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ABSTRACT

The experiment study of field was conducted in an agricultural field in
Anbar Governorate, Ramadi District, throughout the spring period of 2024, for
investigation effect of seed stimulation with amino acid (tryptophan) and dried yeast
suspension on the distinctness of field and several characteristic of growth and yield
of sorghum. Applied the experiment of 2-factor by Randomized Complete Block
Design (RCBD) through split-plot system and 3 duplicate, the seed stimulation
treatment with the amino acid tryptophan at concentrations of 100 and 200 mg L-
considered the major factor Furthermore the control treatment no spraying. The
secondary factor was spraying yeast at three concentrations 1500, 2500 and 3500 mg
L%, furthermore the control treatment no spraying. The best results according to the
statistical analysis were for tryptophan at a concentration of 200 mg L-1, which
showed the fewest days for the flowering period, which amounted to 66.00 days, the
highest plant length, the largest leaf size, the chlorophyll index, the number of grains
per head, weight for 500 heads, and the individual plant productivity, which
amounted to 197.25 cm2, 4615 cm2, 53.33 SPAD, 2018.5 grains per head, 14.66 g,
and 58.94 g respectively. Regarding the results of spraying by dry yeast , the
concentration of 3500 mg was superior, giving the highest average field emergence
percentage (74.11%) and field emergence speed (66.56%). The lowest number of
days to reach 75% flowering (67.22 days) was recorded, as were the highest averages
for plant height, leaf size, the grains number of per head, the weight of 500-grain ,
and individual the crop of plant (191.78 cmz, 4306 cm?, 53 SPAD, 1984.4 grains per
head, 14.22 g, and 56.69 g), respectively. This study concludes that stimulating seeds
with dry yeast suspension or the amino acid tryptophan, especially at high
concentrations, improved in field indicators, growth and sorghum crop , and that
this would provide effective treatment for seeds suffering from weak germination.
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INTRODUCTION

Sorghum [Sorghum bicolor (L.) Monech] is a supreme annual harvest of summer due
to its diverse uses. It is used as human food and animal feed in some poor countries and
has multiple industrial uses. It ranks fifth globally after wheat, rice, barley, and maize. The
global cultivated area is estimated at approximately 40.12 million hectares for the years
2021 and 2022, with a production of 62.659 million tons (USDA, 2022). It is a crop that
tolerates some types of stress, the most important of which is its tolerance to salinity
compared to maize. In Iraq, the cultivation of white corn is relatively weak although the
greatness of this crop, due to the problems and obstacles that hinder its cultivation, such as
its weak field germination, which leads to a decrease in plant density and consequently a
decrease in productivity per unit area.

The vitality and emergence of seedlings are affected by external factors related to soil
type and environmental conditions (Al-Dawoodi and Al-Fahad, 2021a, b; Al-Issawi and
Al-Fahad, 2023). Internal factors related to the nutritional stores and hormonal systems of
seeds. With increasing environmental pressures and limited resources, there is a need to
adopt sustainable technologies to enhance crop growth and productivity. These
technologies include seed induction techniques, a promising method for improving field
seed emergence, vegetative growth, and flowering. These techniques involve preparing
seeds with biological or chemical stimulants before planting. Among the substances that
have proven effective in seed induction is yeast suspension, which is rich in vitamins such
as B vitamins, amino acids, enzymes, and plant hormones similar to auxins and
gibberellins. These substances help stimulate the enzymes responsible for analyzing
nutrients within the seed, improving the seed's ability to germinate and resist environmental
stresses (Khalil et al., 2020). Field studies have shown that spraying the vegetative system
or soaking seeds in yeast suspensions increased plant dry weight, leaf number, and leaf
area, indicating increased photosynthetic efficiency (Abd El-Aziz & Balbaa, 2007). The
synthesis of the natural auxin hormone in plants also depends primarily on tryptophan. It
is converted into auxin within plant tissues, promoting cell division and elongation,
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positively impacting early growth, root development, and shoot growth. Studies have
shown that stimulating seeds with tryptophan stimulates root growth and increases
germination speed, in addition to stimulating the production of proteins necessary for early
growth (ElI-Awadi et al., 2011), enhancing plants' ability to tolerate salt stress, and
improving overall physiological performance (Difei et al., 2018). The combined use of
yeast and tryptophan may have a cumulative effect through their combined effect on
hormone production and improving plant nutritional status (Ahmed et al., 2015; Abdallah
& El-Ashry, 2022), which supports the idea of using this technique to effectively stimulate
sorghum seeds.

Increasing germination rate and yield are goals that any farmer and agricultural
researcher aspires to. Therefore, the goal of cultivating sorghum and stimulating its seeds
with amino acids and yeast was to enhance their ability to germinate and field emergence,
which would be reflected in seedling activity, evolution and final harvest of crops.

MATERIAL AND METHODS
A field experiment was conducted during the spring 2024 in an agricultural field in

Ramadi District, Anbar Governorate, to investigate the effects of seed priming with the
amino acid tryptophan and a dried yeast suspension on growth performance and yield traits
sorghum.

Applied the experiment of 2-factor by Randomized Complete Block Design
(RCBD) through split-plot system and 3 duplicate, The experiment involved 2 factors: In
first treatment which included spraying the tryptophan at a concentration of 100 and 200
mg L, Furthermore to the control treatment no spraying, which occupied the main panels,
where the tryptophan applied as a first spray on the vegetative group when the plant had 5
leaves and until completely wetted using a 10-liter sprayer with the addition of the bright
spreading material to increase the surface tension and the second spray before flowering.
As for the second factor, it included three concentrations of yeast (1500, 2500, and 3500)
mg L, Also, to the control treatment no spraying, which occupied the secondary panels,
with two sprays, the first after planting and before germination by injecting it into the soil
and the second spray at the vegetative growth stage before flowering until completely. The
field soil was prepared by plowing and leveling it well, and then the experimental structure
was set up by dividing the field into 27 units with a 3-replicate system. The measurements
of each unit were set to 3x3 and it was divided into holes with a space of 75 cm between
each hole and 25 cm between each hole.

Three seeds were planted per hole on March 20, 2024, then it decreased to a single
seedling at the germination stage. The field soil was enriched with fertilizers, according to
the recommendations, with DAP fertilizer (N18% and P205 46%) when preparing of (100)
kg ha-1 the soil (Iragi Ministry of Agriculture, 2006). Urea fertilizer was also added to the
plant at average of (400kg ha™) applied in two portions: the first portion after the
completion of the field distinctness process and the plant reaching the 4-leaf stage (Cheyed
et al., 2014), and the second portion 40 days after the first batch (Iragi Ministry of
Agriculture, 2006). Crop care was applied like irrigation and manual the plants were
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harvested when they reached the physiological maturity stage at the end of July.
Preparation of concentrations of tryptophan and dried yeast suspension.

The concentrations of L-tryptophan were prepared by dissolving the eights using 50%
NaO; base with a small amount of 50% ethyl alcohol and distilled water in separate glass
flasks. These were placed on a magnetic stirrer hotplate until the substance was completely
dissolved. The volume was then increased to 1 liter with water to obtain the desired
concentrations. Commercial dried yeast (Saccharomyces cerevisiae) was used, and four
concentrations (1500, 2500, and 3500) mg L were prepared. Each was added to 1 liter of
warm distilled water containing 0.5 g of sucrose for activation. The flasks were placed in
an incubator at 25°C for two hours (Chalutz et al., 1977).

Field emergence percentage (%)

The trait was calculated 10 days after planting using the following equation and after
determining the number of seeds in each hole (ISTA, 2013).

Field emergence (%) = (Number of seedlings emerging after 10 days + Total number of
seeds) x 100

Field emergence rate

After five days planting, the field emergence rate trait calculated using the following
equation after determining the seeds number in every hole (ISTA, 2013).

Field emergence rate = (Number of seedlings emerging after 5 days + Total number of
seeds) x 100.

Days Number from planting to 75%flowering (days):

The flowering rate was calculated from planting until others appeared from the median
lines.

Plant height (cm)

Ten plants were selected from the middle rows near the soil facing up to the top after
flowering was complete. (EI-Hosary et al., 2011).

Leaf area (cm?plant™)

Using the equation below, the leaf area was calculated for 10 plants that reached the
flowering stage at a rate of 100%, selected from the midribs of the studied replicates.

Leaf area (cm?) = length of the fourth leaf x maximum leaf width x 6.18 (Al-Sahouki and
Jihad, 2014).

Leaf chlorophyll index (SPAD)

Chlorophyll concentration in the leaves was measured using a chlorophyll meter to
determine the degree of leaf greenness. Three readings were taken from three leaves
selected from the midrib for each experiment and each replicate then the average was taken
and measured in SPAD units (Blackmer and Schepers, 2013).

Grains number per head (grain head)

It was calculated for 10 plants after harvesting the heads, the average taken for each
experimental unit (Al-Alahni, 2017).

Weight of 500 grains (g)

The trait was calculated by weighing 500 grains from the harvested plants using a sensitive
balance for each experimental unit (Micheall, 2003).
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Yield per plant (g plant™?)

Ten plant heads were selected for seed weight measurement; these were chosen from the
midlines of each experimental unit, and plant yield was determined by averaging. For
statistical analysis, using the GenStat statistical analysis program, averages analyzed and
compared by the least significant difference (LSD, P<0.05) test (Kadem and Abed, 2018).

RESULTS AND DISCUSSION

Field emergence is an indicator of the strength and vigor of seedlings under field
conditions and the surrounding environmental and biotic stresses, which are linked to field
establishment, subsequent growth, and crop yield (Mustafa and Cheyed, 2018; Al-Rawi et
al., 2024). The results showed the treatment with dried yeast suspension in concentration
of 3500 mg L*? arrived to the highest average field emergence rate for 74.11%,
outperforming all other concentrations. The treatment, however, produced the lowest
significant decrease average for this trait, at 67.56% (Table 1). The reason for this increase
when using a high-concentration dried yeast suspension may be due to the increased growth
and improvement of the shoot and root when added to the soil. This is because it contains
certain plant hormones that stimulate germination and elongation, such as auxins and
cytokines, which increase the rate of field emergence (El-Kholy et al., 2007). As for the
amino acid tryptophan, it increased the field emergence rate when sprayed at a
concentration for 200 mg L™, recording the highest a significant increase average of
72.25%, compared of the treatment without spraying, it is recorded the lowest significant
decrease average for this trait, 69.58%. This result is consistent with what Klupczynska
(2021) found regarding breaking the dormancy of some seeds to increase the rate of
emergence. The interaction also had a significant effect on this trait, as the interaction is
another important factor affecting this trait, as the study showed the highest significant
increase for the mixture (3500 mg yeast x 200 mg tryptophan), where the field maturity
rate reached 75.67%, unlike the control treatment, which showed the lowest rate for this
trait, reaching 64.67%.

Table 1. The effect of tryptophan and yeast stimulate seed on the field emergence rate of

sorghum.
Tryptophan Yeast (mgL™?) Mean
(mgL™Y) 0 1500 2500 3500
0 64.67 69.33 71.33 73.00 69.58
100 69.00 71.67 72.67 73.67 71.75
200 69.00 71.57 72.77 75.67 72.25
Mean 67.56 70.85 72.22 74.11
LSD @ 0.05 Tryptophan Yeast Tryptophan x Yeast
0.29 1.06 0.69

The highest rate was recorded for dry yeast suspension in the 3500 mg L*
concentration where highest average by 66.56% compared with control, which produced a
lower average for 55.22% (Table 2)This may be due to the properties of yeast, which has
the ability to increase the cell's ability to elongate and divide, thus increasing enzyme
activity within the seeds and increasing the rate of germination. (Hammad and Ali, 2014).
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The results of table (2) showed that emergence speed increased with increasing tryptophan
concentration, yielding 66.75%, at concentration of 200 mgL™, whereas the percentage
decreased to 54.83% for the control treatment. The trait was also greatly significant by the
2-way interaction, as the combination (3500mgL™* of yeast suspension + 200mgL™* of
tryptophan) recorded the elevated average emergence speed, arrived 75.00%, whereas the
control treatment of both factors arrived at the lowest average for this trait, arrived 51.33%.
We believe the reason is due to the role of tryptophan which stimulates all processes related
to the rapid division and elongation of meristematic cells, which quickly differentiated into
a mature embryo, producing a strong seed consisting of the shoot and a root. This result is
consistent with (Jiang et al., 2024; Yusuf et al., 2024).

Table 2. The effect of tryptophan and yeast on seed stimulation and field emergence rate

of sorghum.
Tryptophan Yeast (mgL™) Mean
(mgLY) 0 1500 2500 3500
0 51.33 54.00 56.33 57.67 54.83
100 55.67 58.33 62.33 67.00 60.83
200 58.67 64.00 69.33 75.00 66.75
Mean 55.22 58.78 62.67 66.56
LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast
0.65 0.75 1.30

The stimulation treatment with a 3500 mg L dry yeast suspension showed the
largest decrease in the number of days, 67.22 days, to arrive at 75% flowering, while
unsprayed plants took 72.89 days to reach this stage (table 3). This may be due to the role
of yeast suspension as a source of cytokinin, which increased cell division and elongation,
thus decreasing the days number to flowering due to the completion of the reproductive
organs of the sorghum plant when sprayed with the powder. This result is consistent with
Sead and Abido (2014).

The lowest number of days to flowering was recorded by seeds stimulated with
high concentrations of tryptophan, at 67.22 days, compared with the control, where it
reached the highest days number, at 72.89 days. This may be the role played by the
tryptophan in regulating flowering time, reducing inhibitory activity, increasing
photosynthetic efficiency, physiological responses, and the plant's transition from the
vegetative growth phase to the reproductive growth phase. Our results agree with the
findings of Domagalska et al. (2010) and Alwutayd et al. (2024). The interaction between
the two study factors also showed a significant effect on the rate of this trait. Plants treated
with the high concentration of yeast powder and tryptophan occupy the least days number
to arrive 75% flowering, at 61.67 days, compared with the control group, which took a long
time to reach this stage for both treatments, the duration was (72.89 days).
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Table 3. Effect of seed stimulation with the amino acid tryptophan and yeast on days
number to flowering (75%) of sorghum.

Tryptophan Yeast (mgL™?) Mean
(mgL™Y) 0 1500 2500 3500

0 76.33 74.33 73.00 70.67 73.58

100 73.67 70.33 69.67 69.33 70.75

200 68.67 67.33 66.33 61.67 66.00
Mean 72.89 70.67 69.67 67.22
LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast

0.88 0.60 1.12

The results of the study, as shown in table (4), indicated a significant increase in
plant height after soaking the seeds in a dry yeast suspension with a concentration of 3500
mg L, As shown in Table (4), the highest mean was 191.78 cm for the treatment group
compared to 175.44 cm for the control group. The cause behind the significant increase in
plant height may be because of the stimulating effect of the yeast suspension on cell
division and plant growth, due to the production of growth-promoting substances such as
cytokinin, gibberellins, and vitamins. In addition, the dry yeast suspension contains amino
acids, mineral elements, and nitrogen, which increase the growth rate (Sead and Abido
(2014).

The study results showed that the highest average plant height reached 197.25 cm
when treated with tryptophan at a concentration of 200 mg L while the control treatment
recorded the lowest plant height, at 172.67 cm, this may be due to the high nitrogen content
of amino acids, which stimulates auxin production, which encourages cell division and
elongation, thus increasing plant height (Nilesh et al., 2012; Al-Janabi et al., 2024).

As for interaction, the two stimulation treatments with the highest concentrations
of dry yeast suspension and tryptophan (3500 and 200 mg L), respectively, recorded the
highest plant height, at 208.33 cm, while the control treatment for both recorded the lowest
value for this trait, at 164.67 cm.

Table 4. The effect of tryptophan and yeast on the seed stimulation of height trait of

sorghum
Tryptophan Yeast (mgL™?) Mean
(mgLY) 0 1500 2500 3500

0 164.67 173.00 175.00 178.00 172.67

100 173.00 181.33 186.33 189.00 182.42

200 188.67 194.33 197.67 208.33 197.25
Mean 175.44 182.89 186.33 191.78
LSD « 0.05 Tryptophan Yeast Tryptophan x Yeast

2.64 2.05 3.64

The highest average leaf area was recorded in the yeast treatment group at a
concentration of 3500 mg L-1, arrived at 4306 cm?, compared to the other treatments, while
the control group showed the lowest average leaf area, reaching 3847 cm?, as shown in
table (5). This increased because of the yeast suspension's ability to induce the cell division
and ability of elongation and increase of cell due to its content of many amino acids, which
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are source of nitrogen and growth-stimulating plant hormones, which increased the plant's
leaf area (Abbas, 2013).

Leaf area also increased when treated with tryptophan at the concentration of 200
mgL1, reaching 4615 cm?. Plants who were treated with distilled water, however, observed
the lowest average for this trait, arrived 3777 cm?. This may be due to the ability of
tryptophan in stimulating the plant to make hormones such as cytokinin and auxins, which
increases the rate of cell division and elongation in all parts of the plant, resulting in
increased leaf area. These results are coordinating with those reported by (Sivasankari et
al. 2014), who reported that tryptophan has a positive effect on vegetative plant growth,
including leaf area. Regarding the two-way interaction, we note from (Table 5) that the
treatment with dry yeast suspension and high concentration of tryptophan showed the
highest average at 5060 cm2 compared to the control treatment which showed the lowest
value at 3567 cm2.

Table 5. The effect of tryptophan and yeast on seed stimulate the leaf area of sorghum

Tryptophan Yeast (mgL™?) Mean
(mgL™Y) 0 1500 2500 3500

0 3567 3721 3888 3932 3777

100 3767 3835 3693 3925 3805

200 4207 4443 4750 5060 4615
Mean 3847 4000 4111 4306

LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast
121 115 193

In table (6), the results indicated that the chlorophyll index in leaves differed
significantly when treated with a high-concentration dry yeast suspension (3500 mg L™),
recording the elevated average of 53 SPAD, which is significantly difference at
concentration of 2500 mgL™. In control treatment group; however, produced the lowest
chlorophyll index, at 49 SPAD. This may be due to the role of the dry yeast suspension in
stimulating certain enzymes that increase chlorophyll concentration in the leaves, as well
as the dry yeast suspension containing amino acids and minerals, of which magnesium is
one of the most important components of chlorophyll (Tawfik and Gomaa, 2005). The 200
mgL! tryptophan treatment showed the upmost chlorophyll index (Cl) of 53.33 SPAD,
compared to the control treatment, which showed the lowest concentration of 47.67 SPAD.
This result is consistent with Sacakli et al. (2013). No significant differences were observed
for the 2way interaction between the study treatment.
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Table 6. The effect of tryptophan and yeast on seed stimulation of the chlorophyll index

of sorghum
Tryptophan Yeast (mgL™) Mean
(mgL?) 0 1500 2500 3500
0 45.33 46.67 48.67 50.00 47.67
100 51.00 51.00 51.33 53.00 51.58
200 51.33 52.67 53.33 56.00 53.33
Mean 49.22 50.11 51.11 53.00
LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast
0.75 1.98 N.S

The upmost average number of grains per head was 1984 grains head™ when using
a concentration of 3500 mg L™ while the lesser average was 1817 grains head™® when
treated with distilled water. Perhaps the reason for these results is the role played by the
high concentration of dry yeast suspension in improving the growth characteristics of
sorghum plants, including leaf area and chlorophyll index (tables 5 and 6), The increase in
the number of grains is attributed to the increased qualification of photosynthesis, which
in turn increases the rate of food production and consequently raises the fertility rate. Thus,
our study's results are consistent with those of Al-Janabi et al. (2021), who concluded that
an elevation fertility rate leads to an elevation in the number of grains.

Table 7 showed the upmost average grain head quantity for 2019 obtained with
tryptophan treatment at a concentration of 200 mg L™, compared to the control group,
which recorded the lowest average at a concentration of 1789.2 grain head-1. This was
interpreted by Biswas (2023) as indicating tryptophan's ability to improve vegetative
growth characteristics, leading to improved yield and its components.

Table 7. The effect of tryptophan and yeast on the seed stimulates the number of grains
per head trait of sorghum

Tryptophan Yeast (mgL™?) Mean
(mgL™?) 0 1500 2500 3500

0 1720 1741 1813 1883 1789

100 1825 1963 1980 1962 1932

200 1906 1997 2062 2108 2019
Mean 1817 1900 1951 1984

LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast
1720 1741 1813
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Table 8 showed that the elevated weight of 500 seeds, weighing 14.22 g, was
obtained when treated with dry yeast suspension at a concentration of 3500 mg L-1. No
significant difference was shown between the two treatments and the concentrations of
2500 and 1500 mg L-1, while the control group showed a significant decrease in weight
(12.49 g).

The cause of increase in the weight of 500 seeds at the high concentration of dry
yeast suspension is because to its superiority in plant height, leaf area, and chlorophyll
index (tables 4, 5, and 6), which increased the products of photosynthesis and consequently
increased the amount of processed nutrients transferred from their primary source (leaves
and stems) And finally, it reached the seeds. Yeast contains many enzymes and metabolic
derivatives such as fats, proteins, and amino acids, which stimulate physiological processes
within the plant, which positively impacts the yield and its components (Sacakli, 2013 and
Abbas, 2013). (Table 8) shows that stimulating the seeds with tryptophan at concentration
of 200 mgL™* resulted in the upmost seed weight of 14.56 g, while the weight of 500 seeds
decreased to 11.79 g in the control treatment. This increase in seed weight may be due to
this treatment affecting most growth traits, which positively impacted the crop and its
components (Yazdanpanah et al. 2011). Regarding the interaction, the combination (3500
mgL? yeast + 200 mgL™* tryptophan) arrived at the upmost average for the above trait,
reaching 16.00 g, while the weight of 500 seeds decreased in the control treatment for both
yeast and tryptophan, reaching 11.58 g.

Table 8. The effect of tryptophan and yeast on seed stimulation the weight of 500
sorghum seeds

Tryptophan Yeast (mgL™?) Mean
(mgL™?) 0 1500 2500 3500

0 11.58 12.00 11.87 11.67 11.78

100 12.47 14.67 13.65 15.00 13.95

200 13.42 14.15 14.67 16.00 14.56
Mean 12.49 13.60 13.39 14.22
LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast

0.61 0.76 1.22

Plant yield continued to increase significantly with increasing concentrations of dry
yeast suspension seed stimulation. Table 9 shows that the high significant plant crop was
achieved at a concentration of 3500 mg, averaging 56.69 g plant™* while the control group
treatment showed the lowest crop at 45.59 g plant™. The cause for the increase may be
consequent to the role of the dry yeast suspension in increasing vegetative growth feature,
particularly plant height and leaf area (tables 4 and 5). This led to enhancing the plant's
efficiency to access light, elevating the rate of photosynthesis and the accumulation and
transfer of dry things to the estuaries. Our results are consistent with those of (Hu et al.
2017), who attributed the increase in weight to the increased number of seeds (tables 7 and
8), which would raise the economic return.

We note from the table that treating the seeds with concentration of 200 mgL™ of
tryptophan yielded the magnificent seed yield, arrived 58.94 g plant™, while the control
treatment decreased the yield to 42.14 g plant™’. This increase is due to the close correlation
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between yield and its components when the seeds are stimulated with a high concentration
of tryptophan. This result supports the findings of Sivasankari et al.(2014) .

The interaction between the two study factors, treating the seeds with the high
significant concentration of both studies, resulted in the highest seed yield value, reaching
67.6 g plant?, while the two-way interaction of the control treatment with both study
factors showed the lowest average, at 40.11 g plant™.

Table 9. The effect of tryptophan and yeast on the seed stimulates the plant yield trait of

sorghum
Tryptophan Yeast (mgL™) Mean
(mgL?) 0 1500 2500 3500
0 40.11 41.79 43.03 43.63 42.14
100 45.49 57.60 54.02 58.85 53.99
200 51.17 56.50 60.50 67.60 58.94
Mean 45.59 51.96 52.52 56.69
LSD a 0.05 Tryptophan Yeast Tryptophan x Yeast
2.86 3.56 5.69

CONCLUSION

The seed stimulation technique of using dry yeast suspension or tryptophan amino
acid, especially at higher concentrations, improved seed vigor and field emergence, which
was subsequently reflected in improved vegetative growth characteristics. This increased
efficiency in dry matter production, which positively impacted seed yield and its
components. Depending on the results of our study, we suggest soaking seeds that suffer
from poor germination and field emergence with dry yeast suspension, tryptophan amino
acid, or both. This includes sorghum, which many local studies have confirmed has poor
field emergence. This can significantly improve field emergence, extending this effect to
plant yield and improving vegetative growth indicators.
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