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ABSTRACT

This study was aimed to investigate the appropriate planting date and tolerance to adverse growing
conditions in the spring season through seeds stimulation technology. A field experiment was carried
out in the spring seasons of 2022 and 2023 according to a randomized complete block design in a split-
plot arrangement with four replications. The main factor is planting dates (February 15", March 1%
and 15™, and April 1 and 15™). The secondary factor is seeds stimulation (potassium nitrate 6 mg L™
+ licorice extract 6 g L™, as well as soaking with distilled water only). The stimulated seeds (potassium
nitrate + licorice extract) and the planting date of February 15" were superior in traits of fertility
ratio, number of grains per ear, weight of 300 grains, total grains yield, biological yield, and harvest
index in both seasons (2022 and 2023). The stimulated seeds (potassium nitrate + licorice extract),
planted on February 15", excelled in the traits above (95.6 and 97.7%), (640.7 and 816.9 grain ear™),
(76.19 and 82.69 @), (7.2 and 7.8 ton ha), (17.5 and 18.9 ton ha™) and (41.5 and 41.2%) in both
seasons, respectively. It can be concluded that seeds stimulation improved the yield and its components
of corn crop under a wide range of environmental conditions, and that planting the stimulated seeds
on February 15" contributed to take advantage of the prevailing environmental conditions and
regulating the relationship between source efficiency and sink capacity to obtain the highest grain
yield. It can be recommended that soaking the seeds with potassium nitrate 6 mg L™ + licorice extract
6 g L™ together when planting in mid-February in the spring season to increase grains yield.
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INTRODUCTION

Corn has low grain yield in the spring season
in Iraq as a result of environmental conditions
such as temperature and relative humidity
during the growth stage, especially
germination, field emergence, and seedling
growth (31, 33). Low soil temperature affects
germination, field emergence and other growth
stages (25, 32). The appropriate planting date
is related to climatic conditions accompanying
the growth of the crop from planting until
harvest (15,35). Planting date impacts number
of grains per ear (10). The planting date was
reported to have a significant effect on the
grain yield when planting during March and
April, and it decreased when planting was
delayed until June (16). The differences in
grain yield are due to the variation in
temperatures and the short time needed for the
grain to fill (27,30). Soaking period, activating
solution and temperature should be adjusted to
improve emergence ratio (18). Cold test and
first count in sorghum and accelerated aging
test in maize were closer to predict the field
emergence (24,26), which explained that time
of germination and field emergence due to soil
temperature and microorganism could be
reduced by stimulating the seeds that increased
the seedling vigor index and the germination
rate in the accelerated age test and the cold test
(7). Germination responds to temperatures
which extend to the seeds ability to emerge
and growth at field (28). Seed priming before
planting increased the viability and vigor of
sorghum seeds, seedling growth and tolerate
drought stress (17,41,42,43). Corn and wheat
seeds had tolerated drought stress to some
extent after priming and germination and field
emergence was improved (7,29,38,39). Seeds
soaking with GA3 improved germination,
seeds vigor, emergence properties and growth
of wheat seedling (20,21). Seeds soaked in
GA3 a key to expand growth and enhance
grain yield in wheat (3). Seeds stimulation
technology contributes to improving the
vitality and vigour of seeds and their tolerance
to adverse growing conditions, as it gives good
results in field establishment, starting from
field emergence to increasing yield in natural
conditions and various environmental stresses
(6,19,23,34). This technology improves crop
performance and increases production when
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there are environmental limitations, including
temperatures and salinity of irrigation water
(12,22,36,44,45). Plant extracts have been
used in many studies because it contains
natural compounds that stimulate germination
and growth (19,35) including licorice root
extract, which contributes to improving the
plant’s ability to withstand abiotic conditions
because it contains glycyrrhizin, amino acids
and plant hormones, including gibberellin
(40). In addition, licorice extract contains
many compounds, including (K, Mg, Mn, Zn,
Cu, P), and these elements are important in
stimulating the germination process and
contributing to accelerating growth and
improving yield (35). Licorice root extract
contains natural products such as nutrients and
other effective substances, acids, phenols, and
steroids, licorice extract acts as gibberellin in
stem elongation, plant height, number of
leaves, and root length through two
physiologically different processes: cell
division and cellular elongation of plant tissue
cells internally, leading to increased growth
and the weight of the shoot, and use of licorice
extract has an effect similar to growth
regulators in improving the vegetative and
flowering characteristics of different plants
(13). Licorice extract has a role in increasing
the percentage of total soluble solids and
vitamin C in fruits and improving chemical
properties (8). Seeds stimulation with licorice
extract increased total grain yield in the spring
and fall seasons of different varieties of
sorghum (4). Potassium nitrate contributes to
eliminating the action of abscisic acid,
enhancing gibberellin, energy production, and
increasing the activity of enzymes, especially
antioxidant enzymes, including peroxidase
(POX) and ascorbate oxidase (AOX) in many
plants (47), it’s also contributes to enhancing
dehydrogenase and a-amylase enzymes under
low temperatures (47). It has been shown that
stimulating seeds with potassium nitrate before
planting improves plant performance in the
field under adverse conditions and increases
the productivity of maize (14,37). Stimulating
wheat seeds with potassium nitrate increased
grain weight (46). The seeds soaking treatment
with licorice extract and potassium nitrate was
superior by giving the highest mean
germination, seedling vigor index, accelerated
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aging and cold test (35). Germination and
seedling growth indicators could be improved
in a wide range of environmental conditions
when seeds are soaked in licorice extract,
potassium nitrate, or both, in addition to using
licorice extract as an alternative to gibberellin
in stimulating germination (35). This study
was aimed to determine the appropriate
planting date and tolerance to adverse growing
conditions in the spring season through seeds
stimulation  technology. Improving the
production capacity per area despite
environmental growth determinants such as
temperature and humidity by stimulating the
potential energy of plant.

MATERIAIS AND METHODS

A field experiment was carried out during two
spring seasons of 2022 and 2023 according to
a randomize complete block design in a split-
plot arrangement with four replications. Main
factor is planting dates (February 15", March
1% and 15", April 1% and 15"). Secondary
factor is seeds stimulation (potassium nitrate 6
mg L™ + licorice extract 6 g L™ as well as
soaking treatment with distilled water only).
The soaking duration was 18 hours (34,35).
The field was well plowed and smoothed. Area
of the experimental unit for secondary plot
was 12 m? (4x3m), with five lines, 75 cm apart
and 25 cm between holes, with a plant
population of 53.333, and the distance between
the main plots and another was 1 m and
between replication and another was 1.5 m.
Seeds of Baghdad-3 cv. were planted with
three seeds in each hole. Thinning process was
carried out after emergence when plant height

reached 15-20 cm, keeping one plant in each
hole. The field was covered with nets to
protect the seedlings from birds. Soil and crop
management in accordance to
recommendations were carried out. Corn stem
borer was controlled using granular diazinon
pesticide (10% active ingredient) at a dose of 6
kg ha™* by feeding the growing top of the plant
as a preventive control at the 4-5 leaf stage,
and the second after 15 days of the first
control. Climate data was reported in the
spring seasons of 2022 and 2023 (Table 1).
Five ears of guarded plants were collected
randomly at each experimental unit for studied
following traits:

Fertility ratio (%) was calculated by dividing
number of grains of ear on total of ovaries
multiplied by 100, number of grains per ear,
weight of 300 grains (g), grains yield (ton ha™)
was calculated by multiplied grains number
per plants by density of plants (53333 plants
ha™), biological yield (ton ha') and harvest
index (%). Weights calculation were corrected
based on a humidity of 15.5% (11). Statistical
analysis; data were analyzed statistically
according to randomize complete block design
in a split-plot arrangement with four
replications (9). Planting date treatments were
placed in main plots. Seeds stimulation
treatments were placed in subplots. Means
were compared by test of least significant
difference (LSD) at 5% probability (5).
Genstat: A statistical program was used. Note:
Traits that had no data in planting date in April
15" were analyzed as four dates only.

Table 1. Climate data in the spring seasons of 2022 and 2023

Spring season 2022

Spring season 2023

S;?e”ljow'”g Date Temp RH Date Temp RH
dd/mm avg C° avg % dd/mm avg C° avg %
Silking 15/02 - 26/05 20.77 36.09 15/02 — 17/05 20.49 52.12
Physiol. Maturity 15/02 - 17/06 22.88 33.53 15/02 — 05/06 22.49 49.74
Full maturity 15/02 - 26/06 25.73 30.31 15/02 — 14/06 23.34 48.69
Silking 01/03 - 30/05 21.47 33.93 01/03 - 17/05 20.49 52.12
Physiol. Maturity 01/03 - 22/06 23.87 31.55 01/03 - 05/06 22.49 49.74
Full maturity 01/03 - 07/07 24.99 30.49 01/03 - 09/06 24.33 49.39
Silking 15/03 — 05/06 25.76 29.81 15/03 — 07/06 25.04 48.43
Physiol. Maturity 15/03 — 21/06 24.80 30.34 15/03 — 21/06 26.35 45.63
Full maturity 15/03 — 10/07 28.47 27.03 15/03 — 02/07 27.17 43.11
Silking 01/04 — 17/06 26.80 28.78 01/04 — 19/06 27.70 42.88
Physiol. Maturity 01/04 — 03/07 27.96 27.57 01/04 — 03/07 28.72 39.55
Full maturity 01/04 — 12/07 28.57 26.96 01/04 — 12/07 29.26 37.55

Average temperature according to number of days to reach the exact stage was taken. Ministry of Agriculture,
Agricultural Meteorology Center, Baghdad Governorate, Abu Ghraib Research Station, Longitude 23.44°,

Latitude 32.33
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RESUITS AND DISCUSSION

Fertility ratio (%)

The seeding date in February 15" was
significantly superior to other dates in the
fertility percentages and achieved the highest
mean (94.3 and 95.5%). The lowest mean for
this trait was at the planting date of April 1
(52.5 and 67.0%) in both seasons, respectively
(Table 2). The stimulation treatment
(potassium nitrate + licorice extract) superior
the control treatment (Table 2). The planting
date in February 15" when treated with the
stimulus (potassium nitrate + licorice extract)
exceeded the fertility ratio and recorded the
highest mean of (97.7%), while the date of
April 1 when treated the seeds with the
stimulus with distilled water only recorded the
lowest mean of 65.1% in the spring season of
2023 (Table 2). The reason for the decreases in
the corn flowers fertility ratio in recent times
could be due to the increases in temperatures
and the length of photoperiod, which is

accompanied by decreases in relative humidity
during the flowering stage, which negatively
affects flowering and the formation of
unpollinated florets ratio as a result of the
failure of fertilization process, due to the effect
of temperature. The highest pollen moisture
content during the flowering stage prevents the
dispersal of the tassel pollen grains during the
emerges on the silk and thus the pollination
process fails (1). The average of temperature
increased on February 15" from 20.77 and
20.49°C to 26.80 and 27.70°C in April 1% with
a decrease in relative humidity from 36.09 and
52.12% to 28.78 and 42.88% in the two
seasons, respectively (Table 2). The reason
could be due to the effect of stimulants in
increasing the speed of seedling growth,
improving growth indicators in the plant, and
the transfer of nutrients to the flower origin,
which led to increases in the percentage of
zygotes.

Table 2. Effect of seeds stimulation and planting date on fertility ratio (%) of corn in spring
seasons 2022 and 2023

Spring season 2022
Seeds stimulation

Spring season 2023
Seeds stimulation

Planting KNO3+ Distilled Planting KNOs+ Distilled

date Licorice water Mean date Licorice water Mean
extract only extract only

Feb. 15" 95.6 93.1 94.3 Feb. 15" 97.7 93.4 95.5

Mar. 1% 88.0 83.4 85.7 Mar. 1% 91.5 83.9 87.7

Mar. 15" 56.4 51.4 54.0 Mar. 15" 75.3 73.4 74.3

Apr. 1% 54.8 50.2 525  Apr.1%" 68.9 65.1 67.0

Apr. 15" Apr. 15"

LSD g5 N.S 8.6 LSD g5 48 46

Mean 73.7 69.5 Mean 83.4 79.0

LSD 405 2.1 LSD 405 1.3

LSD s, Least significant difference test at probability level of 0.05; N.S: Non-significant at P<0.05; ---, Planting

date gave no data

Number of grains ear™

The planting date in February 15" was
superior to the other date significantly in the
number of grains per ear and recorded the
highest mean (581.2 and 761.6). The lowest
mean was at the date of April 1% (364.2 and
372.1) in the two seasons, respectively (Table
3). The reason could be due to suitable
environmental conditions, which led to
increases in leaf area and its index, then
reflected positively on formation and
increasing in the number of fertilized florets
and the number of grains per ear (2). The
reason for the decreases of the number of
grains at late planting date could be due to the
influence of the prevailing unsuitable
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environmental conditions when planting in the
spring season, as the delay of planting date
causes the lower number of grains (1,46). The
stimulation treatment (potassium nitrate +
licorice extract) was superior to the control
treatment, soaking with distilled water only
(Table 3). The reason for the increase of the
grains number could be attributed to the role of
both potassium nitrate and licorice root extract
in improving germination and seedling growth
in a wide range of environmental conditions,
as potassium nitrate contributes to activating
enzymes and regulating the photosynthesis
process, in addition to the extract containing
many organic compounds. Minerals and a
group of micro- and macro-elements and
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enzymes that increase various growth
activities, including carrying out the process of
photosynthesis, increasing the production of
nutrients that move from the source to the
sink, enhancing the potential ability, and then
raising the plant’s productivity (36). The
planting date of February 15" and the
stimulating treatment (potassium nitrate +
licorice extract) recorded the highest mean

(816.9), while the seeds treated with distilled
water only and planted at the date of April 1
recorded the lowest mean (347.1) (Table 3).
The reason for the decrease of grains number
in the late date could be due to the change in
temperature and humidity, which affects the
flower buds from which the grains are
produced, especially since the late date give
the lowest number of grains per ear (1).

Table 3. Effect of seeds stimulation and planting date on number of grains per ears of corn in
spring seasons 2022 and 2023

Spring season 2022
Seeds stimulation

Spring season 2023
Seeds stimulation

Planting KNO;+ Distilled Planting KNO;+ Distilled

date Licorice water Mean date Licorice water Mean
extract only extract only

Feb. 15™ 640.7 521.7 581.2  Feb.15™ 816.9 706.4 761.6

Mar. 1% 511.1 485.1 498.1 Mar. 1% 663.3 525.6 594.4

Mar. 15" 440.3 400.4 4203  Mar. 15" 520.7 453.9 487.3

Apr. 1% 395.5 332.0 364.2  Apr. 1% 397.0 347.1 372.1

Apr. 15" Apr. 15"

LSD g5 N.S 51.1 LSD g5 74.46 72.91

Mean 496.9 434.8 Mean 599.5 508.3

LSD g5 25.5 LSD g5 15.26

LSD (5, Least significant difference test at probability level of 0.05; N.S: Non-significant at P<0.05; ---, Planting

date gave no data

Weight of 300 grains (g)

The planting date of February 15" was
superior to the other date significantly and
recorded the highest mean of 300 grains
weight (73.65 and 79.42 g), while the April 1
recorded the lowest mean (61.54 and 69.73 g)
in both seasons, respectively (Table 4). The
reason for the decreases in grain weight on the
date of April 1% is due to the rise in
temperature and a decreases in relative
humidity, which leads to a shortening of the
grain filling period, as the period of
physiological maturity was shortened from
113 and 110.5 days on February 15" to 93 and
92 days on April 1% (35) as a result of
temperatures rising from 22.88 and 22.49°C in
February 15™ to 27.96 and 28.72°C in April
1%, with decreases in the relative humidity
from 33.53 and 49.79% to 27.57 and 39.55%
in the two seasons, respectively (Table 1). The
stimulation treatment (potassium nitrate +
licorice extract) was superior to the stimulation
treatment with distilled water only (Table 4).
This may be due to the role of stimulating
treatments in the early emergence and
formation of the seedling, reducing the time
needed for growth, increasing the efficiency of
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photosynthesis and the transfer of nutritional
components that determine the growth of the
grain.

Grains yield (ton ha)

The planting date of February 15" recorded
the highest mean of total grains yield (6.4 and
7.1 ton ha), which differed significantly with
the other dates, while April 1% recorded the
lowest mean (2.2 and 4.0 ton ha™) (Table 5).
The stimulation treatment (potassium nitrate +
licorice extract) was superior to the control
treatment (distilled water only) (Table 5). The
interaction between planting date of February
15™ and stimulant treatment (potassium nitrate
+ licorice extract) was superior and gave the
highest mean (7.2 and 7.8 ton ha™), which
differed with the other date significantly, while
the treatment of April 1* and seeds stimulation
with distilled water only, recorded the lowest
mean (2.0 and 3.9 ton h™) (Table 5). The
reason for the increase in total grain yield at
early dates is due to the suitability of the
prevailing environmental conditions and their
positive impact on the components of the yield
at the same date, including number of grains
per ear, and the weight of 300 grains (Tables
3,4).
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Table 4. Effect of seeds stimulation and planting date on weight of 300 grains (g) of corn in
spring seasons 2022 and 2023

Spring season 2022
Seeds stimulation

Spring season 2023
Seeds stimulation

Planting KNO3+ Distilled Planting KNO3+ Distilled

date Licorice water Mean date Licorice water Mean
extract only extract only

Feb. 15" 76.19 71.10 73.65  Feb. 15™ 82.69 76.15 79.42

Mar. 1% 70.59 66.99 68.79  Mar. 1% 79.18 73.83 76.51

Mar. 15" 70.38 59.50 64.94  Mar. 15" 75.77 69.52 72.65

Apr. 1% 66.60 56.48 61.54  Apr. 1% 73.67 65.79 69.73

Apr. 15" Apr. 15"

LSD o5 N.S 45 LSD o5 N.S 1.74

Mean 70.94 63.52 Mean 77.83 71.32

LSD o5 2.9 LSD o5 0.83

LSD ¢05, Least significant difference test at probability level of 0.05; N.S: Non-significant at P<0.05; ---, Planting date gave no data
Table 5. Effect of seeds stimulation and planting date on total grains yield (ton ha™) of corn in
spring seasons 2022 and 2023

Spring season 2022
Seeds stimulation

Planting KNO;+ Distilled

Spring season 2023
Seeds stimulation

Planting KNO;+ Distilled

date Licorice water Mean date Licorice water Mean
extract only extract only

Feb. 15" 7.2 5.6 6.4 Feb. 15" 7.8 6.5 7.1

Mar. 1% 5.2 4.3 4.7 Mar. 1% 6.9 5.7 6.3

Mar. 15" 3 2.1 25 Mar. 15" 4.6 4.4 4.5

Apr. 1% 2.5 2.0 2.2 Apr. 1% 4.2 3.9 4.0

Apr. 15" Apr. 15"

LSD o5 0.90 0.86 LSD g5 0.66 0.55

Mean 45 3.5 Mean 5.8 5.1

LSD 0.05 024 LSD 0.05 031

LSD s, Least significant difference test at probability level of 0.05; ---, Planting date gave no data

Biological yield (ton ha™)

The planting date of February 15" recorded
the highest mean of biological yield (16.4 and
18.0 ton ha'), which didn’t differed
significantly with March 1%, while it differed
with the other dates significantly. The planting
date of March 15" achieved the lowest
biological yield (9.5 and 12.2 ton ha™) (Table
6). The stimulation treatment (potassium
nitrate + licorice extract) was superior to the
stimulation treatment with distilled water
significantly (Table 6). The reason for the
superiority of planting date and stimulation
treatment could be due to the fact that the
same treatments gave the highest mean for the
number of grains per ear (Table 3) and the
weight of dry matter (35).

Harvest index (%0)

February 15" was significantly superior to
other dates and recorded the highest mean for

harvest index (39.2 and 39.8%), while April 1%
recorded the lowest mean (13.3 and 29.5%)
(Table 7). The stimulation treatment
(potassium nitrate + licorice extract) was
significantly superior to the stimulation
treatment with distilled water in the spring
season 2022 only (Table 7). The interaction
between February 15" and seeds stimulation
(potassium nitrate + licorice extract) was
superior on harvest index significantly in the
spring season 2023 only, and recorded the
highest mean 41.2% compared to the
interaction between April 1% and seeds soaked
in distilled water (Table 7). The reason for the
superiority of the harvest index is that the
planting dates and stimulation treatments and
their interaction are the same parameters that
recorded the highest mean for total grain yield
and biological yield (Tables 5 and 6).
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Table 6. Effect of seeds stimulation and planting date on biological yield (ton ha™) of corn in
spring seasons 2022 and 2023

Spring season 2022
Seeds stimulation
Distilled

Planting KNO3+

Planting

Spring season 2023
Seeds stimulation

KNO3+ Distilled

date Licorice water Mean date Licorice water Mean
extract only extract only

Feb. 157 17.5 15.3 164  Feb.15™ 18.9 17.1 18.0

Mar. 1% 17.1 14.9 16.0 Mar. 1% 18.6 16.7 17.6

Mar. 15™ 10.5 8.3 9.5 Mar. 15™ 12.8 115 12.2

Apr. 1% 11.8 9.7 10.7  Apr. 1% 15.2 12.7 14.0

Apr. 15" Apr. 15"

LSD o5 N.S 2.1 LSD o5 N.S 1.4

Mean 14.2 12.1 Mean 16.4 145

LSD 405 0.8 LSD o5 0.7

LSD (5, Least significant difference test at probability level of 0.05; N.S: Non-significant at P<0.05; ---, Planting

date gave no data

Table 7. Effect of seeds stimulation and planting date on harvest index (%) of corn in spring
seasons 2022 and 2023

Spring season 2022
Seeds stimulation

Spring season 2023
Seeds stimulation

(F;Ianting K_NO_3+ Distilled Mean Planting K_NO_3+ Distilled Mean
ate Licorice water date Licorice water

extract only extract only
Feb. 15 41.5 37.0 39.2  Feb. 15" 41.2 38.4 39.8
Mar. 1% 34.5 28.9 31.7 Mar. 1% 371 34.4 35.7
Mar. 15" 28.3 24.9 266  Mar. 15" 36.2 38.3 37.3
Apr. 1% 13.4 13.1 13.3  Apr. 1" 27.5 31.5 29.5
Apr. 15™ Apr. 15"
LSD g5 N.S 9.3 LSD o5 5.0 4.6
Mean 29.4 26.0 Mean 35.5 35.7
LSD 05 2.8 LSD 05 N.S

LSD s, Least significant difference test at probability level of 0.05; N.S: Non-significant at P<0.05; ---, Planting

date gave no data

CONCLUSION

It can be concluded that planting stimulated
seeds at the appropriate time contributed to
employing the prevailing environmental
conditions and regulating the relationship
between source efficiency and sink capacity to
obtain the highest grains yield. The response
of seeds to soaking with potassium nitrate or
licorice extract may also be positive at
concentrations higher than 6 mg L™ and other
concentrations >3 and <9 g L™, respectively.
REFERENCES

1. Ahmed, S.A. 2001. Stages, Growth Traits
and Yield of Maize (Zea mays L.) Genotypes
as Affected by Planting Date. M.Sc. [Thesis].
Baghdad: University of Baghdad; pp: 125.

2. Al-Badri, A.K.L. 2019. Effect of Plant
Density and Sowing Date on Vigor and
Viability of Seeds, Yield and Its Components
in Maize (Zea mays L.). M.Sc. [Thesis]. Al-
Muthanna: University of Al-Muthanna; pp:
118.

819

3. Al-Baldawi, M.H.K. and J.H. Hamza.
2017. Seed priming effect on field emergence
and grain yield in sorghum. Journal of Central
European  Agriculture.  18(2):  404-423.
https://doi.org/10.5513/JCEA01/18.2.1915

4. Al-Baldawi, MH.K, HKMA Al-
Hedarey and J.H. Hamza. 2017. Effect of seed
priming on growth, yield and its components
of three cultivars of bread wheat. Iragi J.
Agric. Res. 22(10): 104-115.
https://www.iasj.net/iasj/download/c9821a8a5
bd83409

5. Al-essawi, H.K.S, N.Y. Abed. 2020.
Genetic  behavior of panicum (Panicum
maximum L.) under different sowing dates in
Irag. Plant Arch. 20(1): 791-797.
https://www.plantarchives.org/20-1/791-
797%20(5566).pdf

6. Ali, M.K.M. and J.H. Hamza. 2014. Effect
of GA3 on germination characteristics and
seedling growth under salt stress in maize.



https://doi.org/10.5513/JCEA01/18.2.1915
https://www.iasj.net/iasj/download/c9821a8a5bd83409
https://www.iasj.net/iasj/download/c9821a8a5bd83409
https://www.iasj.net/iasj/download/c9821a8a5bd83409
https://www.plantarchives.org/20-1/791-797%20(5566).pdf
https://www.plantarchives.org/20-1/791-797%20(5566).pdf
https://www.plantarchives.org/20-1/791-797%20(5566).pdf

Iragi Journal of Agricultural Sciences —2024:55(2):813-822

Khudhair & et al.

Iragi J. Agric. Sci. 45(1): 6-17.
https://www.iasj.net/iasj/article/86396

7. Ali, M.K.M and J.H. Hamza. 2017. Effect
of concentration and soaking duration with
gibberellic acid (GA3) on field emergence and
its related traits of Zea mays L. seedlings. Iraqi
J. Agric. Res. 22(1): 14-28.
https://www.iasj.net/iasj/article/149531

8. Al-Jobori, A-JMJ, A-RK Al-Jobori and
F.S. Fadhel. 2021. Effect of spraying fertilizer
paper and aqueous extract of licorice in the
content of the fruits of two varieties of sweet
peppers total Azaubh solids and vitamin.
Baghdad Sci. J. 3(3): 388-392.
https://bsj.uobaghdad.edu.ig/index.php/BSJ/art
icle/view/715

9. Al-Maliki, R.J, N.Y Abed. 2019. Use of
GGE-Biplot technology to study the genetic-
environmental interaction of the maize. Plant
Arch. 19(1): 1797-1803.
https://www.plantarchives.org/PDF%2019-
1/1797-1803%20(4639).pdf

10. Al-Saadi, A.K.F. 2021. The Effect of
Planting Dates for Spring Shoots and Seaweed
Extract on the Growth and Yield of Maize.

M.Sc. [Thesis]. Baghdad: University of
Baghdad; 131.

11. Al-Sahookie, M. M. 1990. Maize
Production and Improvement. Ministry of

Higher Education and Scientific Research; pp:
315.

12. Al-Taweel, S.K, J.H. Hamza and H.A.
Alamrani. 2018. Effect of salicylic acid and
salt stress on seed germination of broad bean
(Vicia faba L.). Tikrit Journal for Agricultural
Sciences.  18(Special  Issue):  529-540.
https://www.iasj.net/iasj/article/145184

13. AL-Wailli F.M.K. 2016. Effect of soaking
seeds Citrus aurantium and Citrus limonumat
different concentrations of licorice extract on
the percentage of germination and growth of
seedlings. Baghdad Sci. J. 13(3): 0419.
https://doi.org/10.21123/bsj.2016.13.3.0419
14. Bakht J, M. Shafi, R. Shah, Raziuddin and
I. Munir. 2011. Response of maize cultivars to
various priming sources. Pakistan Journal of
Botany. 43(1): 205-212.
https://www.pakbs.org/pjbot/PDFs/43(1)/PJB4
3(1)205.pdf

15. Baktash, F .Y, J. H Hamza and K . A,
Jaddoa. 2008. Effect of seed size and sowing
dates on germination percentages, emergence,

820

growth criterion and grains yield of sorghum
(Sorghum bicolor L. Moench). 3. Yield, yield
components and protein. lraqi J. Agric. Res.
13(2): 15-26.
https://www.iasj.net/iasj/article/240253

16. Fayose, C.A. and M.A.B Fakorede. 2021.
Planting date effects on maize (Zea mays L.)
growth and development in the rainforest of
southwestern  Nigeria. Acta Agriculturae
Slovenica. 117(1): 1-9.
https://doi.org/10.14720/aas.2021.117.1.1297
17. Fuller, M. P. and J. H. Hamza. 2013.
Effect of osmotic potential of activator
solution and temperature on viability and vigor
of wheat seed. Afr. J. Agric. Res. 8(22): 2786-
2792.
https://academicjournals.org/journal/AJAR/arti
cle-full-text-pdf/11542A435517

18. Fuller, M.P, JH Hamza, H.Z. Rihan, M.
Al-lIssawi. 2012. Germination of primed seed
under NaCl stress in wheat. International
Scholarly Research Notices. ISRN Botany.
Article ID 167804, 5 pages.
https://doi.org/10.5402/2012/167804

19. Hamd, A.H.M and J.H. Hamza. 2023.
Effect of stimulate of sorghum seeds with
banana peel extract and citric acid on seeds
viability and vigour. IOP Conf. Ser.: Earth
Environ. Sci. 1214(1): 012039.
https://iopscience.iop.org/article/10.1088/1755
-1315/1214/1/012039

20. Hamza, J.H. and M.K.M. Ali. 2016.
Response and germination properties of maize
(Zea mays L.) seeds for soaking with
gibberellic acid (GA3) under salt stress
circumstances. Iraqi Journal of Soil Sciences.
16(1): 113-128.
https://www.iasj.net/iasj/journal/303/issues
21. Hamza, J.H. and M.K.M. Ali. 2017. Effect
of concentration and soaking duration with
gibberellic acid (GA3) on germination and
traits of viability and vigour of Zea mays L.
seeds. Iragi J. Agric. Res. 22(10): 153-163.
https://www.iasj.net/iasj/download/7efcec4767
03845d

22. Hamza, J.H. and M.K.M. Ali. 2017. Effect
of concentration and soaking duration with
gibberellic acid on emergence properties and
seedling growth of maize. Anbar Journal of
Agricultural Sciences. 15(special issue): 68-
82.



https://www.iasj.net/iasj/article/86396
https://www.iasj.net/iasj/article/86396
https://www.iasj.net/iasj/article/149531
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/715
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/715
https://www.plantarchives.org/PDF%2019-1/1797-1803%20(4639).pdf
https://www.plantarchives.org/PDF%2019-1/1797-1803%20(4639).pdf
https://www.plantarchives.org/PDF%2019-1/1797-1803%20(4639).pdf
https://www.iasj.net/iasj/article/145184
https://doi.org/10.21123/bsj.2016.13.3.0419
https://www.pakbs.org/pjbot/PDFs/43(1)/PJB43(1)205.pdf
https://www.pakbs.org/pjbot/PDFs/43(1)/PJB43(1)205.pdf
https://www.pakbs.org/pjbot/PDFs/43(1)/PJB43(1)205.pdf
https://www.iasj.net/iasj/article/240253
https://www.iasj.net/iasj/article/240253
https://doi.org/10.14720/aas.2021.117.1.1297
https://doi.org/10.14720/aas.2021.117.1.1297
https://academicjournals.org/journal/AJAR/article-full-text-pdf/11542A435517
https://academicjournals.org/journal/AJAR/article-full-text-pdf/11542A435517
https://doi.org/10.5402/2012/167804
https://iopscience.iop.org/article/10.1088/1755-1315/1214/1/012039
https://iopscience.iop.org/article/10.1088/1755-1315/1214/1/012039
https://iopscience.iop.org/article/10.1088/1755-1315/1214/1/012039
https://www.iasj.net/iasj/journal/303/issues
https://www.iasj.net/iasj/download/7efcec476703845d
https://www.iasj.net/iasj/download/7efcec476703845d

Iragi Journal of Agricultural Sciences —2024:55(2):813-822

Khudhair & et al.

https://www.ias|.net/iasj/download/e50e78e65
lal7afd

23. Hamz,a J.H and M.K.M. Ali. 2017. Effect
of seed soaking with GA3 on emergence and
seedling growth of corn under salt stress. Iraqi
J. Agric. Sci. 48(3): 650-659.
https://doi.org/10.36103/ijas.v48i3.377

24. Hamza, J.H, K.A. Jaddoa and A.G. Ali.
2008. Relationship between viability and vigor
seed tests and field emergence of corn (Zea
mays L.) by using regression analysis. Anbar
Journal of Agricultural Sciences. 6(1): 108-
118. https://www.iasj.net/iasj/article/32123

25. Hamza, J.H, K.A. Jaddoa and F.Y.
Baktash. 2008. Relationship between viability
and vigor seed tests and field emergence of
sorghum (Sorghum bicolor L. Moench) by
using regression analysis. Anbar Journal of
Agricultural ~ Sciences.  6(1):  91-107.
https://iasj.net/iasj/article/32115

26. Hamza, J.H, K.A Jaddoa and F.Y.
Baktash. 2010. Effect of seed size and sowing
dates on criterion, and grains yield of sorghum
Sorghum bicolor L. (Moench). 1- Germination
percentages and seedling vigour criterion. Iraqi
J. Agric. Res. 15(1): 11-27.
https://www.iasj.net/iasj/article/231671

27. Hamza, J.H. 2006. Effect of Seed Size
Produced from Sowing Dates on Seed Vigour,
and Grain Yield of Sorghum [Sorghum bicolor
(L.) Monech]. Ph.D. [Dissertation]. Baghdad:
University of Baghdad; pp: 181.

28. Hamza, J. H. 2011. Relation of
temperature in germination attributes of some
bread wheat cultivars. Iragi J. Agric. Sci.
42(2): 54-52.
https://www.iasj.net/iasj/download/77930b549
0114148

29. Hamza, J.H. 2012. Seed priming of bread
wheat to improve germination under drought
stress. lIragi J. Agric. Sci. 43(2): 100-107.
https://www.iasj.net/iasj/download/4731a3916
377230

30. Jaddoa, K.A, JH. Hamza and F.Y.
Baktash. 2008. Effect of seed size and sowing
dates on germination percentages, emergence,
growth criterion and grains yield of sorghum
(Sorghum bicolor L. Moench). 2. Some
morphological characteristics. Iragi J. Agric.
Res. 13(2): 1-14.
https://www.iasj.net/iasj/article/239625

821

31. Kadhim J.J. and J.H. Hamza. 2021. Effect
of maize seeds soaking with acids of ascorbic,
citric and humic on field emergence. Iraqi J.
Agric. Sci. 52(4): 971-976.
https://doi.org/10.36103/ijas.v52i4.1407

32. Kadhim, J.J. and J.H. Hamza. 2021. Effect
of seeds soaking and vegetative parts nutrition
with acids of ascorbic, citric and humic on
maize growth. Iragi J. Agric. Sci. 52(5): 1207-
1218. https://doi.org/10.36103/ijas.v52i5.1458
33. Kadhim, J.J. and J.H. Hamza. 2021. Field
emergence affected by Zea mays L. cultivars
and seed soaking in acids of ascorbic, citric
and humic. 10P Conf. Ser.: Earth Environ. Sci.
923(1): 012065.
https://iopscience.iop.org/article/10.1088/1755
-1315/923/1/012065

34. Kadhim, J.J. and J.H. Hamza. 2021. Study
of seed soaking and foliar application of
ascorbic acid, citric acid and humic acid on
growth, yield and active components in maize.
IOP Conf. Ser.: Earth Environ. Sci. 910(1):
012076.
https://iopscience.iop.org/article/10.1088/1755
-1315/910/1/012076

35. Khudhair, M.M, J.H. Hamza. 2023. Effect
of stimulating maize seeds with potassium
nitrate and licorice extract on the seed viability
and vigor. 10P Conf. Ser.: Earth Environ. Sci.
1225: 012093.
https://iopscience.iop.org/article/10.1088/1755
-1315/1225/1/012093/pdf

36. Mustafa, A.S, N.F. Shajai, F.F. Saleh and
J.H. Hamza. 2020. Effect of soaking with
bread yeast extract on sorghum seed
germination under salt stress conditions. Plant
Archives. 20(1): 3111-3116.
https://plantarchives.org/20-1/3111-
3116%20(5412).pdf

37. Mustafa, H.S.B, T. Mahmood, A. Ullah,
A. Shah, AN Bhatti, M Naeem and R Ali.
2017. Role of seed priming to enhance growth
and development of crop plants against biotic
and abiotic stresses. Bull. Biol. All. Sci. Res.
2017(2): 8. Available from:
https://bbasr.org/index.php/home/article/view/
8

38. Nada, H.S. and JH. Hamza. 2018.
Priming of maize seed with gibberellin (GA3)
to tolerate drought stress. 1. Germination and
seedling vigour. Iragi Journal of Desert



https://www.iasj.net/iasj/download/e50e78e651a17afd
https://www.iasj.net/iasj/download/e50e78e651a17afd
https://doi.org/10.36103/ijas.v48i3.377
https://doi.org/10.36103/ijas.v48i3.377
https://www.iasj.net/iasj/article/32123
https://iasj.net/iasj/article/32115
https://www.iasj.net/iasj/article/231671
https://www.iasj.net/iasj/article/231671
https://www.iasj.net/iasj/download/77930b5490114148
https://www.iasj.net/iasj/download/77930b5490114148
https://www.iasj.net/iasj/download/4731a39163f77230
https://www.iasj.net/iasj/download/4731a39163f77230
https://www.iasj.net/iasj/article/239625
https://www.iasj.net/iasj/article/239625
https://doi.org/10.36103/ijas.v52i4.1407
https://doi.org/10.36103/ijas.v52i4.1407
https://doi.org/10.36103/ijas.v52i5.1458
https://iopscience.iop.org/article/10.1088/1755-1315/923/1/012065
https://iopscience.iop.org/article/10.1088/1755-1315/923/1/012065
https://iopscience.iop.org/article/10.1088/1755-1315/923/1/012065
https://iopscience.iop.org/article/10.1088/1755-1315/910/1/012076
https://iopscience.iop.org/article/10.1088/1755-1315/910/1/012076
https://iopscience.iop.org/article/10.1088/1755-1315/1225/1/012093/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/1225/1/012093/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/1225/1/012093/pdf
https://plantarchives.org/20-1/3111-3116%20(5412).pdf
https://plantarchives.org/20-1/3111-3116%20(5412).pdf
https://plantarchives.org/20-1/3111-3116%20(5412).pdf
https://bbasr.org/index.php/home/article/view/8
https://bbasr.org/index.php/home/article/view/8

Iragi Journal of Agricultural Sciences —2024:55(2):813-822

Khudhair & et al.

Studies. 8(2): 79-89.
https://doi.org/10.36531/ijds.2018.172573

39. Nada, H.S. and J.H. Hamza. 20109.
Priming of maize seed with gibberellin (GA3)
to tolerate drought stress. 2. Field emergence
and its properties. Iragi Journal of Desert
Studies. 9(1): 1-12.
https://doi.org/10.36531/ijds.2019.172601

40. Rady, M.M, E.S.M. Desoky, A.S. Elrys
and M.S. Boghdady. 2019. Can licorice root
extract be used as an effective natural
biostimulant for salt-stressed common bean
plants? South African Journal of Botany. 121:
294-305.
https://doi.org/10.1016/j.sajb.2018.11.019

41. Shihab, M.O. and J.H. Hamza. 2019. Seed
priming of sorghum cultivars to tolerate salt
stress. IOP Conf. Ser.: Earth Environ. Sci. 388:
012044,
https://iopscience.iop.org/article/10.1088/1755
-1315/388/1/012044

42. Shihab, M. O. and J. H. Hamza. 2020.
Field emergence in primed seed of sorghum
cultivars to tolerate drought stress. Diyala
Agricultural  Sciences Journal. 12(special
issue): 299-314.
https://doi.org/10.52951/dasj.20121026

43. Shihab, M. O. and J. H. Hamza. 2020.
Germination and seedling growth in primed
sorghum seed with gibberellic and salicylic
acids. Plant Archives. 20(1): 1409-1416.
https://www.plantarchives.org/20-1/1409-
1416%20(5482).pdf

822

44. Shihab, M.O. and J.H. Hamza. 2020. Seed
pre-treatment with gibberellic and salicylic
acids to tolerate drought stress in sorghum
cultivars. Plant Archives. 20(1): 1817-1825.
https://www.plantarchives.org/20-1/1817-
1825%20(5567).pdf

45. Shihab, M. O. and J. H. Hamza. 2020.
Seed priming of sorghum cultivars by
gibberellic and salicylic acids to improve
seedling growth under irrigation with saline
water. Journal of Plant Nutrition. 43(13):
1951-1967.
https://doi.org/10.1080/01904167.2020.17660
66

46. Singh, H, M. Singh and J. S. Kang. 2017.
Effect of potassium nitrate on yield and yield
attributes of spring maize (Zea mays L.) under
different dates of planting. International
Journal of Current Microbiology and Applied
Sciences. 6(3): 1581-1590.
https://doi.org/10.20546/ijcmas.2017.603.182
47. Vidal, A, D. Cantabella, A Bernal-
Vicente, P Diaz-Vivancos and JA Hernandez.
2018. Nitrate- and nitric oxide-induced plant
growth in pea seedlings is linked to
antioxidative metabolism and the ABA/GA
balance. Journal of Plant Physiology. 230: 13-
20. https://doi.org/10.1016/j.jplph.2018.08.003



https://doi.org/10.36531/ijds.2018.172573
https://doi.org/10.36531/ijds.2018.172573
https://doi.org/10.36531/ijds.2019.172601
https://doi.org/10.36531/ijds.2019.172601
https://doi.org/10.1016/j.sajb.2018.11.019
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012044
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012044
https://doi.org/10.52951/dasj.20121026
https://doi.org/10.52951/dasj.20121026
https://www.scopus.com/authid/detail.uri?authorId=57213166414
https://www.scopus.com/authid/detail.uri?authorId=57213166414
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084418287&origin=resultslist&sort=cp-t
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084418287&origin=resultslist&sort=cp-t
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084418287&origin=resultslist&sort=cp-t
https://www.plantarchives.org/20-1/1409-1416%20(5482).pdf
https://www.plantarchives.org/20-1/1409-1416%20(5482).pdf
https://www.scopus.com/authid/detail.uri?authorId=57213166414
https://www.scopus.com/authid/detail.uri?authorId=57264941400
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084517895&origin=resultslist&sort=cp-t
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084517895&origin=resultslist&sort=cp-t
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084517895&origin=resultslist&sort=cp-t
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084517895&origin=resultslist&sort=cp-t
https://www.plantarchives.org/20-1/1817-1825%20(5567).pdf
https://www.plantarchives.org/20-1/1817-1825%20(5567).pdf
https://doi.org/10.1080/01904167.2020.1766066
https://doi.org/10.1080/01904167.2020.1766066
https://doi.org/10.20546/ijcmas.2017.603.182
https://doi.org/10.20546/ijcmas.2017.603.182
https://doi.org/10.1016/j.jplph.2018.08.003

