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ABSTRACT

Nonlinear growth models are widely used to study the growth pattern of various biological entities. We require
initial values for different iterative procedures to get the final estimates of coefficients. These are usually taken up
by visualizing the data, results from previous experiments, or a close guess. In this study, an attempt had made
to figure out the initial values of coefficients of nonlinear growth models. Further, the compound annual growth
rate (CAGR) had computed for the area and production of Potato and Onion crops in Haryana from 1992-93 to
2018-19. The idea of growth rate helps the policymakers in the formulation and implementation of crop-specific
agriculture schemes. The models used for these purposes were Logistic, Gompertz, and Monomolecular. The initial
values for different models had obtained using the method of three selected points, the method of partial sums,
and Yule’s method with the help of R-Studio software. The SPSS software was used to get the final parameters
of the above models using the Levenberg-Marquardt algorithm. The Monomolecular model had the best model
for the area and production of potato and Onion. The acreage and production of Potato recorded an average
CAGR of 3.94% and 6.25%, respectively, while, Onion had a mean CAGR of 8.63% and 10.43% for its area and

production, respectively.
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Growth models are applied in many fields like
biology, zoology, botany, agriculture science,
forestry, ecology, etc. The growth in living organisms
is measured using response variables like height,
weight, the girth of trees, area, production, and other
related variables. In economics growth of a nation
occurs in terms of gross domestic product.

Agriculture is a vital sector of Haryana economy,
and most of the population is directly or indirectly
dependent on agriculture and its allied activities.
Horticulture has recently gained huge status due to

increased productivity, generating employment, and
enhancing exports. Horticulture is also a significant
diversified activity for nutritional security. Haryana
is emerging as one of the leading states in the field
of Horticulture in India, where almost all types of
fruits, vegetables, spices, mushrooms & flowers are
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being grown. Horticultural crops covered 4.78 lakh
hectares area, which is 7.27 %of the gross cropped
area (GCA) of the State. Production from horticultural
crops in the state was 80.67 lakh metric tons during
2019-20. Out of the total area under horticultural
crops, around 83 % was under vegetables & rest
under fruits, spices, and mushrooms. The total
area under vegetable crops was 3.97 lakh hectares
in 2019-20, with a production of 67.38 lakh tons. In
2010-11, vegetable crops covered 3.46 lakh hectares’
area and produced 46.49 lakh tons (Data source:
Economic Survey of Haryana 2020-21). There is a
15 % and 45 % increase in the area and production
of vegetable crops in Haryana in the last decade.
The growth rate is one of the prime considerations
in agriculture. Study of time series data of the area,
production, and productivity of different crops and
computing their growth rate helps in analyzing the
growth pattern of various crops, the formulation,
modification, and execution of agricultural policies
which influence farm decisions, planning of future
operations, comparison of current performance
with the expected ones, prediction or estimation or
forecasting, comparing the changes in the values at
different times or places, etc.

In this study, an attempt had made to figure out
the initial values of coefficients of nonlinear growth
models. Further, the compound annual growth rate
(CAGR) had computed for the area and production
of Potato and Onion crops in Haryana from 1992-93
to 2018-19.

MATERIALS AND METHODS

The data for the area and production of Potato

and Onion crops for 1992-93 to 2018-19 in Haryana
were collected from the Horticulture Department,
Government of Haryana. The sources like Economic
Survey of Haryana, Statistical Abstract of Haryana,
and Horticulture Department (Government of India)
have been used to fill the unclear values. In some
cases, linear interpolation between two known
points was used to fill the ambiguous data points.
In this method, a straight line between the two
known points around the missing point is created,
and then using that line, we impute the missing
value. The models used for computing the growth
rates were Logistic, Gompertz, and Monomolecular,
respectively. Method of three selected points and
Yule’s method was employed for the Logistic model,
while the method of partial sums were used for
Gompertz and Monomolecular model for finding
the initial values using the R-software

The goodness of fit criteria were used for viz.
coefficient of determination (R?), mean squared error
(MSE), and root means square error (RMSE) were
used to find out the best fit model.

The growth rates have calculated by the formula
given in Prajneshu, and Chandran (2005).

RESULTS AND DISCUSSION

Table 1 depicts the initial values of parameters of
nonlinear growth models for the area and production
of Potato and Onion crops.

Table 2 shows the final values of parameters of
nonlinear growth models for the area and production
of Potato and Onion crops obtained from nonlinear
regression analysis using NLR option in SPSS.

Table 1: Initial values of parameters of nonlinear growth models for area (in hectares) and production (in tons) of
Potato and Onion crops in Haryana from 1992-93 to 2018-19

Logistic Model Gompertz Model Monomolecular model

Lif;i;i‘;e of Area Production Area Production Area Production

Po 50854.52 1.15*10° 12871.86 305.48 13434.59 46759.11
Potato ¢, 3.67 741 -0.26 -2.82 -5292.91 -4.03

7, 0.07 0.11 -0.09 -0.0092 -0.12 -0.08

Po 44713.70 950724 59816.19 2648787 -27241.56 -196623.10
Onion ¢, 8.79 14.63 -8.63 -11.45 23797.80 1.36

r 0.12 0.15 0.06 0.04 -0.02 -0.05

0
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Table 2: Final values of parameters of nonlinear growth models for area (in hectares) and production (in tons) of the
Potato and Onion crop in Haryana from 1992-93 to 2018-19

Logistic Model Gompertz Model Monomolecular model

Final value of Area Production Area Production Area Production

parameters

p 1.90*10" 1.02*10™ 4121.02 17.46 8691.97 46866.44
Potato ¢ 1.65*107 6.16*10° -1.13 -9.20 -0.5 -2.79

r 0.04 0.06 -0.02 -0.01 -0.07 -0.07

p 39284.23 1136000.00 49441.91 2295466.42 -1390097.75  -378413.33
Onion g 7.16 14.79 2.51 3.63 1.00 1.11

7 0.13 0.13 0.06 0.04 -0.0008 -0.04

Table 3: Test of independence and normality of nonlinear growth models for the area (in hectares) and production (in
tons) of Potato and Onion crops in Haryana from 1992-93 to 2018-19

Logistic Model Gompertz Model Monomolecular model
Area Production Area Production Area Production
Mean 35.45 615.40 1.65 168.70 0.00 0.00
S.D. 1589.65 50744.67 1456.71 50643.90 1416.29 50422.30
Potato No. of runs 10 12.00 12 10.00 12 12.00
V4 -1.56N8 -0.78N8 -0.78Ns -1.52N8 -0.78Ns -0.78Ns
Shapiro-Wilk test value ~ 0.98¢ 0.96N5 0.98N° 0.96N5 0.98Ms 0.96™5
Mean -44.77 -368.11 -24.96 -126.45 2.75 0.00
S.D. 2288.44 46198.73 222946  46240.70 2166.22 46455.53
) No. of runs 6.00 8.00 6.00 8.00 8.00 8.00
Onion 314N 23N 314N 25N 232N 230N
Shapiro-Wilk test value ~ 0.95™ 0.98Ns 0.97Ns 0.98Ns 0.97ns 0.97Ns
Shapiro-Wilk test value ~ 0.95™ 0.96Ns 0.97ns 0.978s 0.96N° 0.98Ns

NS-Not significant at 0.01% level of significance.

Table 4: Model comparison of fitted modelsusing goodness of fit tests

Logistic Model Gompertz Model Monomolecular model
Area Production Area Production Area Production
R? 0.95 0.95 0.96 0.95 0.96 0.95
Potato  RMSE 1560.73 49799.89 1429.48 49697 .47 1389.82 49479.74
MAE 1265.47 38485.44 1145.67 38563.70 1110.84 38355.83
R? 0.94 0.96 0.94 0.96 0.94 0.96
Onion  RMSE 2246.10 45336.62 2187.93 45376.49 2125.73 45587.12
MAE 1936.90 36865.36 1836.72 35996.36 1754.87 36276.55
The assumption of independence of error terms for test, it tells error terms are normally distributed. The
different models has been analyzed using the Run model which had a minimum mean of residuals and
test in SPSS. Normality tests have been performed independent error terms were given priority in the
using Shapiro-Wilk test in SPSS. Results of both the selection of best-fitted model.

tests have been given in Table 3. Z is the statistic for
the Run test, i.e., test for independence of error terms.
No significant value in the Run test suggests that
error terms are independent, while the Shapiro-Wilk
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The goodness of fit tests for model comparison has
been shown in Table 4. Model with high R? and low
RMSE and MAE is desirable.
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Based on Table 3 and 4, it is found that the
monomolecular model is the best-fitted model for the
area and production of both crops. Based on the fitted
model, the predicted area and production of Potato
and Onion crops and compound annual growth
rate have been put in Table 5 and 6, respectively.
The average CAGR for Potato area and production
was 3.94% and 6.25%, respectively. Onion area and
production recorded an average CAGR of 8.63% and
10.43%, respectively.

Table 5: Predicted area and production and their
compound annual growth rate of Potato crop based on
best-fitted model

§ @ £ o s & 8

Y & L v oS ¥ & 5 B B2 oS % T

Eg S22 gE%sTTE gE%OC

= Te S B " &£EgS § gk

£ = ) O &
1992-93  13326.29 0.0243 183936.56 0.0535
1993-94  13661.28 0.0254 194998.25 0.0545
1994-95  14020.48 0.0265 206801.31 0.0555
1995-96  14405.64 0.0277 219400.07 0.0564
1996-97  14818.65 0.0289 232853.19 0.0573
1997-98  15261.51 0.0300 247223.96 0.0581
1998-99  15736.38 0.0312 262580.78 0.0589
1999-00 16245.58 0.0325 278997.50 0.0597
2000-01  16791.59 0.0337 296553.98 0.0604
2001-02  17377.06 0.0349 315336.54 0.0611
2002-03  18004.85 0.0361 335438.58 0.0617
2003-04 18678.03 0.0373 356961.14 0.0623
2004-05 19399.86 0.0385 380013.61 0.0629
2005-06  20173.87 0.0397 404714.47 0.0634
2006-07  21003.83 0.0409 431192.05 0.0640
2007-08  21893.78 0.0421 459585.47 0.0644
2008-09  22848.06 0.0432 490045.56 0.0649
2009-10  23871.32 0.0444 522735.93 0.0653
2010-11  24968.54 0.0455 557834.12 0.0657
2011-12  26145.08 0.0466 595532.88 0.0661
2012-13  27406.66 0.0477 636041.54 0.0665
2013-14  28759.43 0.0487 679587.56 0.0668
2014-15  30209.99 0.0497 726418.15 0.0671
2015-16  31765.40 0.0507 776802.17 0.0674
2016-17  33433.24 0.0516 831032.11 0.0677
2017-18  35221.64 0.0526 889426.29 0.0680
2018-19  37139.31 0.0535 952331.33 0.0682
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Table 6: Predicted area and production and their
compound annual growth rate of Onion crop on the
basis of best fitted model

0 s _ = k= 5
S < % E =% TEe_ E =% g
- SR 5 8 &g § _g 2 9 = -]
= £& EEfE B EE FESS
g & S8T: £% §7:k
e ~ 3 = 3
1992-93 3723.18 0.0076 56317.78 0.2926
1993-94 4811.12 0.0081 73114.59 0.2341
1994-95  5899.92 0.0086  90560.37  0.1963
1995-96 6989.56 0.0091 108680.21 0.1699
1996-97 8080.05 0.0097 127500.16 0.1504
1997-98  9171.40 0.0103 14704725  0.1355
1998-99  10263.59 0.0109 16734959  0.1236
1999-00 11356.64 0.0115 188436.35 0.1140
2000-01  12450.55 0.0122 210337.85 0.1061
2001-02  13545.30 0.0129 233085.57  0.0995
2002-03  14640.91 0.0137 25671219  0.0938
2003-04 15737.38 0.0144 281251.68 0.0889
2004-05 16834.70 0.0152 306739.30 0.0847
2005-06  17932.88 0.0161 333211.70 0.0810
2006-07  19031.91 0.0169 360706.91 0.0777
2007-08  20131.80 0.0178  389264.47  0.0748
2008-09  21232.56 0.0188 418925.41 0.0722
2009-10 22334.17 0.0197 449732.37  0.0698
2010-11  23436.64 0.0207  481729.62  0.0677
2011-12  24539.97 0.0217 514963.16 0.0658
2012-13  25644.16 0.0227 549480.75 0.0640
2013-14  26749.22 0.0238 585332.00 0.0624
2014-15  27855.13 0.0249 622568.44  0.0610
2015-16  28961.91 0.0260 661243.60 0.0596
2016-17  30069.56 0.0271 701413.06 0.0584
2017-18  31178.06 0.0283 743134.56 0.0572
2018-19  32287.44 0.0294 786468.06 0.0561

SUMMARY AND CONCLUSION

The compound growth rate of various crops varies
with different geographical and climatic conditions.
Another factor that indirectly affects this variation is
the demand and supply of various commodities at
different locations. The idea of growth rate helps the
policy makers in the formulation and implementation
of crop-specific agriculture schemes.
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The three popular nonlinear growth models, viz.
Logistic, Gompertz, and Monomolecular were
chosen for the study after several readings of
related literature in different crops at various global
locations. Two methods for the estimation of CAGR
parameters were available in the literature. The
conventional approach uses the linear transformation
of the Malthus model and then utilizes the concept
of linear regression to estimate its parameters.
The modern methodology uses nonlinear growth
models and iterative procedures to estimate the
coefficients. The most popular and widely used
iterative procedure is the Levenberg-Marquardt
algorithm The R Software was used to find the initial
values, and the rest analytics were done using SPSS.
. The method of three selected points, the method of
partial sums, and Yule’s method was used to obtain
the initial values rather than taking a guess or by
visualizing the data. Monomolecular model was
best suited for the Potato area and production. The
average compound annual growth rates of its area
and production were 3.94% and 6.25%, respectively.
The monomolecular model was the best fit for the
area and production of Onion, with an average
CAGR of 8.63% and 10.43%, respectively.
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