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Abstract: Aim of the study, was to analyze economics of manure use for different size and to try to establish
a budget for plant nutrient demands and in addition to show how much fertilizer could be saved by introducing
manure as fertilizer in beef cattle farms engaged also in crop production in Afyon province in Turkey. Data were
obtained by conducting a questionnaire with 100 beef cattle farms selected by stratified random sampling
method and of these farms 77, which had beef cattle and crop production were analyzed. Considering ammal
population of farms and frequency distribution, farms were divided into 3 groups. Accordingly farms were
classified as: Group I, farms that have 5-10 animals (27 farms), Group I, farms that have 11-25 animals (28 farms)
and Group M1, farms that have >25 animals (22 farms). Tt was found that as farm size increased ratio of crop
nutrient demand met by manure increased. Crop nutrient demand met by manure was 22.0, 43.0 and 93.6% for
Group I, T and TIT, respectively. When, farmers used manure as fertilizer, amount of saving were 30.6, 71.1 and
142.4 YTL ha™ for Group I, I and III, respectively (1USD = 1.34 YTL). These results indicate that dependence
of farmers to chemical fertilizers will be reduced and manure use will become economical for farmers. In addition,
effective manure and chemical fertilizer management will minimize environmental pollution thus, aiding to

sustainable agriculture.
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INTRODUCTION

Turkey is located between Europe and Asia and is
unique for having a large and sustainable agricultural
sector. Tt is also, one of the richest and largest countries
in terms of land: Almost 16% of the country's land area
consists of meadows and pastures, whereas 26% 1s
covered with forest and woodland and 31% 1s arable lands
(FAO, 2004). Because of its suitable land and climate,
Turkey has a great capacity to grow many kinds of crops
and animals.

In Turkey, on the other hand, livestock sector has a
considerable potential and is an important part of
agricultural sector and economy. Amimal husbandry
constituted approximately 25% of agricultural production
value (SIS, 2003).

Livestock products are an important source of
household income for many farmers and households in
rural areas. In Turkey, the family owned farm 13 the basic
unit of agricultural production and family members
provide most of the farm labor.

Statistics revealed that 30.21% of all farms were
engaged only in crop production and 67.43% of all

engaged in crop production and animal husbandry, while
the reminder 2.36% were engaged only on animal
production (SIS, 2004).

Mamnure's richness in plant nutrients has made it
appealing as a fertilizer in crop production since the
beginning of agriculture (Unterschultz and Jeffrey, 2001).
Manure 1s a source of major plant nutrients such as
nitrogen, phosphorus and potassium and the secondary
nutrients that plants require. On the other hand, the
benefit of recyeling manure 1s to supply mtrogen for plant
production (Jokela, 1992). The appropriate use of this
available commodity can reduce the need for mineral
fertilizer (Tanksley and Martin, 2003), thereby creating an
economntic incentive for use.

Also, using manure as fertilizers provides financial
savings through less use of commercial fertilizer and
manure 1s a viable biological resource to be utilized on
cropland (Thompson et al., 1997, Araji et af., 2001). Costs
of using manure as a fertilizer includes loading, hauling,
spreading and incurred pollution expenses (Freeze et al.,
1993). These costs are normally less than the farmer’s
benefit from manure use. The environmental benefit
includes saving fossil fuel reserves, which 1s used m the
production of fertilizers (Peterson and Russelle, 1991).
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The subsidy-backed price policy for fertilizer has
often been blamed for non-transparency, indiscrimimate
and irrational use but the correction of domestic price
distortions 1s not the remedy of the environmental threat,
as market prices and increased competition of the free
trade regime could also mtensify resource use in the
search for higher productivity from soil (Yilmaz 2003). The
fertilizer market was greatly promoted by the government
as well as by commercial enterprise in Turkey but rural
manure market remained limited, unorganized and local
(WB, 2004).

In Twkey, yearly amount of available manure
obtained from the current ammal population (cow, sheep
and poultry) was around 13.3 mallion tons and of these
10.6 million tons of available manure were obtained from
12.9 millions cattle (LIFE, 2005). Turkey is one of the few
countries that burn dry manure for heating. In Turkey,
approximately 55% of the manure produced 1s burned for
heating and only 5.5% 15 used as fertilizer and this
problem still keeps its importance (Kacar, 1997). In order
to increase manure use in rural areas, legislation
prohibiting usage and incentive policies for alternative
heating sources for rural areas should be developed and
farmers should be given information on farm yard manure
called organic fertilizer positively affecting agricultural
production (Sayin et al., 2005).

Chemical fertilizers make an important contribution to
agricultural productivity and increase the agricultural
production because of their high nutrient content effects
on crops in a short time (Eyupoglu, 2002). The balanced
and sufficient amounts of fertilizer application are very
important for the stability of productivity and its
unprovement. Since, energy price increases, fertilizer
production costs also increases thus, mcrease n price of
commercial fertilizer has heightened interest in the use of
livestock manure for supplying crop nutrients and has
significantly increased the value of manure as a nutrient
source (Yilmaz, 2003).

In Turkey, during years 1999-2001, use of manure as
natural fertilizer declined by 3-4%, roughly in proportion
to crop production.

The declining amount of manure used probably
reflects the declining number of animals, but as chemical
fertilizer prices have risen sharply, some farmers are likely
substituting manure used for fuel (heating) for field use.
This substitution has therefore, moderated manure usage
for fertilizer despite the large drop off in herd sizes and
manure availability (WB, 2004).

The objective of this study, was to compare
economics of manure use as fertilizer from different beef
cattle farm sizes and to try to establish a budget for plant
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nutrient demands and in addition to show how much
fertilizer could be saved by introducing manure as fertilizer
in farms combimng crop and animal production.

MATERIALS AND METHODS

Characteristics of the study area: The study area, Afyon,
15 located i Interior Anatolian sub-region of Aegean
region. Afyon is in mountainous countryside inland from
the  Aegean coast, having area of 14300 km’
(Anonymous, 2004) Afyon i1s under influence of
contmental climate thus, winters are cold and snowy and
summers are hot and dry and has elevation of 1034 m.
Average precipitation is 458 mm and most of which, occur
during winter and spring season and average relative
humidity 18 59% (Anonymous, 2004).

Since, Afyon does not have pastures, most of the
cattle production takes place in feedlot. In Afyon, farmers
are generally mvolved in crop production and animal
husbandry. Statistics revealed that 29.6% of all farms were
engaged only in crop production and 68.2% of all
engaged in crop production and animal husbandry, while
the reminder 2.2% were engaged only on ammal
production (SIS, 2004).

Beef cattle production is an important branch of
animal agriculture in Afyon and is ranked as 3rd in the
country. Red meat production n Afyon was 19 118 tons
and 96% of it came from beef. There were total of 210, 043
cattle in Afyon and 76% of these cattle were continental
European breeds (SIS, 2005). Afyon is an intersection
between larger cities and provides meat products to these
cities. Thus, as a result of this there i1s an mdustry based
on beef production in Afyon (SPO, 1996a).

In Afyon, 176, 053 tons of available dry manure was
obtained from cattle (LIFE, 2005). In the study area,
manure 1s stored as piles and after the manure dries it 1s
transported to the field to be mixed to soil. Of the farms
investigated, only 15.6% had manure pit and rest (84.4%)
stored manures as piles outside of the bamns. In Afyon,
most of the manure produced was used i crop
production and it was observed that there were no
measures to mature the manure to use in crop production.
Face to face mterviews with farmers revealed that farmers
were 1ot aware how to store manure and how to know
mamnure application procedure to field. Since, manures are
stored as piles in outside, the odor spreading causes
environmental pollution

Methods and data: Most of the farms in this area are
classified as family farms and the main economic activity
18 beef production. Districts chosen for research purpose
constituted 81.7% of beef cattle population in Afyon
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province (Anonymous, 2004) and thus, sample size
represents population size. The survey was conducted in
August 2005 on 100 beef cattle farms located in 23 villages
of 6 districts of Afyon province, namely. Bolvadin, Suhut,
Cay, Dinar, Sinanpasa and Thsaniye. The data were
derived from beef farms with a questionnaire addressed to
farmers. The questionnaire was carried out with face to
face conversation with farmers. Among mvested farms 23
had only beef production, 77 had beef production and
crop production. Thus, for the aim of this study only 77
farms were chosen for analyses. Neyman method of
stratified random sampling method was conducted to
select number of beef cattle farms for questionnaire
(Yamane, 2001). Sampling size was determined by using
Eq. 1. The permissible error was defined to be 5% for 95%
reliability.

2
ne thhz (1)
N'D* + ¥ N, 8,
where
n = Sampling size
N, = Number of farms in hth group
S, = Standard deviation of hth group
S, = Variance of hth group
N = Population size
D! = Is{d/z)}

Farms that questionnaire conducted were randomly
chosen. Since, there were differences in cattle population
among farms, establishment of groups were decided to
homogenize population. Considering animal population of
farms and frequency distribution, farms were divided into
3 groups. In distributing farms to groups Eq. 2 was used
(Yamane, 2001). Thus, farms were classified as: Group L:
farms having 5-10 animals (27 farms), Group I farms
having 11-25 ammmals (28 farms) and Group III farms
having >25 animals (22 farms).

NS
N, ==+ bt-xn (2)
E NS,
where:
n, = Sampling size for each group
n = Sampling size

The actual nutrient content of manure varies with
age, type and size of animal; the composition of the feed
ration; the rate of feed consumption and its moisture
content (Adhikari et al., 2005).

As nutrient content of manure, it was assumed that
mamure would have 79% moisture and 21% dry matter. Of
the dry matter 1.17% was N, 0.88% P,0. and 0.83% K,0
(Kacar, 1997).

For determining economics of manure and fertilizer
use, chemical fertilizers and manure amount spread by
farmers for each particular crop was recorded.

In determining nutrient demands of crops, results
obtained from fertilizer experiment in the region by
Research Institute of Soil and Fertilizer of General
Directorate of Agricultural Research were used and

suggested fertilizer amounts  were  considered
(MARA, 20086).
RESULTS AND DISCUSSION

General characteristics of the farms: The average crop
area of the investigated farms was 5.4 ha. The average
household size was 4.8 people. The average family size in
the research sample was lower than the average family
size (5.4 people) in the rural regions of Turkey (SPO, 1993).
The average age of the farmers was 45.8 years and
average experience of farmers in agriculture was 18.3
vears. It was found that, on a tetal, 3.5 h day™' was spent
on agricultural activities. Results demonstrated that 2.6%
of the farmers were illiterate, 54.5, 19.5 and 23.4% were
primary school, middle school and high school or
umiversity graduates, respectively (Table 1).

The average number of beef cattle in the investigated
farms was 19.7 head. The average quantity of available
manure was 22.9 tons (Table 1).

Forages were the major crops (59.5%) m the
investigated farms, followed by wheat (20%), potatoes

(9.6%), sugar beets (8.3%), poppy (1.2%), other
vegetables (1%) and sunflower (0.5%).

Table 1: General characteristics of the farms

General characteristics Values
Crop area (ha) 5.446.207
Farmers age (year) 45.8+11.2
Farmers' experience in agriculture (year) 18.3+8.60
Number of persons in family (person) 4.8+1.60
Total working hours (h daily™) 3.5+1.40
Beef cattle (head) 19.7+14.9
Number of days cattle fed (days) 207.4+75.9
Awvailable mamire (tons) 22.9+19.5
Education level (number)

Tlliterate 2.0 (2.6%
Primary school 42.0(54.5)
Middle school 15.0(19.5)
High school or university 18.0(23.4)
Cropping system (ha)

Wheat 83.5(20.09)
Potatoes 40.2 (9.6)
Sugar beets 34.8 (8.3)
Sunflower 2.0(0.5
Poppy 52(1.2)
Vegetables (bean fresh, okra, green pepper) 41 (1.0
Forage production area ¢ha) 248.6(59.5)
Tatal farm area (ha) 4181 (100)
Feed source supplied on-farm (%) 30.9

Feed source supplied off-farm (20) 69.1

sStandard deviation, *Percent
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Table 2: Annual quantity of manure and available manure by farm groups

Manure Total Available
Number Number of production armnount. of marnuire
Groups of farm cattle, head per cattle (tons) manure (tons) (tons)
1(5-10 cows) 27 196 5.0 979.0 205.6
II¢11-25 cows) 28 476 5.5 2,635.5 5534
TIT (25 cows) 22 846 5.7 4,780.8 1,004.0
Total 77 1,518 5.5 8,395.3 1,763.0

*Agsumed 799 moisture and 2196 dry matter

As a result of having beef cattle production, farmers
included forage and grain production in their farms. Total
forage production area was 248.6 ha (Table 1). Since,
pastures in the study areas are in low quality, this
caused cattle feeding based on manufactured concentrate
mixes that are expensive. As a result of this malnutrition
of cattle an increase in production costs was observed.
Comnsidering this situation forage production area should
be increased for good quality of roughage. Ratio of feed
supplied by farm operations was 30.9% (Table 1).

Annual quantity of manure: Annual quantity of feedlot
manure and available manure are given in Table 2. Tn the
farms investigated there were 1518 beef cattle in 77 farms
and total amount of manure produced was 8 395.3 tons
and manure amount in terms of dry matter was 1 763 tons.
Amount of manure produced by cattle in the investigated
farm for the duration of feeding period (207.4 days) was
5.5 tons, whereas, this amount was 9.9 tons/cattle/year for
Turkey (LIFE, 2005).

Manure application and crop demands: Crop nutrient
demand supplied by manure and fertilizer application by
farm groups 1s provided m Table 3. Determmation of using
manure as a plant nutrient source for complementing
crops demands were analyzed by applying animal manure
based on the recommended rates of nitrogen, phosphorus
and potash for each crop (MARA, 2006).

Soil in Turkey is poor in nitrogen and phosphorus
and is rich in potassium. Thus, plant nutrients needed for
fertilization are mitrogen and phosphorus. Compared to
nitrogen and phosphorus contaming fertilizers, need for
potassium contaiming fertilizers 1s mimmal thus, little
amount of potassium contaiming fertilizers are applied
(Eyupoglu, 2002). Potassium demand of some crops in
Table 3 1s reported as zero. The reason fort his 1s that soil
was rich in potassium and there was no need to apply
potassium containing fertilizers. However, some crops
demanded more potassium than soil provided thus,
additional potassium containing fertilizers had to be
applied for these crops at recommended dose (Table 3).

For good quality and high yield soil should be rich in
organic matter. Organic matter content of soils in Turkey
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is generally low (GDRS, 1995). Manure is an important
organic matter source and thus, manure use in Turkey
becomes more important.

Since, manure does not meet crop nutrient demand,
chemical fertilizers should be used to supply nutrients
deficient in manure. Manure presents a special problem
because the nitrogen-to-phosphorus ratio in manures 1s
lower than that needed by crops (Risse ef al., 2001). The
reason why farmers prefer chemical fertilizers is the
variability and uncertainty concerning manure nutrient
availability. Chemical fertilizers can be given together to
meet the exact multi-nutrient demands of crops. However,
this type of nutrient flexibility is not available with
manure, particularly when managers try to meet all the
crop demands (Olson and Paterson, 2005). When
meeting one nutrient of crop by manure application
other nutrients might be over or under applied. In spite
of its practical shortcomings relative to modemn
agricultural chemicals, manure is an excellent organic soil
amendment that 1s available on the farm. It is a source of
nutrients that can improve soil tilth and structure
{(Unterschultz and Jeffrey, 2001).

Total crop area for Group L, II and IIT was 130.0, 151.5
and 136.6 ha, respectively (Table 3). Percentage of forage
production area in total crop area was 64.9, 46.7 and 68.4%
for Group I, I and II1, respectively.

Crop area, crop nutrient demand and nutrient supply
from manure and chemical fertilizers by farm groups are
given in Table 3. Ratio of crop nitrogen demand met by
mamure in Group I, IT and TTT were 23.1, 44.8 and 102.3%,
respectively. In Group III manure application provided
more nitrogen than crop nitrogen demand. Ratio of crop
phosphorus demand met by manure in Group L, II and III
were 8, 17.1 and 34%, respectively. In all farm groups
potash amount exceeding crop nutrient demand was
provided by mamure. As for average for all farm groups
56.7% of nitrogen and 20.1% phosphorus demand of
crops were met by manure.

Economic loss and saving due to fertilizer and manure
use: Economic loss due to fertilizer and manure use in the
investigated farmers are given in Table 4. As the farms
size mcreased, ratio to meet total crop nutrient demand by
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Table 3: Crop area, nutrient demand, nutrient supply firom manure and fertilizer by farm groups

Crop nutrient demand (kg)

Cropping system Crop area (ha) N P K
Group I

Wheat 27.5 2,200 2,200 0
Barley 50.1 3,507 3,507 0
Potatoes 57 798 570 513
Alfalfa 5.0 200 650 0
Maize 7.7 1,232 539 0
Sainfoin 0.3 9 18 0
Cow vetches 19.6 784 1372 0
Sugar beets 5.4 918 486 0
Fodder beet 1.7 136 119 0
Chick peas 0.2 8 12 0
Sunflower 2.0 200 140 0
Poppy 31 217 155 0
Other vegetables (bean fresh, okra, green pepper) 1.7 221 119 119
Group’s total crop area 130.0 - - -
Group’s total forage production area 84.4 - - -
Total crop nutrient demands - 10,430 9,887 632
Nutrients supplied by mamire firom 196 beef cattle - 2,405 790 1,422
Ratio to meet crop nutrient demand by manure (%6) - 231 8.0 -
Nutrient supplied by fertilizer (kg) - 9,482 3321 113
Group I1 - - - -
Wheat 34.4 2,792 2,792 0
Barley 36.3 2,538 2,538 0
Paotatoes 21.5 3,010 2,150 1935
Alfalfa 6.8 272 884 0
Maize 2.7 432 189 0

Rye 3.0 210 210 0
Cow vetches 14.3 572 1,001 0
Sugar beets 21.9 3,723 1,971 0
Fodder beet 7.7 616 539 0
Poppy 1.5 105 75 0
Other vegetables (bean fiesh, okra, green pepper) 1.4 182 98 98
Group’s total crop area 151.5 - - -
Group’s total forage production area 70.8 - - -
Total crop nutrient demands - 14,452 12,447 2,033
Nutrients supplied by mamire fiom 476 beef cattle - 6,475 2,127 3,828
Ratio to meet crop nutrients need by manure (99) - 44.8 17.1 -
Nutrient supplied by fertilizer (kg) - 15,593 4,515 1,288
Group II1

Wheat 21.1 1,688 1,688 0
Barley 36.3 2,541 2,541 0
Potatoes 13.0 1,820 1,300 1,170
Alfalfa 17.8 712 2,314 0
Maize 11.5 1,832 802 0
Rye 4.0 280 280 0
Cow vetches 18.2 728 1,274 0
Sugar beets 7.5 1,267 671 0
Fodder beet 5.6 448 392 0
Poppy 0.6 42 30 0
Other vegetables (bean fiesh, okra, green pepper) 1.0 130 70 70
Group’s total crop area 136.6 - - -
Group’s total forage production area 93.4 - - -
Total crop nutrient demands - 11,488 11,362 1,240
Nutrients supplied by mamire fiom 846 beef cattle - 11,747 3,858 6,944
Ratio to meet crop nutrients need by manure (99) - 102.3 3.0 -
Nutrient supplied by fertilizer (kg) - 12,991 4,593 150
Three group’s total crop area 418.1 - - -
Three group’s total forage production area 248.6 - - -
Three group’s total nutrient demand (kg) - 36,370 33,696 3,905
Three group’s total nutrient supplied by manure (kg) - 20,627 6,775 12,194
Ratio to meet total crop nutrients need by manure (96) - 56.7 20.1 -
Three group’s total nutrient supplied by fertilizer (kg) - 38.066 12,429 1,550

manure increased. Ratio to meet total crop nutrient
demand by manure for Group I, I and Il were 22.0, 43.0
and 93.6%, respectively. The mamure used on Group 1
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farms is generally not adequate to meet total crop nutrient
demands and the nutrients supplied by chemical fertilizers
along with those by manure are within balance. Group IT
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Table 4: Economic loss and saving due to fertilizer and manure use by farm groups

Fertilizer and manure Group I Group II Group IIT
Total crop nutrient demand (kg) (A) 20,949 28,932 24,090
Farm groups total crop area (ha) (B) 130.0 151.5 136.5
Crop nutrient demand (kg ha™!) (C = A/B) 161.1 191.0 176.5
Total nutrient supplied by manure (kg) (D) 4617 12430 22549
Nutrient supplied by manure (kg ha™") (E =D/B) 355 82.0 165.2
Total nutrient supplied by fertilizer (kg) (F) 12,916 21,39 17,734
Nutrient supplied by fertilizer (kg ha™!) (G=F/B) 99.4 141.2 129.9
Ratio of total crop nutrient demand met by manure (%6) (H =D=100/4) 22.0 43.0 93.6
Saving due to manure use as fertilizer (YTL ha™) (I =Ex Fertilizer price!) 30.6 71.1 142.4
Total saving due to manure use as fertilizer (YTL) (J=Bx=T) 3,975 10,777 19437
Total nutrient supplied by manure and fertilizer (kg ha™) (K = E+G) 134.9 2233 295.1
Surplus as fertilizer (kg ha™) (L =K-C) - 32.3 118.6
Total surplus as fertilizer (M = BxL) 4,894 16,192
Economic loss (YTL ha™) (N = Lx fertilizer price") 28.0 102.3
Total economic loss (YTL) (O =N=B) - 4,243 13,958
"1 kg Fertilizer price (NPK): Group T: 0.861 YTL, Group TI: 0.867 YTL, Group ITI: 0.862 YTL, (1 USD = 1.34 YTL)

=1 Crop nutrient demand (kg ha ) manure  management would  possibly  decrease

BN Total mtrient supplied by mame and Eertilizer (kg ha™)
=1 Nutrient supplied by manure (kg ha )

E= Nutrient supplied by fertilizer (kg ha ")

—m— Saving due to mamure use as fertilizer (YTL ha ")

300 4 Economic Ioss (¥TL ha™") 160

250 140

L 120
200+ L 100
T 2
A 1504 30 5

100+ 60

L 40

50+ 20

0 Fo

Group [ Group I Group T

Fig. 1: Economic loss and saving due to fertilizer and
manure use as NPK in the investigated farms

could meet a significant part, if not all, of the nutrient
demands for crop production. Group Il could meet almost
all the nutrient demands for crop production (Fig. 1).
Fertilizer use in crop production in the investigated
farms is important in sustainable use of soil and water and
i terms of controlling pollution caused by agricultural
practices. Nutrient needs of the crops for NPK and
economic loss due to manure and over supplementation
of chemical fertilizers are provided in Table 4. It was found
that nutrient needs of crops as NPK for Group 1, IT and III
was 161.1, 191.0 and 176.5 kg ha™, respectively. Nutrient
needs depended on the type of crop produced in the
farms. It was observed that in Group II crops needing
more nutrients such as potatoes, sugar beets and fodder
beets were grown. Mamure supplied 355, 82.0 and
165.2 kg of nutrient need of crops mn Group I, II and II1,
respectively. As farm size increased there was an increase
in ratio of manure meeting crop nutrient need. Ratio of
manure meeting crop nutrient need for Goup I, II and III
were 22.0, 43.0 and 93.6%, respectively. Amount of
chemical fertilizers used supplied 99.4, 141.2 and 129.9 kg
of nutnient in Group 1, 1T and III, respectively. An efficient
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dependency on chemical fertilizers and manure use would
become profitable practice for farmers. In the study area,
if extension services and encouragement is provided to
the farmers on manure storage and use, nutrient supply
cost and chemical fertilizer use would be decreased. When
farmers used manure as fertilizer, amount of saving were
30.6, 71.1 and 142.4 YTL ha™" for Group L, II and III,
respectively (1 USD = 1.34 YTL). While, application of
mamure and chemical fertilizers in Group I did not meet all
crop mnutrient demands there was surplus nutrient
supplementation in Group I and III due to chemical
fertilizer use causing economic loss. Amount of surplus
NPK nutrient supplementation in Group I and I was 32.3
and 118.6 kg ha™', respectively. Economic loss due to
surplus supplementation of NPK nutrient in Group IT and
[T was 4 243 and 13 958 YTL, respectively (1 SD = 1.34
YTL).

In different studies conducted in Twkey
Esengun et al. (1994), Yilmaz (1996) and Demircan and
Yilmaz (2003) found that there were economic loss due to
surplus chemical fertilizer use. While, proper use of
manure and chemical fertilizers improve crop production
and soil productivity, mismanagement of fertilizers and
manure results in inefficiencies of plant nutrient use,
leading to a loss in farmer profits, potential damage to the
environment and inefficient use of energy (Guzel ef al.,
2002). Thus, in order not to cause a loss in soil fertility,
reduced crop yields and environmental degradation by a
sustamned mmbalance in the application of nutrients, proper
fertilizer use should be practiced The implementation
of proper soil meanagement practices, such as timely
site-specific and crop-specific nutrient placements are
highly effective in optimizing the efficiency of nutrient
use. Innovative application techmques, such as precision
farming and fertigation, enhance fertilization efficiency
(TFA, 2000, Morvaridi, 1998; Onar et al., 1996). Fertilizer
use provides clear productivity benefits and in Turkey,
often causes only relatively low levels of environmental
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Table 5: Fertilizer and manure use, price relation of manure and fertilizer,
average total forage production area, percent of feed source supplied
from on-farm

Assessment criterion Group I Group IT _ Group TIT
Animal density (Number of cattle/area

manured) (head ha™!) 1.500 3.100 6.200
Total manure use (tons) 205.600 553400  1004.000
Manure use intensity (ttons ha™!) 1.600 3.700 7400
Manure price (bulk) (YTL tons ') (A) 4.700 4.600 4.300
Manure NPK equivalent price®,

YTLkg™! (B=A/22.5) 0.210 0.203 0.190
Total fertilizer use (tons) 33.900 57.600 48.500
Fertilizer use intensity (kg ha™!) 261.100 380.300 355100
Fertilizer price (NPK) (YTL kg™ (C) 0.861 0.867 0.862
Priceratio (D = C/B) 4.100 4.300 4.500
Average forage production area (ha) 3.100 2.400 4.000
Feed source supplied from on-farm (®6) 24.700 18.800 37.000

“Price ratio is based on manure conversion: 1 tons bulk equivalent. 22.5 kg
nutrients (NPK)

damage. In addition, concern had arisen over
envirommental pollution resulting from fertilizer use,
including the possible contamination of swrface and
dramnage water and lake eutrophication (SPO, 1996b;
Uslu and Turkmen, 1987; Kaplan et al., 2000). Depending
on the pomnt of view or necessity, manure either can be
considered as livestock production waste by-product or
a valuable source of plant nutrients. If a producer
perceives manure as a waste by-product, then research
and analysis should focus on evaluating manure
management techniques that reduce the nutrient content
of applied manure, or reduce the adverse environmental
impact of manure at least cost to the producer and society
(Unterschultz and Jeffrey, 2001). On the other hand, if
manure is a valuable resource, Fleming et al. (1998)
suggested that policy-makers should encourage farmers
adopt nutrient management techniques that increase the

value of the manure.

Interaction of the price and use of manure and fertilizer:
Price relation of manure and chemical fertilizer, average
total forage production area, percent of feed source
supplied from on-farm and fertilizer and manure use are
provided in Table 5. As amimal density increased manure
use intensity increased (Table 5). Average manure use
intensity was 1.6, 3.7 and 7.4 tons ha™" for Group I, IT and
IMT, respectively. Fertilizer use intensity was higher in
Group 1L

A total of 140.2 tons of chemical fertilizers were used.
Of these fertilizers 38.8, 22.9, 18.3, 8.8, 5.7, 5.4 and 0.1%
were di-ammonium phosphate-DAP  (18-46-0), Urea
(46% N), ammonium mnitrate (33%), composed NPK
(15-15-15), ammonium sulphate (21% N), composed NPK
(20-20-0) and triple superphosphate-TSP, respectively.
The price of commonly used fertilizers was approximately
0.861,0.867 and 0.862 YTL kg ' of NPK for Group I, I and
TMT, respectively. Fertilizer price expressed in terms of the
nutrients (NPK) 1s four times more expensive than that of
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Table é: Evaluation of econoimy and mitrient balance as the performance

criterion
Farm category
Management consideration Group I Group IT Group III
Manure nutrient balance Deficit Deficit Deficit
Tatal mitrient balance Deficit Surplus Surplus
Economics of manure management  Positive Positive Positive
Economics of nutrients management  Positive Negative  Negative

manure (Table 5). Even though fertilizer price was higher
than other groups, Group IT had higher fertilizer use
intensity.

Average forage production area was 3.1, 2.4 and
4.0 ha for Group I, IT and III, respectively. There were
differences among farms in terms of feed source supplied
from on-farm and this was related to forage and grain
production area and was 24.7, 18.8 and 37.0% for Group L,
IT and TIT, respectively.

Manure management and nutrients balance: Since,
nutrient management is a continuous process that is part
of many farm operations, the decisions in the process and
the level of nutrient management assistance that will be
required will depend on the farmer and the organization of
the farm (PDEP, 1999). In general, nutrient management
engaged m optimizing the economic return from nutrients
is used for crop production. Today, the agronomic and
economic demands of nutrient management remain
central, but the process 13 being expanded to mclude the
potential environmental impacts of nutrients on the entire
farm operation (Risse et al., 2001). Evaluation of economy
and nutrient balance as performance criterion of farms in
each farm groups are summarized in Table 6. In terms of
manure management all the farms applied the manure
produced mn their farms to the field. Neither of the farm
groups met crop nutrient needs by manure application.
Thus, farmers attempted to meet crop nutrient needs by
fertilizer use. As a result of chemical fertilizer use, Group
IT and TIT had nutrient surplus, whereas Group I had
deficit. In terms of economics, Group I had no loss
whereas, Group I and 1T had loss due to surplus chemical
fertilizer use.

CONCLUSION

Results showed that manure itself does not meet crop
nutrient need for neither farms. Thus, chemical fertilizer
use is necessary to meet this deficit. However, as a result
of chemical fertilizer use Group IT and T had nutrient
surplus resulting i economic losses. When, farmers used
manure as fertilizer, expenditure on chemical fertilizer
decreased and savings increased. This saving increased
as farm size mcreased. This shows that farmers are not
aware of crop nutrient needs and do not know how much
nutrient is supplied by manure and chemical fertilizer
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application. Thus, extension programs and policies to
inform and to encourage adoption of manure management
practices by farmers are necessity. Educational programs
mforming farmers the economic value of manure as a
fertilizer would help farmers economically as manure is a
substitute for chemical fertilizer. Chemical fertilizer prices
are increasing parallel to energy prices and increased
fertilizer prices have mcreased the value of manure. Thus,
mn addition to manure application optimum fertilizer
application rates producing maximum yield should be
developed.

Since, fertilizer production requires non-renewable
energy sources, sustainability of fertilizer production
might be at risk in the future. Conscious use of chemical
fertiizers would become more important for
underdeveloped countries having limited resources.
Tuwkey produces substantial amount of manure but
produced manure is not being used properly. For this
reason, policy and research encouraging manure use
should be developed for Turkey and results of thus
research would be useful for policy developing and would
shed some light on future research on this subject in
Turkey.

Literature show that application of manure improves
soil properties, increases yield, reduces erosion and
reduces nutrient leaches. On the other hand, overuse of
chemical fertilizers rise concem over environmental
pollution due to possible contammation of surface and
drainage water and lake eutrophication. Considering all
these points mentioned above it could be suggested that
addition to manure application, research effort on
determimng optimum chemical fertilizer amount improving
crop yleld and meeting future environmental goals 1s
important.
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