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The aim of the research was to determine the effects of Anhydrous ammonia application on yield
and yield components of sunflower. Field experiment was conducted in Tekirdag at Trakya
Region, Turkey during 2014 and 2015. Three different methods was planned. Anhydrous
ammonia application (M1), the traditional condition (M2) and the control (M3). Anhydrous
ammonia application was made once before the sowing period. At the M2 is the method used by
local farmers. No nitrogen fertilization was at the M3 method. In this research, head diameter,
stem diameter, plant height, hull rate, harvest index, 1000 seed weight, grain yield and oil content
were investigated. Results showed that Anhydrous ammonia has a positive effect on yield and
yield parameters statistically (P< 0.05). Significant differences were found between methods each
year. The maximum grain yield (312.02 kg da™) was observed in M1 methods while the minimum
seed yield (226.55 kg da™) was observed in M3 without application of N fertilizer both years.

Sunflower;
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INTRODUCTION

Sunflower (Helianthus annus L.) is one of the most widely
cultivated oil crops in the world. In recent years, the planted
area has increased because its high oil yield. Sunflower is
widely adaptable and more drought tolerant than most other
grain crops. In Turkey, sunflower are shown on approximately
500-600.10° ha. Sunflower was produced on 530.10° ha and
1.2 MMT of sunflower seed were harvested in Turkey
according to the production data of 2015 (Sirtioglu, 2015).
Sunflower cultivation area is mostly 73% located in Trakya
Region. In 2014, sunflower production in Tekirdag were
345.785 tone and average yield is calculated as 2.51 ton per
hectare. Nitrogen fertilizers are effective on sunflower yield
and yield components (Ali et al, 2004; Ozer et al., 2004).
Anhydrous ammonia is a chemical compound used as a
fertilizer in agriculture. It is a fertilizer containing the highest
nitrogen (%82). Anhydrous ammonia (AA), accounts for about
32% of the nitrogen (N) fertilizers used in the U.S. Over the
years, AA has proven to be a reliable and cost effective source
of N (Terry and Kirby, 2006).
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Anhydrous ammonia will stay in liquid form when stored
under its own pressure which is dependent on temperature.
While liquid under high pressure, It turns to a gas under
atmospheric pressure. At 21° C, AA will create a tank pressure
of about 8 kilograms per square centimeter (Hanna, 2001).
Physical and chemical properties of Anhydrous ammonia,
which create problems for the application and storage of AA.
It can be also caused damage on the human body. Special tools
and equipment are needed at the storage and application stages
due to the chemical properties. Therefore, the use of the
Anhydrous ammonia for fertilizer is undeveloped in our
country agriculture (Akar et al., 2015). AA must be injected
directly into the soil and covered immediately to prevent
ammonia gas escaping directly to the atmosphere. When AA is
injected into the soil, a portion attaches to available soil water
to form ammonium while the balance stays the in the ammonia
form. The amount and rate are related to AA rate, application
method, cation exchange capacity of the soil, soil texture, and
soil moisture. Application rate, application spacing,
application depth, soil moisture and soil texture were factors
affecting loss of AA (Abo-Abda, 1985). Anhydrous ammonia
application equipment commonly used in small grains is
typically spaced between 38 and 50 cm. Research by Maxwell
et al., (1984) suggested that spacing up to 50 cm may be



10535

Fulya TAN and Cihangir SAGLAM. Effects of anhydrous ammonia application on yield and yield component of sunflower (helianthus annus l.)

adequate for most situations but 30 cm may be more favorable
in certain soils and conditions. Teal et al. (2007) found a slight
advantage to 10 cm spacing over 46 cm in no-till soils but
these results were somewhat inconsistent. They also noted
waviness in plant growth associated with the wider spacing but
these visible effects did not negatively affect yield. There is no
use of anhydrous ammonia fertilizer in Turkey agriculture.
Therefore, there are no studies on this subject in crop
production. This study also aimed to ensure that the use of
anhydrous ammonia fertilizer in our country. This research is a
part of our project. The Anhydrous ammonia application
equipment made in the research project was conducted in the
study. The aim of the research, effects of anhydrous ammonia
applications on sunflower were determined.

MATERIAL AND METHODS

Anhydrous ammonia (AA)

Experiment material is Anhydrous ammonia (AA). Ammonia
is a chemical compound used as a fertilizer. It is rich in
nitrogen (%82). Its chemical formula is NH;. Chemical and
physical properties (Wyckoff, 2009) of AA are shown in Table
1.

Experimental design

Field research was conducted at Trakya Region during the
spring season of 2014-2015 (41°8'N, 27°39'W and 41°18'N,
27°47'W). The experiments were arranged in the field using a
randomized complete block design with three replications.

In this research, three different methods were used; Anhydrous
ammonia, traditional conditions and control. Nitrogen ratio
used application was determined according to the soil analysis.
The analysis of soil was carried out before sowing the crop.
The project was conducted at two sites, both a sandy site and a
heavier silt loam site (Table 2.2). Total N rate, row spacing
and variety used in 2014-2015 are listed in Table 2.3. Total
nitrogen used at the M1 methods were 12.3 kg da ™' in 2014
and 12 kg da ™' in 2015 year.

The traditional method is the method used by local farmers. At
the M2 methos were used 7.6 kg da ' in 2014 and 12.1 kg da ™!
total nitrogen in 2015 year. At the M2 methods were made in
two times (With the fertilizer N in the urea and Ammonium
nitrate form). At M2 methods were recorded N fertilizer
applied by farmer both years (Table 2.4). The control methods
(M3) was no N included. The average rate of N fertilizer
applied to sunflower in Trakya Region was 12-15 kg N da™ in
dry conditions. In wet conditions, the average rate of N
fertilizer is increased by 10%. Important dates at this research
are given in Table 2.5. Anhydrous ammonia application was
applied on 10™ April, 13™ March in sunflower in the period
before sowing 2014 and 2015, respectively. In this research,
head diameter (cm), stem diameter (cm), plant height at
maturity (cm), hull ratio (%), harvest index (%), 1000 seed
weight (g), seed yield (kg da™), oil ratio (%) and protein ratio
(%) were taken. Data collected from the experiments were
statistically analyzed using the computer statistical program
SPSS. Mean comparison among treatments were evaluated
using the least significance difference (LSD) test at P = 0.05
for yield and yield components of the sunflower crop.

Table 2.1. Physical and chemical properties of Anhydrous ammonia

Physical Form

Gas (liquid under pressure)

Color

Odor

Boiling Point
Specific Gravity
Melting point
Ph

Vapor Density
Vapor Pressure
Molecular Weight
Density

Critical Temper.

Colorless gas and liquid,
Strong pungent penetrating odor, ammonia

-33°C at 1 atm

0.6818 (-33.35° C and 1 atm)

-78°C

Approximately 12.0 (neat)

0.597 (0°C)
7.600 mm Hg (25° C)
17.03
0.696 g/L
133°C

Table 2.2. Site soil information

Year Soil Series  pH OM (%) N (%) P (ppm) K (ppm)
2014 Sandy 6.87 1.37 0.07 21.16 132
2015  Clay-loam 6.38 0.17 0.01 29.0 65

Table 2.3. Total N rate, row spacing and variety used in experiments

Treatment Variety Method Row spacing (cm) Total N rate (kg da™)
2014 Pioneer64LC108 Anhydrous ammonia (M1) 50 12.3

Traditional M2) 50 7.6

Control M3) - -
2015 Pioneer 64LL62 Anhydrous ammonia (M1) 50 12

Traditional M2) 50 12.1

Control M3) - -

Table 2.4. Total nitrogen rate applied at the traditional methods (M2)

Application period of N

Before sowing stage
Hoeing stage
Total N rate

20 kg (15-15-15)
10 kg urea (% 46)
7.6 kg da™!

2014 2015
15 kg urea (% 46)
20 kg nitrate (% 26)
12.1 kg da’
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Table 2.5. Important dates at the Anhydrous ammonia application

2014 Application 10 April 2014
Cultivation 12 April 2014
Harvest 16 September 2014
Application 13 March 2015

2015 Cultivation 16 March 2015
Harvest 31 August 2015

Table 3.1. Effects of the methods on yield parameters

Y HD SD PH HR HI
(cm) (cm) (cm) (%) ()
M1 21.15£29b 1.53+£2.4b 13949.5b 99.6+0.8 b 40.24+2.1"™
1 M2 18.75+2.8 a 1.53+2.4b 137.8£6.7 b 98.3+1.7 a 37.38+4.2"™
M3 17.35+3.0 a 1.30+£2.3 a 130.0+9.8 a 97.6+2.1 a 39.00+4.5™
19.08+3.3 1.46+2.6 135.6+9.5 98.5+1.8 38.8743.7
M1 20.40+2.43 b 1.56+3.2 a 138.0+24.0 b 99.9+0.2 b 37.65+5.0™
2 M2 17.554£3.05 a 1.68+3.9 a 124.0+11.1 a 99.5+0.7 a 40.45+4.5™
M3 16.30+2.69 a 1.99+2.1b 121.0£10.0 a 99.6+0.8 a 36.0248.4™
18.08+3.20 1.744£3.6 127.6+17.7 99.7+0.6 38.04+6.1
M1 20.77+£2.72 ¢ 1.55+2.85™  138.5£18.0 b 99.7+0.6 b 38.9+£3.9™
M2 18.15£2.98 b 1.60£3.35™  130.9+114a 98.9+1.4 a 38.9+4.4 ™
M3 16.8242.90 a 1.65+4.11™  125.5£10.8 a 98.6+1.9 a 37.546.6 ™
18.58+3.29 1.60+3.47 131.6+14.7 99.1+1.5 38.4+5.0
S.D F
Y 1 3.65%* 30.53* 10.91%* 27.55% 0.23™
M 2 19.71%* 1.16™ 9.86* 8.62% 0.30™
YxM 2 0.06™ 15.29* 2.439%* 4.48%* 1.28™
E 114
*P<0.05;
**P<0.01;

ns; No Significant

HD, Head diameter (cm); SD, Steam diameter (cm); PH, Plant height (cm); HR, Hull ratio (%); HI, Harvest index (%);
M1, Anhydrous ammonia methods; M2, Traditional conditions and M3, Control methods.

Y, Year;

M, Methods;

YxM, Year x Methods; E, Error;

Table 3.2. Effects of the methods on yield and Thousand grain weight (g), Oil content (%)

Y TGW GY 0C PY
(2) (kg'da) (%)
Ml 5528+80b  33498b 39.20£0.6™  468.98b
1 M2 39.98+3.5a  24274a 37.66£1.4™  339.84a
M3 44.05+6.1a  22239a 39.06£14™  31136a
46.4348.8 26670 38.64+1.3 373.39
Ml 61.83£10.6™ 289.07b 46.01£1.7™  404.70b
2 M2 5833+£104™  262.64a 458142.6™  367.70a
M3 52.50£9.3™  230.71a 44.33+14™  323.0a
5755103  260.81  45.3842.0 365.13

M1 58.5549.6 b 312.02b  42.6143.7™ 436.84 b
M2 49.15+12.1a  252.69a 41.74+47™ 35377 a
M3 48.27+8.7 a 226.55a  41.69+3.0 ™ 317.18 a

51.99+11.0 263.75 42.01+£3.8 369.26
S.D
Y 1 15.69* 0.085™ 146.73* 0.08
M 2 5.50* 6.22%* 1.14™ 6.22%*
YxM 2 1.699" 1.002 2.23"™ 1.00
E 114 24
*P<0.05;
**P<0.01;

ns; No significant

TGW, Thousand grain weight (g); GY, Grain yield (kg-da™); OC, Oil content (%); PY, Plot yield
M1, Anhydrous ammonia methods; M2, Traditional conditions and M3, Control methods.

Y, Year;

M, Methods;

YxM, Year x Methods; E, Error;

Khnife-injected Anhydrous ammonia (AA) In the experiments, the anhydrous ammonia application
equipment developed at the TAGEM AR-GE project was used.
Knife type and equipment used at experiments are illustrated
in Figure 1.

AA was injected 15-20 centimeters beneath the soil surface to
ensure maximum absorption by the soil. Injection unit is
traditional knife type (space 50 cm.)
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Figure 2.1. An example from experiments

RESULTS AND DISCUSSION

Effects of the methods on yield parameters are presented in
Table 3.1. There was statistically significant effects of the
methods on yield and yield parameters (P< 0.05).

Head diameter

The results in Table3.1 showed significant differences in head
diameter at methods (P<0.05). In M1 methods had higher head
diameter (20.77 cm) followed by M2 methods (18.15 cm),
while statistically lower head diameter (16.82 cm) was
observed in M3 methods. The higher head diameter were in
M1 methods both years. The same nitrogen amounts for M1
and M2 methods were used in 2015. But, the head diameter in

M1 methods was measured higher than M2 method. These
results demonstrate that has a significant effect of Anhydrous
ammonia on the head diameter. Sarfaraz et al., (2014) and also
reported by Awais et al. (2013) similar head diameters
(between 15.89-18.11 cm) with this study. Foroud and Bohrani
(2000) indicated significantly increasing seed yields and head
diameters with increasing nitrogen doses.

Steam diameter

M1 methods and M2 methods showed similar results for steam
diameter both years. But, in the M3 method, the stem diameter
showed variable results between years. The highest steam
diameter was found in the M3 methods. M1 methods and M2
methods were found statistically a similar group (p<0.05).
These results demonstrate that has no a significant effect of
Anhydrous ammonia on the steam diameter.

Plant Height

Effects of applied methods on plant height (p<0.05) and year x
methods interactions were found to be significant (p<0.01). In
M1 methods had higher plant height 139 cm, 138 cm in 2014
and 2015, respectively. These results demonstrate that has a
significant effect of Anhydrous ammonia on the plant height.
In M2 methods was 130.9 cm while in M3 methods lower
plant height 125.5 cm was observed. Mean plant height
observed in the year 2014 (135.6 cm) was higher than the plant
height observed in the year 2015 (127.6 cm). Such a difference
may be resulted from variety properties, climate and
environmental conditions. These results are in accordance with
(Ergen and Saglam, 2005; Giil and Kara, 2015).

Hull Rate

Hull rate were found to be significant over the years (P<0.05).
In M1 methods had higher hull rate both year (% 99.7)
followed by M2 methods (% 98.9), while statistically lower
hull rate (% 98.6) was observed in M3 methods. M2 methods
and M3 methods were found statistically a similar group
(p<0.05). These results demonstrate that has a significant
effect of Anhydrous ammonia on the hull rate. Hull rate at the
different methods shown in Figure 1. The methods used
Anhydrous ammonia, it was observed that filled the interior of
the circle in the center of the sunflower.

Figure 3.1. Hull rate at the different methods

Harvest Index

Effects of methods applied in experiment on harvest index
(HI) were no significant. Giil and Kara (2015) reported similar
results with this study. They indicated that effects of nitrogen
doses in harvest index were not found to be significant.
Harvest index of the years 2014 and 2015 were respectively
observed as 38.87.% and 38.04 %. The lowest harvest index
values were observed in M3 methods (36.02 %).
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Thousand Grain Weight

Maximum thousand grain weight was observed in M1 methods
both year (55.28 and 61.83 g) while minimum thousand grain
weight was observed (39.98 g) in M2. The average minimum
thousand grain weight (35.5 g) was obtained by the M3
methods without application of nitrogen fertilizer (Table 3.2).
A significant correlation was estimated between thousand
grain weight and grain yield (-,516**; P<0.01). Ozturk et al.,
(2008) indicated significantly increasing seed yields and
thousand grain weight with increasing nitrogen doses.

B Yearl
400 4
Year2
—~
T 300
=
v
="}
£ 200 |
c
-
= 100 -
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5
0 + |
M1 M2 M3
Methods

Figure 3.2. Effects of the methods on grain yield according
to years

Grain Yield

There was significant effects of the applied methods in
experiments on grain yield (P<0.05). The minimum grain yield
(226.55 kg-da™') was observed in M3 methods where there was
no application of nitrogen fertilizer. The highest Grain yields
was in M1 methods. Grain yields were 312.02 kg-da ', 252.69
kg-da' and 226.55 kg-da' in M1, M2 and M3 methods,
respectively (Fig.3.2). M2 and M3 methods were statistically
similar groups. These results demonstrate that has a significant
effect of Anhydrous ammonia on the grain yield. A significant
correlation was estimated between the methods applied in the
trial and grain yield (-.684**; P<0.01). Tenebe et al., (1996);
Gholinezhad et al., (2009); Ali et al., (2012) and Nasim et al.,
(2012) reported increasing seed yields with increasing nitrogen
doses.

Oil Content

There was no istatically significant effects of the applied
methods in experiments on oil content (P>0.05). The highest
oil content regardless of the variety special both years was
measured at the M1 methods 39.2% in 2014 and 46.1% in
2015. This result shows that has no significant effect of
Anhydrous ammonia on the oil content. Al-Thabet, (20006);
Hussain ef al., (2011) and Giil and Kara, (2015) reported that
oil content decreased with increasing nitrogen doses but, grain
yield increased.

Conclusions

Results showed that Anhydrous ammonia has a positive effect
on yield and yield parameters of sunflower. The anhydrous
ammonia method compared to the M2 method, the first year
38% and the second year 11% more grain yield was obtained.
Anhydrous ammonia application equipment which is

developed within the project and involved this into agricultural
production is important for possible significant development of
Turkish agricultural industry.

Acknowledgements

This research was supported by the Ministry of Food
Agriculture and Livestock (TAGEM AR-GE), Turkey.

REFERENCES

Abo-Abda, A. E. 1985. Field losses of Anhydrous ammonia
using a point mjector fertilizer applicator. Unpublished M.
S. Thesis. Ames, lowa: Iowa State University.

Akar, G., Tan, F., Saglam, C., Aksoy, A. 2015. Susuz
amonyak uygulama ekipmaninin gelistirilmesi ve tarla
denemeleri. 29. Ulusal Tarimsal Mekanizasyon ve Enerji
Kongresi Bildiri Kitab1. 2-5 Eyliil, S.247-253. Diyarbakir.

Ali, A., Ahmad, A., Khaliq,T., Akhtar , J. 2012. Phenology
and yield of sunflower (Helianthus annuusL.) hybrids as
affected by varying plant spacing and nitrogen levels under
semi-arid conditions of Sargodha, Punjab. Pak. J. Sci.
64:98-105.

Ali, H., Randhawa, S.A., Yousaf, M. 2004. Quantitative and
qualitative traits of sunflower (Helianthus annus L.) as
mfluenced by planting dates and nitrogen application. Int.
J. Agri. Bio., 6:410-412.

Al-Thabet, S.S. 2006. Effect of plant spacing and nitrogen
levels on growth and yield of sunflower (Helianthus annus
L.). J. Agric. Sci., 19: 1-11.

Awais, M., Wajid, A., Ahmad, A., Bakhsh, A. 2013. Narrow
plant spacing and nitrogen application enhances sunflower
(Helianthus annuus 1.) productivity. Pak. J. Agri. Sci., Vol.
50(4), 689-697; 2013

Ergen, Y., Saglam, C. 2005. Yield and yield characters of
differrent confectionery sunflower varieties in conditions
of Tekirdag. Journal of Tekirdag Agricultural Faculty,
2(3): 221-227.

Foroud, S., Bohrani M.J. 2000. Sunflower summer-planting
yield as affected by plant population and nitrogen
application rates. Iran Agricultural Research, 19(1): 63-72.

Gholinezhad, E., Aynaband, A. A., Ghorthapeh, H.,
Noormohamadi, G., Bernousi, 1. 2009. Study of the effect
of drought stress on yield, yield components and harvest
mdex of sunflower hybrid woflor at different levels of
nitrogen and plant population. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, Vol. 37, No. 2, 2009, pp. 85-
94.

Giil, V., Kara K. 2015. Effects of different nitrogen doses on
yield and quality traits of common sunflower (helianthus
annuus 1.). Turk J Field Crops. 2015, 20(2), 159-165.

Hanna, H. M., Boyd, P. M., Baker, J. L., Colvin, T.S. 2005.
Anhydrous ammonia losses using single disc and knife
fertilizer 1njector. Tampa, FL. ASAE Paper No. 051060.
ASAE. St. Joseph, MO.

Hanna, M. 2001. Improving the uniformity of Anhydrous
ammonia application. lowa State University Extension. PM
1875.

Hussain, S.S., Misger, F.A., Kumar, A., Baba, M.H. 2011.
Response of nitrogen and sulphur on biological and
economic yield of sunflower (Helianthus annuus L.). Res.
J. Agri. Sci. 2:308-310.

Maxwell, T.M., Kissel, D.E., Wagger, M.G., Whitney, D.A.,
Cabrera, M.L., Moser, H.C. 1984. Optimum spacing of



10539

Fulya TAN and Cihangir SAGLAM. Effects of anhydrous ammonia application on yield and yield component of sunflower (helianthus annus l.)

preplant bands of N and P fertilizer for winter wheat.
Agron. J. 76: 243-247.

Nasim, W., Ahmad, A., Bano, A., Olatinwo, R., Usmans, M.,
Khalig, T., Wajid, A., Hammad, M.H., Mubeen, M.,
Hussain, M. 2012. Effect of nitrogen on yield and oil
quality of sunflower (helianthus annuus 1.) hybrids under
sub humid conditions of pakistan. American Journal of
Plant Sciences, 2012, 3, 243-251.

Ozer, H., Polat T., Ozturk, E. 2004. Response of irrigated
sunflower (Helianthns annuus L.) hybrids to N
fertilization, growth, yield and yield components. Plant
Soil Environ., 50: 205-211.

Sarfaraz, M., Wasi-Ud-Din, Sajjad, M., Wajid, M., Malook, S.,
Shabaz, M.K., Ahamed, H.M., Saeed , H.S. 2014. Effect of
planting time and nitrogen levels on various yield
components of Sunflower (Helianthus annus L.). Nature
and Science 2014;12(12).

Stamper, J.D. 2009. Evaluation of method of placement,
timing and rate of application for Anhydrous ammonia in
no-till corn production. Master of Thesis. Kansas Fertilizer
Research, 2009.

Stamper, J.D. and D.B. Mengel, 2008. Effects of nitrogen rate,
timing, and placement in irrigated corn using Anhydrous
ammonia. Kansas Fertilizer Research, 2008.

Teal, R.K., Freeman, K., Girma, W. K., Arnall, D.B.,
Lawles,J.W., Martin, K.L., Mullen, R.W., Raun ,W.R.
2007. Effect of tillage and Anhydrous ammonia application
on nitrogen use efficiency of hard red winter wheat.
Journal of Sustainable Agriculture. 30:2, 51-67.

Tenebe, V.A., Pal, U.R., Okonkwo, C.A.C. , Auwalu, B.M.
2008. Response of rainfed sunflower (Helianthus annuus
L.) to nitrogen rates and plant population in the semi-arid
savanna region of Nigeria. J. Agron. Crop Sci., 177:207-
2015

Terry, D. L. and B. J. Kirby, 2006. Commercial fertilizers.
Association of American Plant Control Officials Inc. and
The Fertilizer Institute. Lexington, KY.

Tisdale, L.S. and W.L. Nelson, 1982. Soil Fertility and
Fertilizers. Macmillan Publishing Co inc., Ceviren: N.
Ginel, Cukurova Uni. Zir. Fak. Yaym No: 168, Ders
Kitab1: 18, Adana.

Woli, K.P., Femandez, F.G., Sawyer, J.E., Stamper, J.D.,
Mengel, D.B., Barker, D.W., Hanna, M.H.2014.
Agronomic comparison of Anhydrous ammonia applied
with a high speed-low draft opener and conventional knife
injection in corn. Agronomy Journal, 106(3), 881-892.

Wyckoff, M.R.2009. Evaluation of Anhydrous ammonia
Applications in Winter Wheat. Kansas State University
Masters of Science. Manhattan, Kansas.

sk skoskosk kook



