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This study investigated the potential for controlling
lodging by manipulating the seeding rates for oat
cultivars introduced in Iraq. A field experiment was
conducted in the winter 2022-23 at one of the
agricultural fields in Ramadi, in the western region of
Irag. Split-plot arrangement in a randomized complete
block design (RCBD) with three replications was used.
The first factor included the three Carrolup, Genzania,
and Hamel oat cultivars. The other experimental factor
was seeding rates of 60, 80, and 100 kg ha®. The
findings showed that the Hamel cultivar had the largest
average stem diameter while the Genzania produced the
greatest dry matter and grain yields. The seeding rate of
60 kg ha had the lowest plant height, lodging index
and dry matter, and largest stem diameter. The 100 kg
ha! seeding rate had the greatest plant height, lodging
index, and grain yield, and lowest stem diameter.
Lowering the seeding rate from 100 to 80 kg ha* led to
a reduction in lodging by 13.9% without deteriorating
dry matter and grain yield while reducing it to 60 kg ha’
! led to a reduction in lodging, and dry matter and grain
yields. This study thus recommends adopting the
seeding rate of 80 kg ha! for growing oats in the
western regions of Iraq.
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Introduction

One of the most important cereal crops is the Avena sativa L. oat which is usually
cultivated for fodder and food. Furthermore, it is more suitable than many other cereal
crops for cultivation in arid and poor-fertility lands (8). It is also considered a source
of carbohydrates, fats, protein, vitamins, minerals, and fiber, in addition to antioxidants
that have health benefits (18). Newly introduced oats need to be investigated for their
adaptation and production under field practices in new environmental conditions,
identifying the problems facing their cultivation, and finding better methods to address
them.
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Field observations show that oat cultivation is subject to the problem of lodging due
to excessive elongation of the stems when planting at a seeding rate of 100 kg ha™* (2).
Lodging relates to the permanent displacement of plants stemming from their vertical
orientation (10). The phenomenon negatively affects yield in terms of quantity and
quality (25). To achieve high productivity and quality oat yield it is recommended to
adopt oat cultivars having good production efficiency and reduced lodgings (9 and 15).

Plant height is one of the traits associated with plant lodging (15, 23 and 28). It has
been shown that tall plants lodge better than shorter plants (3 and 21). The resistance
to lodging increases as the plant height decreases and stem diameter increases (26).
The seeding rate in the unit area is among the most important field practices because it
corresponds to plant density and appropriate plant canopy to intercept sunlight, helping
it to achieve the desired economic yield. Greater plant density leads to plants shading
more over each other, resulting in stem elongation and a smaller stem diameters that
affect the accumulation of dry matter (31). Increasing plant density makes the light
environment worse due to the shading of neighboring plants, including poor intensity
of light and a decreased “ratio of red light to far-red light.” This leads to a shadow-
avoidance response such as decreasing their stem diameters and increasing their
elongation (17).

The processes involve gibberellin (GA) and brassinosteroids (BR) biosynthesis as
these two hormones influence many parts of plant development and growth. Not having
enough gas and biosynthesis of BR makes the plant half-dwarf or dwarf, which means
it does not lodge as much (1, 7, 9 and 22). A previous study on wheat found that lodging
resistance increased with reduced seeding rates (5). Also, previous studies noted that
seeding rates suitable for growing oat differ according to the cultivar and
environmental conditions (11). Cultivar and environment are the main factors affecting
optimum plant density (12 and 24). Based on the information above, this study aimed
to determine the optimal seeding rate to achieve the least lodging and desired yields of
three important oat cultivars that may be adopted for cultivation in the western Iraq
region.

Materials and Methods

This field experiment was conducted in the winter season of 2022-2023 at an
agricultural area of Anbar governorate, western Irag. A representative sample of field
soil was taken from depths ranging from 0 to 30 cm and analyzed to determine its
physical and chemical properties. The soil analysis results are presented in Table 1.

Table 1: Analysis of the experimental soil at a depth of 0 to 30 cm.

Analysis type Result
Soil texture Silty loam
Electrical conductivity (EC) 1.74dSm*
pH 8.29

Bulk density 1.3gcm?

Organic matter (OM) 1.28 g kg*
Total nitrogen (N) 113 mg kg*
Available phosphorus (P) 9.16 mg kg*
Available potassium (K) 120 mg kg*

Cation exchange capacity (CEC) 17 centimol kg
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A split-plot arrangement was used in this experiment based on the randomized
complete block design (RCBD) with three replications. The experiment comprised two
factors. The first factor involved the main plots containing the three oat cultivars,
namely Carrolup, Genzania, and Hamel. The second factor involved the subplots with
plantings at three seeding rates of 60, 80, and 100 kg haX. The soil of the experimental
field was plowed and then smoothed with spring harrows. The land was then divided
into experimental units sized 2 m x 3 m. Planting took place in mid-November, with
25-cm row spacing. Diammonium phosphate (DAP) fertilizer was applied to the soil
at 100 kg ha. The experiment was irrigated whenever necessary, depending on soil
moisture. Weed control was conducted using the 2,4-D herbicide.

The following traits were studied:

1. Plant height (cm): the average length of the main stems measured from the
bottom of the plant to the top of ten random plants selected from the protected
central rows of the central square meter (16 and 20).

2. Stem diameter (mm): average of the main stem diameters measured at the
bottom, middle, and base of the inflorescence of ten randomly selected fully-
flowered plants from the protected rows.

3. Lodging index: measured before the final harvest from the center of the
experimental unit, according to the method developed by Shah et al. (2017) (21)
from Berry et al. (2003) (6). An angle measuring protractor was used to measure
the angle of inclination of the stems from the vertical position such that the angles
were intermediate 0° to 15°, 15° to 30°, 30° to 45°, 45° to 60°, 60° to 75°, and
75° to 90°. Observations were then converted to the lodging index according to
the equation described by (22):

1 2 3
Lodging index = E(% at 0° to 15°) + 3 (% at 15° to 30°) + 3 (% at 30° to 45°)

4 5
+ 3 (% at 45° to 60°) + 3 (% at 60° to 75°) + (% at 75° to 90°)

4. Dry matter (DM) (tons ha): The total yield per square meter at the center of the
experimental unit was harvested, dried, and weighed by following “DM, method
ID 934.01” in kg per square meter, multiplied by the area of the hectare (10000
square meters), and converted to tons per hectare by dividing by 1000.

5. Grain yield (tons ha): calculated from the square meter in the center of the
experimental unit that was harvested and dried where the pinnacles were
threshed. The grain was weighed, in kg per square meter, and converted into tons
per hectare by following the method for the dry matter (13).

GenStat software was analyzed the data using the analysis of variance method, and
the arithmetic means were compared using the least significant difference (LSD) at a
probability level of 0.05 (14). Correlation coefficient analysis was also conducted for
the traits with a degree of freedom of 25 and slope analysis for the traits under study of
elements.

Results and Discussion

Plant height: As seen in Table 2, the results for plant height indicate no significant
difference among the cultivars. When the seeding rate was increased from 60 to 80 kg
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seed ha™ and then to 100 kg seed ha*, plant heights increased significantly from 91.2
to 94.4 and to 97.2 cm. There was no significant effect of the interaction of cultivars
and seeding rate on plant height. Increasing seeding rates led to an increase in plant
height, due perhaps to increased plant density and shading of neighboring plants, as
any decrease in the “red to far-red light ratio” in plant canopies lead to an increase in
stem elongation.

Table 2: Impact of seeding rates on plant height (cm) of the three oat cultivars.

Cultivars Seeding rate (kg hal) Mean
60 80 100
Carrolup 89.0 93.9 95.3 92.7
Genzania 90.3 93.3 97.3 93.6
Hamel 94.3 96.0 99.0 96.5
Mean of seeding rate 912a 944b 97.2c
LSD 5%
Cultivars (NS) Seeding rate (2.74) Interaction (NS)

NS: Non-significant. Values with the same letter have no significant difference.

Stem diameter: The Hamel cultivar recorded the largest average stem diameter of
4.7 mm, significantly superior to the other two cultivars, while the Carrolup recorded
the smallest at 3.7 mm. However, the Carrolup and Genzania cultivars did not differ
significantly in this trait (Table 3). The variation in the stem diameters may be due to
their genetic diversity, meaning the differences in the genes that control the plant's
morphological form, including stem diameter.

Also, an increase in the seeding rate reduced stem diameters, with the 60 kg seed
ha! rate recording the largest average stem diameter at 4.4 mm, significantly superior
to the 100 kg ha™* rate which had the smallest average diameter at 3.7 mm. This inverse
relationship could be attributed to the higher plant density which makes the light
environment worse, due to the shading of neighboring plants. The weak light intensity
and decreased “red to far-red light ratio” produces a shading avoidance response, such
as decreasing stem diameters and lengthening stems (17).

Table 3: Impact of seeding rates on stem diameters (mm) of the three oat

cultivars.

Cultivars Seeding rate (kg ha*) Mean

60 80 100
Carrolup 4.0 3.6 34 37a
Genzania 4.3 3.8 3.5 39a
Hamel 4.9 4.9 4.3 4.7b
Mean of seeding rate 4.4 4.1 3.7a

b ab

LSD 5%
Cultivars (0.77) Seeding rate: (0.42) Interaction (NS)

NS: Non-significant. Values with the same letter have no significant difference.

Lodging index: Table 4 shows that decreasing the seeding rate resulted in a
reduction in the lodging index from 13.6 at the highest seeding rate of 100 kg ha™ to
9.4 for the lowest of 60 kg ha™. In addition, the cultivar-seeding rate interaction had a
significant effect on the index, with the Carrolup cultivar recording the highest lodging
rate of 15.7 at the highest seeding rate of 100 kg ha® and the Genzania having the
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lowest at 8.0 for the lowest rate of 60 kg ha*. The reason for the decrease in the lodging
index from different seeding rates may be due to the decline in plant height and increase
in stem diameter, as shown in Tables 2 and 3. This is confirmed by the positive
significant correlation (P<0.05) between lodging index and plant height of 0.47, and
the significant negative correlation (P<0.05) between the index and stem diameter of -
0.48 (Table 7). This agrees with (27), who found that the plant resistance to lodging
increases as their height decreases and stem diameter increases. Also, (5) pointed out
that low seeding rates enhance resistance to lodging in wheat.

Table 4: Impact of seeding rate on lodging index of the three oat cultivars.

Cultivars Seeding rate (kg ha?) Mean

60 80 100
Carrolup 9.9 10.5 15.7 12.0
Genzania 8.0 13.0 13.2 11.4
Hamel 10.1 115 11.8 11.1
Mean of seeding rate 94a 11.7b 136¢C

LSD 5%

Cultivars (NS) Seeding rate (1.57) Interaction (3.50)

NS: Non-significant. Values with the same letter have no significant difference.

Dry matter: The Genzania cultivar had the highest dry matter production rate of 23.6
tons ha!, compared to Carrolup which recorded the lowest at 21.8 tons ha* (Table 5).
However, the Genzania did not differ significantly from Hamel which did not
outperform the Carrolup. This difference in dry matter yield among the cultivars may
be due to genetic variations, which lead to differences in photosynthesis efficiency and
dry matter accumulation. This is in line with (19), who found a difference among oat
cultivars in dry matter yield.

Seeding rates have a significant impact on dry matter production. When planting at
a rate of 80 kg ha?, the highest dry matter yield of 23.5 tons ha® was recorded, while
the lowest at 21.6 tons ha'* was at the minimum seeding rate of 60 kg ha™*. The highest
dry matter yield may have been reached at the middle seeding rate (80 kg seeds hal).
This is likely because the 80 kg ha seeding rate creates density which produces an
optimal leaf area index and plant canopy for best sunlight interception, leading to
higher photosynthesis and dry matter accumulation. Increasing the seeding rate to 100
kg ha! did not increase dry matter yield because as it may have raised plant density
above the critical leaf area index, and shaded neighboring plants, thus not increasing
dry matter productivity. This is consistent with (31) who reported that increased plant
density leads to shading of neighboring plants and reduces dry matter accumulation.

Table 5: Impact of seeding rates on dry matter (tons ha) of the three oat

cultivars.
Cultivars Seeding rate (kg ha) Mean
60 80 100
Carrolup 20.7 23.2 21.4 21.8a
Genzania 22.5 24.2 24.2 23.6b
Hamel 21.4 23.3 24.6 23.1ab
Mean of seeding rate 21.6a 235¢ 23.4bc
LSD 5%
Cultivars (1.40) Seeding rate (1.58) Interaction (NS)

NS: Non-significant. Values with the same letter have no significant difference.
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Grain yield: Table 6 on grain yield averages shows that the Genzania cultivar
recorded the highest rate of 4.79 tons ha, significantly outperforming the Carrolup’s
lowest yield of 4.10 tons ha’. This may be due to the difference in their genetic
composition, which impacts yield components and eventually grain yield. This is in
line with (8 and 29) that genotype and environmental conditions have an impact on
grain yield.

Seeding rates had a significant impact on grain yield, with the 100 kg ha™* recording
the highest rate of 4.57 tons ha* and significantly superior to the 60 kg ha rate which
recorded the lowest at 4.16 tons ha. Raising the seeding rate from 60 to 80 kg ha™ led
to a significant increase in grain yield. This may be due to the higher plant density and
number of active tillers per unit area. However, increasing the seeding rate from 80 to
100 kg ha* did not cause a significant increase in grain yield. This could be attributed
to plant density that was above the appropriate limit and the increased shading and
competition with neighboring plants for sources of energy and nutrition. Likewise, (4)
did not find a significant difference in grain yield between the 80 and 100 kg ha
seeding rates of oat cultivars.

Table 6: Impact of seeding rates on grain yield (tons ha') of the three oat

cultivars.
Cultivars Seeding rate (kg ha*) Mean
60 80 100
Carrolup 4.03 412 414 4.10a
Genzania 4.40 4.98 4.99 4.79b
Hamel 4.05 4.48 4.58 4.37 ab
Mean of seeding rate 4.16a 453bc 457c
LSD 5%
Cultivars (0.490) Seeding rate (0.330) Interaction (NS)

NS: Non-significant. Values with the same letter have no significant difference.

Correlation coefficient and slope parameter: Statistical analysis of the correlation
coefficient of the studied traits in Table 7 show a significant direct correlation for plant
height and lodging index, and a significant inverse correlation between stem diameter
and lodging index. This may be due to the weak resistance of the stems to collapse
under the influence of external factors such as wind as well as the weight of the plant
with increasing height.

Table 7: Correlation between the traits of the oat cultivars and seeding rates
(Degree of freedom = 25).

Plant height Stem diameter Lodging index Dry matter
Stem diameter -0.18
Lodging index 0.47* -0.48*
Dry matter 0.44* -0.01 0.03
Grain yield -0.35 0.11 -0.18 -0.01

* Significant (P < 0.05).

Figure 1 illustrates the direct slope parameter between plant height and lodging
index (y = 0.3323x -19.8) while Figure 2 displays the inverse slope parameter between
stem diameter and lodging index (y = -2.0204 + 19.792). These results, together with
that on plant height, stem diameter, and lodging index in Tables 2, 3, and 4, and the
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correlation coefficient in Table 7 between the three traits, indicate how seeding rates
affect lodging. Reducing seeding rates results in lower plant densities, which in turn
decreases plant heights and widens stem diameters, thus reducing lodging.

20.0

y =0.3323x - 19.8
18.0
16.0

14.0 o,
12.0 ® T
10.0 ° oD L

cee®

Lodging index

8.0 ° o3 o
6.0
4.0
2.0

0.0
85 90 95 100 105

Plant height (cm)

Figure 1: Slope of the lodging index with plant heights of the oat cultivars at
different seeding rates.

20.0
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6.0
4.0
2.0

0.0
2 3 4 5 6
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Figure 2: Slope of the lodging index with stem diameters of the oat cultivars at
different seeding rates.

Conclusions

The findings of this study indicate that a seeding rate of 80 kg ha is the most
appropriate and recommended practice for oat cultivation in the western region of Iraq
as it effectively mitigates lodging. Moreover, reducing seeding rates to below this
threshold may result in a decline in crop yield.
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