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Abstract

The effect of various input factors on the yield of arecanut has been studied based on the field data collected from farmers’ gardens
in Kasaragod district. Semiparametric regression technique is used to explain input-response relationship. In this approach, both
qualitative (discrete) and quantitative (continuous) input variables can be included. The quantitative variables such as fertilizer
application (N, P and K), Farm Yard Manure (FYM), Green leaf (GL) application and density (number of paims/ha) and the
qualitative variables such as variety (SK local, Mohitnagar, Mangala}, type of irrigation (hose, sprinkler) and cropping models (ineno,
arecanut+banana, arecanut-+cocoa, arecanut+banana+pepper) were considered as input variables. The average yield (kg/ha) was taken
as the response variable. The effect of qualitative variables on yield and the optimum input levels of the quantitative variables were
obtained. The estimated optimum levels of N, P and K per palm in the study area are 100g, 50g and 120g, respectively, which are very
close to the recommended doses. The yield differences in arecanut under monocrop and mixed cropping systems were not significant
and therefore, it is better to maintain arecanut gardens under mixed cropping system for better return. The yield variations among
three varieties were found to be nof significant once the effects of other variables are eliminated. No significant difference between the
two methods of irrigation was found, though sprinkler gave comparatively more response than hose irrigation.
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Introduction: from farmers’ gardens in Kasaragod district. Kasaragod

is the largest (27%) arecanut producing district in Kerala.
The average altitude of the arecanut growing areas in
Kasaragod district is about 100 m above the Mean Sea
Level (MSL) and the temperature ranges between 15°
C to 38° C. It receives about 3500 mm rainfall every
year. The major arecanut varieties grown in this district
.are SK local, Mohitnagar and Mangala. The practice of
growing various intercrops such as banana, pepper and
cocoa in arecanut garden is very common. Arecanut is
mainly grown as irrigated crop. Sprinkler, drip and manual/
hose type of irrigation systems are commonly practiced
by the farmers. The yield variation in farmers’ garden is
very high mainly due to the variations in inputs.

Arecanut is a major commercial crop in India and
it grows under a variety of climatic and soil conditions.
The yield of arecanut is influenced by various factors
such as variety, soil and climatic conditions as well as
management practices. CPCRI has released five high
yielding varieties viz., Mangala, Sumangala, Sreemangala,
Mohitnagar and Swarnamangala. Among these, Mangala
and Mohitnagar are very popular. There are some other
high yielding cuitivars in different localities known by the
name of'the place, where they are grown. It is very much
essential to have site-specific management practices to
get maximum return from unit area. Most of the farmers
are generally growing local cultivars and adopting

traditional method of cultivation practices. Semiparametric
regression technique is used to study the input-response
relationship in arecanut, based on the field data collected

The relationships between the inputs and response
are very complex in crop production models. Problems
like nonlinear relationships between inputs and response,
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discrete input variables and nonexistence of proper
functional form to represent relationship are very commeon
in crop production data. The traditional multiple linear
regression technique may not be adequate in many
situations to explain input output relationship. Jose and
Bhat (2008) used nonparametric additive regression
model, when all the input variables are quantitative
(continuous). But in many situations, discrete/qualitative

input variables such as variety, soil type, type of irrigation,

inter crops etc. are to be considered in crop production
models. Comparison of various qualitative variables such
as variety, cropping model, irrigation type etc. by taking
average yield without eliminating the effect of other input

variables will be misleading. In the proposed- -

semiparametric regression model based approach; both

qualitative (discrete) and quantitative (continuous) input '.

variables can be included. The quantitative variables such

as fertilizer application (N, P and K), FYM, green leaf-

(GL) application and density (number of palms/ha) and -

the qualitative variable such as variety (SK local,
Mohitnagar, Mangala), type of irrigation (hose, sprinkler)
and cropping models (mono, arecanut+banana,
arecanut+cocoa, arecanut+banana+pepper) were
considered as input variables. The average yield (kg/ha)
was taken as the response variable.

Materials and Methods

Data from the randomly selected 84 gardens in
Kasaragod district was used for the study. Gardens with
proper irrigation facility, stabilized yield and more than
250 palms only have been selected. Observations on
fertilizer application (N, P and K}, FYM, GL application,
density (number of paims/ha), variety, type of irrigation
and inter crops are taken as input variables and average
yield (kg/ha) was taken as the response variable for the
study. The quantitative variables N, P, K, GL, FYM and
density are represented by X, X,, X, X, X and X,
The qualitative variables variety (SK local, Mohitnagar,
Mangala), type of irrigation (hose, sprinkler) and inter

. crops (mono, arecanuttbanana, arecanutrcocoa,

arecanut+banana+pepper) are represented by dummy
variables with values 1 for the presence and 0 for the
absence of particular character. The dummy variable Z,
=[Z, Z,Z,] represents the 3 varieties, Z,= [Z,, Zzz,

Z,,] represents the 4 cropping models and Z, = (Z,,
Z.,] represents the two types of irrigation. The response
variable is represented by Y. The semiparametric
regression model considered for the study is of the form

L4 3 4 2
Y=a+ Zfi (X‘HZZ"fﬁ’* + z ZoyBox + Xza, Bute
=1 j=1 k=1 =1

™

where, Y is the response variable, ¢ is the general
mean, p is the number of quantitative variables, X ’s are
the quantitative variables, Z_’s are the dummy variables
having values 1 or 0 denoting the presence or absence of
qualitative variables, € is independently and identically
distributed error term with mean 0 and constant variance
¢ The functions f (i=1,..., p) are assumed to be smooth
and f3;s are the regression coefﬁmcnts corresponding to
the quahtatwe variables. The model (1) can be written as

Y—a+2f (R)+ 2ot 22,4+ 236 +

i=1

The iterative {backfitting) algorithm proposed by
Buja et al. (1989) is used to fit the model. Let S, represent
centered local linear smoother matrices corresponding to
the function f, i=1,....p; Z=[Z, Z, Z,] and B" = [B, B,
B, The estimators for the above semiparametric additive
regression are defined as the solutions of the backfitting
algorithm on the following set of equations.

Zf {xg

Fx)=s, i’—ZB‘-Zf“,(X,-)
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Let Wirepresent the additive mode] smoother for

" the additive component function f which maps Y to ?i’ ,
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where q is the total number of qualitative variables.
The variance of @ is estimated by

v(§) = PPT52

where P=(Z"(I- W} ZY'ZT (I-W). The corrected
yield corresponding to the qualitative variables Z, is given
by & + 5,; where @@ and ﬁ,@l are the estimated values

of a and [3 The significance of a qualitative variable
say, Z.can be tested by taking B,= 0 as the null hypothesis.
The sxgmﬁcance of the effect of a quantitative variable



say X, can be tested using the lack of fit statistic (Hart,
1997).by taking the null hypothesis as £=0. The detailed
estimation and testing procedures are given by Hastie
‘and Tibshirani (1990) and Hart (1997).

Results and Discussions

- The range, mean and standard errors of the yield
‘and the input (quantitative variables) values collected from
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FYM and density are shown in Fig. 1. The smooth function
f(N) indicated that the response of nitrogen to the arecanut
yield is maximum at about 100 g which is same as the
recommended value. The optimum value of P is 50 g/
palm which is slightly higher than the recommended value
of 40 g/palm. The fitted function f{K) shows that the
yield is increasing up to 120 g of potassium and it is slightly

. less than the recommended value of 140 g/palm. The

the 84 gardens in Kasaragod district are given in Table 1. .

There exist sufficient variations in each input variables to

study the input-response relationship. The average input .

values and mean yield under different varieties/ irrigation
types/ inter crops are given in Table 2. The average yield

Table 1. Summary of on yield and input valu

Variables Range ' Mean SE
N{(g/palm) C0200 0 WM 489

- Pig/palm) 0-120 1327 359
K (g/palm) 0245 nR 8.25
GL(Kg/palm) 040 11.69 082
FYM (Kg/paim) 040 1531 3 -
 Density(No. of palms/Ha) 556-3000 1143058 49,63
Yield (Kg/Ha) 1986.12

375-3667 . .

9512 -

of Mohitnagar (2320 kg/ha) and Mangala (2243 kg/ha)
varieties are higher than the SK local variety (1914 kg/
- ha). Note that thé average input values for Mohitnagar
and Mangala varieties are much higher than that of SK
local and therefore, the comparison of the performance

of different varieties by taking simple averages is not -

correct. Semiparametric regression model based approach

analysis shows that the effect of green leaf is not
significant and the optimum value of FYM is about 25
kg/palm. Even though the yield is increasing up to 2500
palms per hectare, the rate of increase is only marginal
after 1500 palms per hectare. The recommended and

- the estimated optimum level of quantitative input variables

are given in Table 3.

The observed and corrected average yield with
standard errors (SE) with respect to the qualitative

‘variables is given in Table 4. The corrected yield

corresponding to each qualitative variable is obtained by
removing the effect of other input factors from the yield.
The comparison of yield based on the observed value
shows that the per hectare yield of Mohitnagar is 406 kg
higher than that of SK local and Mangala is 329 kg higher
than SK local. It can be noted that the average input
values of N, P, K, GL and FYM are much higher in

‘Mohitnagr and Mangala gardens compared to SK local

“(Table 2). Therefore, comparison of average observed
- yield under different varieties without adjusting for the
- variations in input values is not correct. The comparison

..of corrected yield shows that there is no significant

- difference between the varieties and the difference shown

is used to compare performance of different varieties -

after eliminating the effect of other input variables.

The graphical representation of the fitted functions
with respect to the quantitative variables, N, P, K, GL,

Table 2. The average input values and mean yield under different qualitative variables

in the observed yield is due to the variations in the input
values.

The comparison of observed yield of arecanut
under different cropping model shows that the yield under

Type n N(gpalm) P(gpalm) K{gpalm) GL(kgpam) FYM(kg/palm) Yield (kgtha)
Variety

SKLocal . "67 2984 2810 71.64 1152 1449 1914
Mohitnagar -6 76.67 4583 117.47 1333 16.67 2320
Maﬁgala ' 11 61.09 5791 90.18 1182 19.55 2243
Inter crops'crop models

Arecanut {Mono) 21 2405 - 2329 71.52 1371 12.90 1839
Areanut+banana 36 472 - 3335 86.75 10.86 1472 2056
Arecanut+banana-+pepper 21 3648 3862 67.71 10.62 19.14 2026
Arecanut +cocoa 6 41.67 46.67 53.67 1333 1383 1945
Irrigation _

Hose/manual .54 3991 34.78 83.00 12.56 13.69 1984
Sprinkler 30 32.53 30.57 67.10 .13 18.23 1950
n; number of gardens
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Table 3. Recommended and estimated optimum level of input values

Item N(g/ palm) P{g/ palm) K{(g/ palm) GL{kg/ palm) FYM(kg/ palm) Density(palms/ha)
Recommended 100 40 140 12 12 1370
Estimated 100 50 120 NS 25 1500
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Table 4. Observed and corrected yield data with standard error

- Type n Arecanut yietd (kg/ha)

Observed Corrected SE

Varieties

SK Local 67 1914 1985 2

Mohitnagar 6 2320 1997 75

Mangala 1 2243 1987 55

- Cropping models S

Arecanut (Mono) 21 1839 2003 . 40

Areanut-banana 36 2056 1966 - 30

Arecanut+hanana+pepper 2l 2026 1993 40

Arecanut +cocoa 6 1945 2017 75

Irrigation types

Hose 54 1984 1970 25

Sprinkler 30 1990 2015 33

mono cropping system is less than the other cropping
systems but the corrected yield shows that there is no
significant difference between different cropping models
(Table 4). Therefore, the variation in observed yield under
different cropping model is due to the variations in other
input variables and the effect of different cropping models
on the arecanut yield is insignificant. Note that there is
no significant difference in yield under hose and sprinkler
types of irrigation.

Conclusion

Semiparametric regression technique is proposed
to study the input-response relationship in arecanut based
on the field survey data collected from Kasaragod district.
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In this approach, both qualitative (discrete) and
quantitative (continuous) input variables can be included
in the crop production model. Comparison of various
qualitative variables such as variety, cropping model,
irrigation type etc. by taking average yield without
eliminating the effect of other input variables will be
misleading. The analysis of quantitative variables indicated
that the estimated optimum levels of N, P and K per palm
in the study area are 100 g, 50 g and 120 g respectively,
which are very close to the recommended doses. The
yield differences in arecanut under monocrop and mixed
cropping systems were not significant and therefore, it is
better to maintain arecanut gardens under mixed cropping
system for better return. The yield variations among three
varieties were found to be not significant once the effects
of other variables are eliminated. No significant difference
between the two methods of irrigation was found, though

sprinkler gave comparatively more response than hose

irrigation.
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