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ABSTRACT

A field experiment was conducted during the Rabi season 2017-2018
(October-March) at the University of Agriculture, Peshawar research farm to
examine the influence of different nitrogen (N) and phosphorus (P) levels on two
different oat varieties: Australian and Ukrainian. The treatments included control
and three levels of nitrogen and phosphorus at 30, 60, and 90 kg ha™". The treatments
were arranged in randomized complete block design (RCBD) and replicated three
times. The findings showed that the oat varieties were significantly different from one
another in yield and yield parameters. The Australian variety recorded higher
emergence (49 plants m~?), days to emergence (15 days), days to flowering (122
days), days to maturity (145 days), plant height (142.7 cm), number of leaves (6.03
leaves plant_l), number of tillers (92.2 tillers m™), biological yield (8,179.2 kg ha™),
and grain yield (3,725.6 kg ha™') than the Ukrainian variety. Similarly, different N
and P levels, the maximum days to emergence, days to flowering, and days to
maturity were recorded in a control plot. The application of 105 kg N + 90 kg P ha™'
was statistically similar to the application of 105 kg N + 60 kg P ha™'. Maximum
emergence (60 plants m™2), number of leaves (7.0 leaves plant™"), plant height (118.6
cm), number of tillers m~" (102.6), biological yield (9,687.5 kg ha™"), and grain yield
(4,416.7 kg ha™') were determined in Australian variety. Based on the findings of this
study, the Australian variety performed better in terms of yield and yield components
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and the application of N and P fertilizers at the rate of 105 kg N + 60 kg P ha™'

produced the best results in both oat varieties.

Subjects Agricultural Science, Plant Science, Soil Science
Keywords Oat, Nitrogen, Phosphorous, Yield, Avena sativa L., Nutrients

INTRODUCTION

Oat (Avena sativa L.) belongs to the family Poaceae and ranks as the fourth most
important cereal crop worldwide. The oat plant can produce four to five culms with
diameters of 0.32 to 0.625 cm and heights ranging from 60 to 150 cm (Gifari, 2020).
Oats contain 9.23% fat, 3.56% protein, 30.44% fiber, 0.82% calcium, and 0.27%
phosphorous. Its leaves and grains are a rich source of carbohydrates and carotene. Oats
can be used like other small grains as a forage crop because it has a finer stem, higher
palatability, and fast-growing properties; if harvested at the boot stage, it becomes a good
source of silage crop. In Pakistan livestock is a basic component of the agricultural
sector, relied on by 30-35% of the rural population. Fodder production is a major limiting
factor for livestock production. Demand for fodder exceeds the amount cultivated on
2.0 million hectares (Hussain, 2017). Good quality forage production in large quantities is
the basic requirement for a more efficient and productive livestock industry (Rehman et al.,
2017). The oat crop is used as fodder for animals and cultivated in different regions of
the country due to its diverse adaptability; it can be grown in a wide range of soil types,
rainfall situations, and altitudes. However, moderate and cool subtropical situations are
ideal for its development.

In Pakistan, oats are grown as a forage crop in winter under irrigated and rain-fed
conditions. Fodder crop oat is grown in conditions with well-distributed rainfall of
400 mm and a temperature range of 16-32 °C during the 4 months of its growing seasons.
Therefore, most of the Pothohar region is considered suitable to cultivate this fodder
crop successfully. Oats as a fodder could play a vital role in improving the productivity of
the dairy industry, currently emerging in this region, to meet the increasing demand
for milk, butter and meat. Improved varieties of oats can produce three-fold green
fodder, i.e., 60-80 tons per hectare, and feed more animals per unit area than the
traditional fodder crops in the region (Chaudhary, Mukhtar ¢» Saleem, 1985). Various oat
varieties have already been evaluated for desirable characteristics, like early to late
maturity, high yield, more nutritive qualities, high palatability, multi-cut ability, and
disease-resistance, for many agro-ecological zones of the country in general (Hussain et al.,
2010) and the Pothowar region in particular (Bhatti, Ashiq ¢ Dost, 1992). The beneficial
characteristic of oats is their tolerance to cold and drought, which enables them to be
used as green fodder for animals during the lean period (December and January). When
hay is rare and the animals in this tract feed on protein-deficient dry stalks of maize,
sorghum, and millets. Forage oats produced a high yield in response to higher nitrogen
tertilizer doses (Moreira, 1989). Similarly, nitrogen fertilization improved nutritive values
of oat grains (Givens, Davies ¢» Laverick, 2004).
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Chemical fertilizer is a crucial input and has become an integral part of modern
technology for crop production to improve soil fertility. One of several reasons for reduced
yield is the low fertility of most cultivated soils globally, soils are especially deficient in
nitrogen (Jones, 1982). Among the essential nutrients for plant growth, nitrogen plays a
dominant role in plant chlorophyll production as a component of enzymes, proteins,
nucleic acids, and cell walls (Carlsson ¢» Huss-Danell, 2003). Nitrogen is also a constituent
of low molecular weight plant compounds, including nucleotides, amides, and amines.
Consequently, sufficient nitrogen is a requirement for achieving good crop yield and is
the key input for achieving the highest yield of maize (Abbas et al., 2005). The application
of nitrogen significantly increased the grain yield in oat crops (Jackson et al., 1994).
Similarly, phosphorus plays a vital role in growth, yield, and water use efficiency in
crops (Rifat & Safdar, 2010; National Fertilizer Development Centre, 1997). Compared to
nitrogen, relatively little information is available on the effects of phosphorus (P) and
potassium (K) on oat crops. However, the importance of early-season phosphorus supply
to the formation of grains in field crops is well-documented (Grant et al., 2001).

Nitrogen supplementation increased forage production and improved quality
parameters (Eltelib, Hamad & Ali, 2006). Similarly, phosphorous and nitrogen application
at the optimum level significantly increased the yield of oat crops (Mohr et al., 2007).
The study of phosphorus application on oat seed coating showed increased biomass
production and grain size but did not affect grain yield (Peltonen-Sainio, Kontturi ¢
Peltonen, 2006). In P deficient soils higher oat yield was associated with increased P
concentration (Bolland ¢» Brennan, 2005). Different soil factors, including soil P
concentration, soil temperature, moisture, pH, texture, bulk density, and plant
factors, such as root growth, may affect P supply to the plant (Grant et al., 2001) and
potential responses to P fertilizers application. Thus, the present study was carried out to
investigate the effects of different levels of N and P on different oat varieties and the
influence of varying levels of N and P on nutrient uptake by oat varieties.

MATERIALS AND METHODS

The experiment was conducted at the research farm of the University of Agriculture,
Peshawar from 2017 to 2018 to study the effects of different levels of N and P on the yield
and yield components of two different exotic oat varieties (Australian and Ukrainian).
The site had a hot, semi-arid climate and mild to cool winter. The experiment was laid out
in randomized complete block design (RCBD) and replicated three times. The two oat
varieties, Australian and Ukrainian, used in this experiment were provided by the
Department of Plant Breeding and Genetics, the University of Agriculture, Peshawar.
Three different levels of N (35, 70, and 105 kg ha™') and P (30, 60, and 90 kg ha™?)
were applied at sowing time; the recommended basal dose of nutrients for oat crops is
75:50:0 (Hussain, Khan ¢ Imran, 2004). The seed was sown at the rate of 70-80 kg ha™.
Diammonium Phosphate (DAP) was used as the P source. Nitrogen was applied in the
form of urea in two split doses; the first dose was applied at sowing time, while the
second dose was included with the second irrigation. The plot was 3 x 2.5 m” and the
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distance between the rows was 18-25 cm. All agronomic practices (irrigation, hoeing, and
weeding) were carried out uniformly for all the treatments.

The texture of the pre-sowing and post-harvest soil samples was determined by the
mechanical method of texture determination, using the textural triangle (Gee, 1986).
The soil pH was determined by a pH meter (McLean, 1983). The electrical conductivity
(EC) of soil indicates the total soluble salts in the soil; thus, EC was determined with a
Jenway 4510 EC meter (Richard, 1954). The percentage of organic matter content in
pre-sowing and post-harvest soil was calculated with the Nelson ¢ Sommers (1996)
method, while the total N content in the soil samples was determined by the Bremmner
(1982) method. The P and K contents in the samples were determined by the Soltanpour &
Schwab (1977) test.

The agronomic data as days to emergence was recorded by counting the number of
days from the sowing date to the date that 75% of the seedlings emerged. In contrast,
emergence m > was recorded by counting the total number of plants that emerged in 1 m >
area in a row in each plot. Two random rows were selected in each plot, the number of
plants m~> was counted, and the averaged values were recorded as emergence m™>.

The average number of leaves per plant was counted in ten randomly selected plants
from each plot. At the harvesting stage, five randomly selected plants were measured
from their tops to the ground using a measuring tape to collect the plant height data (cm).
At the same time, days to maturity were counted from the date of sowing to the date on
which at least 50% of the plants in each plot reached physiological maturity by visual
observation. Data on the days to flowering was recorded from the sowing date to the first
flowering of about 50% of the plants in each plot. Tillers m ™" were calculated in row length
by counting all productive and non-productive tillers in each plot.

The biological yield was obtained by harvesting plants from four central rows of
each plot and, after drying and weighing, converting them into kg ha™'. Grain yield
was recorded after oat plants were harvested from four central rows of each treatment and
the yield was converted into kg ha™' by weighing the grains obtained after threshing.
The nutritional status of the grains was determined by collecting plant samples, washing
them with distilled water, and oven-drying them for 2 days (48 h) at 70 °C. The dried
samples were ground and stored in bottles. The total N in the plant samples was
determined by the Kjeldahl method (Bremner ¢» Mulvaney, 1982), while the wet digestion
method (Richard, 1954) was used to determine P content in the plant samples. The data
were statistically analyzed using analysis of variance appropriate for randomized
complete block design. The mean results were compared using the least significant
difference (LSD) test at a 5% level of significance and whether the F-values were significant
was determined (Steel ¢ Torrie, 1980).

RESULT AND DISCUSSION

A field experiment was conducted to study the effect of different levels of nitrogen and
phosphorus on yield and yield parameters of two oat varieties at the research farm at the
University of Agriculture, Peshawar during the 2017 to 2018 Rabi season. A composite soil
sample was taken from the research area and analyzed for various physicochemical
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Table 1 Physico-chemical properties of the soil of the experimental site.

Properties Units Concentration
Silt % 65.8
Sand % 30.3
Clay % 3.9
Texture Class - Silt loam
pH - 7.613
EC dSm™! 0.173
Bulk Density gcm™ 1.26
Organic Matter % 0.79
Total Nitrogen % 0.07

P (AB-DTPA extractable) mg kg™ 3.67

K (AB-DTPA extractable) mg kg™ 81.42

Table 2 Days to emergence as affected by the application of different levels of N and P to the oat
varieties where NS stand for non-significant.

Treatments Australian Ukrainian Mean
kg ha™’
N P
0 0 18 19 18a
35 30 16 15 16b
35 60 15 15 15b
35 90 16 15 15b
70 30 16 15 16b
70 60 15 14 15b
70 90 14 15 14bc
105 30 15 15 15bc
105 60 13 13 13c
105 90 13 13 13c
Mean 15a 15a

Note:

LSD for varieties = NS, LSD for fertilizers = 1.75 * LSD for V x F = NS.
Letter ‘a’ represent maximum value while ‘¢’ represent minimum value.

properties; the results showed that the research site was silt loam in texture with alkaline
pH and non-saline with high bulk density. At the same time, organic matter content and
nitrogen concentration were low and available P and K were in the medium range
(Table 1).

The data on the days to plant emergence was non-significantly influenced the oat
varieties; however, different nitrogen and phosphorus levels significantly influenced the
emergence rate (Table 2). More days to emergence, 18, were recorded in the control
treatment where no nutrients were applied in the form of fertilizers, while fewer days to
emergence, 13, were recorded in a treatment where 105 kg N and 90 kg P were applied.
The interaction of oat varieties, nitrogen, and phosphorus levels were non-significant.

Bibi et al. (2021), PeerdJ, DOI 10.7717/peerj.12112 5/16


http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

Peer/

Table 3 Emergence m” as affected by the application of different levels of N and P to the oat varieties.

Treatments Australian Ukrainian Mean
kg ha™’
N P
0 0 23 31 27f
35 30 46 45 45e
35 60 46 50 48e
35 90 45 46 45de
70 30 49 49 49cde
70 60 54 52 53bed
70 90 56 55 55abc
105 30 54 54 54ab
105 60 59 57 58ab
105 90 60 61 60a
Mean 49b 50a

Note:

LSD for varieties = NS, LSD for fertilizers = 5.5 * LSD for V x F = NS.
Letter ‘a’ minimum value while ‘f represents represents minimun value.

Due to the lack of nutrients, days to emergence was delayed in the control plot.
Simultaneously, the availability of a high amount of nitrogen and phosphorus enhanced
the emergence of plants m%; similarly, the application of mineral fertilizers in wheat
crop showed a significant positive response of emergence m™> (Ferrari et al., 2016).

The emergence of plants m~> was non-significantly affected between the oat varieties
(Australian and Ukranian) while significantly affected by different nitrogen and
phosphorus levels (Table 3). The availability of nutrients increased the emergence
number m . The treatment receiving 105 kg N and 90 kg P resulted in the maximum
emergence m™ -, while the control plot showed significantly less emergence m™>. A lack of
sufficient nutrients reduced the emergence rate in the control plot. The significant
influence of nutrient reserves on seed emergence has also been reported in other studies
(Kotodziejek, 2017).

The days to flowering differed by both the varieties and N and P levels (Table 4). Higher
days to flowering were recorded in the Australian variety, while the Ukrainian variety
flowers took fewer days to emerge. Similarly, maximum days to flowering were observed in
the control plot; whereas minimum days to flowering were recorded in the plot where
105 kg N and 90 kg P was applied, these results were statistically similar with the results of
treatment where 105 kg N and 60 kg P was applied. The maximum days to flowering in
the control plot was due to the limited availability of nutrients as both varieties
showed maximum days to flowering in this plot as compared to the other treatments.
The significant response of flowering days to the application of nutrients has been found
in tomato crops and the significant effect of inorganic fertilizers on days to flowering in oat
crops has also been reported (Waheed et al., 2012; Ali et al., 2013).

Statistical analysis of the data showed that the days to maturity were significantly
affected by both the varieties and different N and P levels (Table 5). The Australian variety
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Table 4 Days to flowering as affected by the application of different levels of N and P to oat varieties.

Treatments Australian Ukrainian Mean
kg ha™’
N P
0 0 130 110 120a
35 30 127 109 118b
35 60 125 108 117b
35 90 122 106 114c
70 30 123 105 114c
70 60 121 103 112d
70 90 120 102 111d
105 30 117 100 109e
105 60 116 98 107ef
105 90 117 96 107
Mean 130a 104b

Note:

LSD for varieties = 0.86 * LSD for fertilizers = 1.93 * LSD for V x F = NS.
Letter ‘a’ minimum value while ‘f represents represents minimum value.

Table 5 Days to maturity as affected by the application of different levels of N and P to oat varieties.

Treatments Australian Ukrainian Mean
kg ha™’
N P
0 0 151 131 141a
35 30 149 129 139b
35 60 147 128 137b
35 90 146 127 137c
70 30 146 126 136¢
70 60 145 124 134d
70 90 144 123 133e
105 30 143 122 132ef
105 60 140 120 130g
105 90 140 117 129f
Mean 145a 125b

Note:

LSD for varieties = 0.51 * LSD for fertilizers = 1.15 * LSD for V x F = NS.

Letter ‘a’ minimum value while ‘€’ represents represents minimun value.
showed more days to maturity due to its genotypic characteristics and late days to
flowering. The Ukrainian variety showed fewer days to maturity. Similarly, the control
plot showed the maximum days to maturity. In contrast, the minimum days to maturity
were calculated with the application of 105 kg N and 90 kg P, which was statistically
similar to the treatment where 105 kg N and 60 kg P were applied. The minimum days to
maturity in treatment 9 (105 kg N and 90 kg P) were due to the availability of a high
amount of major nutrients (Mohr et al., 2007). A positive effect on days to maturity has
been observed with applying inorganic fertilizers to oat crops
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Table 6 Tillers m™" as affected by the application of different levels of N and P to the oat varieties.

Treatments Australian Ukrainian Mean
kg ha™’
N P
0 76.0 72 74g
35 30 81 77 79f
35 60 82 79 80f
35 90 89 80 85e
70 30 94 83 89d
70 60 95 86 9lcd
70 90 98 88 93c
105 30 100 94 97b
105 60 104 101 102a
105 90 102 101 102a
Mean 92a 86b

Note:

LSD for varieties = 1.04 * LSD for fertilizers = 2.33 * LSD for V x F = 3.30*.
Letter ‘a’ minimum value while ‘g’ represents represents minimun value.

120.0

100.0

Number of Tillers m™!

80.0

60.0

40.0

20.0

0.0

OAustralian

m Ukrainian

0

30Kg 60Kg 90Kg| 30

35Kg N

70Kg N

Fertilizer doses (kg/ha)

Kg 60Kg 90Kg| 30Kg 60Kg 90Kg
P P P P P P P P P

105 Kg N

Figure 1 Tillers m™". Tillers m™" of oat varieties as affected by the application of different levels of N and
Full-size K&l DOTI: 10.7717/peerj.12112/fig-1

P fertilizers.

The number of tillers m™" was significantly influenced by both the varieties and different

N and P levels (Table 6). The Australian variety showed the maximum number of

tillers m~'while the Ukrainian variety showed a fewer number of tillers m™" because of
its genetic influences. The application of different N and P levels influenced the number
of tillers m™~". The treatment receiving 105 kg N and 60 kg P showed the maximum number

of tillers m™'; the minimum number of tillers m~"' was recorded in a control plot.

The increased number of tillers m™" in (105 kg N/ha and 60 kg P/ha) was due to the
availability of sufficient soil nutrients. Interaction among oat varieties, N and P levels was
significant (Fig. 1). These results are statistically similar to the findings of Waheed et al.
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Table 7 Number of leaves plant™ as affected by the application of different levels of N and P to the
oat varieties.

Treatments Australian Ukrainian Mean
kg ha™'
N P
0 0 5.11 4.33 4.7f
35 30 5.56 4.67 5.1e
35 60 5.56 5.22 5.4e
35 90 5.54 5.33 5.4e
70 30 6.00 5.67 5.8d
70 60 6.22 5.89 6.1cd
70 90 6.22 6.33 6.3bc
105 30 6.89 6.78 6.8a
105 60 6.89 6.78 6.8a
105 90 6.44 6.56 6.5ab
Mean 6.03a 5.76b

Note:

LSD for varieties = 0.16 * LSD for fertilizers = 0.36 * LSD for V x F = NS.
Letter ‘a” minimum value while ‘g’ represents represents minimun value.

(2012) that the application of inorganic fertilizers positively influenced the growth, yield,
and quality parameters in oat crops when compared to the control plot.

Both varieties showed significant changes in the number of leaves per plant as affected
by different N and P fertilizers (Table 7). The Australian variety had a increased number
of leaves plant™" due to its genetic potential, while a lesser number of leaves plant™ was
found in the Ukrainian variety. The application of 105 kg N and 30 kg P showed the
maximum number of leaves plant™' due to the availability of sufficient nutrients; the
applications of inorganic fertilizers produced a higher number of leaves per plant
(Mam Rasul, Ahmed & Ahmed, 2015). In contrast, the minimum number of leaves plant_1
was found in the control plot. The significant effect of fertilizer applications on the number
of leaves per plant on oat crops has also been reported by Waheed et al. (2012).

The varieties also showed differences in plant height in different treatments (Table 8).
The Australian variety produced taller plants while the Ukrainian variety had shorter plant
heights. Similarly, the influence of the application of nutrients revealed that the plant
height was taller in the treatments receiving 105 kg N and 90 kg P because the fertilizer
applications provided sufficient nutrients to the plants to increase plant height.

In comparison, the control plot plants’ height was smaller as shown in Fig. 2.

The application of organic and inorganic fertilizers with different ratios increased plant
height, spike length, grains per spike, and thousand grains weight in wheat crops
(Musaddique et al., 2000). Similar findings were also reported in response to the
application of inorganic fertilizers on plant height (Shah et al., 2010). A positive effect of
organic and inorganic fertilizers on the height of plants of two different wheat varieties was
found by Tripathi, Chander ¢ Meena (2016).
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Table 8 Plant height (cm) as affected by the application of different levels of N and P to the oat

varieties.

Treatments Australian Ukrainian Mean
kg ha™'
N P
0 108 49 7%h
35 30 120 57 88g
35 60 128 60 94f
35 90 140 62 101e
70 30 142 65 104d
70 60 144 65 104d
70 90 156 70 110c
105 30 160 69 115b
105 60 163 69 116b
105 90 165 72 119a
Mean 143a 63b

Note:

LSD for varieties = 0.86 * LSD for fertilizers = 1.92 * LSD for V x F = 2.72*.
Letter ‘a” minimum value while ‘h’ represents represents minimun value.

200.0
180.0
160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

O Australian

B Ukrainian

Plant height (cm)

P P
35Kg N

P

P

P

70KgN

P

Fertilizer doses (kg/ha)

P

P

105 Kg N

0 |30kg 60 kg 90 kg 30 kg 60 kg 90 kg 30 kg 60 kg 90 kg

P

Figure 2 Plant height. Plant height of oat varieties as affected by the application of different levels

N and P.

Full-size K&l DOT: 10.7717/peerj.12112/fig-2

The biological yield of the oat crops was positively affected by both the varieties and
tertilizer application (Table 9). The Australian variety showed maximum biological yield

while minimum biological yield was recorded in the Ukrainian variety. The stem diameters

and leaf areas of the Ukrainian variety were larger than the Australian variety due to
its genetic makeup. The treatment of 105 kg N and 90 kg P recorded the maximum

biological yield while the minimum biological yield was recorded in a control plot. Genetic

variations regarding biological yield between different genotypes have been examined by
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Table 9 Biological yield (kg ha™) as affected by the application of different levels on N and P to the
oat varieties.

Treatments Australian Ukrainian Mean
kg ha™!
N P
0 0 6,666.7 6,250.0 6,458.3¢
35 30 7,430.6 6,680.6 7,055.6bc
35 60 7,152.8 7,361.1 7,256.9bc
35 90 7,000.0 7,291.7 7,145.8bc
70 30 7,569.4 7,291.7 7,430.6b
70 60 7,569.4 7,291.7 7,430.6b
70 90 8,125.0 7,465.3 7,795.1b
105 30 9,583.3 8,402.8 8,993.1a
105 60 10,277.78 8,333.33 9,305.56a
105 90 10,416.67 8,958.33 9,687.5a
Mean 8,179.2a 7,532.6b

Note:

LSD for varieties = 412.5 * LSD for fertilizers = 922.3 * LSD for V x F = NS.
Letter ‘a” minimum value while ‘cC’ represents represents minimun value.

Table 10 Grain yield (kg ha™) as affected by the application of different levels of N and P to the oat

varieties.

Treatments Australian Ukrainian Mean
kg ha™!
N P
0 0 2,344.4 2,261.1 2,302.8f
35 30 3,011.1 2,900.0 2,955.6e
35 60 3,122.2 3,288.9 3,205.6d
35 90 3,288.9 3,277.8 3,283.3d
70 30 3,788.9 3,733.3 3,761.1c
70 60 4,177.8 3,622.2 3,900.0c
70 90 4,288.9 3,900.0 4,094.4b
105 30 4,266.7 3,933.3 4,100.0b
105 60 4,455.6 4,300.0 4,377.8a
105 90 4,511.1 4,322.2 4,416.7a
Mean 3,725.6a 3,553.9b

Note:

LSD for varieties = 68.468 * LSD FOR fertilizers = 153.10 * LSD FOR V x F = 216.52*.
Letter ‘a” minimum value while ‘" represents represents minimun value.

Gevrek ¢ Atasoy (2012). Nitrogen and phosphorous fertilizers significant effect on
biological yield has already been reported (Abbas ¢ Fadul, 2013).

Similarly, higher biological yield with increased N and P fertilizer application has also
been observed in many studies (Waheed et al., 2012) and the grain yield was significantly
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affected by both the varieties and different N and P fertilizers (Table 10). The Australian
variety produced higher grain yield and had good inherited potential to produce high
grain yield, while minimum grain yield was recorded in a plot where the Ukrainian variety
was sown. The fertilizer dose influenced the yield as the maximum grain yield was
recorded in the treatment receiving 105 kg N and 90 kg P while the minimum grain yield
was recorded in a control plot. The interaction among oat varieties, N, and P levels
for grain yield was also significant (Fig. 3). The significant differences among oat
varieties for grain yield was also reported by Yaseen ¢ Malhi (2009; Gevrek ¢ Atasoy,
2012). Similarly, the significant effect of fertilizer application on the yield of tomato crops
has been found by Shah et al. (2010) and Ali et al. (2013). The significant effect of
applying significant nutrients on grains yield has also been examined by Mohr et al.
(2007).

CONCLUSION

Significant differences were observed among the oat varieties for grain yield and yield
attributing parameters. The Australian variety had a higher level of emergence m™2; days
to emergence, maturity, flowering; plant height; number of tillers m ™" and leaves plant™;
biological yield; and grain yield compared to the Ukrainian variety. Soil parameters as
pH, EC, soil total N, and soil P were non-significantly affected with the selected varieties.
The application of N and P fertilizers at 105 kg N + 60 kg P ha™' significantly influenced
crop yield and yield parameters. Further research on oat varieties in different ecological
zones with different sources and nutrient levels is recommended.

ACKNOWLEDGEMENTS

We are grateful to the University of Agriculture, Peshawar Department of Soil and
Environmental Sciences for providing the experimental field and laboratory facilities for
this research and the Department of Plant Breeding and Genetics for providing the seeds of
oat varieties.

Bibi et al. (2021), Peerd, DOI 10.7717/peerj.12112 12/16


http://dx.doi.org/10.7717/peerj.12112/fig-3
http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

Peer/

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The Deanship of Scientific Research at Taif University funded this work through Taif
University Researchers Supporting Project number (TURSP—2020/203), Taif University,
Taif, Saudi Arabia. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Taif University: TURSP-2020/203.

Competing Interests
Aman Ullah is an Academic Editor for Peer].

Author Contributions

e Hamida Bibi conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

e Suleman Hameed conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, and approved the final draft.

e Mudassar Igbal conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

e Amal Al-Barty analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

e Hadeer Darwish analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

e Amanullah Khan performed the experiments, prepared figures and/or tables, and
approved the final draft.

e Shazma Anwar performed the experiments, authored or reviewed drafts of the paper,
and approved the final draft.

e Ishaqg Ahmad Mian performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, provide software, and approved the final draft.

e Murad Ali analyzed the data, authored or reviewed drafts of the paper, laboratory
facilitator, and approved the final draft.

o Afia Zia performed the experiments, analyzed the data, authored or reviewed drafts of
the paper, and approved the final draft.

e Muhammad Irfan performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, and approved the final draft.

e Maria Mussarat analyzed the data, authored or reviewed drafts of the paper, provide
glasswares, and approved the final draft.

Bibi et al. (2021), PeerdJ, DOI 10.7717/peerj.12112 13/16


http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

Peer/

Data Availability
The following information was supplied regarding data availability:
Raw data are available in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12112#supplemental-information.

REFERENCES

Abbas G, Hussain A, Ahmad A, Wajid SA. 2005. Water use efficiency of maize as affected by
irrigation schedules and nitrogen rates. Journal of Agriculture and Social Sciences Pakistan
1(4):339-342.

Ali S, Javed HU, Rehman RNU, Sabir IA, Naeem MS, Siddiqui MZ, Saeed DA, Nawaz MA.
2013. Foliar application of some macro and micro nutrients improves tomato growth, flowering
and vyield. International Journal of Biosciences 3(10):280-287.

Bhatti M, Ashiq H, Dost M. 1992. Fodder production potential of different oat cultivars under two
cut system. Pakistan Journal of Agricultural Research 13(2):184-190.

Bolland M, Brennan R. 2005. Critical phosphorus concentrations for oats, barley, triticale, and
narrow-leaf lupin. Communications in Soil Science and Plant Analysis 36(9-10):1177-1186
DOI 10.1081/CSS-200056891.

Bremner J. 1982. Total nitrogen. Methods of Soil Analysis. Agronomy Monographs 10(2):594-624.

Bremner J, Mulvaney C. 1982. Total nitrogen. In: Miller RH, Keeney DR, eds. Methods of Soil
Analysis. Part 2. Madison, WI, USA: American Society of Agronomy, 595-624.

Carlsson G, Huss-Danell K. 2003. Nitrogen fixation in perennial forage legumes in the field. Plant
and Soil 253(2):353-372 DOI 10.1023/A:1024847017371.

Chaudhary M, Mukhtar M, Saleem M. 1985. Research on fodder crops in Punjab [Pakistan]-a
perspective. Progressive farming (Pakistan) 5(1):28-34.

Eltelib HA, Hamad MA, Ali EE. 2006. The effect of nitrogen and phosphorus fertilization on
growth, yield and quality of forage maize (Zea mays L.). Journal of Agronomy 5(3):515-518.
Abbas MI, Fadul HM. 2013. The effects of farm yard manure (FYM) on sodic soil in Gezira-Sudan
(Triticum aestivum L.) production in Gezira-Sudan. Available at http://repository.sustech.edu/

bitstream/handle/123456789/16287/The%20Effects%200f%20Farm....pdf?sequence=1.

Ferrari M, Szareski V], Nardino M, de Pelegrin AJ, Carvalho IR, de Souza VQ. 2016. Effects of
sources and split application of nitrogen fertilizer on wheat genotypes performance. Australian
Journal of Crop Science 11(12):1669-1674 DOI 10.21475/ajcs.2016.10.12.p7741.

Gee GW. 1986. Particle-size analysis. In: Ed A, Klute M, eds. Methods of Soil Analysis: Part 1-
Physical and Mineralogical Methods. Madison: American Society of Agronomy.

Gevrek MN, Atasoy GD. 2012. Performance of some Bread Wheat Genotypes under organic and
conventional production systems. International Journal of Agriculture & Biology 14(4):112-116.

Gifari FN. 2020. Pendugaan daya gabung umumdan dan daya gabung khusus persilangan
baberapa galur jagung manis (Zea mays saccharata Sturt L.). Yogyakarta: Universitas
Pembangunan Nasional Veteran.

Givens D, Davies T, Laverick R. 2004. Effect of variety, nitrogen fertiliser and various agronomic
factors on the nutritive value of husked and naked oats grain. Animal Feed Science and
Technology 113(1-4):169-181 DOI 10.1016/j.anifeedsci.2003.11.009.

Bibi et al. (2021), Peerd, DOI 10.7717/peerj.12112 14/16


http://dx.doi.org/10.7717/peerj.12112#supplemental-information
http://dx.doi.org/10.7717/peerj.12112#supplemental-information
http://dx.doi.org/10.7717/peerj.12112#supplemental-information
http://dx.doi.org/10.1081/CSS-200056891
http://dx.doi.org/10.1023/A:1024847017371
http://repository.sustech.edu/bitstream/handle/123456789/16287/The%20Effects%20of%20Farm....pdf?sequence=1
http://repository.sustech.edu/bitstream/handle/123456789/16287/The%20Effects%20of%20Farm....pdf?sequence=1
http://dx.doi.org/10.21475/ajcs.2016.10.12.p7741
http://dx.doi.org/10.1016/j.anifeedsci.2003.11.009
http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

Peer/

Grant C, Flaten D, Tomasiewicz D, Sheppard S. 2001. The importance of early season
phosphorus nutrition. Canadian Journal of Plant Science 81(2):211-224 DOI 10.4141/P00-093.

Hussain I. 2017. Profile of livestock production in Thal Desert of Pakistan. International Journal of
Academic Research in Business and Social Sciences 7(3):480-494.

Hussain A, Khan S, Bakhsh A, Imran M, Ansar M. 2010. Variability in fodder production
potential of exotic oats (Avena sativa) genotypes under irrigated conditions. Journal of
Agricultural Research 48(1):65-71.

Hussain A, Khan S, Imran M. 2004. Oats performance under various cutting regimes. Sarhad.
Journal of Agriculture (Pakistan) 20:227-232.

Jackson G, Berg R, Kushnak G, Blake T, Yarrow G. 1994. Nitrogen effects on yield, beta-glucan
content, and other quality factors of oat and waxy hulless barley. Communications in Soil Science
and Plant Analysis 25(17-18):3047-3055.

Jones US. 1982. Fertilizers and soil fertility. New York: Reston Publishing Co., Inc.

Kolodziejek J. 2017. Effect of seed position and soil nutrients on seed mass, germination and
seedling growth in Peucedanum oreoselinum (Apiaceae). Scientific Reports 7(1):1-11
DOI 10.1038/s41598-017-02035-1.

Mam Rasul G, Ahmed S, Ahmed M. 2015. Influence of different organic fertilizers on growth and
yield of wheat. American-Eurasian Journal of Agricultural and Environmental Sciences
15(6):1123-1126.

McLean E. 1983. Soil pH and lime requirement. In: Page AL, ed. Methods of Soil Analysis: Part 2
Chemical and Microbiological Properties. Vol. 9. Madison: American Society of Agronomy,
199-224.

Mohr R, Grant C, May W, Stevenson F. 2007. The influence of nitrogen, phosphorus and potash
fertilizer application on oat yield and quality. Canadian Journal of Soil Science 87(4):459-468
DOI 10.4141/CJSS06022.

Moreira N. 1989. The effect of seed rate and nitrogen fertilizer on the yield and nutritive value of
oat-vetch mixtures. The Journal of Agricultural Science 112(1):57-66
DOI 10.1017/50021859600084100.

Musaddique M, Hussain A, Wajid S, Ahmad A. 2000. Growth, yield and components of yield of
different genotypes of wheat. International Journal of Agriculture and Biology 2:242-244.

National Fertilizer Development Centre. 1997. Fertilizer recommendations in Pakistan.
Islamabad: Planning and Development Division, NFDC, Govt. of Pakistan.

Nelson DW, Sommers LE. 1996. Total carbon, organic carbon, and organic matter. In: Sparks DL,
Page AL, Helmke PA, Loeppert RH, Loeppert RH, Soltanpour PN, Tabatabai MA, Johnston CT,
Sumner ME, eds. Methods of Soil Analysis: Part 3 Chemical Methods. Vol. 5. Madison: American
Society of Agronomy, 961-1010.

Peltonen-Sainio P, Kontturi M, Peltonen J. 2006. Phosphorus seed coating enhancement on early
growth and yield components in oat. Agronomy Journal 98(1):206-211
DOI 10.2134/agronj2005.0141.

Rehman A, Jingdong L, Chandio AA, Hussain I. 2017. Livestock production and population
census in Pakistan: determining their relationship with agricultural GDP using econometric
analysis. Information Processing in Agriculture 4(2):168-177.

Richard L. 1954. Diagnosis and improvement of saline and alkaline soils. Handbook No. 60.
Washington, DC: US Department of Agriculture.

Rifat H, Safdar A. 2010. Contribution of water use efficiency of summer legumes for the
production of rainfed wheat. International Journal of Agriculture and Biology 12(5):655-660.

Bibi et al. (2021), Peerd, DOI 10.7717/peerj.12112 15/16


http://dx.doi.org/10.4141/P00-093
http://dx.doi.org/10.1038/s41598-017-02035-1
http://dx.doi.org/10.4141/CJSS06022
http://dx.doi.org/10.1017/S0021859600084100
http://dx.doi.org/10.2134/agronj2005.0141
http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

Peer/

Shah SA, Shah SM, Wisal M, Shafi M, Haq N, Samreen S, Amir M. 2010. Effect of integrated use
of organic and inorganic nitrogen sources on wheat yield. Sarhad Journal of Agriculture
26(4):559-563.

Soltanpour P, Schwab A. 1977. A new soil test for simultaneous extraction of macro-and micro-

nutrients in alkaline soils. Communications in Soil Science and Plant Analysis 8(3):195-207
DOI 10.1080/00103627709366714.

Steel R, Torrie G. 1980. Principles and procedures of statistics. Second Edition. Singapore: McGraw
Hill Book Co Inc.

Tripathi S, Chander S, Meena RP. 2016. Maximizing wheat yield through integrated use of
farmyard manure and fertilizers. SAARC Journal of Agriculture 14(1):103-110
DOI 10.3329/sja.v14i1.29580.

Waheed A, Ahmad W, Shehzad MA, Shahid M. 2012. Nitrogen and phosphorus: impact on
forage oat (Avena sativa L.) growth, yield and its quality attributes. Pakistan Journal of
Agricultural Sciences 49(4):473-479.

Yaseen M, Malhi SS. 2009. Differential growth performance of 15 wheat genotypes for grain yield
and phosphorus uptake on a low phosphorus soil without and with applied phosphorus
tertilizer. Journal of Plant Nutrition 32(6):1015-1043.

Bibi et al. (2021), Peerd, DOI 10.7717/peerj.12112 16/16


http://dx.doi.org/10.1080/00103627709366714
http://dx.doi.org/10.3329/sja.v14i1.29580
http://dx.doi.org/10.7717/peerj.12112
https://peerj.com/

	Evaluation of exotic oat (Avena sativa L.) varieties for forage and grain yield in response to different levels of nitrogen and phosphorous ...
	Introduction
	Materials and Methods
	Result and discussion
	Conclusion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


