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Abstract. An understanding of physiological and agronomical traits associated with high grain yield and
efficiency of phosphorus use is important to the improvement of genotypes under dryland conditions. An
experiment was conducted to evaluate the influence of differentiated phosphorus fertilization rate on the
yield and quality of wheat at the experimental farm, University of Dicle, Diyarbakir, Turkey during 2013-
2014 and 2014-2015 growing seasons. The experiment was consisted of five treatments comprising of
five phosphorus (P2Os) levels (0 kg ha™!, 30 kg ha™!, 60 kg ha™!, 90 kg ha™! and 120 kg ha™). It was
observed that phosphorus levels exhibited significant differences to the grain numbers per m?, grain
weight and grain yield ha’l, as well as to starch content and protein content in the first season. There was
no significant effect of phosphorus on all studied grain yield and quality characters in the second season.
The improvement in grain yield was significantly associated with the increase in the values of grain
number, accordingly, the coefficients of grain number and grain yield showed that grain number had a
positive and direct effect on grain yield suggesting a criteria trait to enhance yield. It was concluded that
the highest grain yield of wheat crop was obtained with 120 kg ha® P,Os and it showed comparatively
better performance than another treatment under investigation.
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Introduction

Wheat (Triticum aestivum L.) is one of the main essential food and a vital source of
energy in human diet. It is one of the major significant and widely cultivated crop of the
entire world and it is a major source of nourishment (Aktas, 2016; Kizilgeci et al., 2017;
Khaled et al., 2018; Hossain et al., 2018). It is a principal food for more than 35% of the
world’s population, and a source of food and livelihood for over one billion people in
developing countries (Metwali et al., 2011). Wheat grains used in the making of flour,
breads, biscuits, cakes, cookies, pasta, noodles and also for beer, and other alcoholic
beverages or biofuel. Presently, wheat is grown on more than 200 million hectares of
the world's cultivated land and is the most important agricultural commodity in
international trade (FAO, 2010). The worldwide requirements of wheat production by
2020 reached about 950 million tons to achieve food needs imposed by the increase of
population and further, this could be reached, if global wheat productivity is enriched by
2.5% vyearly. (Singh et al.,, 2011; Barutcular et al.,, 2017; Yildirim et al., 2018).
Consequently, to feed the rapidly growing population of the world, food production
should be heightened.

Phosphorus is a necessary nutrient for the normal development of the plant (Kaleem
et al., 2009). The quality and productivity of wheat crop may be affected by the
management of primary fertilizers (NPK) but, it is also physiologically dependent on
the different micronutrients along major nutrient management (Wiatrak et al., 2006). It
plays an important role and has a number of functions in the growth of plant. It utilizes
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sugar and starch and involved in transfer of energy (Mumtaz et al., 2014). Balanced
fertilization not only enhanced the yield of wheat, but also had a good influence on
phosphorus uptake by plants (Rehman et al., 2006). While, deficiency of phosphorus is
one of the factor of abiotic stresses that determine the productivity of cereal crops (Yu
et al., 2013). Deficiencies regarding soil phosphorus (P) and zinc (Zn) noticed widely in
numerous regions across the globe (Marschner, 1995). Keeping in view the importance
of phosphorus in crop productivity, the aim of the field study was to evaluate the
response of bread wheat in terms of growth, yield and quality properties to different
rates of phosphorus fertilization.

Materials and methods
Plant material and growing conditions

Two field experiments were conducted under rainfed conditions at the experimental
farm, University of Dicle, Diyarbakir (latitude 37°88°N, longitude 40°27E, altitude 680
m above sea level), Turkey (Figure 1).
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Figure 1. Map of the experimental area

Seeds of wheat cv: Pehlivan were sown on 12.12.2013 in the 1st year and on
26.12.2014 in the 2nd year. Pehlivan is one of the most important winter bread wheat
variety registered in 1998. It has a medium early growth cycle. The spike is white,
smooth, awnless and compact, and the plant height is 95-100 cm. The variety has high
productive tillering with high winter hardiness to be grown in winter wheat areas of the
Central Anatolian Plateau with a medium tolerance to drought. Pehlivan also has
medium opposition to lodging. It is suitable for growing on fertile and poor fertile soils,
and is grown in most wheat producing regions of Turkey. The grain is oval, hard-red,
very large, and has good milling and baking qualities.

The physical and chemical properties of the soil used in the experiment were as
follows: clay soil (71.6% clay), organic matter 1.25%, available phosphoros 16.3 kg
ha™!, salt 0.01%, calcareous 13.02%, pH 7.73. Meteorological data were given in Table
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1. The experiment was arranged in randomized complete block design with four
replications. The plots were arranged in six rows with 4 m long, 0.2 m intra-row using
an experimental sowing machine. Five phosphorus (P20s) levels (0, 30, 60, 90 and 120
kg P-Os ha) were established in the form of triple super phosphate. The trial was
conducted under rainfed conditions. Genotype were sown at a seed rate of 450 seed m™.
Nitrogen fertilization was carried out 2 times in the form of ammonium nitrate (33%N).
60 kg ha'* was applied at the sowing (basal dose) and tillering stage, in accordance with
recommendations.

Table 1. Meteorological data of experimental area for the season 2013-2014 and 2014-2015

Total/
Years Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June average
Precipitation (mm) | 0.0 | 53.8 | 504 | 43.0 | 17.0 | 60.6 | 39.9 | 48.8 | 21.4 334.9
2013-2014
Temperature (°C) | 17.0 | 114 | -34 | 34 | 50 | 108 | 147 | 19.7 | 265 11.7
Precipitation (mm) | 84.2 | 10.4 | 316 | 77.4 | 69.2 | 55.6 | 29.0 | 41.4 | 184 417.2
2014-2015
Temperature (°C) | 184 | 9.9 3.9 11|79 9.7 | 157 | 199 | 26.8 12.6
Izgpr?]' Precipitation (mm) | 33.0 | 52.8 | 71.8 | 69.0 | 67.7 | 69.1 | 68.4 | 444 | 8.8 485.0
(213152) Temperature (°C) | 17.2 | 9.3 39 | 17 | 36 | 84 | 138|192 | 26.2 11.7

Data collection and measurements

The chlorophyll content (SPAD) at the midpoint of the flag leaves of 10 randomly
selected plants in each plot was measured by using a portable chlorophyll meter
(Minolta SPAD-502, Osaka, Japan). Grain yield (kg ha™') was calculated in harvest
plots. Grain yield in kilogram per hectare was calculated from the yield harvested from
each plot, the plants collected with a harvester from the area were used for assessments
of grain yield. The grain weight included a moisture content of 12%. The sampling and
determination of grain quality traits were described according to AACC (2000).

Water use efficiency (WUE)

Water-use efficiency is normally described as the ratio of crop yield to the amount of
water needed to achieve the yield according to total consumed water through wheat life
circle, WUE was measured by referring to Gao (2000) and Gao et al. (2004).

Statistical analysis

The obtained data were subjected to analysis of variance as described by Gomez and
Gomez (1984). The data were statistically analyzed by using MSTAT-C package
program. The Least Significant Differences (LSD) test was used to compare the
treatments at 0.05 levels.

Results and discussion

The statistical analysis of variance (Table 2) illustrated the influence of phosphorus
on the yield and quality traits of wheat. It is evident from the table that the number of
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grains per m?, thousand grain weight and grain yield were influenced significantly by
the application of P fertilizer treatment in the first season. The analysis data showed that
the analysis of variance of quality properties resulted in significant difference for
phosphorus levels applications. Phosphorus fertilizer application also significantly
infulenced the starch and protein content only in the 2014 growing season (Table 3).
However, the maximum number of grains m2 was observed with the application of 120
kg P2Os ha. While, the minimum value for number of grains was observed in control
treatment. The results are in agreement with the findings of Ravnskov et al. (1995) and
Reuter et al. (1995) who found that the application of phosphatic fertilizer significantly
enhanced the number of grains per hill or per m? area.

Data regarding thousand grain weight influenced by various phosphorus rates are
presented in (Table 2). Data after statistical analysis showed significant (p<0.05) effect
of various phosphorus rates on thousand grain weight. Data after statistical analysis
revealed that in wheat crop thousand grain weight were significantly (p<0.05) affected
by phosphorus levels and maximum weight of thousand grains was recorded from plots
applied with 120 kg P-Os ha*, while the minimum thousand grain weight was observed
from the control plot. Rahmatullah et al. (1994) found 90 kg P,Os ha* the optimum rate
for the greatest growth, development thousand grain weight of wheat. Similarly,
Brennan (1992) found a progressive improvement in thousand grains weight with the
increase in phosphorus dose from 60 to 120 kg P2Os ha't, gradually.

It was intensively observed that, the data after statistical analysis showed significant
(p<0.05) effect of different levels of phosphorus on grain yield. Mean values for different
phosphorus levels revealed that maximum grain yield were produced by the plots that
received 120 kg P.Os ha, while less grain yield were produced by the control plots. The
plot treated 120 kg P.Os hal achieved maximum vyield (4510 kg ha™') which was
statistically significant only in the first season, while the minimum grain yield (3100 kg
ha!) was achieved in control plots in the first season. The main reason for the increase in
grain yield with various rates of phosphatic fertilizer could be the higher thousand grain
weight which might be due to higher rate of photosynthesis and better crop health which
ultimately enhanced the final grain yield (Igbal et al., 2003; Mehdi et al., 2003). Alam et
al. (2003) has observed that the application of phosphorus fertilizer (SSP) to wheat has
significantly improved the plant height, number of tillers plant?, straw and grain yield as
well as P-uptake in grain over control. Regardless of the second year crop, phosphorus
fertilizers shown no significant effect on the grain yield and attributes. This results are in
agreement with the findings of Mihoub and Deraoui (2014), who observed that
phosphorus fertilizer application did not effect significantly the P content in grain yield.
The relationship of high grain yield, due to P fertilizer application with number of
seed/plant have been reported elsewhere (Singh et al., 2012).

The analysis results of Protein yield (g m?) and Starch yield, (g m?) of wheat are
presented in (Table 3), results showed the effect of phosphorus levels, the statistical
analysis of variance indicated that the mean Protein yield (g m) and Starch yield, (g m?)
were significantly different. Among various factors, plant nutrition circumstances -
usage of fertilizers, soil supply conditions - suit best to modify, and to enhance certain
parameters (Sarkadi, 1981). According to views of several investigation variations in
quality properties depend on fertilizing application (Tabl and Kiss, 1983). The yield
traits and quality properties of wheat are usually affected by genotypes, environmental
factors and their interactions (Barutcular et al., 2016).
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Table 2. Mean squares of the variance analysis for studied character

Source of Variance DF SPAD PH GY TGW GN PC SC WG ZS Hardness PY SY
2014
Block 3 4455 94.73 1331 191 670992.5 0.11 0.031 0.555 2.802 2.087 36.3 613.5
Phosphorus 4 12.19 12.55 11163.825** 2.234* 8666715.2* 0.26 0.104* 0.623 3.116 0.878 213.648* 4949.4
Error 12 7.71 11.82 1878 0.42 1731320 0.15 0.028 0.229 1.771 3.284 455 792.4
CV, % 5.53 3.67 11.66 2.03 11.29 2.52 0.25 1.59 2.66 1.53 11.77 11.59
2015
Replication 3 6.58 146.87 2355 5.41 2408949 0.39 0.170 2.337 27.829 5.753 38.2 1008.0
Phosphorus 4 3.33 47.08 3107 1.80 2843499 0.30 0.054 0.569 9.157 3.488 92.7 1319.9
Error 12 2.88 26.58 1139 2.27 1229514 0.27 0.075 1.041 13.623 3.702 38.4 496.1
CV, % 3.62 5.60 7.98 4,02 9.78 3.65 0.43 3.46 7.64 1.84 10.29 8.19

*, **_ Significance level at 0.05 and 0.01 probability. DF: Degree of freedom.GY: Grain yield, PH: Plant height, TGW: Thousand grain weight, GN: Grain number
m?, PC: Protein content, SC: Starch content ZS: Zeleny sedimantation, WG: Wet gluten, PY: Protein yield, SY:Starch yield

Table 3. Means of investigated traits in 2013-2014 and 2014-2015

Phosphorus SPAD Pl_ant G_rain 100(_)- Grain Protein Starch Wet _Zeleny ) Prptein Stgrch
level (unit) height yield Grain number content content gluten sedimentation Hardness yield yield
(cm)  (kgha') weight(g) m’ (%) (%) (%) (ml) (gm?  (gm?)
2014
0 48.6 92 3100 30.6 10124 15.9 65.3 30.7 51.5 118 49.2 202
30 48.8 94 3400 322 10581 155 65.5 30.0 49.7 119 52.7 223
60 53.0 95 3750 31.8 11800 155 65.6 30.2 49.6 119 57.3 243
90 50.4 92 3830 323 11838 15.4 65.7 29.9 495 119 58.9 251
120 50.1 96 4510 323 13917 15.2 65.7 29.7 495 118 68.4 296
Mean 50.2 94 3720 31.8 11652 155 65.5 30.1 50.0 119 57.3 243
LSD 0.05 Ns ns 668 1.0 2027.0 ns 0.15 ns ns ns 5.99 25.0
2015
0 454 88.5 3860 37.3 10355 14.0 64.3 29.0 46.5 105 54.1 248
30 46.6 89.0 4060 38.2 10622 13.9 64.2 294 46.8 103 56.4 261
60 47.6 96.8 4380 36.4 12044 14.3 64.5 29.6 49.1 105 62.7 282
90 47.2 92,5 4270 375 11403 14.6 64.2 30.0 49.9 106 62.2 274
120 475 93.8 4580 37.7 12266 14.3 64.4 29.6 49.0 104 65.7 295
Mean 46.9 92 4230 374 11338 14.2 64.3 29.5 48.3 105 60.2 272
LSD 0.05 Ns ns ns ns ns ns ns ns ns ns ns ns
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Correlation analysis

Correlation coefficients between all traits are illustrated in Table 4 and grain yield of
wheat crop show positive association with correlation coefficient values of grain
number. Grain number was significant to high grain yield for both years. Under the low
rainfall year (2014); Grain yield was positively and significantly influenced by 1000-
grain weight. The SPAD value was positively and significantly associated with the grain
yield in the 2nd year of 2015, which was a year with high rainfall. The extent of
association of different traits also revealed the significant relationship with grain yield
of the crop and this result was supported by Shah et al. (2003). In general, it is believed
that grain quality improved with the increament of phosphorus rates, and phosphorus
caused remarkable improvement in protein yield. The protein content was negatively
associated with grain yield. The unit increase in grain yield was positively associated
with the increased values of observed crop parameters by various yield attributes, grains
spike™!, seed index and harvest index (Noonari et al., 2016).

Table 4. Correlation matrix of yield and quality traits under rainfed condition during the
growing season since 2013-2014 and 2014-2015 in Diyarbakir

Traits GY SPAD PH TGW GN PC SC WG ZS Hardness PY SY

2014
GY 1.000
SPAD 0.393  1.000
PH 0.693 0427  1.000
TGW 0695 0.278 0.472 1.000
GN 0.995™ 0.402 0.699 0.618 1.000
PC -0.918 -0.351 -0.658 -0.922 -0.872  1.000
SC 0.867 0531 0468 0.884" 0823 -0.938 1.000
WGC -0.83 -0.201 -0.551 -0.962 -0.775 0.979" -0.902 1.000
ZS -0.707 -0518 -0.556 -0.964 -0.639 0.907" -0.912 0.903" 1.000

Hardness -0.150 0430 -0.102 0.492 -0.229 -0.179 0.327 -0.240 -0.570 1.000
PY 0.999™ 0362 0.675 0.675 0996~ -0.905 0.853 -0.825 -0.679 -0.188 1.000
SY 0.999™ 0.363 0.683 0.704 0992 -0.922 0.866 -0.847 -0.706 -0.156 0.999™ 1.000

2015
GY 1.000
SPAD 0.923"  1.000
PH 0.822  0.862 1.000
TGW -0.189 -0.241 -0.687 1.000
GN 0.975™ 0.905° 0.917" -0.402 1.000
PC 0.616 0.642 0.639 -0.343 0.642 1.000
SC 0535 0432 0765 -0.760 0.680 0.124  1.000
WGC 0.670 0.810 0587 -0.054 0.620 0.863 -0.063 1.000
ZS 0.798 0.840 0799 -0.361 0.815 0.954° 0.284 0911° 1.000

Hardness  0.024  0.053 0.314 -0.584 0.148 0.743 0.067 0.386 0.553 1.000
PY 0.985™ 0.918" 0.839 -0.243 0971 0.743 0491 0.750 0.885" 0.189 1.000
SY 1.000™ 0.920° 0.823 -0.193 0.976™ 0603 0547 0657 0.788 0.012 0.982™ 1.000

*, ** 065 and %1 significant, respectively, GY: Grain yield, PH: Plant height, TGW: Thousand grain
weight, GN: Grain number m?, PC: Protein content, SC: Starch content ZS: Zeleny sedimantation, WG:
Wet gluten, PY: Protein yield, SY:Starch yield
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Water use efficiency

Increasing phosphorus levels were positively and significantly improved water use
efficiency (WUE) under low rainfall conditions (Figure 2). The WUE values are
regulated, and the relationship is stronger. However, as reported by Gerloff (1977),
when the performance of cultivars to P supply and their yield potential at low P supply.
There are various considerations of P use efficiency in previous investigations of wheat,
which have resulted in various definitions, such as agronomic efficiency (Alam et al.,
2003).While, the non-significant inffluence of P application on crop water use might be
that 90 kg P ha™! was too high to influence root growth for superior water extraction
(Lusiba et al., 2018). However, there is a deficiency of information on the interactive
influence of phosphorus fertilizer on water use efficiency of wheat under dry conditions.

25
WUE. 2014 (A) = 0.0468x + 13.312
- R2 = 0.9389**
520 A
N P — .
S5 PR
o Y N A " S
X . o
E 10 WUE. 2015 (0) = 0.0156x+ 11.111
R2=0.8735*
5
0
0 30 60 90 120
Phosphorus level (kg ha-Y)

Figure 2. Relationship between water use efficiency (WUE) and phosphorus level

Conclusion

All these results indicate that phosphorus levels exhibited significant differences to
the grain number per m?, grain weight and grain yield ha’, as well as, for starch content
and protein content in the first season. Evaluation of agronomical and quality traits in
wheat showed that phosphurus application has significant effect on relationship between
grain yield and quality. The grain yield increase was significantly associated with the
improved values of noted plant traits like grain number and thousand grain weight.
Accordingly, 120 kg P,Os ha was better rate of phosphorus for achieving reasonable
productivity of wheat under investigation conditions.
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