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ABSTRACT

The experiment was executed in three repetitions according to “The Split Plots in Randomised Blocks Design” in the 2013-
14 growing seasons. As material; commercial maize varieties Dekalp 5401, Dekalp 5783, Pioneer PR32T83 and Syncero
were selected. Three nitrogen doses [0, 150, and 300 kg ha™ (Ammonium nitrate)] and 80 kg ha™* phosphorus (P,O,: TSP:
triple super phosphate) were used. According to the two year results, the highest seed yield was obtained with Syncero
(9.527 kg ha*) and Dekalp 5401 (9.491 kg hal), the lowest was provided with Dekalp 5783 (823.1 kg hal). In terms of the
effect of nitrogen doses on seed yield, the highest value was obtained from 300 kg ha application at 10.212 kg ha?, the
lowest value was obtained through the control plot (0 kg ha?) at 7.844 kg ha. The economic analysis, showed that yield
level increased as the dose raises. The highest revenue-generating dose was 300 kg ha*tamong the nitrogenous fertilizer
applications. In this context, a profit of USD 2.87 was made in return for a cost of USD 1.00. As further doses should be
applied for a net determination, it is difficult to estimate if this is the most profitable dose. Under the circumstances, however,
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it can be stated that the highest profitability is possible through this application (the 3').
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INTRODUCTION

Maize, due to its variety richness and high adaptive
capability, is a culture plant that could be cultivated almost
throughout the world (Sezer and Yanbeyi, 1997). Maize
production increased significantly following the awareness
that maize can be grown as both a preliminary and secondary
product in those regions whose climates are suitable such as
the Aegean,s the Mediterranean, and the South East Anatolia
region of Turkey. A necessary factor in increasing maize
productivity, is a high level of nitrogen fertilizer (Marschner,
1986). The worldwide planting area of maize is 184192053
ha. Its level of production amounts to 1016736092 tons,
and its yield is 5520 kg ha?. These data for Turkey are
currently 660000 ha'; 5900000 tons, and 8934 kg ha* (FAO,
2013). Intensive fertilisation is required for higher
productivity. However, as the amount of commercial fertilizer
rises, the soil suffers loss of fertility. Furthermore, increasing
fertilizer costs make difficulties for the farmers.
Environmental problems caused by an imbalance in use, and
any increase in the price of commercial fertilizers restricts
their use (S6zudogru et al. 1996). The point of this research

is to determine both a suitable nitrogen dose and the
importance of a preliminary plant for maize after chickpea.
It also aims to determine the effect of these factors on the
agricultural features of maize plus the economic aspects with
regard to the productivity of suitable nitrogenous fertilizer
for a sustainable agricultural production.

MATERIALS AND METHODS

This research was carried out in an experimental
field run by Kiziltepe Vocational Higher School, Mardin
Artuklu University in the 2013-14 planting seasons. The
experiment was executed three times according to “the Split
Plots in Randomised Blocks Design”. Varieties were planted
in the main plots while fertilizer doses were placed in sub-
plots. As material; commercial hybrid maize types viz. Dekalp
5401 (V1), Dekalp 5783 (\VV2), Pioneer PR32T83 (V3), and
Syncero (V4) were used. For the experiment, 36 plots were
used, each of which was 5x3.5 m, a total area of 17.5 m?with
a2 mspace between both each block and plot. After harvesting
the chickpea, the soil was cultivated using second-hand
equipment. Soil warm enough and moist enough to promote
good plant growth was seeded by hand in the shape of 70x20
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cm following irrigation. Three nitrogen (ammonium nitrate)
doses of 0 (D1), 150 (D2), and 300 (D3) kg ha! and
phosphorus (P,O,: TSP: triple super phosphate) of 80 kg
ha were used. All the phosphate fertilizer was applied by
mixing it with the soil during sowing time. Half the
nitrogenous fertilizer was applied during sowing and plants
were 40 cm tall. All planting processes plus irrigation,
fertilising, weeding, and combatting illnesses and pests were
followed regularly. Harvesting and measurements were done
on the remaining area (4 mx2.1 m = 8.4 m?) by excluding
one row from the plot sides and 50 cm from the plot tops.
Monthly climate data for 2013-2014 and their long term
averages (LTA; 1960-2014) are given in Table 1. Annual
climate data were provided by Mardin Meteorology
Directorate (2014) and are given. As available in Table 1,
while the total rainfall for 2013 (6.5 mm) has been lower than
LTA(37.2 mm), the total rainfall for 2014 (40.9 mm) has been
higher. The average temperature values for 2014 has been
higher than the LTA. The values for relative humidity, on the
other hand, have been lower than the LTA. Observations and
measurements were made in accordance with the method
(Cesurer, 1990). A variance analysis was made using data
obtained from the research by using MSTAT-C as Diizglines
et al. (1987) and comparisons were made according to the
Duncan test. Economic data were analysed using the marginal
analysis method. In this context, the practice used by Ozkan
(1997) was followed. Partial budgeting was carried out and
the most profitable level(s) determined by using the marginal
cost=marginal revenue approach.

RESULTS AND DISCUSSIONS

Variance analysis results for the effects of
“determination of suitable nitrogenous fertilizer doses for
growing 2" product maize in chickpea planting fields” on
some agricultural features are available in Table 2. The
averages concerning these features plus difference grouping
according to Duncan, are given in Table 3.

According to the variance analysis results in Table
2, cob number per plant is statistically significant. While one
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cob height and unit field grain productivity for the second
year were both found to be significant at p<0.05 level, other
features were found significant at p<0.05 level. On average,
the cob length was found significant at p<0.05 level, other
features were found significant at p<0.01 level. Nitrogen
doses for both each year (1% year and 2" year individually)
and the average (average value of 1% and 2" years) were found
to be significant at p<0.01 level. The results of variance
analysis in terms of years were found to be statistically
insignificant. The interaction of “variety x nitrogen doses” in
terms of average cob length and one cob productivity was
found significant at p>0.01 level. 1.000 grain weight for the
first year was found significant at p>0.05 level. Other features,
were found to be statistically insignificant. On the other hand,
1,000 grain weight was found significant at p>0.01 level,
other features were found statistically insignificant in the
interaction of “variety x year”. The highest value in terms of
plant height for the first year was obtained from V1 (195.30
cm). The highest value in terms of plant height for the second
year was also obtained from V1 (187.85 cm) and the other
varieties were as follows consecutively: V3 (185.42 cm) and
V4 (185.28 cm). Thus, the highest average value was obtained
fromV1 (191.57 cm) and the lowest from V2. These findings
show similarity with those of Dok (2005); Keskin et al.
(2005); and Idikut and Kara (2013) demonstrating that plant
height changes according to varieties used. In terms of the
effects of nitrogen doses on plant height, the highest values
0f 194.12 cm, 192.77 cm, and 192.72 cm were obtained from
D3 application for both each year and the average, while the
lowest values were at the D1 control plot. These findings are
compatible with those of Sekhon and Aggarwal (1994);
Tufekei and Karaaltin (2001); Canly (2003) and Celep (2006)
confirming that the higher the level of a nitrogenous fertilizer
used, the taller a plant gets. In terms of initial cob height,
while the highest cob height was obtained from V1 for both
years and the average, the lowest average was through V2.
On the other hand, the difference between V3 and V4 was
found to be statistically nonsignificant. These results are

TABLE 1: Monthly and long term averages of temperature, rainfall and humidity values of Mardin

Months Temperature (°C) Rainfall (mm) Humidity (%)

2013 2014 LTA 2013 2014 LTA 2013 2014 LTA
June 26.3 314 25.6 4.0 4.7 4.7 21.7 22.1 323
July 26.9 35.6 29.9 - 1.3 1.3 17.8 19.8 27.7
August 29.7 36.1 295 - 0.2 0.2 18.7 17.1 28.4
September 23.9 26.2 25 2.5 1.8 1.8 24.0 27.7 32.6
October 19.1 20.1 18.4 329 329 225 25.6 45.1
Total 6.5 40.9 37.2
Average 25.2 29.9 25.7 20.9 225 33.2

LTA: Long term averages (1960-2014).
Source: Mardin Meteorology Directorate (2014).
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TABLE 2: Variance analysis results for the effects on some agricultural features of “determination of suitable nitrogenous fertilizer
doses for growing 2nd product maize varieties in chickpea planting fields”

Plant One Cob Cob Grain One cob 1000 Seed
Years height Cob number length  number productivity seed yield
height  per plant per cob weight
1st year *x
2nd year *
Blocks United years *x *x
lst year ** ** ** ** ** ** **
Varieties 2nd year *x * il *x il il *
Unlted years * ** ** ** ** ** **
lst year ** ** ** ** ** ** **
Nitrogen doses 2nd year *x ** *x *x *x *x *x
Unlted years ** ** ** ** ** ** **
Year
1st year *
Variety x Nitrogen 2nd year
doses United years *x *x
Variety x Year i
Nitrogen doses x
Year

Variety x Nitrogen
doses x Year

* Significant at p<0.05 level ** Significant at p<0.01 level.

TABLE 3: Effects of “determination of suitable nitrogenous fertilizer doses for growing 2nd product maize varieties in chickpea
planting fields” on yield and yield components

Variety Nitrogen doses (kg ha™)
Dekalp 5401 Dekalp Pioneer
57 83 PR32T83 Syncero 0 150 300

Plant height (cm) __ Lst year 1953a>  1784lc 18237b  18278b  17/555c  184.48D 194124
2nd year 187.85a  17257c 185.42a  185.28a  176.26b  179.31b 192.77a
Mean 19157a  175.13¢ 183.90b  18342b  175.90¢ 181.9b 192.72a
Initial é‘;ﬁ)he'ght 1st year 7232a 62.46 b 63.16 b 61.35b 58.50 ¢ 64.31 b 71.65a
2nd year 7017a 62.71b 63.26 b 64.81b 59.80 b 62.58 b 73.33a
Mean 7125a 62.58 b 63.21b 63.08 b 59.15 ¢ 63.45b 72.49a

Cob number per
olant (unitiplant) LSt Year 1.06 1.03 1.15 1.20 1.06 115 111
2nd year 1.04 1.08 1.10 1.08 1.06 1.06 111
Mean 1.05 1.05 1.12 1.14 1.06 1.10 111
Cob length (cm) 1st year 20.77 a 19.48 ¢ 1947 ¢ 20.14b 18.72 20.05b 21.13a
2nd year 20.74a 19.41¢ 19.66bc  20.20 ab 18.83¢ 20.10b 21.08a
Mean 20.76 a 19.45b 1957¢ 20.17b 18.77¢ 20.07b 21.10a
G’ag’;rncuongber 1st year 452.82a  416.42c 41414c  43813b  41075¢c  433.05b 447.32a
2nd year 456.02a  408.73¢c 41326c  43354b  41063c  430.93b 44210 a
Mean 45442a  41257c 41370c  43583b  41049c  431.99b 44471 a
ngdc(%g 1st year 21371a  15657d 19133¢c  206.63b 174.88 180.12 184.91
2nd year 21244a  159.02¢ 19500b  20824a  1763lc  192.94b 211.77a
Mean 21307a  157.81d 193.16¢c  207.43b  17527c  191.04b 212.30 a
1000 Seé‘; Weight 4o vear 340.18d  361.68c 38121b  39655a  361.86c  369.57b 378.29a
2nd year 34785¢c  368.92b 39062a  38388a  358.15b  380.87a 379.44a
Mean 34402c  365.30b 385.17a  390.98a  36057b  375.37a 378.15a
Seed yield (kg ha') 1st year 9668.1ab  8156.70 ¢ 8996.1b  983530a  7972.6c  92291b  10290.5a
2nd year 93150a 8321.40b  89148ab  9219.10a  77164c  89774b  10134.0a
Mean 94915a  8239.10¢ 89555b  9527.20a  78445c  91032b  10212.2a

*The difference between the average values shown in the same row by the same letters are insignificant at p<0.05 level.
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compatible with those of Paradkar and Sharma (1993); Turkay
et al. (2002); and Celep (2006) confirming that initial cob
height changes according to the variety of maize. The effects
of nitrogen doses on initial cob height, the highest value was
obtained through D3 application for both each year and the
average, while the lowest values were at the control plot.
These findings are compatible with those of Paradkar and
Sharma (1993); Tufekei and Karaaltin (2001); Canly (2003);
and Celep (2006), saying that the more nitrogenous fertilizer
used, the higher an initial cob height gets, as was found for
plant height.

In terms of varieties and nitrogen doses, no
statistically significant difference was found between the years
or the average with regard to cob number per plant. These
results are compatible with those of Celep (2006), studied
2" product maize in chickpea planting fields in
Kahramanmaras, Turkey, stated that the differences between
varieties and nitrogen doses (0.96-1.01 unit/plant) were
insignificant. Moreover, our findings are also supported by
Hutchinson et al., (1989) who assert that nitrogenous fertilizer
does not increase cob number per plant. In terms of cob length,
the highest values were obtained from V1 for both each year
and the average. The lowest average was through the V2
(Table 3). Thus, our findings are similar to those of Tiifekgi
and Karaaltin (2001); Oz and Kapar (2001); and Tirkay
et al. (2002) who state that there may be differences between
varieties in terms of cob length. The effects of nitrogen doses
on cob length; while the highest values were obtained from
D3 application for both each year while, the lowest values
were in the control plot. Celep (2006) revealed in his study
that the highest average cob length was obtained through D3
at 18.96 cm and the lowest was through the control plot at
17.01 cm. Our findings are compatible with those of Nimje
and Seth (1988) and Canli (2003) who state that an increased
nitrogen dose raises cob length together with vegetative parts.
In terms of grain number per cob, the highest units of 452.82,
456.02, and 454.42 were obtained from V1 for both each
year and the average. Although V2 and V3 provided the lowest
values, there was no statistical difference between them. Our
findings are compatible with those of Oz and Kapar (2001)
and Turkay et al. (2002) who state that there are differences
among varieties in terms of grain number per cob. The effect
of nitrogen doses on the grain number per cob, the highest
values were obtained through D3 application for both each
year and the average. For instance, the highest average value
was 444.71 units. The lowest values were obtained from the
control plot and the lowest average value was 410.49 units.
Dickson et al., (1993); Paradkar and Sharma (1993); Tufekgi
and Karaaltin (2001); and Canli (2003) state that increasing
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nitrogenous fertilizer affects nitrogen metabolism positively,
particularly protein synthesis in maize, and this results in both
a longer cob and more grain.

In terms of one cob yield, the highest value in the
first year was obtained from of V1, it was repeated in the
second year from (212.44 g) the same variety. The difference
between 208.24 g of V4 and V1 was found to be statistically
insignificant. The highest average value was obtained through
213.07 g of V1 while the lowest values were obtained from
V2 for both each year and the average. Our findings are
supported by those of Difonzo et al., (1982); Turkay et al.
(2002); and Celep (2006) who state that there are differences
among the varieties in terms of one cob productivity. Interms
of the effect of nitrogen doses on one cab yield; the highest
values were obtained from D3 application for both second
year and the average, the lowest values were obtained through
the D1 control plot. Paradkar and Sharma (1993); Tilrkay
et al. (2002); Canli (2003); and Tosun (2005) also reveal
that increasing nitrogenous fertilizer raises one cob
productivity.

In terms of 1000 seed weight, the highest value in
the first year was obtained from V4 (396.55 g), it was from
V3 in the second year. The highest average value was also
from V4. However, there was no significant difference
between V3 and V4. On the other hand the lowest values
were obtained from V1 for both each year and the average.
Our findings are supported by those of Sezer and Guliimser
(1999) and Turkay et al. (2002) who state that the 1,000 seed
weight differs as to varieties and environmental conditions.
The effect of nitrogen doses on 1000 seed weight; while the
highest value was obtained from D3 at 378.29 g in the first
year, it was t from D2 at 380.87 g in the second year, however,
they showed no statistical difference. The highest average
values were obtained from D3 (378.15 g) and D2 (375.37 g),
however, no statistical difference was found between them.
The lowest values, on the other hand, were obtained from the
D1 control plot as of both each year and the average.
Hutchinson et al. (1989); Dickson et al. (1993); Canli (2003);
and Tosun (2005) state that nitrogenous fertilizer increases
1,000 grain weight to some extent. But Chen et al., (1994);
and Apak, et al., (1995) state that it decreases the weight
after reaching a certain level. Our findings support those of
the first group of researchers.

While the highest seed yield was obtained from V4
at 9835.30 kg ha! in the first year, it was from V1 at 9315.0
kg hain the second year. Furthermore, the difference between
V1 and V4 (9219.1 kg ha) was found to be insignificant.
The highest value as of the average was obtained from 9527.2
kg ha' of V4 and its statistical difference with V1 (9491.5 kg
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ha') was nonsignificant. The lowest values were obtained
through V2 at 8156.7; 8321.4; and 8239.1 kg ha* respectively.
Inal (2002) and Tosun (2005) state that legumes should be
grown in planting time as the productivity of cereals grown
following the harvesting of legumes increases. However,
actual productivity increases differ depending upon the
varieties of legumes used as preliminary plants. Ram et al.,
(1993) say that higher yield of 720-1380 kg ha is obtained
compared to grains feed plants, if maize is grown after
legumes. Idikut and Kara (2013), in their research in
Kahramanmaras, Turkey, reveal that unit field grain
productivity of maize varieties changes from 7350 to 12340
kg ha. Our findings on grain productivity of maize varieties
(or seed yield) show similar results to those of Cesurer et al.,
(1999); Keskin et al. (2005); and Saruhan et al., (2007). This
means that production values of varieties may change
depending upon ecological conditions. Halauer and Miranda
(1987) comment that maize has such complicated
characteristics that, in addition to the effect of genotype,
environmental conditions and growing techniques from
seeding to harvesting may contribute to changing grain
productivity levels in maize. It can be said, therefore, that
changes in seed yield in different maize genotypes and
varieties may result from genetic factors, and this is to be
expected. These observations are supported by our findings.
While the highest seed yield were obtained from D3
application at 10290.5; 10134.0 kg ha* and 10212.2 kg ha?
respectively for both each year and the average, the lowest
values were obtained from the D1 control plot at 7972.6;
7,716.4; and 7844.5 kg ha* respectively. Sénmez (2001), in
his research in Tokat Erbaa, Turkey, also states that seed yield
differed from 4311 to 9868 kg hat following different
applications and doses of various nitrogenous fertilizers.
Ozkan and Ulger (2011), in their study in Cukurova, Turkey,
found that while unit field grain productivity had its lowest
value at a dose of 0 kg ha in the control plot, it had the
highest value in the plot where a dose of 250 kg ha! was
applied. Similarly, Sezer and Yanbeyi (1997) state that as
nitrogen dosage was increased, productivity raised. Roy and
Singh (1986); and Pissaia et al., (1996) determined that the
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highest productivity was obtained through a 100 kg ha?
application. Sezer and Yanbeyi (1997); and Padmaja et al.,
(1999), on the other hand, determined that the highest grain
productivity was possible at doses of 150 and 160 kg ha™.
While Jovanovic (1999) provided data to show the highest
grain productivity at a dosage of 180 kg ha’; Oktem et al.,
(2001) obtained it at 240 kg ha*. Such different results are
sourced from the differences between research areas and
maize varieties.

With reference to Table 4, the effects of different
varieties x nitrogen doses interaction on 1000 seed weight,
cob length and one cob yield in corn varieties was found to
be statistically significant. In the first year (2013), the highest
1000 seed weight was obtained from Syncero 300 kg ha?
nitrogen application (402.7 g). The difference between this
application and the one based on Pioner PR32T83 150 kg
halnitrogen was found to be statistically insignificant first
years. The lowest values of 1000 seed weight were found in
Dekalp at 5401 0 kg ha nitrogen applications (333.9 g).
The highest cob length was obtained from Dekalp 5401 with
300 kg ha*nitrogen application (21.6 cm). The lowest values
of cob length were found in Dekalp 5783 and Pioner PR
32T83 with 0 kg ha™ nitrogen applications (18.5 cm). In Table
4, the highest one cob yield was obtained from Dekalp 5401
with 300 kg ha® nitrogen application (233.1 g). The lowest
values of one cob yield were found in Dekalp 5783 with 0 kg
ha nitrogen applications (146.6 g).

Economic analysis: In this study, marginal anlysis is carried
out. The principle of the marginal approach in economics
means that a production factor should be employed until an
increase by its last unit occurs in the total production
[Marginal product (MP)=Marginal revenue (MR)] is equal
to its cost (MC) (O’Sullivan et al., 2014). This analysis in
Economics focuses on examining the effects of small changes
between two variables (Klein, 2014). Marginal analysis in
Mathematics means dealing with the effects of a change in
an independent variable on a dependent variable by using
derivatives (Siniksaran et al., 2011). This analysis can be
executed by various methods, the major of which are as

TABLE 4: The effect of interaction of different nitrogen dose applications on 1000 grain weight, cob length and one cob yield in
maize varieties

1000 grain weight(2013)

Cob length(United years)

One cob yield(United years)

Varieties Okg ha'  150kg ha® 300kg ha! Okgha®! 150kg ha®! 300kg ha! Okgha? 150kgha' 300kg ha?
Dekalp 5401 333.9h* 338.3h 351649 196 ¢ 20.9 ab 216 a 1925d 2136¢C 233.1a
Dekalp 5783 3579 f 3628 ¢ 3643 e 185d 19.0 cd 20.8 ab 146.6 g 1533 ¢ 1735 f
Pioneer PR32T83 371.7d 3786 ¢C 388.7b 185d 195¢ 20.6 b 1771 ef 186.2 de 216.1 bc
Syncero 3918 b 3995a 402.7 a 184d 20.7 ab 214ab 184.8 df 2109c 226.5 ab

* The differences between the average values shown in the same row by the same letters are insignificant at p=0.05 level.
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follows (Ozkan, 1997): forming a partial budget, without
using a production function, and by using a production
function. The aim of all three methods, in the context of this
study, is to determine the most suitable nitrogenous fertilizer
(independent variable) for the highest product/productivity
(dependent variable). Although these methods are different,
their results are the same and the first of these is to be preferred
by considering the dictum “everything else being equal, the
simplest is the best”. The most suitable nitrogenous fertilizer
dose (kg ha?) is determined by forming a partial budget in
the context of the first method. The partial budget consists of
average productivity values (kg ha?), gross production values
(USD ha?), total variable costs [cost of fertilizer (USD ha),
fertilising cost (USD ha?)] and thus, net revenue (profit/loss).
Then, as Ozkan (1997) did, dominance analysis was made
and residuals calculated. In this research, three nitrogenous
fertilizer doses of 0, 150, and 300 kg ha*were applied for
maize varieties in June 2013 and June 2014. Ammonium
nitrate was applied as a pure nitrogenous fertilizer. The
amounts of ammonium nitrate used for each application were
as follows: 0 kg ha?; 454.5 kg ha; and 909 kg hat. The
effects of fertilizer on productivity in each application were
as follows for the two years (kg hat): 2013: 7,972.6; 9,229.1;
and 10,290.5.2014: 7,716.4; 8,977.4; and 10,134. The results
in terms of kg ha* show that the productivity levels of 2013
were higher than those of 2014. The following arithmetical
mean for both years’ values were considered in the paper (kg
hat): 7,844.5; 9,103.25; and 10,212.25. The observed result
was that as the applied dose increased, productivity level also
rose. The partial budgeting is available in Table 5. A kg price
of maize was taken from the markets of Mardin and its
surroundings at the current average price of 0.276 USD
(275.56 USD/ton). Similarly a kg price of ammonium nitrate
i50.42 USD (21.11 USD/50 kg). Pure nitrogen was priced at
33% of a kg (0.42 USD/kg*0.33=0.139 USD/kg). The reason
for preparing a partial budget is that the analysis concentrated
particularly on the determination of suitable nitrogen doses.
Therefore, among the total variable costs, only the costs of
pure nitrogen and fertilising were taken into account. Total
variable costs include those of raw material, energy, labour
etc. which increase parallel to production (Dinler, 2013).
However, as they remain the same for every dose, all costs
except those of pure nitrogen and fertilising were excluded
in the budgeting. In fact, in addition to ammonium nitrate,
phosphorus (P,O,; triple super phosphate; 42%) was also used
ata fixed dose of 80 kg ha*. However, since only ammonium
nitrate was used for pure nitrogen, phosphorus was omitted
from the total variable costs. Fertilising costs at seeding and
intermediary weeding are other elements of total variable
costs besides that of fertilizer. Consequently, profits are as
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follows for each application: 2,165.08 USD ha* for 0 kg ha
1, 2,433.50 USD ha for 150 kg ha*; and 2,660.59 USD ha*
for 300 kg ha. That is, each application resulted in an increase
in profit. The dominance analysis was made following the
partial budgeting. The application which increases total
variable costs but decreases revenue is neglected in the
dominance analysis. It is based upon “the Law of Diminishing
Returns”: if one factor changes in the case that all other factors
remain constant, total product initially increases in speedy
fashion (the case of increasing marginal return/productivity).
However, if increases in that variable factor continue, total
production then increases in diminishing fashion (the case of
diminishing marginal return/productivity). If increases in that
variable factor still continue, total product decreases after a
specific point (the case of absolute diminishing marginal
return/productivity) Thus, production could, depending on
the costs, be continued until the point of absolute diminishing
marginal return/productivity. The production (revenue, profit)
is at maximum level at this point where marginal productivity
is equal to zero (Seyidodlu, 2002; Ertek, 2011; Krugman and
Wells, 2012).

Naturally, each factor employed in production (here,
costs of fertilizer and fertilizing) initially provides increasing,
followed by decreasing production/productivity. That is,
marginal production diminishes or, in other words, marginal
cost rises. However, total variable costs related to the applied
doses in this study increase, profit (total production/
productivity) also rises in parallel fashion. Therefore, no
negligible dose is available in the dominance analysis and all
three applications are examined in the marginal analysis.
Marginal profitability is determined under marginal analysis.
Marginal profitability rate (MPR; An/AqQ) is calculated by
the first degree derivative of profit function (Siniksaran et
al., 2013):
n=TR-TC
TR=TR (q); MR=ATR/Aq
TC=TC (q); MC=ATC/Aq
AT/AQ=(ATR/AQ) - (ATC/AQ)=0
(ATR/AQ) = (ATC/Aq)

As “ATR/AQ” is equal to marginal revenue (MR)
and “”TC/”q” is equal to marginal cost (MC), maximum profit
is realised at “MR=MC (MR-MC=0)”. It should be noted
that, as a partial budgeting is calculated in this study, that is
as total cost (TC) it includes only fertilizer and fertilising
costs, total variable cost (TVC) is used instead of total cost
in marginal profitability calculation.

Marginal profitability rates (MPR) for each
application are as follows (Table 6):
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TABLE 5: A partial budgeting concerning nitrogenous fertilising in maize varieties

Pure nitrogen doses (kg ha)

0 150 300
Total production/productivity amount (q) (kg ha?) 7844.5 9103.25 10212.25
Total production value (TR=p1*q) (USD ha?) 2165.08 2512.50 2818.58
Fertilizer costs (USD ha?)
3.1. Ammonium nitrate (%33) (p2*0.33*454.5 or 909 kg ha?) 0 62.99 125.99
3.2. Phosphorus (P,O,; triple super phosphate; %42) (80 kg ha™) 0 0 0
Fertilising costs (USD ha?)
4.1. At seeding (USD ha?) 0 5.33 10.67
4.2. At intermediary weeding (USD ha?) 0 10.67 21.33
Total variable costs (TVC) (USD ha?) 0 78.99 157.99
Profit/loss (r==TR-TVC) (USD ha?) 2165.08 2433.50 2660.59

- Maize price (pl) (USD/kg): 0.276 (275.56 USD/ton)

- Ammonium nitrate price (p2) (USD/kg): 0.42 (21.11 USD/50 kg)

- USD/TL: 2.25

TABLE 6: Determination of marginal profitability concerning nitrogenous fertilising in maize varieties

Application(Nr)  Dose Total variable costs  Profit/loss(d) Marginal profitability rate Residuals(USD ha®)
(kg ha) (TVC)(USD ha) (USD ha?) [MPR=(Am/ATVC)*100](%0) (=-TVC)

1 0 0 2165.08 2165.08

2 150 78.99 2433.50 339.80 2354.51

3 300 157.99 2660.59 287.48 2502.61

- MPR in the 2nd application (150 kg ha?) is %339.80 and
calculated as: MPR,=(An/ATVC)*100=[(2,433.50-
2,165.08)/(78.99-0)]*100=%339.80

- MPR in the 3rd application (300 kg ha?) is %287.48 and
calculated as:

MPR ,=[(2,660.59-2,433.50)/(157.99-
78.99)]*100=%287.48.

That is, while a profit of USD 3.40 is made in return
for a cost of USD 1 for fertilizer and fertilizing in the 2nd
application, a profit of USD 2.87 is made in return for USD
1inthe 3rd application.

As can be seen, although there is a relative decrease
in MPR following the 3rd application, in absolute terms the
profit increases. Therefore, since production is still far from
the point of absolute diminishing marginal return/productivity,
the test for nitrogen dose effect on production could be
continued. This being so, production level could be
determined when marginal productivity is equal to zero and
marginal cost is at its peak. However, as only two nitrogen
doses (excluding the 1st application; 0 kg ha*) were used
experimentally in this research, both levels (150 and 300 kg
ha') whose net revenues are both positive, could be applied.
Nevertheless, for determination of the best level, residuals
should also be checked. As available in Table 6, the highest
residuals are possible as a result of the 3rd application (300
kg hal). As mentioned before, it is difficult to estimate whether
this is the most profitable dose or not. However, under the

circumstances it can be stated that the most profitable level
is possible through the 3rd application.

CONCLUSION

Nitrogen, as plant food, is the most taken-up mineral
in the soil. As the maize plant grows in size, the amount of
nitrogen it takes from the soil rises. As a factor in increasing
the productivity of maize, nitrogen is paramount. However,
the overuse of nitrogenous fertilizer damages soil structure.
This research confirmed that legumes should be grown early
in the planting season as the productivity of cereals grown
later is thereby increased. Moreover, in our region (South
East Anatolia, Turkey) growing maize with legumes will result
in both higher seed yield per area and an increase in stalk
productivity, thus, reducing to a great extent the problem of
high feed shortage in stock raising. Therefore, by decreasing
the costs of both vegetable and animal production, it will
also contribute to economic development. In addition, this
research offers evidence that nitrogenous fertilizer at the dose
of 300 kg ha* for growing 2nd product maize in chickpea
planting fields provides higher productivity.
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