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ABSTRACT

In the frame of sustainable farming systems to
decrease chemical fertilizers use and protect the en-
vironment, organic fertilization regimes hold poten-
tial as an alternative strategy to supply essential nu-
trients to crops. A field trial was conducted to sort
out the most superior fertilization regime for boost-
ing sunflower production and quality under semi-
arid conditions. Treatments included chemical ferti-
lizer (Cf) (80 kg N ha™! and 80 kg P,0s ha'!), manure
from sheep barn manure (MSB) (5161 kg ha'!), ma-
nure from cattle barn (MCB) (4878 kg ha™'), liquid
manure from cattle barn (LMCB) (27580 kg ha™')
and vermicompost (VCm) (4000 kg ha™'), while a
control treatment was kept for comparison purpose.
The randomized complete block design (RCBD)
with regular arrangement was implied to execute the
experiment having three replications. The results ex-
hibited that MSB outperformed rest of fertilization
regimes for plant height and leaf number. In contrast,
the maximum 1000 seed weight and seed yield were
recorded by LMCB. The MCB remained unmatched
for protein content, while no significant effect of fer-
tilization regimes was recorded for oil content. Re-
garding chemical composition, control exhibited the
maximum palmitic and stearic acids, while MSB
gave the highest arachidic acid.
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INTRODUCTION

In recent decades, sunflower (Helianthus an-
nuus L.) has emerged as one of the most important
raw materials for the oil industry globally because it
contains a high amount of oil in its seeds (25-50%)
[1]. 61.24% of the world oilseed production was met
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through sunflower cultivation, while it accounts for
over 74% of total vegetable oil production in Turkey
[2]. Due to higher adaptability potential, sunflower
can grow under varying agro-ecological conditions
and soil types, however its yield per unit area needs
to be increased so as to meet the demands for vege-
table oil consumption [3, 4].

The changing climate scenario has hampered
oil seed production while arable lands are continu-
ously on decline owing to urbanization and human
settlements [5-8]. For ensuring food and nutritional
security of increasing population demands boosting
crops productivity on one hand, while halting envi-
ronmental pollution from agricultural fields has be-
come need of the time [9-11]. In modern intensive
farming systems, excessive use of chemical fertiliz-
ers (CM) have polluted the environment, and under-
ground water resources leading to undermining hu-
man and animal health [12]. However, fact remains
that chemical manures (CM) play numerous critical
roles in ensuring the food security of increasing pop-
ulace; however, these have remained’ ineffective in
boosting, restoring and conserving soil organic mat-
ter. In addition, suboptimal and inappropriate use of
CM over time has damaged soil health and endan-
gered the sustainability of modern farming systems
[13]. Furthermore, abundant fossil fuels consump-
tion in preparing CM, leaching of nutrients from ag-
ricultural fields, water basins eutrophication, micro-
organisms and beneficial insects destruction have
become serious concerns. Moreover, CM imposed
crops sensitivity to a variety of diseases and soil fer-
tility reduction tend to impart serious and irreparable
damage to the soundness and productivity of overall
agricultural system [14]. On other end of spectrum,
organic fertilizers manures have exhibited potential
and capability to address most of the challenges and
problems posed by excessive use of CM [15, 16].
Moreover, it has been revealed that soil organic mat-
ter was inversely correlated with aridity, while its
positive correlation was recorded with annual pre-
cipitation as well as altitude [18]. To address envi-
ronmental degradation challenge, organic materials
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utilization as a plant nutrients source has attained at-
tention recently. Organic fertilizers (OF) are made up
of plant and animal wastes and might be utilized as
a plant nutrients source. The OF improve soil aera-
tion and restore soil fertility align with enhancing the
water-holding capacity of the soil [14]. The applica-
tion of liquid cattle manure remained effective in in-
creasing the plant growth and crops yield [15, 16].
Besides crops yield enhancement, the macronutrient
uptake and retention but crop plants were signifi-
cantly multiplied under OF [16] when applied in
equal proportions, OF including liquid cattle manure
(LCM) remained as effective as CM in meeting
plants nitrogen (N) needs as it contained high
amount of available nitrogen. In addition to N, liquid
cattle manure hold potential to boost soil P and K
contents. Furthermore, LCM contained numerous
micronutrients which might assist crop plants to at-
tain robust vegetative growth and vigorous reproduc-
tive growth [15, 16]. Moreover, LCM increased the
solubility of micronutrients in the soil solution which
led to significantly higher uptake by crop plants [17].
The OF hold bright perspectives for decreasing soil
salinity, hampering mixing of NO3-N into ground-
water, and promoting P availability in the soil solu-
tion [18]. Besides, vermicompost proved superior in
improving the physical characteristics of the soil
such as pore structure, aeration, and water-holding
capacity. The impact of vermicompost on seed ger-
mination and seedling growth was profound owing
to secretion of compounds such as auxin, cytokine,
and gibberellin by worms, which trigger plant
growth and development [19, 20].

Similarly, solid barn manure contained higher
concentration of N, P and K along with many other
micronutrients which merit its utilization as plant nu-
trients source for restoring and conserving soil along
with achieving sunflower yield as per varietal poten-
tial. However, source and dose optimization of OF
for sunflower remains neglected aspects which req-
uisites conducing in-depth field studies in order pro-
mote the organic production of sunflower in Turkey.
Thus, we hypothesized that optimization of OF
source hold potential to boost sunflower seed yield
as well chemical composition of the oil owing to bet-
ter plant nutrition. The purpose of this research was
to determine the effect of some organic fertilizer ap-
plications (barn manure, liquid barn manure, ver-
micompost and chemical fertilizer) on the seed yield
and some quality elements of sunflower oil under
second crop conditions.

MATERIALS AND METHODS

The field experiment was conducted at Re-
search Area of Department of Field Crops, Dicle
University, Turkey, in 2019. The experimental site is
situated at 37°53'N latitude and 40°16 E longitude at
having an altitude of 668 m. The mean temperature
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during the crop growing season was 26.18 °C, while
the precipitation remained 40.13 mm. The soil
samples were taken at 0-30 cm depth before the sow-
ing the crop for determination of chemical and phys-
ical properties of the soil. The soil contains 71.6%
clay, 1.25% organic matter, 1.63 kg da™! phosphorus,
potassium high level, 13.02% alkaline, 0.01- 0.02%
salt and pH 7.73.he seed of cultivated variety of San-
bro (early majurity group) was used as planting ma-
terial. The experiment was comprised of different
fertilizers sources including chemical fertilizer (Cf)
(80 kg N ha! and 80 kg P205 ha!), sheep barn ma-
nure (MSB) (5161 kg ha!), manure from cattle barn
(MCB) (4878 kg ha!), liquid manure from cattle
barn (LMCB) (27580 kg ha!) and vermicompost
(VCm) (4000 kg ha"). The experiment was laid out
in a randomized complete block design (RCBD)
with three replications. The plots were consisted
from 4 rows with 6m of length, sowing was done
with seed drill in 70x25 cm RxP spaces. Sunflower
seeds were sown by hand in the 2th week of June as
4 seeds in a hole. When plants reached a height of
10-15 cm, they were singled out in a way that each
hole had one plant. Hoeing was conducted by taking
weed density into consideration. Sprinkle-type irri-
gation was applied 8 times from emergence to the
flowering period according to the needs of the crop
plants. Sunflower heads were tied with punched
plastic bags allowing air ventilation against bird
damage during grain filling stage. When sunflowers
were at harvest maturity, plants in rows at each plot’s
sides and plants within 50 cm at top and bottom of
each plot were reaped as border effect and the re-
maining plants in 7 m2 area were harvested. Heads
were dried out for 3 or 4 days in a shade place after
the harvest and they were blended separately. The
amount of chlorophyll was measured with the help
of a chlorophyll meter (SPAD-502, Minolta and CM
1000) from 10 randomly selected plants from each
plot between 11-13 hours when the weather was
clear, sunny and cloudless. It took measurements
from the leaf in the first node from the top down,
which had finished developing so that the plant did
not reach the veins of the leaf.

Statistical analysis. Experimental data were
subjected to analysis of variance (ANOVA) tech-
nique with help of the computer statistical package
JMP 10. Significant means were compared using
LSD multiple comparison test at 5% significance
level.

RESULTS AND DISCUSSION

The data obtained revealed that the effect of
different fertilization regimes (Tablel, 2, 3). In terms
of plant height, the study found statistically signifi-
cant differences between the applications at the
P<0.01 level (Table 1). The tallest plants (130.03 cm)
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were recorded for MSB, and it was followed by
MCB, LCBM gave the minimum plant height (97.26
cm) of sunflower (Table 1). Plant height varies ac-
cording to variety genetic structure, agricultural
practices, and environmental conditions [21]. Previ-
ously, it has been reported that irrigation, planting
time, plant density and environmental factors played
vital roles in increasing plant height. In addition, it
has been reported that the difference in plant height
was resulted owing to different responses of sun-
flower to plant nutrition practices [22, 23].

The difference between the applications in
terms of the number of leaves was found to be sig-
nificant at the p<0.05 level. The number of leaves
per plant ranged from 12.44 to 16.33, with the high-
est number of leaves per plant was exhibited by (Ta-
ble 1).

In the study, the differences between the appli-
cations in terms of head diameter (HD) were found
to be statistically significant (p<0.01) as it varied be-
tween 15.77-20.27 cm (Table 1). The highest HD
(20.27 cm) was recorded for LCMB, while the low-
est corresponding value was recorded for control
treatment (15.77 cm). Head diameter is considered a
crucial factor that directly affects the seed yield of
sunflower and might be used as a reliable indicator
to project yield. Besides genetics, head diameter in
sunflower varies depending on many factors such as
ecological factors, soil structure and cultural prac-
tices especially plant nutrition management. How-
ever, [24] stated that it can be highly affected by fac-
tors such as head size, especially temperature, soil
moisture and fertility, and planting time. In addition,
in many studies, it has been reported by many re-
searchers that the head diameter has a positive effect
on grain yield, thousand grain weight and oil yield
[25, 26, 27].

The mean values of the measured chlorophyll
content are presented in Table 1. The difference be-
tween cultivars in terms of chlorophyll content val-
ues measured in both growth periods of the plants
was found to be statistically significant at the P<0.05
level. In our study, the average SPAD 1 values be-
tween applications varied between 40.83 and 45.83.
The highest SPAD 1 values were determined in Lig-
uid Barn Manure (Cattle), barn manure (cattle) and
chemical fertilizer applications (45.30, 45.26 and
45.83, respectively), while the lowest value was de-
termined in vermicompost (40.83). In addition,
SPAD 2 values varied between 35.80-42.53, the
highest value was determined in chemical fertilizer
(42.53) application, and the lowest value was deter-
mined in vermicompost (35.80) application. A high
chlorophyll content of the leaf is a desirable feature
[28]. [29] Fischer (2001) reported that the chloro-
phyll content of leaves reflects their photosynthetic
capacity, [30] reported that there is a high correlation
between the SPAD value read on the leaf by the
SPAD meter and the chlorophyll content [31] stated
that a high value of chlorophyll content in the plant
is a desirable trait which significantly contributed to
grain yield by boosting photosynthesis capacity. The
difference between the chlorophyll values measured
with the CM 1000 (1) chlorophyll meter in both pe-
riods in the application of different forms of nitrogen
was found to be statistically significant. While CM
1000 measurement values changed between
237.33-291.33, the highest value was determined in
chemical fertilizer (291.33) application. CM 10007(2)
measurement values varied between 217.66-271.66.
The lowest chlorophyll value was determined in ver-
micompost (217.66) and control (218.60) applica-
tions, while the highest value was determined in
chemical fertilizer (271.66) applications.

TABLE 1
Plant height (PH), leaf number (LN), head diameter (HD), SPAD 1-2 and CM-1000 1-2 of sunflower under
varying fertilization regimes.

SPAD CM-1000 CM-1000
Fertilization regimes PH (cm) LN HD (cm) SPAD (1) (2) (1) (2)
Control 117.50c 15.77ab 15.77d 43.70ab 37.50b 245.03b 218.60c
Sheep barn manure 130.03a 16.33a 18.29bc 43.93ab 40.60ab 237.33b 219.66¢
Chemucal fertilizers 112.21c 12.44b 17.72¢ 45.83a 42.53a 291.33a 271.66a
Cattle barn manure 118.23b 14.77ab 19.33ab 45.26a 39.23ab 263.00b 244.73b
Vermicompost 119.23b 13.88ab 17.11cd 40.83b 35.80b 258.66b 217.66¢
Cattle liquid barn manure 97.26d 15.22ab 20.27a 45.30a 40.36ab 254.00b 227.73bc
Significance *% * *% * * * *%
LSD (5%) 2.09 3.42 1.58 3.39 4.89 27.22 24.94
CV (%) 1 13 5 4.2 6.8 5.7 5.8

* ** Significance difference at p< 0.05. p <0.01 respectively, LSD: Least significant differences, CV: Coefficient of variation
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TABLE 2
Seed yield (SY), 1000 seed weight (TSW), oil content (OC), protein content (PC) , oleic acid (OA), linoleic
acid (LA), linolenic (LiA) acid of sunflower under varying fertilization regimes.

SY TSW
Fertilization regimes (kg ha') (2) OC (%) PC (%) OA (%) LA (%) LiA (%)

Control 2017.8d 46.03d 42.55 22.75b 33.21c 55.85ab 0.22b
Sheep barn manure 2157.4¢c 49.03¢c 43.88 22.83b 34.02b 56.29a 0.28a
Chemiucal fertilizers 2174.0c 49.96bc 43.25 22.93ab  34.92a 55.59ab 0.13¢
Cattle barn manure 2232.0b 50.84b 42.29 23.36a 34.04b 53.26¢ 0.13¢c
Vermicompost 2123.0c 48.52¢ 4297 23.03ab  34.00b 55.14b 0.14c
Cattle liquid barn manure 2382.5a 52.85a 42.76 22.94ab  34.11b 55.71ab 0.13¢c

Significance ok ok ns * ok K ok
LSD (5%) 56.0 0.16 1.90 0.44 0.34 1.13 0.02

CV (%) 1.4 2 2.4 1 1 1 7

* ** Significance difference at p< 0.05. p <0.01 respectively, LSD: Least significant differences, CV:

The seed weight is vital yield attribute and
might be used as a reliable attribute to forecast seed
yield of sunflower. In the study, the differences be-
tween 1000 grain weights were found to be signifi-
cant at the p<0.01 level in terms of applications. It
varied between 46.03-52.85 g (Table 2). In the study,
the highest thousand seed weight was determined in
Liquid Barn Manure (Cattle) (52.85 g) application.
The lowest thousand seed weight was obtained in the
control (46.03 g) application. It might be inferred
that abundant nutrients present in organic manures
caused more assimilates translocation towards repro-
ductive parts which maximized the seed weight [34].
For seed yield of sunflower, different fertilization re-
gimes performed statistically differently (Table 2).
Average seed yield varied between 2017.8-2382.5 kg
ha!. The highest seed yield (2382.5 kg ha!) was ob-
tained in the LCMB application, while the lowest
yield value was obtained in the control (2017.8 kg
ha!) treatment. In addition to genotype, slow and
steady release of nutrients from LCMB might be at-
tributed for better seed yield of sunflower and similar
findings have been reported earlier whereby organic
manures boosted sunflower yield by supplying ade-
quate macro and micronutrients. It was also inferred
that organic manures especially liquid manure from
cattle barns contained numerous micro and trace el-
ements which assisted sunflower plants to attain vig-
orous growth that led to maximum seed yield [32,
33].

In the study, there was no statistical difference
between the applications in terms of fat ratio. (Table
2). The oil rate varied between 42.29 and 43.88%.
[24] Stated that the chemical composition of sun-
flower seeds may vary depending on different factors,
including growing conditions, temperature, fertiliza-
tion, irrigation and variety characteristics. The tem-
perature increase during the seed formation period
has a reducing effect on the oil rate [35]. Previously,
it has been reported that poor plant nutrition manage-
ment resulted in serious decline of oil content [36].
In addition, it was also concluded that organic ma-
nures remained effective in boosting oil content of
sunflower as compared to chemical fertilizers [38].
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Coefficient of variation

The difference between the applications in
terms of protein ratio was found to be significant at
the p<0.05 level (Table 2). The protein ratio varied
between 22.75-23.36%. In the study, the highest pro-
tein ratio was determined in barn manure (cattle) ap-
plication with 23.36%, and the lowest in control
(22.75%) and barn manure (sheep) application
(22.83%) [24]. It was revealed that the protein ratio
varies depending on the genetic of specific cultivar,
while there was no significant effect of cultural prac-
tices including fertilization regimes [34].

Fatty acids. There were statistically significant
differences between the applications in terms of fatty
acids ratio (Tables 2 and 3). Fatty acid composition
is an important determinant of oil quality in oilseeds.
The composition of fatty acids, triacylglycerols and
bioactive compounds of oilseeds can vary signifi-
cantly depending on variety, location and post-har-
vest processing technology [39].

Oleic acid ratio varied between 33.21-34.92%.
While the highest oleic acid ratio was obtained as
chemical fertilizer application (34.92%), the lowest
corresponding value (33.21%) was obtained in con-
trol. The effect of temperature increase on fatty acids
is important in sunflower that has been reported to
be influenced by temperature [40]. It has been re-
ported that the oleic acid ratio increases in sunflower
by organic manures applied under high temperature
[41-43].

It is seen that the effect of nitrogen sources on
the linoleic acid ratio is important. While the linoleic
acid ratio varied between 53.26-56.29%, the highest
value was obtained in barn manure (sheep) applica-
tion. [24] Reported that the genetic characteristics of
genotypes, environmental factors, sowing and har-
vesting times affect the fatty acid composition, and
that low temperature or short photoperiod may in-
crease the linolic acid ratio at the end of the flower-
ing period and the seed setting period. [44] Reported
in their study that while the linoleic acid content var-
ied between 59.02-64.11% in early sowing, the lino-
leic acid content increased when sowing time was
delayed.
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TABLE 3
Palmitic acid (PA), stearic acid (SA), arachidic acid (AA), eicosenic acid (EA) and oleic/linoleic (O/L) of
sunflower under varying fertilization regimes.

Applications PA (%) SA(%) AA(%) EA (%) O/L (%)
Control 6.92a 4.80a 0.33c 0.08bc 0.59d
Barn Manure (Sheep) 5.95¢ 3.78¢ 0.42a 0.09ab 0.60cd
Chemical Fertilizer 6.07b 4.18b 0.39b 0.08bc 0.62ab
Barn Manure (Cattle) 5.97bc 4.23b 0.34c 0.07c 0.63a
Vermicompost 5.23d 4.92a 0.38b 0.09ab 0.61bc
Liquid Barn Manure (Cattle) 5.24d 4.99a 0.39b 0.09a 0.61c
Variance koK sk kok £ Kk
LSD (5%) 0.10 0.31 0.01 0.01 0.01
CV (%) 1 4 3 0.9 1.2

* ** Significance difference at p< 0.05. p <0.01 respectively, LSD: Least significant differences, CV: Coefficient of variation

Linolenic acid ratio varied between 0.13-0.28%.

The highest linolenic acid ratio was obtained in barn
manure (sheep) application (0.28%).

Significant differences were observed between
the applications in terms of palmitic acid ratio and
the palmitic acid ratio was determined between 5.23-
6.92%. [24] reported that the fatty acid contents of
oil plants are not constant; It has been reported that
the characteristic differences of varieties, environ-
mental factors and temperature, as well as low or
high palmitic acid content may be affected by the
temperature during the grain formation period.

In terms of stearic acid, the difference between
applications was significant and the ratio of stearic
acid varied between 3.78-4.99%. The lowest stearic
acid ratio was obtained in barn manure (sheep)
(3.78%) application, while the highest value was
found in control (4.80%), vermicompost (4.92%)
and liquid barn manure (cattle) (4.99%) applications.
Palmitic and stearic concentrations were the least
sensitive to temperature changes, although (at
40/33 °C) changes were also observed [45].

Arachidic acid ratio varied between 0.33-0.42%

and fertilization regimes varied significantly among
themselves as the lowest arachidic acid ratio was de-
termined in control (0.33%) and barn manure (cattle)
(0.34%) application, while the highest correspond-
ing value was obtained from SBM.

Significant differences were determined be-
tween the applications in terms of eicosenic acid ra-
tio and varied between 0.07-0.09%. The lowest ei-
cosenic acid ratio was determined in CBM, while the
highest value was recorded for LMCB Treatment
recorded significant differences pertaining to oleic
acid / linoleic acid ratio, while the highest value was
exhibited by CBM.

CONCLUSIONS

Our research findings were in line with the pos-
tulated hypothesis as sunflower responded differ-
ently to integrated fertilization regimes. Sheep barn
manure remained superior in terms of plant height

and leaf number. In addition, the maximum 1000
seed weight and seed yield were recorded for liquid
manure from cattle barn. The cattle barn manure
remained unmatched for protein content, while no
significant effect of fertilization regimes was rec-
orded for oil content. It is inferred that liquid manure
from cattle barn might be recommended for boosting
seed yield of sunflower, while further studies are
needed to evaluate the effect of its varying doses on
sunflower growth, yield, chemical characteristics of
the grain along with soil physico-chemical charac-
teristics.

REFERENCES

759

[1] Faisal, M., Igbal, M.A., Aydemir, S.K., Hamid,
A., Rahim, N., Sabagh, A., Khaliq, A. and Sid-
diqui, M.H. (2020). Exogenously foliage ap-
plied micronutrients efficacious impact on seed
yield of sunflower under temperate conditions.
Pakistan Journal of Botany. 52(4), 1215-1221.
Goktas, B., Giil, V. (2018). Consumers' fat hab-
its and thoughts about the brands they buy in
Turkey. (Temizer ve Baytal). New trends in so-
cial sciences -V. I. Podgorica, Montenegro. Isti-
tut za Geografiju. 359.

Igbal, M.A. (2015). Managing sunflower (Heli-
anthus annuus L.) nutrition with foliar applica-
tion of moringa (Moringa oleifera Lam.) leaf ex-
tract. American-Eurasian Journal of Agricul-
tural & Environmental Sciences. 14(10), 1339-
1345.

Ilay, R., Kavdir, Y. and Suer, A. (2013) The ef-
fect of olive oil solid waste application on soil
properties and growth of sunflower (Helianthus
annuus L.) and bean (Phaseolus vulgaris L.). In-

(2]

[4]

ternational Biodeterioration and Biodegradation.

85, 254-259.

FEB



Fresenius Environmental Bulletin

Volume 31— No. 01/2022 pages 755-761

Mondal, T., Datta, J.K. and Mondal, N.K.

(2017). Chemical fertilizer in conjunction with

biofertilizer and vermicompost induced changes

in morpho- physiological and bio-chemical
traits of mustard crop. Journal of the Saudi So-

ciety of Agricultural Sciences. 16(2), 135-144.

Chaoui, H.I., Zibilske, L.M. and Ohno, T.

(2003). Effects of earth worm casts and compost

onsoil microbial activity and plant nutrient

availability. Soil Biology and Biochemistry.

35(2), 295-302.

Arancon, N.Q., Edwards, C.A., Babenko, A.,

Cannon, J., Galvis, P. and Metzger, J.D. (2008).

Influences of vermicomposts, produced by

earthworms and microorganisms from cattle

manure, food waste and paper waste, on the ger-
mination, growth and flowering of petunias in

the greenhouse. Applied Soil Ecology. 39(1),

91-99.

Alam, M.N., Jahan, M.S., Ali, M.K., Ashraf,

M.A. and Islam, M.K. (2007). Effect of Ver-

micompost and Chemical Fertilizers on Growth,

Yield and Yield Components of Potato in Barind

Soils of Bangladesh. Journal of Applied Sci-

ences Research. 3(12), 1879-1888.

Singh, R., Sharma, R.R., Kumar, S., Gupta, R.K.

and Patil, R.T. (2008). Vermicompost substitu-

tion influences growth, physiological disorders,

fruit yield and quality of strawberry (Fragaria x

ananassa Duch). Bioresource Technology.

99(17), 8507-8511.

[10]Citak, S., Sonmez, S., Kogak, F. and Yasin, S.
(2011). Effects of Vermicompost and Barn Fer-
tilizer Applications on Spinach (Spinacia
oleracea var. L.) Growth and Soil Fertility.
Western Mediterranean Agricultural Research
Institute Derim Journal. 28(1), 56-69.

[11]Khaliq, A., Igbal, M.A., Zafar, M. and Gulzar, A.
(2019). Appraising economic dimension of
maize production under coherent fertilization in
Azad Kashmir, Pakistan. Custos e Agronegocio.
15(2), 243-253.

[12]Kirimhan, S. (2005) Organic Farming Systems
and Environment. Ugurer Agricultural Books
Individual Publications. Ankara, 350.

[13]Haque, M.M., Datta, J., Ahmed, T., Ehsanullah,
M., Karim, M.N., Akter, M.S., Igbal, M.A.,
Baazeem, A., Hadifa, A., Ahmed, S. and Sabagh,
A. (2021). Organic amendments boost soil fer-
tility and rice productivity and reduce methane
emissions from paddy fields under sub-tropical
conditions. Sustainability. 13, 3103.

[14]Matsi, T. (2012). Liquid Cattle Manure Applica-

tion to Soil and Its Effect on Crop Growth, Yield,

Composition, and on Soil Properties. Soil Fertil-

ity Improvement and Integrated Nutrient Man-

agement — A Global Perspective Edited by Dr.

Joann Whalen. 97-118 China.

(6]

(8]

(9]

760

[15]Zhang, M., Gavlak, R., Mitchell, A. and Spar-
row, S. (2006). Solid and liquid cattle manure
application in a subarctic soil: Bromegrass and
oat production and soil properties. Agronomy
Journal. 98(6), 1551-1558 (November-Decem-
ber 2006). ISSN 1435-0645.

[16]Lithourgidis, A.S., Matsi, T., Barbayiannis, N.
and Dordas, C.A. (2007). Effect of liquid cattle
manure on corn yield, composition and soil
properties. Agronomy Journal. 99(4), 592-596
(July-August 2007). ISSN 1435-0645.

[17]Japenga, J., Dalenberg, J.W., Wiersma, D.,
Scheltens, S.D., Hesterberg, D. and Salomons,
W. (1992). Effect of liquid animal manure appli-
cation on the solubilization of heavy metals
from soil. International Journal of Environmen-
tal Analytical Chemistry. 46(1-3), 25-39, ISSN
1029-0397.

[18] Vellidis, G., Hubbard, K., Davis, J.G., Lowrance
R., Williams, R.G., Johnson, J.C., Jr. and New-
ton, G.L. (1996). Nutrient concentrations in the
soil solution and shallow groundwater of a liq-
uid dairy manure land application site. Transac-
tions of the ASAE. 39(4), 1357-1365 (July-Au-
gust 1996), ISSN 0001-2351.

[19]Yilmaz O., Dogus 1. and Yilmaz, Z.S. (2017).
Can vermicompost be an Alternative to Chemi-
cal Fertilizer? 1st International Symposium on
Multidisciplinary Studies and Innovative Tech-
nologies Proceedings Book.

[20]Kilig, C.F. (2011). Biogas, Its Importance, Gen-
eral Status and Place in Turkey. Engineer and
Mechanical. 52(617), 94-106.

[21]Tan, A.S. (2014). Yield Potential of Some
Oilseed Sunflower Hybrid Cultivars in Mene-
men Ecological Conditions. Journal of Aegean
Agricultural Research Institute. 24(1), 1-24.

[22] Y1ilmaz, G. and Kinay, A. (2015). Determination
of yield and yield components some sunflower
(Helianthus annuus L.) varieties in Tokat-
Kazova conditions. Anadolu Journal of Agricul-
tural Sciences. 30(3), 281-286

[23]Deviren, R. and Eryigit, T. (2017). The Determi-
nation of Yield Performance of Some Sunflower
(Helianthus annuus L.) Cultivars Under Igdir
Plain Irrigable Condition. KSU J. Nat. Sci.
20(Special), 166-171.

[24]Oztiirk, F. (2021). Determination of seed yield,
oil and fatty acid composition of some oil type
sunflower (Helianthus annuus L.) genotypes in
Diyarbakir conditions. Harran Journal of Agri-
cultural and Food Sciences. 25(1), 30-40.

[25] Albayrak, S.N. (2014). Effects of sowing dates
and different forms of nitrogen fertilizer on

>

yield and yield components of oilseed sunflower.

Ataturk University Graduate School of Natural
and Applied Sciences Department of Field
Crops. MscThesis, Erzurum.

FEB



Fresenius Environmental Bulletin

Volume 31— No. 01/2022 pages 755-761

[26] Ashraf, A. (2017). Effects of nitrogen doses on
yield and yield components of oilseed sunflow-
ers (Helianthus annuus L.) having different
growing stages. Ataturk University Graduate
School of Natural and Applied Sciences Depart-
ment of Field Crops. Phd Thesis, Erzurum.

[27]Sefaoglu, F. and Kaya C. (2018). Determination
of adaptation capabilities of some oil sunflower
(Helianthus annuus L,) genotypes in Erzurum
ecological conditions. Alinteri Journal of Agri-
culture Sciences. 33(1), 37-41.

[28]Oztiirk, F., Kizilgegi, F., Eligin, A.K., Asan, T.N.
(2021). The Physiological Parameters Measure-
ments in Different Growing Stages of II. Crop
Soybean Cultivars [Glycine max (L.) Merrill].
ISPEC Journal of Agr. Sciences. 5(1), 100-106.

[29]Fischer, R.A. (2001). Selection traits for im-
proving yield potential. Application of physiol-
ogy in wheat breeding, Eds.: Reynolds, Chapter.
13, 148-159.

[30]Uddling, J., Gelang-Alfredsson, J., Piikki, K.,
Pleijel, H. (2007). Evaluating the relationship
between leaf chlorophyll concentration and
SPAD-502 chlorophyll meter readings. Photo-
synthesis Research. 91(1), 37-46.

[31]Kizilgeci, F., Akinei, C., Albayrak, O., Yildirim,
M. (2017). Relationships of Grain Yield and
Some Quality Parameters with Physiological
Parameters in Some Triticale Advanced Lines.
Igdir Univ. J. Inst. Sci. & Tech. 7(1), 337-344

[32] Andrei, E., Ivancia, V., Barnaveta, E. and Tar-
nauceanu, D. (1992). Aspects and directions on
seed production of sunflower in lasi County.
Cercetari Agronomice in Moldova. 25 (1), 248-
252.

[33]Vega, AJ. and Hall, A.J. (2002). Effects of
Planting Date, Genotype and Their Interactions
on Sunflower Yield: I. Determinants of Oil-
Corrected Grain Yield. Crop Sci. 42, 1191-1201.

[34]Oztiirk, F. and Kizilgeci, F. (2018). Effects of
different sowing dates on the yield and yield
components of some sunflower (Helianthus an-
nuus L.) genotypes. El-Cezeri Journal of Sci-
ence and Engineering. 5(3), 749-755.

[35]Giirbiiz, B., Kaya, M.D., Demirtola, A. (2003).
Sunflower Farming. Hasad Publishing. Ankara.
100.

[36]Patane, C., Cosentino, C.L. and Anastasia, U.
(2017). Sowing time and irrigation scheduling
effects on seed yield and fatty acids profile of
sunflower in semi-arid climate. International
Journal of Plant Production. 11(1), 17-32.

[37]Oztiirk, E., Polat, T. and Sezek, M. (2017). The
effect of sowing and nitrogen fertilizer form on
growth, yield and yield components in sun-
flower. Turk. J. Field Crops. 22(1), 143-151.

761

[38]Caliskan, M.E., Giinel, E., Cagar, A. and Mert,
M. (2002). Effect of sowing dates on phenolog-
ical development, yield and oil content of sun-
flower in a Mediterranean type environment. In-
dian Journal of Agronomy. 47(3), 427-432.

[39] White, P.J. (2007). Fatty acids in oil seed (vege-
table oils). In: Chow CK (ed.), fatty acids in
foods and their health implications, Third edi-
tion. CRC Press, Boca Raton, FL. 227-262.

[40] Demurin, Y., Skoric, D., Veresbaranji, I. and Jo-
cic, S. (2000). Inheritance of Increased Oleic
Acid Content in Sunflower Seed Oil. Helia. 23,
87.

[41]Roche, J., Essahat, A., Bouniols, M., El-Asri, Z.,
Mouloungui, M. and Mondies, A.M. (2004). Di-
versified Composition of Sunflower (Helianthus
annuus L.). Journal of Eco-Physiology. 3, 59-71.

[42] Ashley, R.O., Eriksmoen, E.D. and Whitney,
M.B. (2001). Sunflower date of planting study
in Western North Dakota. In 2001 Annual Re-
port, Dickinson Research Extension Centres,
Dickinson, ND.187-198.

[43]Blamey, F.P.C., Zollinger, R.K. and Schneiter,
A.A. (1997). Sunflower production and culture,
agronomy monographs. Sunflower Technology
and Production. Chapter 12.

[44]Popa, M., Anton, G.F., Rignoveanu, L., Petcu, E.
and Babeanu, N. (2017). The effect of planting
date and climatic condition on oil content and
fatty acid composition in some Romanian sun-

flower hybrids. AgroLife Scientific Journal. 6, 1.

[45]Bellaloui, N., Hu, Y., Mengistu, M.A., Abel,
C.A. (2013). Effects of foliar boron application
on seed composition, cell wall boron, and seed
015N and 613C isotopes in water-stressed soy-
bean plants, Front. Plant Sci. 4, 1-12.

24.08.2021
01.11.2021

Received:
Accepted:

CORRESPONDING AUTHOR

Ferhat Kizilgeci

Department of Plant and Animal Production,
Kiziltepe Vocational School,

Mardin Artuklu University,

Mardin — Turkey

e-mail:  ferhat kizilgeci@hotmail.com

FEB



