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Abstract: Barley is a cereal used extensively in animal nutrition in the world. Nowadays, Organic practices have an important place in
healthy nutrition of people and animals and protection of agricultural lands. This study was conducted to determine the effect of
organic applications such as organic liquid nitrogen and barn manure on yield and quality values of barley during 2018-2019 and
2019-2020 growing seasons according to the randomized complete block design with split plot arrangements. This two-year study
inferred the impact of organic liquid nitrogen fertilizer application at different growth stages on growth and productivity of barley.
Organic liquid nitrogen fertilizer was applied at different phenological periods (control, tillering, beginning of booting, end of booting
and heading) of spring barley varieties, Akhisar and Samyeli. Parameters such as Plant height (cm), number of heading (number m-2),
hectoliter weight (kg hl-?), 1000 grain weight (g), grain yield (kg ha'!), chlorophyll content (SPAD values) and protein ratio (%) were
determined in the study. All parameters investigated were significantly different (P<0.01) between the years. Compared to the first
year, higher temperature and drier weather conditions during the second year increased protein ratio in seed, while decreased starch
ratio; thus, yield and yield components were lower. Yield and yield parameters of barley varieties had a negative correlation between
protein ratios, while had a positive correlation with chlorophyll content. The results concluded organic liquid nitrogen application at
the end of booting phenological period of Akhisar variety resulted in higher yield and improved the related traits. It has been
concluded that the organic liquid fertilizer to be applied in this phenological period will increase both yield and quality in barley plants.
Another result of this study was that as a result of organic applications, the yield and quality levels obtained from barley was close to
conventional agriculture.
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where the study has been carried out (Anonymous,
2020). Majority (92%) of barley produced in Turkey is
two-row barley varieties. The barley varieties used in

1. Introduction
Barley (Hordeum vulgare L.) is one of oldest cultivated
plants in the world. The existence of genetic sources and

the first wild forms of barley have been reported in the
Middle East. Barley which is extremely important for
animal nutrition in the world and Turkey is used
extensively as protein source in in animal production and
feed rations, although not directly used in human
nutrition. Barley is also consumed for human nutrition as
flour and various products, although the share is too
little. Barley matures earlier than wheat; therefore,
preferred in areas where two crops are harvested in a
year. Low yields are obtained in non-irrigated lands with
irregular and insufficient rainfall (Dogan et al,, 2014).

The latest FAO data showed that approximately 150
million tons of barley is produced in the world with 7.4
million tons produced in Turkey. Out of the total barley
produced in Turkey, 10% is produced in the region

this experiment are used for feed and widely cultivated in
the country. The use of organic fertilizers instead of
inorganic substances in agriculture will provide benefits
for human and animal health. Studies revealed that grain
yield of barley with manure and liquid nitrogen fertilizer
applications was close to those obtained in conventional
agriculture. In addition, the application of manure
increased dry matter production, protein ratio and grain
yield of cereals (Butler and Muir, 2006). Organic liquid
fertilizers, which contain one or more nutrients required
by plants, are applied by spraying on the leaves. Studies
have reported that application of nutrients by spraying
acts faster than soil application (Danisman and Belliturk,
2006).

Low soil fertility is reported as the reason for low barley
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yield; however, soil fertility increased with organic
fertilization (Abera et al, 2018). Therefore, organic
fertilizers are assumed to replace chemical fertilizers in
crop production (Ahmadi et al, 2018). Alinezhad et al.
(2013) reported that organic liquid nitrogen fertilizer
applied during the final stage of barley growth improves
grain quality and increases grain yield. Similarly, yield
obtained for ten-year organic fertilizer application was
equivalent to the yield obtained with chemical fertilizer
application. Farm manure improved soil structure and
increased water holding capacity (Edmeades, 2003). The
positive effect of manure applications on cereal crops has
been reported in numerous studies (Barzegar et al,
2002).

Livestock breeding and crop production should be
integrated to adapt organic application
practices in a farm. Organic practices will conserve soils

fertilizer

Table 1. Important climatic values of the trial location

and provide a healthier food in the long run. This study
was carried out to determine the effects of organic liquid
nitrogen fertilizer applied at different phenological
periods on grain yield, yield components and chlorophyll
content of spring barley varieties.

2. Material and Methods

Sanliurfa province is located one of the hottest regions in
Turkey. Climatic conditions of growing season in 2019-
2020 were drier for plant growth compared to 2018-
2019. Relative humidity in the second year of study was
lower and temperature was higher than the first year.
Total rainfall in the second year was lower than that
occurred in the first year. The rainfall in both growing
distributed; therefore,
supplemental irrigation was applied according to plant
needs, especially during grain filling period (Table 1).

seasons was not equal

Mean The highest The lowest Mean humidity =~ Total precipitation
temperatures (°C)  temperatures (°C)  temperatures (°C) (%) (kg/m-2)
Years (2018, 2019, 2020)
Months 18-19 19-20 18-19 19-20 18-19 19-20 18-19  19-20 18-19 19-20
October 284 30.7 34.2 37.0 5.6 7.3 54.3 50.6 288 12.8
November  18.1 22.6 28.0 28.1 3.3 0.5 81.0 47.2 177.6 2.6
December 12.8 13.5 18.1 19.6 -1.2 0.7 89.4 85.1 125.4 126.2
January 11.6 11.8 17.5 14.2 -3.8 -2.0 79.3 76.8 75.6 25.2
February 14.0 12.5 17.9 20.6 0.4 -7.8 79.3 71.5 79.6 3.0
March 16.4 19.8 21.3 269 0.5 1.9 75.5 70.5 115.6 83.6
April 20.6 24.2 26.7 29.2 4.5 4.2 73.1 64.1 104.8 18.4
May 32.2 31.0 40.0 388 9.5 10.1 423 45.9 10.2 0.2
June 37.9 36.5 44.2 41.6 17.4 13.2 344 339 0.8 0.0
Average 21.33 22.51 27.54 28.44 4.02 3.12 67.62 60.62 718.4 272.0

The study was conducted in the organic experimental
field of Akcgakale Vocational High School, Harran
University during 2018-2019 and 2019-2020 growing
seasons. ‘Samyeli’ and ‘Akhisar’ two-rowed spring barley
varieties were used in the experiment. Certified barn
manure and organic liquid fertilizer were applied in the
experiment. The farm manure used in the experiment is a
certified fertilizer of Ecofarm, and an organic liquid
fertilizer is a certified fertilizer of Merkez Anadolu Kimya.
Organic liquid fertilizer contains free nitrogen-nitrogen
bonds, organic nitrogen and other microelements. The
chemical content of both farmyard manure and organic
liquid fertilizer are given in Table 2.

The experiment had four replications and laid out
according to randomized complete block design with
split-plot arrangement. Barley varieties were main plots,
where phenological phases (control, tillering, beginning
of booting, end of booting and heading) where organic
liquid nitrogen was applied were subplots. Sowing was
carried out in the third week of November during both
years of the study. Seeds were manually planted in the
opened lines. Each experimental unit was 5 m long and
1.2 m wide. To minimize mixing of experimental units, a
buffer zone of 1 m and 3 m between the units was
created. The plot area was 6 m? (5 m x 1.2 m). The

interrow distance was 20 cm and each experimental unit
had 6 rows. The seeds were placed 4 to 6 cm deep and
seeding density was 475 plants m2 (Akkaya, 1994).
Inorganic fertilizers and herbicides were not applied in
the experiment.

Table 2. Some chemical properties of the barnyard
manure and organic liquid fertilizer

Barnyard Organic
Chemical contents liquid

manure .

fertilizer

Total organic matter (%) 40.12 20.34
Organic nitrogen (N, %) 1.00 1.23
Ph (%) 7.23 7.12
Humic-fulvic ratio (%) 28.23
Potassium (K, %) 2.04 1.78
Phosphorus (P, %) 243 2.23
Mg (%) 1.13 1.12
Fe (%) 0.24 0.26
Zn (ppm) 129.08 121.67
Mn (ppm) 90.67 82.32
Free amino acids (%) 8.09

Farm manure at the rate of 20 tons’ ha-l was applied to
all experimental units before sowing (Tan and Serin,
1995). After farm manure application, equal amounts of
organic liquid nitrogen fertilizer were sprayed during
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tillering, beginning of booting, end of booting and
heading stages. Organic liquid fertilizer was not applied
in control treatment. The 100 CC of organic liquid
nitrogen fertilizer and 1 kg of sugar were added into 20
liter of water, kept at room temperature overnight, and
then applied to experimental units.

Plant height (cm), number of heading (number/m-2),
hectoliter weight (kg hl-1), 1000-grain weight (g), grain
yield (kg hal), chlorophyll content (SPAD values) and
protein ratio (%) of barley varieties were determined in
study. Spike characteristics were examined from 10
spikes randomly selected from each experimental unit
during harvest period and averaged (Kutlu et al, 2015).
The plant heights of 10 plants were measured in each
parcel and averaged. Protein ratios of grain samples
taken from each plot were determined using Celdhl NIT
(Near Infrared Transmittance) spectroscopy technique
according to the ICC standard method (AACC Method 46-
30) (Anonymous, 1990). The 1000-grain weight was
determined according to the AACC 55-10 method (Koksel
et al, 2000). The weight of hectoliters was measured
with 4 replications using a Loyka brad instrument (1 L)
and calculated in kg (Unal, 2002). The yield per hectare
was calculated using the grains collected from the
experimental unit after harvest. Chlorophyll contents

were measured using a portable chlorophyll meter
(Minolta SPAD-502, Osaka, Japan). Measurements were
carried out in the open air during afternoon (14:22 and
16:99). The chlorophyll contents were measured from the
flag leaf of ten randomly selected plants from each
experimental unit, averaged and expressed as SPAD
values (Yildirim et al., 2009).

The collected data were subjected to two-way analysis of
variance using JMP 13.0 statistical program. LSD post-hoc
test was used to compare the averages of the varieties
and phenological stages. Correlation analysis was
performed between all parameters examined (95%).

3. Results and Discussion

Statistical analysis of two years separately and combined
was performed for all studied parameters. The combined
year analysis indicated statistically significant differences
(P<0.01) in plant height between year, variety, periods
and cultivar x period interaction. The highest plants
(78.15 cm) were recorded in organic liquid fertilizer
application during the end of boating period of Akhisar
variety; while the shortest plant height (54.08 and 50.65
cm) was recorded for fertilizer application at tillering
and control treatment in Samyeli variety, respectively
(Table 3).

Table 3. Means and multiple comparison test results related to plant height (cm) in different varieties and phenological

periods
Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean  Akhisar Samyeli Mean
Periods/Variety
C 57.93¢ 65.97¢ 61954  47.77 42.20 44.9¢ 52.85¢ 54.08e¢ 53.46d
T 65.774d 52.87¢ 59.32d 52.53 48.43 50.48¢  59.15d 50.65¢ 54.90d
BB 73.53b 57.63¢ 65.58¢ 58.50 59.90 59.2¢ 66.01c 58.764 63.39¢
BE 82.37a  72.20bc  77.28a 73.93 67.93 70.92 78.152 70.96b 74.102
H 75.87> 6790« 71.88>  66.07 63.90 64.98>  70.96b 65.90¢ 68.43b
Mean 71.092 63.31b 67.20A  59.76a  5647> 58.11B 65422 59.89p 62.65
CV (%) 4.54 5.85 5.16
LSD (0.05) V(lsd): 2.36** V(lsd): 2.63** Y(Isd): 1.70**

PP (Isd): 3.73**
VxPP: (Isd): 5.28**

PP(Isd): 4.16**
VxPP:(Isd): NS

V(Isd): 1.70%
PP(Isd): 2.68**
VxPP (Isd): 3.80**

*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=
control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

The combined year analysis revealed statistically
significant differences (P < 0.01) in number of heading,
hectoliter weight, 1000 grain weight, protein ratio,
chlorophyll content and grain yield between years,
varieties, and phenological periods, while the differences
in variety x phenological stage interaction was not
significant. The highest number of heading were obtained
for Akhisar variety with fertilizer application at end of

booting stage, while the lowest value was recorded for
Samyeli variety with control treatment (Table 4). In the
combined year analysis, the highest hectoliter weight
(63.31 kg hl't) was measured for Akhisar variety with
organic liquid fertilizer application at end of booting
stage, while the lowest hectoliter weight (50.43 kg hl-1)
was obtained for Samyeli variety in control treatment
(Table 5).
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Table 4. Means and multiple comparison test results related to number of heading (number/m-2) in different varieties

and phenological periods

Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean Akhisar  Samyeli Mean
Periods/Variety

C 339.10 33450 336.80¢  340.20 319.80 330.00c  339.65 327.15  333.40¢
T 35333  346.67 350.00c 348.73 330.37 339.55¢  351.03  338.52  344.78d
BB 384.67 37637 380.52>  370.67 362.12 366390  377.67 369.24  373.45¢c
BE 410.60 405.20  407.90a 404.10 389.10 396.607 407.35 397.15 402.252
H 401.33 399.93 400.63a 396.70 375.75 386.23a 399.02 387.84 393.43b
Mean 377.81a  372.53b 375.17A 372.08a  355.43b  363.75B  374.94a 36398  369.46
CV (%) 1.63 2.59 2.15

LSD (0.05) V(lsd): 4.73* V(lsd): 7.29** Y(Isd): 4.18**

PP(lsd): 7.48**
VxPP:(Isd): N.S

PP(lsd):11.54**
VxPP:(Isd): N.S

V(Isd): 4.18**
PP(Isd): 6.61**
VxPP(Isd): N.S

*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=
control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

Table 5. Means and multiple comparison test results related to hectoliter weight (kg hl-1) in different varieties and

phenological periods

Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean  Akhisar Samyeli Mean
Periods/Variety

C 59.00 51.17  55.08d 51.80 49.70 50.75¢  55.40 50.43 52.92d
T 60.67 54.10  57.38¢ 54.17 52.87 53.52¢  57.42 53.48 55.45¢
BB 62.00 58.00  60.00> 56.34 56.90 56.62>  59.17 57.45 58.31b
BE 65.33 61.24  63.292 61.28 60.07 60.672  63.31 60.66 61.982
H 62.83 58.10  60.47v 57.03 57.33 57.18>  59.93 57.72 58.82b
Mean 61.972 56.52b 59.244  56.12 55.37 55.758  59.052 55.95b 57.50
CV (%) 2.53 2.87 2.69

LSD (0.05) V(lsd): 1.16** V(lsd): N.S Y(Isd): 0.81**

PP(lsd): 1.83**
VxPP(Isd): N.S

PP(Isd): 1.96**
VxPP(Isd): N.S

V(Isd): 0.81**
PP(lsd): 1.29**
VxPP(Isd): N.S

*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=
control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

Similar to the hectoliter weights, the highest value for
1000 grain weight (42.63 g) was obtained in the Akhisar
variety at the end of booting phenological period, while
the lowest value (32.23 g) was obtained with Samyeli
variety in control treatment (Table 6). The lowest grain
yield (3464.8 kg ha'!) in two-year data was recorded for
Samyeli variety in control treatment, while the highest
grain yield (4187.1 kg hal) was obtained for Akhisar
variety with organic liquid fertilizer application at the
end of booting phenological period (Table 7).

The lowest chlorophyll content (39.32 spad) which is an
important physiological parameter was obtained for
Samyeli variety in control treatment, while the highest
value (49.46 spad) was recorded for Akhisar variety with
organic liquid fertilizer application at the end of booting
period (Table 8). In contrast to the other parameters, the

highest protein ratio (15.23%) was obtained for Samyeli
variety with organic liquid fertilizer application at the
end of booting period, and the lowest protein ratio
(9.71%) was obtained for Akhisar variety with control
treatment (Table 9). The higher temperature and lower
relative humidity in the second year caused a decrease in
all parameters except protein ratio. In the second year of
the experiment, high temperatures and dry weather
suppressed the harvest of barley plants reduced starch
ratio and increased protein ratio. In general, the highest
values of all parameters were recorded for Akhisar
variety with organic liquid fertilizer application at the
end of booting phenological period, while the lowest
values were recorded for Samyeli variety without any
organic liquid nitrogen application.
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Table 6. Means and multiple comparison test results related to 1000 grain weight (g) in different varieties and
phenological periods

Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean  Akhisar  Samyeli Mean
Periods/Variety
C 36.05 33.76 34914 33.85 30.70 32.28¢ 3495 32.23 33.59¢
T 37.89 36.41 37.15¢ 35.81 33.78 34.79¢  36.85 35.10 35.97d
BB 40.32 38.71 39.51b 38.99 35.69 37.34>  39.65 37.20 38.43¢
BE 43.20 41.65 42432 42.07 38.83 40.452 42.63 40.24 41.442
H 41.11 40.84 40.972b 40.18 36.53 38.36b 40.64 38.69 39.67b
Mean 39.71a 38.27b 38994 38.18a  35.11b  36.64B  38.952 36.69b 37.82
CV (%) 3.74 3.77 3.76
LSD (0.05) V(lsd): 1.13** V(lsd): 1.07** Y(Isd): 0.75**
PP(Isd): 1.79** PP(Isd): 1.69** V(lsd): 0.75**
VxPP(Isd): N.S VxPP(Isd): N.S PP(lsd): 1.18**

VxPP(Isd):N.S
*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=

control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

Table 7. Means and multiple comparison test results related to grain yield (kg ha'l) in different varieties and
phenological periods

Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar ~ Samyeli Mean Akhisar Samyeli Mean Akhisar  Samyeli Mean
Periods/Variety
C 3883.5 34947 3689.1d 36233 34350 3529.2d 37534  3464.8 3609.1¢
T 40724  3690.3 3881.4c 3772.0 3622.7 3697.3¢ 39222 3656.5 3789.4d
BB 41742  3773.0 3973.6 3861.8 3693.7 3777.7> 4018.0 37333 3875.7¢
BE 4330.8 3982.3 4156.62 40433 39143 3978.8a 4187.1 39483 4067.72
H 41524  3895.7 4024.1> 4009.6  3849.0 3929.3a 4081.0 38723 3976.7b
Mean 4122.72  3767.2b 394494 3862.02  3702.9> 3782.58 3992.3a 3735.1b  3863.7
CV (%) 2.35 1.55 2.01
LSD (0.05) V(lsd): 71.68** V(lsd): 45.50** Y(Isd): 40.79**
PP(Isd): 113.34** PP(Isd): 71.94** V(lsd): 40.79**
VxPP(Isd): N.S VxPP(Isd): N.S PP(Isd): 64.49**

VxPP(Isd): N.S
*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=
control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

Table 8. Means and multiple comparison test results related to chlorophyll content (spad values) in different varieties
and phenological periods

Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean Akhisar  Samyeli Mean
Periods/Variety
C 45.19 40.68 42.944 42.62 37.96 40.29¢ 43.91 39.32 41.61e
T 47.05 43.00 45.03¢ 44.37 38.67 41.52¢ 45.71 40.84 43.274
BB 47.90 44.05 45.98b 45.81 41.55 43.68b 46.86 42.80 44.83¢
BE 50.35 46.57 48.462 48.56 44.92 46.742 49.46 45.75 47.602
H 48.19 44.28 46.24b 48.96 45.18 47.072 48.58 44.73 46.65P
Mean 47.742 43.72b 45.73A 46.062 41.66b 43.868 46.902 42.69b 44.79
CV (%) 1.59 3.13 2.45
LSD (0.05) V(Isd): 0.56** V(Isd): 1.06** Y(Isd): 0.58**
PP(Isd): 0.89** PP(lsd): 1.68** V(Isd): 0.58**
VxPP(Isd): N.S VxPP(Isd): N.S PP(Isd): 0.91**

VxPP(Isd): N.S
*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=

control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.
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Table 9. Means and multiple comparison test results related to protein ratio (%) in different varieties and phenological

periods
Years 2018-19 2019-20 (2018-19)-(2019-20)
Phenological Akhisar  Samyeli Mean Akhisar Samyeli Mean  Akhisar Samyeli Mean
Periods/Variety
C 9.16 10.97 10.07¢ 10.26 12.36 11.314 9.71 11.67 10.694
T 9.77 12.06 10.92bc  11.42 14.05 12.73¢ 10.59 13.06 11.82¢
BB 10.67 13.04 11.86P 12.44 15.19 13.82b 11.56 14.11 12.84b
BE 11.86 14.24 13.052 14.41 16.21 15.31a 13.13 15.23 14.18a
H 10.81 12.98 11.90b 13.71 15.37 14.542 12.26 14.17 13.22b
Mean 10.45b 12.662  11.568 12.45»  14.632  13.544 11.45b 13.652 12.55
CV (%) 7.69 5.72 6.64
LSD (0.05) V(Isd): 0.69** V(Isd): 0.60** Y(lsd): 0.44**

PP(Isd): 1.09**
VxPP(Isd): N.S

PP(Isd): 0.95**
VxPP(Isd): N.S

V(Isd): 0.44**
PP(Isd): 0.69**
VxPP(Isd): N.S

*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significiant, V= variety, PP= phenological periods, Y= year, C=

control, T= tillering, BB= beginning of boating, BE= end of boating, H= heading.

Many studies conducted in accordance with our findings
stated that application of organic liquid nitrogen
fertilizer increased yield, yield components and dry
matter in grains (Ozcan and Brohi, 2000). Many
researchers reported that liquid fertilizer application at
different phenological periods (Kettlewell et al., 1998),
distribution of precipitation during the year, temperature
during growing period (Smith and Googing, 1999) and
differences in variety affect yield and quality. The 1000
grain and hectoliter weight are defined as the important
yield components affecting grain yield of cereals (Korkut

et al, 1993). Similar to our findings, Poehlmen (1987)
stated that grain weight was negatively affected by hot
and dry weather conditions. Ofosu-Anim and Leitch,
2009 indicated a 1.5 to 4 fold higher grain yield in spring
barley varieties with the increase in plant height, leaf
chlorophyll content and dry matter accumulation due to
the application of organic origin fertilizers.

3.1 Correlation Analysis

A combined data of two years was subjected to a
correlation analysis to determine the relationships
between investigated parameters (Table 10).

Table 10. Correlation coefficients and significance levels of yield components and grain yield and physiological

parameter

Traits Traits Correlation Count Thelowest The highest Significance

Correlation levels

coefficients coefficients coefficients levels
PH GY 0.800 60 0.686 0.876 <.0001** D
cC GY 0.793 60 0.675 0.871 <.0001** e
CC PH 0.709 60 0.556 0.817 <.0001** e
HN  GY 0.774 60 0.648 0.859 <.0001** e
HN PH 0.812 60 0.703 0.884 <.0001** e
HN CC 0.692 60 0.532 0.805 <.0001** e
HW  GY 0.704 60 0.548 0.812 <.0001** e
HW PH 0.639 60 0.461 0.769 <.0001** ]
HW CC 0.499 60 0.281 0.669 <.0001** s
HW HN 0.630 60 0.448 0.762 <.0001** e
GW GY 0.769 60 0.639 0.856 <.0001** e
GW PH 0.695 60 0.536 0.807 <.0001** e
GW CC 0.628 60 0.445 0.761 <.0001** e
GW  HN 0.827 60 0.726 0.893 <.0001** |
GW HW 0.673 60 0.505 0.791 <.0001** N
PR  GY -0.076 60 -0.324 0.182 0.565NS R R O | I
PR PH 0.084 60 -0.174 0.331 0.525NS A
PR CC -0.078 60 -0.326 0.179 0.552NS A 1
PR HN 0.315 60 0.066 0.526 0.014* N
PR HW -0.029 60 -0.281 0.227 0.825NS A |
PR GW 0.028 60 -0.227 0.280 0.831NS A |

GY= grain yield (t ha!); CC= chlorophyll content (spad); HN= number of heading (number/m-2); PH= plant height (cm); PR= protein

ratio (%); GW= 1000 grain weight (g); H= hectoliter weight (kg hl1)

*** significant at 0.05 and 0.01 levels of probability respectively, NS= not significant
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Negative and non-significant relationships were found
between PR and GY, CC, HW, while positive and non-
significant relationships were recorded between PR and
GW. Positive and significant relationships were noted
between PR and HN. Significant positive relationships
were determined among different parameters except
protein ratio. Positive and important relationships were
obtained between chlorophyll content, which is one of
the important physiological parameters, and yield and
yield components. The increase in chlorophyll content
increased photosynthesis; thus plants with increased
photosynthesis  produced nutrient, and
consequently increased the yield and yield components.
In addition, the increase in yield components increased
the grain yield. Jianren et al. (2000) reported that organic
liquid fertilizer applied to barley leaves during late-
ripening period promotes the transmission of organic
matter from stem to the leaves and ears, accelerates
grain filling in the spike, helps the formation of filled
grains and increases grain weight.

more

4. Conclusions

The results recorded in this study concluded that higher
temperatures and drier weather conditions experienced
during the second year of the study caused a decrease in
starch accumulation and an in protein
accumulation. The decrease in starch accumulation

increase

reduced yield and yield components. In general, the
organic liquid nitrogen fertilizer application at the end of
booting phenological period had significant effects on all
parameters except protein ratio of Akhisar barley variety.
The highest values of all studied parameters except
protein ratio were recorded for Akhisar variety with
fertilizer application at the end of booting stage, whereas
the lowest values were recorded for Samyeli variety with
control treatment. The results revealed that application
manure in large areas where barley is produced will
increase the organic matter content of soils. In addition,
organic liquid nitrogen can be applied easily and cheaply
using a pulverizer at the end of booting period, and this
practice will increase yield and quality of barley.
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