table 1).  R

2
 and adjusted R

2 
in the 

model at S. No. 4 is more as compared to other 
models. This model has the least value of RMSE 
(0.3190) and MAE (0.2510) and the                      
highest value of cross validated R2                    
(0.9900). Thus we select the model

FBCATCAYIELD 01.046.216.143.2   for predic-
ting yield (before bloom) in Gala Red Lum. Fig. 1 
displays the fitting of the selected model. It is 
clear from the graph that the model shows the 
best fit. k -fold cross validation of the selected 
model is shown in (Table 2). 

 

 
 

Fig. 1.  Fitting of Y= TCA+CA+FB 
 

Table 1. Cross validation of selected yield predicting models (before bloom) in  
Gala Red Lum 

 

S. No. Normal fitting Cross validated 

Model R
2 

Adj.R
2 

RMSE MAE CV R
2
 

1 Y = β0+β1TCA 0.8779 0.8748 0.677 0.562 0.9110 

2 Y=β0+β1TCA+ β2CA 0.9794 0.9783 0.333 0.278 0.9880 

3 Y=β0+β1TCA+β2CA+β3TCA*CA 0.9826 0.9812 0.3292 0.2882 0.9899 

4 Y=β0+β1TCA+β2CA+β3FB 0.9835 0.9821 0.3190 0.2510 0.9900 
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Table 2.  k-fold cross validation of selected yield predicting model Y= TCA+CA+FB 
 

Folds Obs. Predicted CV predicted Actual CV residual SS MS Test set obs. 

1 2 10.023 10.042 9.940 -0.102 0.17 0.04 4 
8 8.539 8.548 8.530 -0.018 
19 8.189 8.204 7.990 -0.214 
38 13.660 13.705 13.370 -0.335 

2 3 8.894 8.916 8.690 -0.226 0.86 0.17 5 
11 7.359 7.345 7.710 0.365 
25 13.186 13.307 12.790 -0.517 
33 13.091 13.209 12.610 -0.599 
36 8.252 8.263 8.040 -0.223 

3 5 5.811 5.825 5.600 -0.225 0.55 0.14 4 
12 6.468 6.485 6.490 0.005 
20 10.403 10.365 11.040 0.675 
30 9.121 9.087 9.290 0.203 

4 4 7.346 7.326 7.680 0.354 0.34 0.08 4 
28 8.112 8.117 7.940 -0.177 
35 10.229 10.226 10.630 0.404 
40 9.547 9.544 9.420 -0.124 

5 6 5.539 5.549 5.460 -0.089 0.04 0.01 4 
21 12.541 12.532 12.430 -0.102 
29 12.063 12.054 12.200 0.146 
32 7.805 7.813 7.770 -0.043 

6 1 7.360 7.350 7.730 0.380 0.31 0.08 4 
18 8.784 8.769 8.680 -0.089 
37 8.937 8.955 8.990 0.035 
39 6.343 6.409 6.020 -0.389 

7 9 5.836 5.859 5.610 -0.249 0.10 0.02 4 
26 9.095 9.102 9.180 0.078 
27 9.548 9.555 9.420 -0.135 
34 12.295 12.276 12.370 0.094 

8 16 12.815 12.665 13.060 0.395 0.85 0.21 4 
17 9.357 9.369 8.950 -0.419 
31 10.650 10.683 11.230 0.547 
41 13.330 13.328 12.860 -0.468 

9 10 6.724 6.736 6.580 -0.156 0.53 0.13 4 
14 8.114 8.067 8.300 0.233 
22 10.759 10.708 11.320 0.612 
24 8.366 8.379 8.110 -0.269 

10 7 6.639 6.653 6.540 -0.113 0.49 0.12 4 
13 6.810 6.824 6.600 -0.224 
15 7.030 7.044 7.200 0.156 
23 10.389 10.359 10.990 0.631 

Overall MS = 0.103 
 

Table 3. Bootstrap validation of yield predicting model (before bloom) in Gala Red Lum 
 

Ordinary nonparametric bootstrap 
 Original Bias S.E RMSE MAE R2 
t1* 2.4318 -0.02647 0.083 0.359 0.287 0.9780 
t2* 1.1598 0.02455 0.081 
t3* 2.4557 -0.26022 0.689 
t4* 0.0117 0.00255 0.007 
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Fig. 2. k-fold cross validation of the model yield = 2.43+ 1.16TCA+ 2.46CA+0.01FB 
 

Fig. 2 displays Cross validation of selected yield 
predicting model (before bloom) in Gala Red 
Lum. Here we can see that each fold is near the 
best fit which reveals the closeness of the actual 
values and predicted values. Thus from the plot 
also we conclude that the model 

FBCATCAYIELD 01.046.216.143.2 
is the best fit model for predicting the yield 
(before bloom) in Gala Red Lum. 

 

The output showed the average performance of 
the selected models across the 100 resample. 
RMSE (root mean squared error) and MAE 
(mean absolute error), represent two different 
measures of the model prediction error. Lower 
the RMSE and the MAE, the better the model. 
The R

2
 represents the proportion of variation in 

the outcome explained by the predictor variables 
included in the model. Higher the R

2
 better is the 

model. Table 3 provides the output of the model 
accuracy by bootstrap statistics of selected yield 
predicting model. The ‘original’ column 
corresponds to the regression coefficients. The 
associated standard errors are given in the 
column ‘S.E’, t1 corresponds to the intercept and 
t2, t3, t4 correspond to the independent variables 
of the selected yield predicting model (before 
bloom) in Gala Red Lum. It also depicts the 
corresponding values of RMSE (0.359), MAE 
(0.287) and R2 (0.9780) for the selected model. 
The model showed good performance with less 
bias and hence can be used for predicting yield 
in ‘Gala Red Lum’ before bloom. 
 

4. CONCLUSION 
 

Trunk cross sectional area (TCA), canopy area 
(CA) and number of flower buds (FB) had the 

greatest influence and a positive effect in 
explaining Yield. It was observed that these 
parameters amongst various other parameters 
studied had the significant effect on the yield of 
‘Gala Red Lum’. Predictive model developed 
based on TCA, CA and FB parameters forecasts 
the yield of ‘Gala Red Lum’ apple efficiently 
before bloom. Hence provides useful tool for 
early forecast of yield and evaluation of ‘Gala 
Red Lum’ crop losses due to natural calamities 
like hail storms etc. 
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