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Article Arastirma Makalesi

Effects of Different Phosphorus Sources
on the Yield and Yield Components of
Forage Pea

Cesitli Fosfor Kaynaklarinin Yem Bezelyesinde Kuru
Ot Verimi ve Kalite Ozellikleri Uzerine Etkileri

ABSTRACT

This experiment was conducted to evaluate the effects of two different doses (BO or B1) of phosp
horus-solubilizing bacteria (Bacillus megaterium M-3) inoculation, two different doses (0 or 3 t
ha™") of poultry manure, and three different doses (O, 50, and 100 kg P,0O4 ha=") of commercially
available phosphorus fertilizer on the dry matter yield, plant height, crude protein, neutral deter-
gent fiber, and acid detergent fiber contents of forage pea in the irrigated condition of Erzurum
between 2009 and 2010. While the effects of bacteria inoculation and poultry manure applica-
tions on dry matter yield varied over the years, an increase was observed in dry matter yield with
increasing doses of phosphorus fertilizer. In addition, considering the 2-year averages, the highest
dry matter yield considering the 2-year averages was obtained with the application of bacteria,
poultry manure, and phosphorus fertilization together. Therefore, in order to obtain the highest
dry hay yield in Erzurum and similar ecological conditions with low and/or medium phosphorus
content in the soil and irrigated, Bacillus megaterium inoculation and 3 t ha™" poultry manure
together with 100 kg ha™" P,O, application can be recommended.

Keywords: Dry matter yield, phosphorus fertilization, phosphorus-solubilizing bacteria, poultry
manure

oz

Bu deneme, iki farkli dozda (BO veya B1) fosfor ¢ozlicl bakteri (Bacillus megaterium M-3) asilamasi,
iki farkli dozda (O veya 3 t ha™") tavuk glibresi ve 3 farkli dozda (0, 50 ve 100 kg P,O, ha™) ticari fos-
forlu glibre uygulamasinin yem bezelyesinin kuru madde verimi, bitki boyu, ham protein, NDF ve
ADF igerikleri tzerine etkilerini dederlendirmek amaciyla 2009-2010 yillari arasinda Erzurum'da
sulu kosullarda yurtttlmastir. Bakteri asilamasi ve tavuk glibresi uygulamalarinin kuru madde
verimi Uzerine etkileri yillara gore degisirken, artan dozlarda fosforlu glibre uygulamasi ile kuru
madde veriminde artig gozlenmistir. Ayrica iki yillik ortalamalar dikkate alindiginda en yliksek kuru
madde verimi bakteri, tavuk glibresi ve fosforlu glibrelemenin birlikte uygulanmasi ile elde edil-
mistir. Bu nedenle, toprakta dislik ve/veya orta diizeyde fosfor icerigine sahip, sulanan Erzurum
ve benzer ekolojik kosullarda en yiiksek kuru madde verimini elde etmek icin Bacillus megaterium
asllamasi ile beraber 3 t ha=' tavuk giibresi ve 100 kg ha™' P,O, uygulamasi énerilebilir.

Anahtar Kelimeler: Kuru ot verimi, fosforlu glibreleme, fosfor ¢oziicl bakteri, tavuk glibresi

Introduction

Forage pea (Pisum sativum spp. arvense L.) is an annual cold-season legume plant with high forage
yield and hay quality. Besides yielding high amounts of quality hay, this plant is of importance since
it can be involved in short-term cropping systems and increase the amount of nitrogen that is pres-
ent in the soil. Phosphorus plays an important role in increasing hay production and improving root
and nodule development, nutrient intake, and plant growth in forage peas, as with the other forage
legumes (Mitran et al., 2018). The use of inorganic, organic, and biological fertilizers are the major
applications utilized in order to replenish the plant nutrients that are depleted in agricultural soils
such as phosphorus (Masarirambi et al., 2012). However, the phosphate anions in chemical fertilizers


mailto:dkaynar@kastamonu.edu.tr
http://orcid.org/0000-0002-8946-3217
http://orcid.org/0000-0001-6393-3869
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

82

form unsoluble salt complexes by interacting with Ca?, Fe*, and
Al**ions in the soil and, as a consequence of this interaction, the
amount of phosphorus available in the soil for plants decreases
to 5-25% (Lambers & Plaxton, 2018; Schnug & Haneklaus, 2016).
Moreover, the intense use of inorganic fertilizers causes soil deg-
radation, which has a negative effect on the crop yield. This might
be avoided by limiting the amount of inorganic fertilizers used
(Debele, 2021). In addition, the practice of sustainable agriculture
requires the use of organic fertilizers in combination with inor-
ganic fertilizers because of increasing fertilizer prices and in order
to decrease their negative impacts on the environment such as
the accumulation of cadmium (Chukwu et al., 2014; Kaynar, 2014;
Roba, 2018). Microorganisms that are used as biological fertiliz-
ers are known as plant growth-promoting rhizobacteria (PGPR).
These microorganisms promote plant growth by increasing the
amount of phosphorus that plants can use in soil. Plant growth-
promoting rhizobacteria enable the dissolution of phosphorus
that is actually available in the soil but has formed a complex
by altering the enzyme and hormone secretion, which in turn
reduces the need for chemical fertilizers (Chen & Liu, 2019; Meena
et al., 2017). Thus, in studies employing biological fertilizers and
organic fertilizers such as cattle manure and poultry manure, it
was determined that the physical and chemical properties of the
soil improved, and the yield increased in many plants (Azmi et al.,
2019; Eleduma et al., 2020; Turkkan & Kibar, 2022).

The objective of this experiment was to determine the effects
of applications of phosphorus-solubilizing bacteria inoculation,
poultry manure, and mineral phosphorus on the dry matter yield
and quality characteristics of forage peas.

Methods

The field experiment was carried out in the experimental field
of the Agriculture Faculty of Agriculture of Atatlirk University in
Erzurum. The experiment used a randomized complete block
with three replications with a factorial arrangement. Two levels
of bacteria inoculation (BO or B1), two doses of poultry manure
(0 or 3t ha™), and three doses of phosphorus (0, 50, and 100 kg
P,O. ha™) were applied. Each plot was 5 x 3 m in size, witha 0.5 m

bufferinside each edge and a 2 m buffer outside. Six lines of plants
were sown with a 30 cm distance between the rows (Tan, 2018).

Annual total precipitation was 410.2 mm, whereas it was 437.8
mm in the first year and 475.9 mm in the second year, and the val-
ues were higher than the long-term average. June in the first year
and May in the second year received more precipitation (Table 1).
The long-term (1929-2009) average temperature was 5.3°C, and
the annual mean temperature values were higher (5.8°C for the
first year and 7.9°C for the second year) than the long-term aver-
age. The highest temperature was 17.2°C in July in the first year
and was 19.5°C in July in the second year.

The seeds to be sown in the experiments were inoculated with
Rhizobium leguminosarum bacteria obtained from Ankara Soil
and Fertilizer Research Institute. Phosphorous fertilizer (triple
superphosphate) and poultry manure were mixed into the soil
using a harrow. Bacillus megaterium was prepared at 10 CFU
mL-"density after the incubation and was inoculated to the seeds
to be sowed in the plots. Kirazl variety of forage peas (12 kg da™)
(Pisum sativum ssp. arvense L.) were planted in preprepared seed
beds at 4-6 cm depth (Tan, 2018) on the first year April 20 and on
April 29 in the second year by using a hand drill. Seeds inoculated
with phosphorus-solubilizing bacteria (Bacillus megaterium M-3)
were sowed using different planting drills in order to prevent con-
tamination. In 2 years, they were irrigated three times when the
plants turned dark green due to moisture deficiency in the soil in
the growing season.

Using the Bouyoucus hydrometer method (Gee & Hortage, 1986),
the soil texture was found to be loamy in both years. The pH levels
of soils were potentiometrically determined to be neutral (7.45 in
the first year and 7.65 in the second year) by utilizing a pH meter
(McLean, 1983). The lime content of the soil was found to be at
the medium level (0.82% in the first year and 0.85% in the second
year) using a Scheibler calcimeter volumetrically (Nelson, 1982).
The organic matter content of the soil was determined in the
“low-level class” (1.40% in the first year and 1.80% in the second
year) by using the Smith-Weldon method (Nelson & Sommers,
1982). Using the flame photometry method (Thomas, 1982), the

-(I;a/liz!r::i'c Data of Experimental Area in 2009, 2010, and Long-Term Average at Erzurum
Total Precipitation (mm) Average Temperature (°C) Average Relative Humidity (%)
2009 2010 LYA 2009 2010 LYA 2009 2010 LYA

J 2.30 52.20 19.80 -1210 -4.30 -9.70 82.40 84.00 77.00
F 18.80 14.80 24.80 -3.10 -1.80 -8.60 8470 82.30 77.00
M 5110 82.20 31.00 -0.70 310 -2.80 73.80 69.10 75.00
A 4270 54.20 58.40 4.30 5.60 5.40 64.60 71.30 66.00
M 43.20 63.60 70.00 10.00 10.40 10.50 61.00 69.60 63.00
J 76.20 50.50 41.60 14.70 15.90 14.90 65.00 60.10 58.00
J 29.20 55.50 26.20 17.20 19.50 19.30 60.70 56.00 52.00
A 22.80 9.00 1510 1710 20.30 19.40 50.60 44.80 49.00
S 43.70 8.80 20.00 12.40 17.00 14.30 5310 4810 52.00
O 51.00 72.20 4790 8.70 9.20 760 62.40 70.20 65.00
N 41.40 0.00 32.90 1.80 1.80 -0.10 75.70 66.10 73.00
D 15.40 12.90 22.50 -110 -1.90 -6.60 8470 76.60 78.00
Totallaverage 43780 475.90 410.20 5.80 7.90 5.30 68.20 66.50 65.40
Note: LYA=long year average.
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potassium content was high (118 kg ha™" in the first year and 158
kg ha™"in the second year). Soil's phosphorus content was found
insufficient (27.5 kg ha™ in the first year and 62 kg ha"in the sec-
ond year) according to the molybdophosphoric acid method
(Olsen & Summers, 1982).

After removing one row from each side of the plots and a 0.5 m
area from the start or end of each plot, the harvesting process
was carried out. The plants were harvested when they formed
(Tan, 2018) by using a scythe. Before the plants were harvested,
ten plants were selected from each parcel, and plant heights were
measured. Harvested plants were oven-dried at 68°C to a con-
stant weight and they were weighed in order to determine the dry
matter yield (Jones, 1991).

After weighing, the oven-dried plant samples were grounded
and passed through a 2 mm sieve for chemical analysis. The total
nitrogen content of plants was determined using the Kjeldhal
method, and the crude protein content was calculated by multi-
plying by 6.25 (Jones, 1991). Neutral detergent fiber (NDF) and acid
detergent fiber (ADF) ratios were determined by using an ANKOM

200 fiber analyzer (ANKOM Technology, Fairport, NY) according to
the procedure described by Van Soest et al. (1991).

The data were analyzed using variance analysis in JMP package
software (SAS Institute, 2002). Mean values were compared using
the LSD test (Yildiz & Bircan, 1994).

Results and Discussion

Plant growth-promoting rhizobacteria inoculation resulted in a
significant increase in the plant height. The plant height, which
was 88.33 cm on average, increased to 89.88 cm with PGPR
inoculation. However, the application of poultry manure had no
significant effect on the plant height (Table 2). On the other hand,
applications of phosphorus fertilizer caused an increase in plant
height in parallel with the phosphorus doses and reached the
highest value of 90.79 cm in 100 kg ha™" P,O.. In a similar study,
it was reported that the increasing phosphorus doses yielded a
higher level of increase in the plant height compared to the other
yield factors (Yilmaz, 2008). There was no statistically signifi-
cant difference found between plant height values by the years.
Besides, PGPR inoculation yielded a higher level of increase in the

-I;?fgzsz ;)f Phosphorus-Solubilizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on Plant Height (cm), Dry Matter Yield (t ha™),
Crude Protein Ratio (%), ADF (%), and NDF (%) Ratio in Forage Pea
PH DHY CPR ADF NDF
B B, 86.77° 3738 17.65 24.20 38.84*
B, 89.88" 3.944 17.88 23.89 37.498
Av. 88.33 3.83 1776 24.04 3817
P Y 85.16°¢ 3.60°¢ 16.85° 24.05 38.01
-0 89.04° 3.81° 17.92* 24.09 38.42
100 90.79 4104 18.51* 24.00 38.08
Av. 88.33 3.83 1776 24.04 3817
PM PM, 88.08 377 17.61 2414 37.64°
PM, 88.58 3.90* 17.92 23.95 38.70%
Av. 88.33 3.83 1776 24.04 3817
Years 2009 8797 4.01* 18.97 23.55° 36.26°
2010 88.69 3.66° 16.55° 24.542 40.08*
Av. 88.33 3.83 1776 24.04 3817
*x *x NS NS *
ok *k *k NS NS
PM NS x NS NS *
% NS *¥ % * ok
BxP * x NS NS NS
B x PM x x * NS NS
BxY * ¥ NS * *
PxY * x NS * *
PM x P * NS NS * NS
PM x Y NS x * NS NS
B x P xPM NS NS NS NS NS
BxPxY * o NS NS NS
BxPMxY * x NS * NS
PxPMxY NS NS NS NS o
Note: *Values shown in capital letters are significant at 1% (p < .01), and small letters are significant at 5% (p < .05).
ADF=acid detergent fiber; B =bacteria; CPR = crude protein rate; DHY =dry hay yield; NDF = neutral detergent fiber; NS = none significant; P= phosphorus; PH = plant
height; PM = poultry manure; Y =year.
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A Plant height (cm)
92
91
90
89
g8 ——2009
87 ——-2010
86
85
84
BO B1
C Plant height (cm)
92
90 '\.
88 ——B0
86 / —=—B1
84
82
PMO PM1
E Plant height (cm)
94
92
90
—o— PMO
88
~— PM1
86
84
82
PO P1 P2

Figure 1.

B Plant height (cm)
92
90
88 ——B0
86 —a—-B1
84
82
PO P1 P2
D Plant height (cm)
92
90
88 —+—2009
86 ~#-2010
84
82
PO P1 P2

A-E, Effects of Phosphorus-Solubulizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on Plant Height (cm) in Forage Pea. Bx Y, B x P,

B x PM, PxY, PM x P.

plant height in the first year in comparison to the second year,
and as a result of different effects, B x Y interaction was found
statistically significant (p < .05) (Figure 1A).

Plant height increased linearly depending on increased P doses
under BO conditions, whereas plant height increases ceased after
P1 doses under B1 conditions. It caused the B x P interaction to
be statistically significant (p < .05) (Figure 1B). Poultry manure
application increased the plant height under the BO condition,
whereas it caused a decrease under the B1 condition. This result
showed that the B x PM interaction was statistically significant
(p < .01) (Figure 1C). This result might be because the phosphorus
arising from the bacteria inoculation and the phosphorus content
of poultry manure might have reached the potentially toxic level
for nitrogen-fixing bacteria (Amba et al., 2011). While the plant
height linearly increased in parallel with phosphorus doses in the
first year, a remarkable increase was observed after the P1 dose
in the second year. This different reaction caused a significant
P x Y interaction (p < .05) (Figure 1D). The plant height increase
ceased after the P1 dose without poultry manure application,
whereas plant heights increased after the P1 dose together with
the poultry manure application. It resulted in a significant PM x
P interaction (p < .05) (Figure 1E). Therefore, it was determined
that the use of inorganic fertilizer and poultry manure resulted in
a higher increase in yield when compared to the sole use (Almaz
etal., 2017).

Plant growth-promoting rhizobacteria inoculation statistically
significantly increased the dry matter yield (p < .01). Dry matter
yieldwas foundto be 3.73tha-'without PGPRinoculation, whereas

Research in Agricultural Sciences 2023 54(2): 81-88 1 DOI: 10.5152/AUAF.2023.23084

it increased to 3.94 t ha"in PGPR inoculation plots (Table 3). The
effect of poultry manure application on dry matter yield was sta-
tistically significant (p <.01). Dry matteryield, which was 3.77 t ha™
without poultry manure application, increased to 3.90 t ha™" with
poultry manure application. Besides, dry matter yield statistically
significantly increased with increasing phosphorus doses (p <.01),
and the highest level (4.10 t ha™") was obtained with P2 dose. Dry
matter yield decreased from 4.01 t ha™' in the first year to 3.66 t
ha™' in the second year, and a statistically significant difference
was found between dry matter yield values by the years (p < .01).
It is known that the reaction of legumes to phosphorus is higher
than other plants (Mitran et al., 2018) and phosphorus fertilizers
increase the yield in cases of phosphorus deficiency (Simer &
Erten, 2022). However, in some cases, the efficiency of phospho-
rus for plants might be low due to the activity of soil microor-
ganisms, even if the amount of phosphorus is sufficient. Because
these bacteria increase the yield by transforming the phosphorus
into a form that is available for plants (Chauhan et al., 2022; Matse
et al., 2020; Oksel et al,, 2022). Poultry manure application had
a positive effect on the dry matter yield. In previous studies, it
was reported that poultry manure application increased hay yield
(Hoover et al.,, 2019; Lin et al.,, 2018).

Bacteria inoculation and poultry manure application increased
the dry matter yield in the first year but caused a decrease in
the second year. As a result of these different effects of bacte-
ria and poultry manure on dry matter yield in different years, B
x Y and PM x Y interactions were found to be significant (p <
.01) (Figure 2A and B). With increasing phosphorus doses, there
was a linear increase in dry matter yield in the first year, whereas
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Table 3.

Chemical Composition of Poultry Manure

Parameter Value
pH (1:5.0) 6.50
Organic matter (%) 22.00
Al (mg/kg) 315.26
B (mg/kg) 20.36
Ca (mglkg) 18546.00
Cd (mg/kg) 0.092
Cr (mg/kg) 123
Cu (mg/kg) 36.12
Fe (mg/kg) 352.00
K (mglkg) 12312.00
Mg (mg/kg) 3451.00
Mn (mg/kg) 172.35
Na (mg/kg) 956.00
Ni (mg/kg) 2136.00
P (mglkg) 4845.00
Pb (mg/kg) 0.049
S (mg/kg) 45213
Zn (mg/kg) 185.62

a higher level of increase was observed after the P1 dose in the
second year. This different reaction suggests that the P x Y inter-
action was significant (p < .01) (Figure 2C). These results might
be due to the changes in temperature and precipitation values

A Dry hay yield (t/ha)
5
4,5
" —4—2009
~#-2010
3,5
3
BO B1
C Dry hay yield (t/ha)
5
4,5
4 / =He=2009
~#-2010
35 /
3
PO P1 P2
E Dry hay yield (t/ha)
5
4,5
——B0
—a—-B1

R—

3,5

PMO PM1

Figure 2.

between the years. While dry matter yield increased linearly in
parallel with phosphorus doses under the B1 condition, a higher
level of increase was observed after the P1 dose under the BO
condition. As a result of this different reaction, the B x P interac-
tion was found to be significant (p < .01) (Figure 2D). It is known
that plants benefit from fertilizers more effectively when using
PGPR together with inorganic fertilizers (Abbas et al., 2013; Celik
et al., 2020). While poultry manure application increased the dry
matter yield under the BO condition, it had no effect under the B1
condition. As a result of these different effects, B x PM interaction
was found to be significant (p < .01) (Figure 2E).

The effects of PGPR inoculation and poultry manure applications
on the crude protein ratio of the plant were insignificant. Besides
that, phosphorus fertilizer application also significantly increased
the crude protein ratio (p <.01).

In general, the crude protein ratio and mineral content increase
with the use of phosphorus fertilizer (Belete et al., 2019), and it
was reported in previous studies that phosphorous fertilizers
increased the crude protein ratio in common vetch and forage pea
(Kaynar, 2014; Yuksel & Tirk, 2019). A statistically significant differ-
ence was also found between crude protein ratios over the years
(p < .01). Application of poultry manure decreased the crude pro-
tein ratio under the BO condition, whereas it increased the crude
protein ratio when applied under the B1 condition. This reaction
caused a significant B x PM interaction (p < .05) (Figure 3A). This
different reaction might be because the bacteria showed a differ-
ent activity in relation to different phosphorus concentrations in
the soil (Gupta et al., 2015). Poultry manure application decreased
the crude protein ratio in the first year but increased it in the

B Dry hay yield (t/ha)

5
4,5

—4—2009

4 <: ~#-2010
3,5
3

PMO PM1
Dry hay yield (t/ha)

5
4,5

——B0

—a—B1

4
3,5

PO P1 P2

A-E, Effects of Phosphorus-Solubulizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on Dry Matter Yield (t ha™) in Forage Pea; B x Y,

PM xY,PxY,BxP, BxPM.

Research in Agricultural Sciences 2023 54(2): 81-88 | DOI: 10.5152/AUAF.2023.23084



86

A Crude protein ratio (%)

19

18,5
——B0

18
—a—B1

17,5

17

PMO PM1

Figure 3.

B Crude protein ratio (%)
20
19 \
18 —+—2009
17 ——-2010
16
15
PMO PM1

A, B, Effects of Phosphorus-Solubulizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on Crude Protein Ratio (%) in Forage Pea; B x PM,

PM xY.

second year. As a result of this different reaction, the PM x Y inter-
action was found to be significant (p < .01) (Figure 3B).

Plant growth-promoting rhizobacteria inoculation caused a
decrease in the NDF ratio of plants (p < .05), whereas poultry
manure application increased it (p < .05). Moreover, the effect of
phosphorus application on the NDF ratio was found to be sta-
tistically nonsignificant. A statistically significant difference was
found between the years (p < .01). The results showed that the
NDF ratio was lower than 41%, which is the upper limit for quality
forage (Yavuz et al., 2009). Compared to the second year, the bac-
teria inoculation caused a more remarkable decrease in the NDF
ratio in the first year. It resulted in a significant B x Y interaction
(Figure 4A). The NDF ratio decreased after the P1 dose in the first
year, whereas it increased in parallel with increasing phosphorus

A NDF (%)

42

40 — .

38 —+—2009
\ ~#-2010

36

34

32
BO B1

Figure 4.

doses in the second year. As a result of this different reaction, the
P x Y interaction was found to be significant (p < .05) (Figure 4B).
High NDF and ADF ratios indicated increased lignification and con-
sequently decreased the digestibility of hay (Budak & Budak, 2014).

According to the results, the effects of phosphorus, poultry
manure applications, and PGPR inoculation on ADF ratio were
found not to be statistically significant, and a statistically sig-
nificant difference was found between the years (p < .01). Acid
detergent fiber content of forage peas was found to be lower
than 31%, which is the upper limit for quality roughage (Yavuz
et al, 2009). However, bacteria inoculation and phosphorus
application decreased the ADF content in the first year but
increased it in the second year. This finding caused significant B
x Y and P x Y interactions (p < .05) (Figure 5A and B). In addition,

B NDF (%)
42
40 /
—+—2009

38 —=-2010
- ‘_/——o\’
34

PO P1 P2

A, B, Effects of Phosphorus-Solubulizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on NDF Ratio (%) in Forage Pea; Bx Y, Px Y.

A ADF (%)
26
25
24 —+—2009
23 —m-2010
2
21
BO B1
c ADF (%)
25
2 —o— PMO
—m— PM1
23
2
PO P1 P2

Figure 5.

B ADF (%)

26

25
24 ——2009
23 —#-2010

22

21
PO P1 P2

A-C, Effects of Phosphorus-Solubulizing Bacteria, Poultry Manure, and Phosphorus Fertilizer Applications on ADF (%) in Forage Pea; Bx Y, Px Y, PM x P
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the ADF ratio linearly increased in parallel with increasing
phosphorus doses with poultry manure application, whereas it
decreased after the P1 dose without poultry manure applica-
tion. This different reaction caused a significant PM x P interac-
tion (p <.05) (Figure 5C).

It is known that ADF and NDF ratios of forage peas, like other for-
age legumes, are generally lower in comparison to other plants
(Osman et al,, 2010). The reason for finding the NDF and ADF
ratios of hay higher in the second year was probably because the
temperature was higher in the second year than in the first year.

Conclusion and Recommendations

The combined application of organic and inorganic fertilizers
increases soil productivity and yield and reduces the harmful
effects of inorganic fertilizers on the environment. Thus, the com-
bined use gains importance as an alternative way for sustainable
soil productivity and sustainable agriculture. Hence, in the pres-
ent study examining the effects of bacteria inoculation, poultry
manure, and phosphorus fertilizer on the dry matter yield and
yield components of forage peas, it was determined that the use
of bacteria inoculation and poultry manure application in combi-
nation with phosphorus fertilizer resulted in a higher level of dry
matter yield in comparison to using them solely.

Furthermore, the change in the results of bacteria inoculation
and poultry manure over the years suggests that further studies,
including different doses of poultry manure or PGPR inoculation
together with different organic phosphorus sources, are needed.

Thus, to obtain the highest forage pea dry hay yield in Erzurum
and similar ecological conditions with low and/or medium phos-
phorus content in the soil, it is recommended to the applica-
tion of 100 kg ha™' P,O; in addition to 3 ton ha™" poultry manure
together with PGPR inoculation.

Peer-review: Externally peer-reviewed.

Author Contributions: D.K,, B.C; Design - D.K,, B.C.; Supervising - D.K,,
B.C.; Funding - D.K, B.C.; Materials — D.K,, B.C.; Data Collection and/or
Processing — D.K,, B.C.; Analysis and/or Interpretation — D.K,, B.C.; Litera-
ture Review — D.K, B.C.; Writing — D.K,, B.G; Critical Review — D.K,, B.GC.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: The authors declare that this study has received no financial
support. Ataturk University, Department of Scientific Research Project
Coordination provided the fund support.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir - D.K,, B.C.; Tasarim — D.K,, B.C.; Denetleme - D.K,,
B.C.; Kaynaklar - D.K,, B.C.; Malzemeler — D.K,, B.C.; Veri Toplanmasi ve/
veya Islemesi - D.K, B.C.; Analiz velveya Yorum - D.K, B.G.; Literatiir
Taramasi - D.K,, B.C.; Yaziyl Yazan - D.K,, B.C; Elestirel inceleme - D.K., B.G.

Cikar Catismasi: Yazarlar gikar gatismasi bildirmemislerdir.

Finansal Destek: Atatiirk Universitesi Bilimsel Aragtirma Proje Koordi-
nasyon Daire Baskanligi fon destegi saglamistir.

References

Abbas, Z., Zia, M. A, Ali, S., Abbas, Z., Waheed, A., Bahadur, A., & Sultan, T.
(2013). Integrated effect of plant growth promoting rhizobacteria,
phosphate solubilizing bacteria and chemical fertilizers on growth of
maize original research article. International Journal of Agriculture
and Crop Sciences, 6(13), 913-921

Almaz, M. G., Halim, R. A,, & Martini, M. Y. (2017). Effect of combined appli-
cation of poultry manure and inorganic fertiliser on yield and yield
components of maize intercropped with soybean. Pertanika Journal
of Tropical Agricultural Science, 40(1), 173-183

Amba, A. A, Agbo, E. B., Voncir, N., & Oyawoye, M. O. (2011). Effect of phos-
phorus fertilizer on some soil chemical properties and nitrogen fixa-
tion of legumes at Bauchi. Continental Journal of Agricultural
Science, 5(1), 39-44.

Azmi, F. M., Tajudin, N. S., & Shahari, R. (2019). Effects of different poultry
manure rates of on early growth of fig (Ficus carica). Environmental
Contaminants Reviews (ECR), 2(1), 19-22.

Belete, S., Bezabih, M., Abdulkadir, B., Tolera, A., Mekonnen, K., & Wolde-
Meskel, E. (2019). Inoculation and phosphorus fertilizer improve
food-feed traits of grain legumes in mixed crop-livestock systems of
Ethiopia. Agriculture, Ecosystems and Environment, 279, 58-64.
[CrossRef]

Budak, F, & Budak, F. (2014). Yem bitkilerinde kalite ve yem bitkileri kali-
tesini etkileyen faktorler. Tirk Bilimsel Derlemeler Dergisi, 1, 1-6.
Chauhan, P. K, Upadhyay, S. K., Tripathi, M., Singh, R., Krishna, D., Singh,
S. K., & Dwivedi, P. (2022). Understanding the salinity stress on plant
and developing sustainable management strategies mediated salt-
tolerant plant growth-promoting rhizobacteria and CRISPR/Cas?.
Biotechnology and Genetic Engineering Reviews, 17, 1-37. [CrossRef]

Chen, Q., & Liu, S. (2019). Identification and characterization of the phos-
phate-solubilizing bacterium Pantoea sp. S32 in reclamation soil in
Shanxi, China. Frontiers in Microbiology, 10(2171), 2171. [CrossRef]

Chukwu, G. O, Tarfa, B. D., & Amapu, I. Y. (2014). Linking pedology and
extension: Emerging trend in optimizing fertilizer recommendations
and sustaining soil health in Nigeria. Sky Journal of Soil Science and
Environmental Management, 3(5), 42-49.

Celik, A, Bellitiirk, K. Sakin, E. (2020). Agriculture friendly bio fertilisers in
waste management: Vermicompost and biochar. In M. F. Baran(Eds.),
New approaches and applications in agriculture (pp. 302-328). Iksad
Publications.

Debele, R. D. (2021). The effect of integrated organic and inorganic ferti-
lizer on soil fertility and productivity. Journal of Ecology and Natural
Resources, 5(3), 1-6.

Eleduma, A. F, Aderibigbe, A. T. B., & Obabire, S. O. (2020). Effect of cattle
manure on the performances of maize (Zea mays L) grown in forest-
savannah transition zone Southwest Nigeria. International Journal of
Agricultural Science and Food Technology, 6(1), 110-114. [CrossRef]

Gee, G. W,, & Hortage, K. H. (1986). Methods of soil analysis. Part I. In A. L.
Page, R. H. Miller & D. R. Keeney (Eds.), Physical and minerological
methods (2nd edn), ASA SSSA Publisher.

Gupta, G, Parihar, S. S., Ahirwar, N. K., Snehi, S. K., & Singh, V. (2015). Plant
growth promoting rhizobacteria (PGPR): Current and future pros-
pects for development of sustainable agriculture. Journal of Micro-
bial and Biochemical Technology, 7(2), 096-102.

Hoover, N. L., Law, J. Y, Long, L. A. M., Kanwar, R. S., & Soupir, M. L. (2019).
Long-term impact of poultry manure on crop yield, soil and water
quality, and crop revenue. Journal of Environmental Management,
252,109582.

Jones Jr,, J. B. (1991). Kjeldahl method for nitrogen determination. Micro-
macro Publishing, Inc. ISBN:9781878148001

Kaynar, D. (2014). Tavuk glbresi, fosforlu glibre ve Bacillus megaterium
M-3 uygulamalarinin adi figin ot ve tohum verimine etkisi. (Tez No:
352101) [Doktora Tezi, Atatiirk Universitesi, Fen Bilimleri Enstitiist,
Tarla Bitkileri Ana Bilim Dall]. Yiiksek Ogretim Kurulu Tez Merkezi.

Lambers, H., & Plaxton, W. C. (2018). Phosphorus: Back to the roots. Annu.
Journal of Plant Research, 48, 3-22.

Lin, Y, Watts, D. B., van Santen, E., & Cao, G. (2018). Influence of poultry
litter on crop productivity under different field conditions: A meta-
analysis. Agronomy Journal, 110(3), 807-818. [CrossRef]

Masarirambi, M. T., Dlamini, P, Wahome, P. K., & Oseni, T. O. (2012). Effects
of kraal manure, chicken manure and inorganic fertilizer on growth
and yield of lettuce (Lactuca sativa L. var Commander) in a semi-arid
environment. Asian Journal of Agricultural Sciences, 4(1), 58-64.

Research in Agricultural Sciences 2023 54(2): 81-88 | DOI: 10.5152/AUAF.2023.23084


https://doi.org/10.1016/j.agee.2019.04.014
https://doi.org/10.1080/02648725.2022.2131958
https://doi.org/10.3389/fmicb.2019.02171
https://doi.org/10.17352/2455-815X.000063
https://doi.org/10.2134/agronj2017.09.0513

88

Matse, D. T, Huang, C. H., Huang, Y. M., & Yen, M. Y. (2020). Effects of
coinoculation of Rhizobium with plant growth promoting rhizobac-
teria on the nitrogen fixation and nutrient uptake of Trifolium repens
in low phosphorus soil. Journal of Plant Nutrition, 43(5), 739-752.
[CrossRef]

McLean, E. O. (1982). Soil pH and lime requirement. In A. L. Page (Ed.),
Methods of soil analysis: Part 2 Chemical and microbiological proper-
ties (Vol. 9, pp. 199-224). ASA SSSA Publisher.

Meena, K. K., Sorty, A. M., Bitla, U. M., Choudhary, K., Gupta, P, Pareek, A.,
Singh, D. P, Prabha, R, Sahu, P. K, Gupta, V. K, Singh, H. B., Krisha-
nani, K. K., & Minhas, P. S. (2017). Abiotic stress responses and
microbe-mediated mitigation in plants: The omics strategies. Fron-
tiers in Plant Science, 8, 172. [CrossRef]

Mitran, T., Meena, R. S,, Lal, R, Layek, J., Kumar, S., & Datta, R. (2018). Role
of soil phosphorus on legume production. In R. S. Meena, A. Das, G.
S. Yadav, R. Lal (Eds.), Legumes for soil health and sustainable man-
agement (pp. 487-510). Springer.

Nelson, D. W., & Sommers, L. E. (1982). Organic matter. In A. L. Page, R. H.
Miller & D. R. Keeney (Eds.), Methods of Soil Analysis. Part Il. Chemical
and Microbiological Properties (2nd edn, pp. 574-579). ASA SSSA
Publisher.

Nelson, R. E. (1982). Carbonate and gypsum. In A. L. Page, R. H. Miller & D.
R. Keeney (Eds.). Methods of Soil Analysis. Part Il. Chemical and
Microbiological Properties (2nd edn, pp. 191-197). ASA SSSA
Publisher.

Olsen, S. R.,, & Sommers, L. E. (1982). Phosphorus. In R. H. Miller & D. R.
Keeney (Eds.), Methods of Soil Analysis. Part Il. Chemical and
Microbiological Properties (2nd edn, pp. 403-427). ASA SSSA
Publisher.

Osman, M. E. H., EI-Sheekh, M. M., EI-Naggar, A. H., & Gheda, S. F. (2010).
Effect of two species of cyanobacteria as biofertilizers on some met-
abolic activities, growth, and yield of pea plant. Biology and Fertility
of Soils, 46(8), 861-875. [CrossRef]

Oksel, C., Balkan, A, Bilgin, O., Mirik, M., & Bager, . (2022). Investigation of
the effect of PGPR on Yield and some Yield components in Winter
wheat (Triticum aestivum L.). Turkish Journal of Field Crops, 27(1),
127-133.

Research in Agricultural Sciences 2023 54(2): 81-88 1 DOI: 10.5152/AUAF.2023.23084

Roba, T. B. (2018). Review on: The effect of mixing organic and inorganic
fertilizer on productivity and soil fertility. Open Access Library Jour-
nal, 5(06), 1-11.

SAS (2002). The SAS System for Windows. SAS Institute.

Schnug, E., & Haneklaus, S. H. (2016). The enigma of fertilizer phosphorus
utilization. In E. Schnug & L. J. De Kok (Eds.), Phosphorus in Agricul-
ture: 100% Zero (pp. 7-26). Springer.

Siimer, F. 0., & Erten, H. (2022). Farkli fosfor Dozlarinin Baklada (vicia Faba
L) verim ve verim Komponentleri lle protein orani Uzerine etkisi.
Adnan Menderes Universitesi Ziraat Fak(iltesi Dergisi, 19(1), 103-109.

Tan, M. (2018). Baklagil ve Bugdaygil Yem Bitkileri (286 s). Atatirk Univ.
Ziraat Fak.

Thomas, G. W. (1982). Exchangeable cations. In A. L. Page (Ed.). Methods
of soil analysis: Part 2. Chemical and microbiological properties (pp.
159-165). ASA Monograph Number 9. ASA SSSA Publisher.

Turkkan, O. Y., &Kibar, B. (2022). Effects of different organic fertilizers on
plant growth, yield, quality properties and element contents in spin-
ach. Uluslararasi Tarim ve Yaban Hayati Bilimleri Dergisi, 8(2),
208-222.

Van Soest, P. V., Lewis, B. A. (1991). Forage Fiber Analysis (apparatus, rea-
gents, procedures and some applications)United States Department
of Agriculture, agricultural handbook No 37974(10),35833597

Yavuz, M., iptas, S., Ayhan, V., & Karadag, Y. (2009). Yem bitkilerinde kalite
ve yem bitkilerinden kaynaklanan beslenme bozukluklari. In R. Avcio-
glu, R. Hatipoglu & Y. Karadag (Eds.). Yem bitkilerinde kalite tayini ve
kullanim alanfari (pp. 163-172). T.C. Tarim & Koyisleri Bakanhgi
Yayinlari.

Yildiz, N., & Bircan, H. (1994). Arastirma ve Deneme Metotlari. Atatiirk Uni-
versitesi Ziraat Fakultesi Yayinlari.

Yilmaz, S. (2008). Effects of increased phosphorus faba bean plants rates
and plant densities on yield and yield-related traits of narbon vetch
lines. Turkish Journal of Agriculture and Forestry, 32, 49-56.

Yiksel, O., & Turk, M. (2019). The effects of phosphorus fertilization and
harvesting stages on forage yield and quality of pea (Pisum sativum
L.). Fresenius Environmental Bulletin, 28(5), 4165-4170.


https://doi.org/10.1080/01904167.2019.1702205
https://doi.org/10.3389/fpls.2017.00172
https://doi.org/10.1007/s00374-010-0491-7

