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Abstract. This study aimed to determine the effects of nitrogen (N) doses (0, 40, 80 and 120 kg N ha™?)
and two different N fertilizer sources [ammonium nitrate (AN) and calcium ammonium nitrate (CAN)] on
yield, yield parameters and quality of common bean (Phaseolus vulgaris L.) grown under the
environmental conditions of Central Anatolia, Turkey. Experimental layout was randomized blocks with
four replications, and the Onceler-98 bean variety was used as the plant material. The first pod height,
number of pods per plant, number of beans per pod, grain yield, 100 grain weight, protein content, wet
weight, dry weight, cooking time, water absorption index and swelling capacity of grains were
determined. Nitrogen fertilizer sources caused a significant difference (P < 0.05) in 100 grain weight and
number of branches per plant. Application of CAN increased the number of branches per plant and AN
fertilizer increased the 100 grain weight. The results indicated that the effect of CAN fertilizer is greater
compared to AN due to the providing calcium demand of plants grown in soils with low lime content.
Higher effect of CAN fertilizer on plant growth can be attributed to the slower solubility of CAN than
that of the AN fertilizer. The results concluded that 40 kg N ha™ may be sufficient to obtain optimum
yield, yield parameters and quality of bean, and higher doses of N (>40 kg N ha™') applications are not
needed.

Keywords: bean, yield, yield components, quality, nitrogen, fertilizer source

Introduction

A large proportion of the protein requirements of people in the world is met by plant
sources (Craig, 2009). The highest amount of protein per unit area among the vegetable
protein sources is obtained from legumes. Common bean among leguminous crops is
rich in vitamins A, B and D and comes to the fore with protein content between 17 and
35%. (Cabrera et al., 2003). Common bean is the most commonly consumed legume
and an important nutritional source in the daily diet of more than 300 million people
worldwide. The cultivation of common bean is widespread in the temperate regions of
the world and 94% of the production is carried mostly in developing countries of the
Asian and South American continents. Application of a fertilizer within the appropriate
nutrient/fertilization schedule is of great importance to obtain high yield per unit area in
common bean farming.

Plant nutrients are the essential elements for plant growth and each nutrient has
specific role in plant growth, thus one element cannot substitute the other. Sepetoglu
(1994) reported that harvesting of 180 kg grain and 160 kg stem per hectare in bean
cultivation removes 165 kg ha* nitrogen (N), 70 kg ha phosphorus (P), 137 kg ha
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potassium (K) and 140 kg ha calcium (Ca) from soil. Nitrogen is one of the most
important inputs in plant production. Despite the N fixing ability of legumes, N
fertilizers are needed in sowing. The bean plant can meet most of the N needed by
fixing the free N in atmosphere through the rhizobium bacteria, which have a symbiosis
with bean plants in soil. The amount of N fixed through the symbiosis between
rhizobium and edible legume varies depending on the crop type and environmental
conditions and was reported ranging from 5 to 20 kg per year (Sehirali, 1988). Total
amount of N, which is biologically bound on legumes in 0.3 million ha lands in Nepal,
was estimated as 30 x 103 tons per year (Maskey et al., 2001), and approximately 50%
of N is provided by the symbiosis between legume and rhizobium (Smil, 2002).
However, nitrogen, which is needed until growing sufficient number of rhizobium
bacteria in soil and establishing a symbiosis with the bean plants, should be applied to
soil as the starting fertilizer. An optimum N nutrition by natural mineral N content of
soils cannot be expected under insufficient N fertilization and without bacterial
inoculation to the bean plants (Zahran, 1999). The N content of soils depends on many
factors such as parent material of soils, soil organic matter content, microbiological
condition and climate. Therefore, plant available N forms in agricultural soils are
rapidly lost depending on environmental conditions.

The optimum/balanced nutrition of plants is an extremely important factor on quality
as well as yield. Soil fertility management beside yield may also affect the nutritional
and so cooking quality of seeds (Alamu et al., 2019) For example, the weight of
chickpea grains increases by 54 to 133% after swelling in water for 18 to 24 h, and
cooking and swelling for 45 to 90 min, sometimes 2 h. Calcium concentration of shells
was reported effective on the cooking quality of grains. Therefore, quality of grains
produced in soils with low lime content was reported poor (Sehirali, 1988). Calcium
ammonium nitrate is one of the most commonly used N fertilizers in plant production in
Turkey as well as in the world. However, the CAN fertilizer may have even more
adverse effect locally on these values in soils with high pH value and lime content.
Cultivation of the beans under such conditions and/or continuous application of CAN
fertilizer, which contains Ca will negatively affect the cooking quality.

The aim of this study was to reveal the effects of two different N fertilizer sources
(ammonium nitrate; AN and calcium ammonium nitrate; CAN) and increasing doses of
N (0, 40, 80 and 120 kg ha) on yield, yield parameters and cooking quality of Onceler-
98 bean variety.

Material and methods
Soil and climatic characteristics of the experimental field

The field experiment was conducted under ecological conditions of Eskisehir
province, Turkey in 2007. Experimental field was located in the research farm of
Agricultural Faculty in Eskisehir Osmangazi University (39°48° N; 30°31’ E, 798 m
above sea level). Surface soils (0-30 cm) of the experimental field were low in organic
matter content, moderate in lime content, non-saline, loamy textured and slightly
alkaline (Table 1). The winters in the study area are usually cold and rainy and the
summers are hot and dry. Long term (1928-2019) average annual total precipitation is
374.2 mm and average precipitation is 11.2 °C. The coldest month is January with an
average temperature of 0 °C, while the highest average temperature (21.8 °C) was
recorded in July and August (Anonymous, 2020). Total precipitation from seed sowing
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to harvest (between April and November), was 262 mm, average monthly temperature
was 16 °C and relative humidity was 51.4%.

Particle size distribution of soil samples were determined according to hydrometer
method (Bouyoucos, 1951) Soil pH and electrical conductivity were measured in 1:2.5
(soil:water) mixture using a pH-EC meter (Jackson, 1958), and calcium carbonate
content (%) was determined using a Scheibler calcimeter (Allison and Moodie, 1965).
Organic matter content (%) of soil samples were analyzed by using the modified
Walkley-Black method (Nelson and Sommers, 1982). Plant available phosphorus was
analyzed by the method of Olsen (1954) using Termo-aquamete UV spectrophotometer
and extractable potassium was determined according to Thomas (1982) using the
BWB/XP2011 model flame photometer.

Table 1. Some physical and chemical properties of experimental field

Available (mg kg™?)
P K
Loam 8.10 0.05 1.70 4.36 6.73 721.3

Soil texture | pH | Total salt (%) | Organic matter (%) | CaCOs (%)

Establishment of the experiment

Local dwarf Onceler-98 bean variety (Phaseolus vulgaris L.) was used as a plant
material of the experiment. Four different N doses (0, 40, 80 and 120 kg ha) and two
different N sources (fertilizers) [ammonium nitrate (AN) 33% N, (NHsNOz) and
calcium ammonium nitrate (CAN) 26% N, (5Ca(NOs) 2NHsNO3.10H,0)] were applied
during seed sowing. Triple superphosphate (80 kg P.Os ha™*) was applied during tillage
before planting (Sehirali, 1988). The experimental layout was a split-plots in a
randomized complete block design with three replications. The N fertilizers were placed
in the main plots and N doses were in the subplots.

Seeds were manually sown on April 28, 2007 at an inter row spacing of 60 cm and
an intra row spacing of 20 cm in four rows. The length of individual plots was 5 m and
total area of each plot was 12 m2. Weed control in the experiment was carried out
manually using a hoe. The water requirement of plants, especially during the flowering
(77 mm) and pod formation (100 mm) periods, was met by drip irrigation. The amount
of irrigation water was calculated aiming to complete the water added to soil including
the total rainfall in vegetation period to 439 mm which is considered the requirement of
the bean plants (Silim and Saxena, 1993).

Yield and agronomic characteristics of common bean

All plants were harvested on September 2 following the ripening and drying, and
the grain yield (kg ha') was calculated after separating and weighing the grains.
Above ground parts of 10 bean plants were cut in each plot to determine the effects of
N doses and fertilizer sources. The first pod height (cm) per plant, number of pods per
plant, number of main branches per plant and the number of beans per pod were
determined in 10 bean plants. One hundred dry beans were weighed to determine the
dry weight of grains.

For wet weight of bean grains, dry weights of 100 bean seeds were recorded, then
dry seeds were soaked for 16 h, and extra water was poured, the seeds were dried and
weighed. Water absorption capacity of beans were calculated as follows (Eq. 1):
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Water absorption capacity (g grain™t) = (WV — DW) / 100 (Eq.1)

In the equation: IW is the sample initial weight (g/grain); DW is the sample final dry
weight.
Water absorption index was calculated as follows (Eq. 2):

Water absorption index = (IW)/DW) / 100) (Eq.2)
Swelling capacity (SC) was determined as follows (Eq. 3):
SC = [(WV - 100) — (DV-50)] — [DV —50/100) x NNSG / 100 NNSG] (Eq.3)

In the equation: WV is the wet volume; DV is the dry volume; NNSG is the number of
non-swollen grains (ml grain™).

Swelling index (%), cooking time (minutes) and protein content (using Kjeldahl
Method by Bremner, 1965) using by Gerhardt Kjeldahl distillation system (Vapodest®
200 — 450) of common bean grains were also determined as quality parameters.

The treatment effects on yield, yield components and quality of common bean were
assessed by analysis of variance (ANOVA) using SPSS 20.0 software. The mean values
were compared by Turkey’s test at 5% probability level when significant F values
(P < 0.05) were obtained in the ANOVA test.

Results and discussion
Morphological characteristics of plants

The first pod height of bean plants, the number of pods per plant, the number of
branches per plant and the number of seeds per pod were given in Table 2. The N
resources had a significant effect (P < 0.05) only on the first pod height of the plants.
The mean first pod height of plant was 17.47 cm in control treatment, and the highest
pod height (19.11 cm) was recorded in 40 kg ha® doses of CAN fertilizer treatment. The
first pod height increase in CAN (18.11 cm) application was higher compared to the AN
(17.89 cm) fertilizer application. The most effective N dose for the first pod height
increase in both fertilizers was obtained with 40 kg N ha™,

The first pod height, which is an important characteristic to facilitate machine harvest
and reduce harvest losses (Cober et al., 2000), was increased compared to control with
the N applications. Similar to the findings obtained in common bean, Oz (2008)
reported the first pod height increase in soybean with the N application. The first pod
heights of bean varieties were reported ranging between 13.3 and 18.1 cm (Anlarsal et
al., 2000). Onder et al. (2013) reported that cultivation techniques (sowing density,
fertilization, etc.) and different environmental conditions significantly affect the first
pod height (Onder et al., 2013). Therefore, the first pod height should not be very low to
reduce losses in the machine harvest of beans (Gunes, 2006).

The effects of N sources on the number of pods per plant was not significant while N
doses and N source x N dose interaction had a significant effect (P < 0.05) (Table 2). The
highest number of pods per plant was obtained in 40 kg N ha? dose (24.36 pods) and
CAN fertilizer (23.32 pods) treatments. Application of CAN fertilizer at 40 kg N ha* dose
had a significant effect on the number of pods per plant (25.39 pods). The highest
application dose (40 kg N ha) of the CAN fertilizer had a more pronounced effect on the
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number of pods compared to other doses, however, all doses of the AN fertilizer had an
effect on increasing the number of pods per plant. Nitrogen is an important nutrient in
plant nutrition that affects cell division and elongation and plays a role in pod formation
(Abo-Sedera et al., 2016). Several reports published stated that the number of pods per
bean plant ranges between 4 and 14 pods, and N applications has a direct impact on grain
yield (Peksen, 2005; Fageria et al., 2011; Fernandez-Luquefio et al., 2010).

The source of N fertilizer had a significant effect (P < 0.05) on the increase in number
main branches per plant, and higher number of branches per plant (2.17 branches) were
obtained with CAN fertilizer application. Branching is closely related to the sowing density
and branching is decreased in the close inter row spacing between bean plants, while
branching is increased at wide sowing distances. Branching in bean is a desired
characteristic, and the increase in the number of branches increases the number of leaves
per plant. The increase in plant growth increases the number of pods per plant, thus
resulting in high yields (Karasu and Oz, 2010; Abo-Sedera et al., 2016). The number of
branches per bean plant has been reported between 2.2 and 3.7 branch plant? (Dumlu,
2009). The increase or decrease in the number of branches per bean plant has been
attributed to the differences in soil characteristics and climate of the study area, and genetic
materials and fertilizer sources used in the experiment (Abo El-Yazied et al., 2012).

The N sources and doses did not have a significant effect on the number of grain per
pod (Table 2). However, N doses increased the number of grains per pod compared to
the plants in control treatment. Oz (2002) and Kacar et al. (2004) reported that the N
doses increased the number of grains per pod. In contrast, Franco et al. (2008)
determined that N dose did not cause a significant difference in the number of grains per
pod. The number of grains per pod was reported ranging between 3.24 and 6.06 grains
and this number varies depending on the characteristics of a genotype (Anlarsal et al.,
2000; Peksen, 2005).

Table 2. Effects of N sources and N doses on some of quality parameters of common bean

First pod height The number The number of The number
of pods main branches per of grains
per plant plant per pod
(cm) (pod plant?) (branch plant™) (grain pod?)
Rates AN CAN AN CAN AN CAN AN CAN
NO 17.47 17.83 1447c | 23.32ab 151 2.31 3.54 3.63
N40 18.19 19.11 | 23.31ab | 25.39a 2.01 2.18 3.76 3.84
N80 17.74 17.71 | 22.15ab | 21.04ab 1.98 2.03 3.78 3.55
N120 18.19 17.75 | 19.00bc | 23.52ab 1.61 2.15 3.84 3.85
Mean 17.89 18.11 19.74 23.32 1.78b 2.17a 3.73 3.72
NO 17.65b 18.9 1.91 3.59
N40 18.65a 24.36 2.11 3.81
N80 17.73b 21.6 2.01 3.67
N120 17.97 ab 21.27 1.89 3.85
F test
Source (S) ns ns * ns
Rate (R) * * ns ns
S xR ns * ns ns

P < 0.05; ns: not significant
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The effects of N source and N doses had no significant impact on bean grain yield,
while N source x N dose interaction significantly (P < 0.01) affected the grain yield
(Table 3). Average grain yield varied between 1876.1 and 2089.6 kg ha! and the
highest grain yield (2160.3 kg ha™) was obtained from 40 kg N ha dose. The highest
grain yield (2230.9 kg hal), in terms of N source was recorded in 40 kg N ha dose of
CAN fertilizer application. The reports on the optimum N dose needed to obtain the
highest grain yield are not consistent. Silva (2020) obtained the highest grain yield in
common bean with the application of 100 kg N ha* nitrogen. In other studies, Valerio et
al. (2003) stated that 80 kg ha yields the highest grain yield, Kacar et al. (2004) stated
as 90 kg ha! and Kaneko et al. (2010) stated as 180 kg ha™* N. In this study, the highest
number of pods per plant was determined at 40 kg ha? dose of CAN fertilizer.
Similarly, others stated that the grain yield is affected by the number of pods per plant
(Soratto et al., 2017; Carvalho et al., 2018; Chekanai et al., 2018).

Fertilizer sources had a significant effect on 100 hundred grain weight of bean
(P <0.05), while the effect of N doses on 100 grain yield was not significant. The mean
100 grain weight (42.44 g) obtained in AN application was higher than that (41.35 g) of
the CAN application (Table 3). Some studies reported an increase also in 100 grain
weight with the N applications (Oz, 2008; Nascente et al., 2017). Fageria et al. (2014)
indicated that the increased doses of N increased the 100-grain weight of different bean
varieties, which responded differently to the interactions of N x genotype.

Table 3. Effects of N sources and N doses on grain yield, hundred grain weight and grain
protein content of common soybean

Grain yield Hundred grain weight Grain protein content
(kg ha) (@) (%)
Rates AN CAN AN CAN AN CAN
NO 1876.1 cd 1857.4d 42.25 41.62 25.27 25.69
N40 2089.6 ab 22309 a 42.33 41.59 24.07 26.6
N80 1995.6 bd 2017.6 bc 41.84 40.93 23.71 24.35
N120 2034.3b 1995.1 bd 43.36 41.27 25.98 24.43
Mean 1998.9 2025.2 4244 a 41.35b 24.76 25.27
NO 1866.8 41.94 25.49
N40 2160.3 41.96 25.34
N80 2006.6 41.39 24.04
N120 2014.7 42.32 25.22
F test
Source (S) ns * ns
Rate (R) ns ns ns
S xR ** ns ns

*p < 0.05; **p < 0.01; ns: not significant, AN: ammonium nitrate, CAN: calcium ammonium nitrate

Quality parameters of common bean

Nitrogen sources and doses did not have a significant effect on the protein content of
bean grains (Table 3). The CAN fertilizer caused a higher increase in protein content
compared to AN fertilizer, and the highest grain protein content (26.60%) was obtained
by 40 kg N ha? dose of CAN fertilizer treatment. Beans are very important nutrient
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sources in human nutrition in terms of protein, vitamins, minerals and fiber sources
(Kutos et al., 2003). Application of organic nutrient-containing fertilizers together with
mineral fertilizers reported increasing the protein content of legumes (Jagannath et al.,
2002; Hegazi et al., 2011). The researchers reported that protein content varies depending
on fertilization, irrigation, climate and soil characteristics (Kose et al., 2019; Gulmezoglu
and Kayan, 2011). The protein content of bean grains has been reported varying between
20.11 and 28.62% (Kahraman and Onder, 2013; Chavez-Mendoza et al., 2010).

Different N sources and doses did not have a significant effect on the cooking time of
bean grains (p >0.05). The cooking time of bean grains ranged from 23 to 25.50 min
(Fig. 1). The cooking time obtained in the AN fertilizer application was longer than the
beans obtained in CAN fertilizer application. Longer cooking time of bean grain has been
attributed to the hard shell that does not allow the grain to be soaked sufficiently or to
absorb water (Saha et al., 2009). Similar to the results obtained in this study, Kigel (1999)
reported that cooking the bean grains is a problem. Akdag (1996) found that the cooking
time of leguminous grains are affected by the growing conditions, thickness and chemical
composition of the grain shell as well as the genetic characteristics. The factors such as
early harvest, cultivation in soils with high Ca and Mg concentrations and storage under
improper conditions (higher than 13-14% humidity and 100 °C storage temperature
levels) negatively affect the cooking quality of edible legumes. Some studies reported that
the cooking time of bean grains varies between 23 and 47 min (Shimelis and Rakshit,
2005; Perina et al., 2014). Cooking of edible legume grains is defined as gelatinization of
starch, as well as softening of the grain and becoming easily chewable in the mouth. The
definition of cooking implies that the grain shell of a bean is affected by hot water
permeability, chemical composition of the cell wall, inherited hardness of cotyledon and
physical properties of the grain (Carvalho et al., 2017). In addition, factors such as grain
shell composition, environmental conditions, storage conditions and chemical
composition also have an effect on cooking time (Shimelis and Rakshit, 2005).

The effects of fertilizer type, N application dose and their interactions on water
absorption capacity were not statistically significant. The water absorption capacity of
bean grains in this study was between 0.378 and 0.430 g grain™. The highest water
absorption capacity of bean grains was recorded in CAN fertilizer application and the
water absorption capacity of grains decreased with the N application ratios (Fig. 1). The
water absorption capacity of bean grains was reported ranging between 0.146 and
0.809 g grain™ by Ozbekmez (2015) while between 0.168 and 0.487 g grain™ by Cengiz
(2007). The water absorption capacity varies depending on the composition of grains,
the cell wall structure and the condition of cells in the grains. Therefore, a strong
positive relationship has been reported between grain mass and water absorption
capacity (Kaur and Sing, 2006).

Water absorption index ranged from 0.88-1.03%, and the highest water absorption
index in the grain was obtained in CAN application. However, the effects of N sources
and doses on water absorption index were not statistically significant. The water
absorption index values of the bean grains obtained in this study were compatible with
the findings of Cengiz (2007) (0.963-1.157%) and Ozbekmez (2015) (0.323-1.780%).

Average swelling capacity (ml grain™) varied between 0.37 and 0.49 ml grain?
depending on N sources and doses. The grain swelling capacity was higher under AN
application compared to that of CAN application and the swelling capacity of bean
grains decreased with the N doses. The results obtained are similar to the findings of
Cengiz (2007) (0.125-0.420 ml grain™) and Ozbekmez (2015) (0.104-0.574 ml grain™).
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Figure 1. Effects of N doses on cooking time, water absorption capacity, water absorption index
and swelling capacity of bean grains

Conclusions

The results revealed that application of CAN fertilizers in alkaline soils during bean
production does not have a negative impact on the bean growth by the increasing soil
pH, and on the bean grain quality due to the addition of Ca. The application of AN
fertilizer had a significant effect (P <0.05) only on 100-grain weight, while CAN
fertilizer caused a statistically significant (P < 0.05) increase in the number of pods per
plant, which is the most important grain yield parameter of the beans. In addition,
although not statistically significant, the effects of CAN fertilizer on all yield
components were more positive than that of the AN fertilizer. This positive effect may
be related to the rapid dissolution of the AN relative to the CAN fertilizer and
subsequent N losses in AN applied fields. The results obtained in this study also
indicated that 40 kg N ha application dose may be sufficient to obtain desired yield
components and quality of the beans. Therefore, higher N doses than the plant
requirements can cause environmental pollution as well as economic losses. The results
indicated that application of 40 kg N ha* CAN fertilizer at the beginning until the bean
plant can establish a symbiotic life with the natural rhizobium of the soil does not cause
a decrease in grain yield. Application of CAN fertilizer even had a more positive effect
than AN, however CAN fertilizer could have a slightly negative effect on cooking time
of bean grains. This study should be repeated using different bean varieties, locations, N
sources and in varied climatic conditions.
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