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Abstract

A field experiment was conducted during the agricultural season 2020-2021 at the Agricultural Research Station / College of
Agriculture / University of Basra (Al-Haritha site) (20 km from the center of Basra Governorate). To study the effect of four
levels of phosphate fertilizer (P0=0, P1=50, P2=100 and P3=150 Kg ha-1) and four concentrations of iron
spray(F0=0,F1=1000,F2=2000 and F3=3000 PPM).on the growth, yield and quality of oats (Avena sativa L.) Janzania culti-
var the experiment was carried out in a split-plot arrangementusinga randomized complete block design (RCBD) with three
replications. Phosphate fertilizer levels occupied the main plot, and iron concentrations occupied the sub-plots. The results
showed that the P3 level was significantly superior in all the studied traits, which gave the highest grain yield of 6.13 mcg ha-
1. The concentration F2 was significantly superior in all the studied traits, which gave the highest grain yield of 5.29 mcg ha-
1. The interaction also showed the superiority of the combination P3*F2 in plant height, flag leaf area, number of branches
and grain yield, while the interaction was not significant in the trait of leaf area index and Net Assimilation rate and crop
growth rate

Keywords: Oats, Avena sativa L., Iron, Phosphate fertilization.

1. Introduction

The oat(Avena sativa L.) is one of the annual plants that belong to the family Poaceae, the estimated cultivated area in the
world is 9.30 million hectares, producing 22.48 million tons™ [1]. It is used in human and animal nutrition and ranks sixth as a
cereal crop in the world. Oats are rich in important nutrients (such as proteins, carbohydrates, calories, minerals, and vita-
mins). Oats are also rich in fats, starch and fiber (beta-glucan) and contain other nutrients such as iron, potassium, copper,
magnesium, zinc, phosphorous, etc. It is a source of many compounds such as vitamin E, phenolic compounds and sterols
that show antioxidant activity and consumption of oats helps in Fitness, lowering the level of cholesterol in the blood, im-
proving blood sugar and boosting the immune system [2].

The provision of nutrients during the growth period of the crop is very important because of their major role in increasing
vegetative growth, which is positively reflected in the increase in yield and the quality of the produced grains. Among these
elements is large phosphorous quantities for its role in the vital processes inside the plant, including photosynthesis and respi-
ration, as well as the formation and division of cells, the composition of seeds, and its contribution to the synthesis of energy
compounds (ATP and ADP)and its entry into the synthesis of cellular membranes and nucleic acids [3].

To enrich the content of oats with microelements, including iron, especially if we know that nearly 2 billion people in the
world suffer from malnutrition, especially in Asia and Africa [3]. Based on the importance of the previous and the lack of
studies and research on the oats crop in the southern region in this field, this experiment was carried out with the aim of study
of the response of oats to phosphate fertilization and foliar feeding with iron. Determine the best level of fertilizer to obtain
the highest grain yield. And also determine the best binary overlap between the study factors to achieve the highest productiv-

ity.
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2. Materials and Methods

A field experiment was carried during the 2020-2021 agricultural season at the Agricultural Research Station / affiliated to
the College of Agriculture / University of Basra (Al-Hartha site), 20 km from the center of Basra Governorate, to study the
effect of four levels of phosphate fertilization (P0=0, P1=50, P2=100 and P3=150 Kg ha-1) and four concentrations of iron
spray(FO= 0,F1=1000,F2= 2000 and F3= 3000 PPM) in the growth, yield and quality of oats (Avena sativa L.) According to
as plit plot design using the R.C.B.D. with three replications, the experiment was carried out with three replications, P level
occupied the main plot While, Fe concentration located in the sub-plots.

The area required to carry out the research was determined, and the soil was prepared for cultivation by plowing, smoothing
and levelling it. Then the land was divided into three block each Block divided into 4 main plots. Each piece was divided into
4 sub-plot, the total number of experimental units to 48 experimental units with an area of 2 x 3 m, leaving a distance of 1 m
between the experimental units and 50 cm between one repeater. Another seed rate of 100 kg ha-1 The cultivation was carried
out in the form of lines Urea fertilizer (46%N) was added at a rate of 120 kg N ha-1 in two equal times, the first after seedling
emergence (30 days after planting) and the second in the elongation phase While phosphate levels fertilizer was added at once
when sowing at four levels (0, 50, 100 and 150 kg P205 ha™) in the form of DAP fertilizer (P205 46%), and potassium ferti-
lizer was added at a rate of 120 kg K ha-1 in the form of potassium sulfate (50% K20) when planting addition of all fertiliz-
ers (nitrogen, phosphate and potash fertilizers) were in lines between and parallel to the planting lines. As for iron foliar ferti-
lizer, it was added in the form of ferrous sulfate (FeSo4.7H20) in four concentrations (0, 1, 2, and 3 g.L™%) on 22/12/2020 at
the beginning of the tillering stage. Repeat the spraying process a month after the first addition at the elongation stage.

Table 1. Some chemical and physical properties of the study soil before planting.

Character PH E.C. N Aval:DabIe Fo clay silt sand Soil texture
Value 7.1 12 37.00 1275 217 340 590 70 Silty clav loam
unit dSm-1 Mg Kg-1 soil gm Km-1 soil yclay

2.1 Study characteristics

2.1.1 Plant height (cm)

Was calculated from an average of ten plants randomly selected from each experimental unit.
2.1.2 Flag leaf area (cm’) FLA

The leaf area was calculated from the average of ten plants randomly selected in the flowering stage, according to the follow-
ing equation:

FLA = length of paper X maximum width X 0.75 [4].
2.1.3 Leaf Area Index (L.A.l)

It was calculated from the total area of plant leaves divided by the area of land occupied by the plant (30x30). Net Assimila-
tion Rate(N.A.R):It was calculated from the following equation [5].

W2 - W1 logLA2 —logLA1l

AR = X
N.AR T2 - T1 LAZ — LAl

W2=Dry weight in flowering stageW1=Dry weight in the elongation phase
T2= Number of days for flowering stageT1=Number of days for the elongation phase

LA2= leaf area (flowering)LA1= Leaf area (elongation)
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2.1.4 Crop Growth Rate (C.G.R)

It was calculated from the following equation [5].

w2 -wi1

1
.GR=— X —————
CGR A T2 -T1

A=Land areaW2=Dry weight in flowering stageW1=Dry weight in the elongation phaseT2= Number of days for flowering
stageT1=Number of days for the elongation phase

2.1.5 Number of Tillers (m?)

It was calculated at harvest from an area (0.30) m? and then converted to square metres
2.1.6 Grain yield (mcg ha™ )

Was calculated from the m2 converted into an (mcg ha-1)

2.2 Statistical analysis

Data were statistically analyzed using spss program (20), and means between treatments were compared by least significant
difference (L.S.D.) test at 0.05 level of probility, P < 0.05 [6].

3. Results and discussion

3.1 Plant height (cm)

The results in Table 2 showed that the plant height was significantly affected phosphate fertilizer manimam plant height was
observed when P level was 150kg ha-1 which gave the best valves of plant height83.98 cm increasing by 45.72 % compared
with control treatment PO which gave the lowest 57.63 cm. The is increase is due to the role of phosphorus in the develop-
ment of roots, and their branches, which increased the absorption of nutrients and water, also have a role in energy compound
(ATP) formation and acceleration of growth (ATP) formation and acceleration of growth [7]. The average plant height was
significantly affected when treated with different iron concentrations as the F2 concentration recorded the highest mean 76.71
cm, increasing by 18.08% compared with control treatment FO, which gave the lowest 64.96 cm The reasons for the increase
in height is attributed to the important role of iron in the formation of many cytochromes and ferredoxin compounds of great
importance in the photosynthesis process, which leads to their rates and thus increase growth rates and this is reflected in the
increase in plant height. Iron has a role in the formation of chlorophyll pigment, which led to an increase in the process Pho-
tosynthesis Also, the interaction between iron and phosphorous had a significant effect on this trait. We note from Table 2
that the combination F2 * P3 gave the highest average for this trait of 95.86 cm, while the combinationF3* POgave the lowest
average of 48.66 cm.

3.2 Flag leaf area (cm?)

The results in Table 2 indicate the significant differences in the flag leaf area with different P fertilizer P3 treatment levels,
leading to an increase in FLA and giving31.93 cm2with increasing of 51.90%compared with control 21.02 cm2. This may be
attributed to the importance of phosphorus in the growth, development and division of cells and the formation of DNA and
RNA important in protein formation. It is also important in forming chloroplasts and in the formation of some energy com-
pounds such as (ATP) [8]. These results are in agreement with The results indicated [9,10]. Table 2 also showed that the
treatment F2 increase in iron concentrations had a significant effect in increasing the flag leaf area, as the treatment F2 gave
higher FLA29.41 cm2 with 33.86% increasing as compared with control treatment which gave 21.97cm2. The reason for this
is due to the role of iron in increasing the efficiency of the photosynthesis process by increasing the content of plant pigments
And the formation of energy compounds with the activation of a number of enzymes involved in this process, which increas-
es the products of photosynthesis, and this provides a better opportunity for the growth and expansion of the area of the flag
leaf, which has a significant role in the process of photosynthesis These results are in agreement with the findings [11]. Sig-
nificant interaction occurred between P level and Fe conc. The FLA F2*P3 gave the highest FLA 40.50 cm2,while the com-
bination FO*P0 gave the lowest average of 15.59 cm?.
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3.3 Leaf area Index (L.A.1)

The results of Table 2 showed that the levels of phosphate P3weresuperior, which gave the highest average of 5.97 with an
increase of 47.77% compared to the comparison treatment PO, which gave the lowest mean of 4.04,The reason for the in-
crease is due to the role of phosphorous in promoting many processes Physiological as well as promoting respiration cell am-
plification and cell division. These results are consistent with his findings [12,13]. They were spraying with iron conc. Had a
significant effect, as the F2 conc. Gave the highest average of 5.42 with an increase of 17.06% compared to the FOconc,which
gave the lowest mean of 4.63 (tables 2). The increase in leaf area index is attributed to the role of iron in the synthesis of
chlorophyll, which participates in vital processes and intracellular division processes. This leads to raising the efficiency of
the plant, increasing growth and increasing the leaf area. These results agree with [14]. Data presented in table 4 show a sig-
nificant non- effect between the levels of phosphate fertilization and spraying with iron concentrations.

3.4 Crop Growth Rate. C.G.R (gm m? day™)

The results in Table 2 indicate an increase in the growth rate of the crop by increasing the levels of P fertilizer. The level of
P3 was significantly superior, which gave 3.57 gm m-2 day-1 with an increase of 30.29% compared to treatment PO, which
gave 2.74 g m-2 day-1The reason for the increase may be because the addition of phosphate fertilizers stimulated and in-
creased the growth parameters such as plant height, number of tillers, flag leaf area and leaf area index. Table 2 also showed
that the concentration of iron F2treatment was significantly superior to the C.G.R. by giving the highest average of 3.69 gm
m-2 day-1. An increase of 36.16% compared to FO, which gave 2.71 gm- 2 day-1The reason for the increase in the C.G.R.
could be because spraying iron with different concentrations contributed to providing this element needed by the plant and at
an early stage in the growth of the plant which promoted obtaining the best growth rate for the plant. Table 2 the characteris-
tic of the crop growth rate did not show a significant effect of the interaction between the levels of phosphate fertilization and
spraying with iron concentrations.

3.5 Net Assimilation Rate .N.A.R (gm m™? day™)

The results of Table 2 showed that the levels of phosphate fertilization had a significant effect on N.A.R as the levels of addi-
tion P1, P2 and P3 were significantly superior, which gave the highest averages of 1.50, 1.52 and 1.51gm m-2day-
lrespectivelywith an increase of 12.78, 14.28 and 13.53% compared with control PO which gave the lowest mean of 1.33 gm
m day™’.We also note from the results of Table 2 that iron conc. It had a significant effect on N.A.R. F1, F2,and F3, which
gave the highest averages of 1.59, 1.52 and 1.44 gm m-2 day-1, respectively, with an increase of 22.30, 16.92 % compared to
the comparison treatment. FO,which gave the lowest average of 1.30 gm m-2 day-1.We can explain the reason for the N.A.R.
to the availability of these nutrients (P and F) early in the stage of plant growth, which contributed to the increase in vegeta-
tion cover, which led to the efficient exploitation of light and thus increased the length and efficiency of the photosynthesis
process and decreased respiration rates which led to an increase in The accumulation of dry matter per unit area which posi-
tively affected the net products of photosynthesis [15]. There is no significant effect on N.A.R. of the interaction between the
levels of phosphate fertilization and spraying with iron concentrations (Table 2)

3.6 Number of Tillers (m™)

The results of Table 2 that treatment P3 gave the highest average 659.33 m-2 with an increase of 28.60% compared with
PO,which gave 512.66 Tillersm-2. The increase in this characteristic is due to the importance of phosphate fertilizer in the
formation of lateral roots. Root hairs strengthening the stems and increasing the number of Tillers being the main source for
cell division and increasing plant growth and are concentrated in the most effective areas [16]. These results are in agreement
with [17]. Table 2 also showed that the concentration F2 gave the highest average number of tillers m-2, 610.33 tiller m-2,
with an increase of 12.12%. In contrast, the control treatment FO gave the lowest average, 544.33 tillers m-2. The reason for
the increase in this trait is that the spraying addition of iron at the beginning of the tillering stage led to an increase in the
products of photosynthesis, which may have reduced the competition between the main stem and the formed tiller to provide
the nutritional support necessary for the growth of the most significant number of tillers. These results are in agreement with
[18]. Also, the interaction between phosphorous and iron had a significant effect F2*P3gave the highest mean 769.33 m-2
branches, while the combination FO*P1gave the lowest average of 510.66 tiller m-2 (Table 2).

3.7 Grain yield(mcg ha™)

The results shown in Table 2 show that the P3 level was significantly superior. The highest average grain yield was 6.13 mcg
ha-1 with an increase of 128.73 % compared with P0,the lowest average of 2.68 mcg ha-1. This can be attributed to the role
of direct phosphorus in most processes, including the decomposition of carbohydrates resulting from photosynthesis to re-
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lease the energy needed for vital processes Cell membranes such as starch, chloroplasts, plasma and mitochondria. It also
contributes to the formation of nucleic acids and energy-rich compounds. It has a role in transporting sugars from the places
of their formation to the seeds. Phosphorous is unique as it is a major compound in seeds as a source of energy stored in phyt-
in. These results agree with the results of [19,20]. The concentration of iron F2 had a significant effect on the grain yield,
which gave 5.29 mcg ha™, with an increased rate of 66.87% with a significant difference from the concentration FO,which
gave 3.17 mcg ha™. This contrast to the role of Iron in the manufacture of chlorophyll is also a synthetic component of ferre-
doxin. This compound is the first reducing compound in the electronic transport chain of photosynthesis. It led to an increase
in the products of photosynthesis and their distribution to the vegetative parts. These results agree with [13,16]. As for the
interaction effect between phosphate fertilization and iron concentrations, there were significant differences, as the combina-
tion P3 * F2recorded the highest average grain yield of 8.10 mcg ha-1, with an increase of 41.35% compared to the combina-
tion PO*FO,which was recorded 2.07 mcg ha-1 (Table 2).

Table 2. The effect of phosphate fertilization and spraying with iron and the interaction between them on some growth pa-
rameters and yield of oats.

PH FLA LAl C.G.R N.AR Tiller No. GY

F3 6760 27.63 478 2.90 1.44 568.83 4.25

LSD(P<0.05) 199 135 045 0.23 0.09 34.00 0.41
FO 5526 1559 338 243 1.07 532.00 2.07

F1 60.73 2191 447 258 1.46 536.00 2.55

PO F2 6586 23.87 449 3.39 1.52 516.00 2.90

F3 48.66 22.70 3.83 2.66 1.28 466.66 3.20

FO 6546 2387 442 2.6l 1.30 510.66 3.41
F1 6646 2419 486 3.01 1.68 692.00 3.47

treatment Cm Cm? gm ”.]12 gm rﬁz Tillerm?® meg ha
day day
a PO 57.63 21.02 4.05 2.74 1.33 512.66 2.68
g % P1 6896 2445 4.70 2.88 1.50 563.50 4.07
53 P2 7010 2657 522 324 152 58533 3.89
§ P3 8398 3193 597 3.57 1.51 659.33 6.13
LSD (P<0.05) 4.44 260 0.61 0.37 0.10 39.23 0.55
& FO 6496 21.97 4.63 2.71 1.30 544.33 3.17
- *E » F1 7140 2496 5.11 3.13 1.59 597.33 4.06
(_3 § § F2 76.40 2941 542 3.69 1.52 610.33 5.29
o
)

PL k2 7153 2529 510 335 154 57600 574
F3 7240 2545 445 256 147 47533  3.66
FO 6646 23.17 509 291 142 51066  2.74
o, FL 7473 2692 539 325 162 60000 385
F2 7360 2796 540 3.64 149 58000 443
F3 6560 2822 499 3.17 154 65066 452
FO 7266 2526 563 301 133 62400  4.46
g FL 8366 268 573 369 160 56133 636

F2 9586 40.50 6.70 4.39 1.54 769.33 8.10
F3 83.73 35.15 584 322 1.46 682.33 5.62
LSD (P<0.05) 398 270 N.S N.S N.S 68.00 0.83
PH=plant height, FLA=Flag leaf area, LAl=Leaf area index, C.G.R= Crop growth rate, N.A.R=Net assimilation rate, Tiller
No.= Tiller number M-2, GY= Grain yield.

Conclusions

Through the results obtained from the study, we conclude that phosphate fertilization had a significant effect on most of the
studied traits at the vegetative growth stage, yield harvest and the qualitative characteristics of oats. The treatment 150 kg
P205 ha-1 was superior to most studied traits, giving the highest grain yield (6.13mcg ha-1).Also, spraying iron with a con-
centration of 2000 PPM led to a significant increase in most of the studied traits and an increase in grain yield (5.29mcg ha-1)
compared to the control treatment.



2021 Second International Conference for Agricultural Science IOP Publishing
IOP Conf. Series: Earth and Environmental Science 923 (2021) 012086  doi:10.1088/1755-1315/923/1/012086

References

[1] Al-Freeh, L. M., Alabdulla, S. A., &Huthily, K. H. (2019a).Effect of mineral-hio fertilizer on physiological parameters and yield
of three varieties of Oat (Avena sativa L.).Basrah Journal of Agricultural Sciences, 32,8-25.

[2] 2. Al-Freeh, L. M., Al-Abdullah, S. A., &Huthily, K. H. (2019b).Contribution of combinations of mineral and bio-fertilizer and
organic fertilizer in the concentration of NPK on some physiological characteristics and yield of oats (Avena sativa L.).Plant Ar-
chives, 19(2), 3767-3776.

[3] Al-Halfi S. K. J. (2015).Effect of different levels of phosphate fertilizers on the growth and yield of three wheat cultivars, Triti-
cum aestivumL. Master's thesis. College of Agriculture. University of Basrah.

[4] Alnadawi, B. R.,Al-Alawi, H. H. &Al-Hashmi,A.E.( 2017).Effect of Interaction between Organic Fertilizer and Phosphorus
growth of Wheat (Triticum aestivum L.) Under Salt Soil Conditions Anbar Journal of Agricultural Sciences, Volume 15 (a spe-
cial conference issue): 371-378.

[5]1 Al-Nuaimi, S.N. (2011). Principles of plant nutrition. Ibn AlAtheer House for Printing and Publishing. University of Mosul. Min-
istry of Higher Education and Scientific Research. Translated from: K. Minkel, A.A. Kirby

[6] Al-Rawi, K.M. & Khalaf Allah, A.M. (2000).Design and Analysis of Agricultural Experiments. Min. High. Educ. Sci. Res. Univ.
Baghdad: 360pp. (In Arabic).

[7]1 Al-Sheikh Shariff, Warqaa Muhammed. (2020). “Effect of Phosphorus Interferon on Some Physiological and Growth of Barley
(Hordeum Vulgare L.).” Systematic Reviews in Pharmacy 11(9): 632—35.

[8] Al-Tamimi, M. S. &A. S. Al-Watifi.(2015). Effect iron and zinc spray in same growth and yield traits of Wheat.Babil Sci. J.,
1(23): 392-399.

[9] Anum, W, L. Ali, U. Riaz, A. Ali, N. Manzoor, L.H. Akhter, A.U Rahman, N.Maan &I. Ahmad. (2020). Envisaging the response
of wheat (Triticum Aestivum L.) under different phosphorus doses and methods of application. Pakistan Journal of Agricultural
Research, 33(2): 395-405.

[10] Das, G., &M. M.Joseph. (2017).Phytochemical screening of oats (Avena Sativa). World Journal of Pharmaceutical Research,
6(4), 1150-1155

[11] Dipa Sharma, PrakritiGhimire, ShwetaBhattarai & UpamaAdhikari .(2020).Biofortification Of Wheat: Genetic A nd Agronomic
Approaches and Strategies to Combat Iron and Zinc Deficiency. Sustainability in Food and Agriculture, 1(1): 48-54.

[12] Hamouda, H.A.; M.F. El-Dahshouri; F.M. Manal&A.T. Thalooth .(2015). Growth, yield and nutrient status of a wheat plant as
affected by potassium and iron foliar application in sandy soil. International Journal of Chem. Tech Research.8(4): 1473-1481.

[13] Hunt, R. Causton, D.R. Shipey, B. &Askew, A. P. (1982). A Modern tool for classical plant growth analysis. Annals of Botany
90: 485-488.

[14] Islam, S., Ullah, S., Anjum, M. M., Nawab Ali, B. A., Ahmad, B., & Ahmed, S. (2017).Impact of Various Levels of Phosphorus
on Wheat (CV. PIRSABAK-2013). International Journal of Environmental Sciences & Natural Resources, 6(5), 106-111.

[15] Jalal, A., Shah, S., Teixeira Filho, M., Carvalho, M., Khan, A., Shah, T.,&Leonel Rosa, P. A. (2020). Agro-Biofortification of
Zinc and Iron in Wheat Grains. GesundePflanzen, 72(3), 227-236.

[16] Sher, A., Naveed, K. H. A. L. I. D., Ahmad, G. U. L. Z. A. R., Khan, A., Khan, S. M., & Shah, S. (2020). Grain zinc and iron en-
richment through foliar application augment wheat yield under varying nitrogen regimes. Pakistan Journal of Botany, 52(1), 85-
94.

[17] Thomas. H. (1975). The growth response of weather of simulated vegetative swards of a single genotype of Loliumperenne.
J.Agric.Sci.Camb.84:333-343.

[18] Tiger, W.; W. Worku and W. Haile .(2014).Effects of nitrogen and phosphorus fertilizer levels on growth and development of
barley (Horedum vulgare L.) American J. of sciences .2(5):260-266.

[19] Tisdale, S.L., W.L. Nelson., J.D. Beaton &J.L.Havlin.(1997).Soil fertility and fertilization. prentices. Hall of India-New Delhi.

[20] USDA. (2020).World Agriculture Production, foreign agriculture service, office of global analysis. Washington, DC 20250-1051.



