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Abstract. A field experiment was conducted at the Research Station of the
Department of Field Crops, College of Agriculture, Tikrit University, during the
2025 growing season to investigate the effect of foliar application of gibberellic
acid (GAsz) on some physiological traits and yield of two sorghum cultivars
(Sorghum bicolor (L.) Moench). The experiment was conducted using a
randomized complete block design (RCBD) with three replications and included
two factors. The first factor was two sorghum cultivars (Abu Sabaa and Ridan)
and the second factor was four concentrations of gibberellic acid (GA3) (0, 20, 40
and 60 mg L-1). The traits studied were shoot dry matter weight at 45 and 75
days after emergence, absolute growth rate, leaf chlorophyll concentration, total
grain and biological yields. The results showed that the Ridan cultivar significantly
outperformed Abu Sabaa in shoot dry matter weight at 45 and 75 days after
emergence, absolute growth rate, chlorophyll concentration, and biological yield,
whereas no significant differences were observed between the two cultivars in
total grain yield. Foliar application of gibberellic acid also resulted in a significant
and progressive increase in most of the studied traits with increasing
concentration. The highest means were obtained at 60 mg L with 50.88 and
97.27 g plant! for shoot dry matter weight at 45 and 75 days, respectively, 1.547
g plant-1 day! for absolute growth rate, 52.69 SPAD for chlorophyll concentration,
5619 kg ha for total grain yield and 16080 kg ha-1 for biological yield. The
interaction treatments also showed clear differential responses of the two cultivars
to the various GAs concentrations, with the Ridan x 60 mg L-! treatment
recording the highest values for most of the studied traits.
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1. Introduction

Sorghum is one of the most important cereal crops worldwide because of its
nutritional, feed, and industrial value. Its grain is used mainly in human and
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animal nutrition and in the production of starch, oils, and many food products. The
crop is also characterized by a short life cycle and can be grown in two seasons,
spring and autumn, which enhances its economic and productive importance [1].

Sorghum cultivars differ markedly in their physiological and productive traits owing
to genetic differences among them and to the interaction of their genotypes with
the prevailing environmental conditions. This variation is evident in a number of
physiological, yield, and growth traits, among others. These differences are an
important basis for determining a cultivar’s ability to exploit available resources
and to achieve different levels of growth and vyield. Evaluating -cultivar
performance and selecting suitable cultivars are therefore key factors for
improving Sorghum productivity in diverse agricultural environments [2].

Despite its importance, Sorghum production in many regions remains below
demand owing to several factors, particularly environmental stresses, water
shortage, and the limited use of modern agricultural technologies. Recent studies
have therefore turned to plant growth regulators as a technology that can help
improve growth and productivity by regulating the physiological processes of the
plant [3].

Gibberellic acid (GAs) is one of the most important natural plant hormones of the
gibberellin group. It plays a vital role in controlling growth and development by
stimulating cell division and elongation, promoting stem elongation and leaf
growth, enhancing photosynthetic efficiency and promoting dry matter
accumulation. In addition, GAs treatment may improve the grain-filling rate, delay
leaf senescence and increase yield components such as grain weight through its
effect on plant growth and on partitioning of assimilates to reproductive organs

[4].
The response of Sorghum to foliar application of GAs depends on concentration,

time of application and cultivar and hence it is necessary to determine the correct
concentrations and time of application for each growing environment.

Accordingly, this study aimed to evaluate the effect of foliar application of GAs on
some physiological and productive traits of Sorghum.

2. Materials and Methods
2.1 Study Factors and Field Operations

A field experiment was carried out at the Research Station of the Department of
Field Crops, College of Agriculture, Tikrit University, during the 2025 growing
season, using a randomized complete block design (RCBD) with three replicates
and eight experimental units per replicate. Each experimental unit measured 9 m?,
giving a total of 24 experimental units. The experiment included two factors: the
first was two Sorghum cultivars, Abu Sabaa and Ridan; the second was four
concentrations of gibberellic acid (GAs): the control (no application), 20, 40, and
60 mg L-1. The experiment thus comprised eight treatments x three replicates.

The experimental field was prepared by ploughing and smoothing. Seeds were
sown on 20 July 2025 in rows 75 cm apart, with 20 cm between plants within the
row, at a depth of 4-5 cm and with three seeds per hill. The seedlings were
thinned to one plant per hill 15 days after emergence. Urea (46% N) was used as
the nitrogen source and was applied at a constant rate of 320 kg N ha=! to all
treatments, split into two doses: the first at sowing and the second 40 days after
emergence. Phosphorus was applied as triple superphosphate (TSP) in a single
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dose, banded along the rows at sowing. Potassium sulfate (41.5% K) was used as
the potassium source at a rate of 200 kg K ha=! [5], split into three doses: the
first at sowing, the second 20 days after emergence, and the third 40 days after
emergence. The plots were irrigated by sprinkler irrigation according to crop
requirements until the end of the experiment.

Before sowing, five random soil samples were collected from the field, air-dried,
ground, and passed through a sieve with 2 mm openings, then mixed to obtain a
representative sample. The sample was sent to the Soil Science Laboratory,
Department of Soil Science, Tikrit University, for the determination of its chemical
and physical properties (Table 1).

Table 1. Some physical and chemical properties of the soil at the study
site (0—0.3 m depth).

Property Value Unit
Sand 471 g kgt
Silt 299
Clay 240
Soil texture - Sandy loam
Bulk density 1.39 Mg m-3
Electrical conductivity (EC) 3.11 dS m-!
pH 7.42 -
Organic matter (OM) 0.84
Calcium sulfate 59.14 g kgt
Carbonate minerals 200.11
Cation exchange capacity (CEC) 15.00 cmolc kg™t
2.2 Traits studied

e Shoot dry weight (g plant~1): Shoot (stem and leaf) dry weight was
determined at two stages, 45 and 75 days after emergence. Five plants were
randomly taken from each experimental unit and oven-dried at 70 °C for 72 h
until constant weight.

e Absolute growth rate (AGR, g plant~! day-!): AGR was calculated
according to the following equation [6]:

AGR = (W — Wy) + (T2 — Ty)
e where W; and W, are the shoot dry weights at the first and second stages,
respectively, and T1 and T, are the times (in days) of the two samplings.

¢ Leaf Chlorophyll Content (SPAD): Leaf chlorophyll content was measured
using a portable chlorophyll meter (SPAD Meter). * The third fully expanded leaf
from the top of five plants in each experimental unit was measured and the
mean value calculated.

e Total Grain Yield (kg ha-1): The panicles were harvested from the plants in
the two central rows of each experimental unit. The grains were then threshed,
gathered and weighed.

e Total grain yield was calculated based on the total grain weight and the
harvested area, and the yield was expressed as kg ha-1.
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e Biological yield (kg ha~1): Five plants were randomly taken from the middle
rows of each experimental unit, air-dried, and weighed, and the mean single-
plant yield was calculated. The biological yield was then obtained using the
following equation:

¢ Biological yield = single-plant yield x plant density

2.3 Statistical analysis: The data were analyzed statistically according to the
randomized complete block design using SAS software, and the treatment means
were compared using Duncan’s multiple range test at the 0.05 probability level,
following [7].

3. Results and Discussion
3.1 Shoot dry weight at 45 days after emergence (g plant—1)

The results in Table 2 showed significant differences among the Sorghum cultivars
in shoot dry weight. Ridan was significantly superior, recording the highest mean
(45.34 g plant™1), whereas Abu Sabaa recorded a mean of 42.11 g plant=1.

Regarding the effect of GAs concentrations alone, the results showed significant
differences among the concentrations used. The 60 mg L~! concentration gave the
highest mean shoot dry weight (50.88 g plant~1), followed by 40 mg L-! (46.55 g
plant~!) and then 20 mg L-! (41.67 g plant=t), whereas the control (0 mg L)
gave the lowest mean (35.80 g plant™1).

For the interaction between cultivars and GAs concentrations, shoot dry weight
differed among the interaction treatments. Ridan x 60 mg L-! gave the highest
value (52.09 g plant~!), whereas Abu Sabaa x 0 mg L~! gave the lowest (34.18 g
plant=1).

Table 2. Effect of Cultivars, Gibberellic Acid Concentrations, and Their
Interaction on Dry Weight of Vegetative Growth at 45 Days After
Germination (g plant-1)

Gibberellic Acid (GAs) Concentration

Cultivars (mg L-1)

0 20 40 60

Abu Sabaa | 34.189 | 39.76 ¢ 44.83 P 49.67 @ 42.11 B
Ridan 37.42 <4 | 43,58 b | 48.26 ab 52.09 @ 45.34 A

Mean G:: 35.80D | 41.67C | 46.55B | 50.88 A

Mean
Cultivars

3.2 Shoot dry weight at 75 days after emergence (g plant—1)

The results in Table 3 showed that the Sorghum cultivars differed significantly in
shoot dry weight at 75 days after emergence. Ridan recorded the highest mean
(87.48 g plant=1), while the mean for Abu Sabaa was 82.35 g plant~1.

With respect to the effect of GAs concentrations alone, the results showed
significant differences among the concentrations, and shoot dry weight increased
progressively with increasing GAs concentration. The mean was 71.54 g plant~! in
the control (0 mg L-1), rising to 80.79 g plant~! at 20 mg L~ and 90.06 g plant!
at 40 mg L=, while 60 mg L~! gave the highest mean (97.27 g plant™1).
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For the interaction between cultivars and GAs concentrations, shoot dry weight
ranged from 68.72 to 99.36 g plant~!. Ridan x 60 mg L-! gave the highest value
(99.36 g plant~1), followed by Abu Sabaa x 60 mg L-! (95.18 g plant~!), whereas
Abu Sabaa x 0 mg L~! gave the lowest value (68.72 g plant™1).

Table 3. Effect of Cultivars, Gibberellic Acid Concentrations, and Their
Interaction on Dry Weight of Vegetative Growth at 75 Days After
Germination (g plant-1)

Gibberellic Acid (GA3) Concentration Mean
Cultivars (mg L-1) Cultivars
0 20 40 60
Abu Sabaa 68.72d 77.85¢ 87.64b 95.18a 82.35B
Ridan 74.36¢ 83.72b 92.48a 99.36a 87.48 A
Mean  of| -, cip | 80.79C | 90.068 | 97.27A
GAs

3.3 Absolute growth rate (g plant-t day1)

The results in Table 4 showed that Ridan was significantly superior in mean AGR
(1.405 g plant™! day~') compared with Abu Sabaa (1.341 g plant™! day~!), an
increase of about 4.8%.

As for the effect of GAs concentration, AGR increased from 1.191 g plant~! day~!
in the control (0 mg L) to 1.304, 1.451, and 1.547 g plant~! day~! at 20, 40, and
60 mg L1, respectively. The 60 mg L= concentration thus gave the highest AGR.

The interaction values show that the two cultivars responded in the same direction
to increasing GAs concentration but differed in the magnitude of the response. In
Abu Sabaa, AGR increased from 1.151 g plant=! day~! at 0 mg L=! to 1.270,
1.427, and 1.517 g plant=! day~! at 20, 40, and 60 mg L1, respectively, whereas
in Ridan it increased from 1.231 to 1.338, 1.474, and 1.576 g plant~! day~! at the
same concentrations. The highest value in the experiment was recorded by Ridan
x 60 mg L=t (1.576 g plant~! day~!), and the lowest by Abu Sabaa x 0 mg L!
(1.151 g plant=! day1).

Table 4. Effect of Cultivars, Gibberellic Acid Concentrations, and Their
Interaction on Absolute Growth Rate (g plant-1 day?)

Gibberellic Acid (GA3) Concentration Mean
Cultivars (mgL-1) Cultivars
0 20 40 60
Abu Sabaa 1.151d 1.270c 1.427b 1.517a 1.341 B
Ridan 1.231cd | 1,338bc 1.474ab 1.576a 1.405 A
Mean  of| , ,9ip| 1304C| 1451B| 1.547A
GAs3

The results in Tables 2, 3, and 4 showed significant differences among the
Sorghum cultivars, the GAs concentrations, and their interaction in shoot dry
weight and AGR, with Ridan significantly superior to Abu Sabaa in all the traits
studied. This superiority may be attributed to genetic differences between the two
cultivars in vegetative growth efficiency, leaf canopy formation, and the use of
available resources, in addition to differences in the ability to produce and
accumulate photosynthesis and convert them into dry matter, which was reflected
in the continued superiority of Ridan across the different growth stages [8].
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The results also showed that increasing the GAs concentration led to a clear and
regular increase in shoot dry weight and AGR. This increase can be explained by
the physiological role of GAs in regulating cell division and stem elongation and in
stimulating shoot and root growth [9], which may improve the plant’s ability to
absorb water and nutrients and increase leaf formation and effective leaf area.
This in turn enhances light interception and photosynthetic activity, and thus
increases dry matter production and accumulation as growth progresses. The
continuous increase in shoot dry weight from 45 to 75 days also shows the
continuing activity of the shoot in synthesizing and accumulating dry matter in this
period. These results agree with those reported in [10].

3.4 Leaf Chlorophyll Concentration (SPAD)

The results presented in Table (5) showed significant differences among sorghum
cultivars, gibberellic acid (GAs) concentrations, and their interaction in leaf
chlorophyll concentration, indicating that the two cultivars differed in their
responses to the applied GAs concentrations. The Ridan cultivar was significantly
better than Abu Sabaa for the mean chlorophyll concentration (47.70 SPAD versus
46.51 SPAD for Abu Sabaa). This difference may be due to the genetic difference
between the two cultivars in the efficiency of formation of chlorophyll pigment and
their response to gibberellic acid treatment. These results are in agreement with
those reported by [11].

The result also showed that the increase in concentration of GAs resulted in
significant and progressive increase in leaf chlorophyll concentration in sorghum.
The mean value was 40.39 SPAD under the control treatment (0 mg L-1) and
increased to 45.55, 49.80 and 52.69 SPAD in the GAs concentrations of 20, 40 and
60 mg L-1, respectively. This trend indicates that GAs application contributed to
promoting vegetative growth and improving the physiological status of the leaves,
which may have enhanced chlorophyll formation or maintenance and improved the
efficiency of leaves in carrying out photosynthesis. These results are consistent
with those reported by [12].

Regarding the interaction between cultivars and GAs concentrations, the Ridan
cultivar recorded the highest value of 53.00 SPAD at 60 mg L-1, whereas Abu
Sabaa recorded 52.37 SPAD at the same concentration. The lowest value was
39.69 SPAD for Abu Sabaa under the control treatment, followed by 41.08 SPAD
for Ridan under the same treatment. It was observed that chlorophyll
concentration increased progressively with each increase in GAs concentration in
both cultivars. In Abu Sabaa, chlorophyll concentration increased from 39.69 to
44.83 and 49.16, reaching 52.37 SPAD, whereas in Ridan, it increased from 41.08
to 46.27 and 50.43, reaching 53.00 SPAD.

Table 5. Effect of Cultivars, Auxin Concentrations, and Their Interaction
on Leaf Chlorophyll Concentration (SPAD)

Gibberellic Acid (GA3) Concentration

Cultivars (mg L-1)

0 20 40 60

Abu Sabaa | 39.69d | 44.83c | 49.16 b 52.37 a 46.51 B
Ridan 41.08d | 46.27c | 5043 b 53.00 a 47.70 A

Mean Gf\’: 40.39D | 45.55C | 49.80B | 52.69 A

Mean
Cultivars
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3.5 Total Grain Yield (kg ha-1)

The results presented in Table (6) showed that there were no significant
differences among the cultivars in total grain yield.

The results also showed that foliar application of GAs at different concentrations
resulted in a significant and progressive increase in total grain yield. The mean
yield increased from 2904 kg ha-! under the control treatment (0 mg L-1) to
3701, 4679, and 5619 kg ha-! at GAs concentrations of 20, 40, and 60 mg L-1,
respectively. The increase at 60 mg L1 reached approximately 93.49% compared
with the control treatment. This response could be due to the physiological role of
gibberellic acid (GAs) in stimulating cell division and elongation and promoting
growth of both the shoot and root systems, which may improve the efficiency of
water and nutrient uptake, increase leaf formation and leaf area and enhance
photosynthetic activity. This may consequently increase the production and
accumulation of dry matter and photosynthetic assimilates with more translocation
of these assimilates to the grains, thus contributing positively to the total grain
yield.

The interaction results further indicated that the two cultivars did not respond
similarly to increasing GAs concentrations. In the Abu Sabaa cultivar, grain yield
increased from 3018 kg ha-1 at 0 mg L-* to 3764, 4547, and 5316 kg ha-1 at 20,
40, and 60 mg L-1, respectively.

In contrast, the Ridan cultivar showed an increase in grain yield from 2789 kg
ha-1 under the control treatment to 3638, 4812, and 5921 kg ha-! at the same
concentrations, respectively. It is noteworthy that the Ridan cultivar recorded the
highest grain yield at the 60 mg L-1 concentration, reaching 5921 kg ha-i,
whereas the Abu Sabaa cultivar recorded a grain yield of 5316 kg ha-1 at the
same concentration.

Table 6. Effect of Cultivars, Auxin Concentrations, and Their Interaction
on Total Grain Yield (kg ha)

Gibberellic Acid (GA3) Concentration (mg

. L-1) Mean

Cultivars X

Cultivars
0 20 40 60
Abu Sabaa | 3018f 37644 4547c¢ 53160 41612
Ridan 27899 3638 4812c 5921a 42902
Meanof | 2904« | 3701 | 46790 | 5619

3.6 Biological yield (kg ha—1)

Results in table 7 showed significant differences among the Sorghum cultivars,
GAs3 concentrations and their interaction on biological yield which indicates the
response of the different cultivars to gibberellic acid treatments and the ability of
gibberellic acid to modify the overall plant growth. Ridan was significantly superior
in mean biological yield (13,031 kg ha=!) compared with 12,750 kg ha~! for Abu
Sabaa. This superiority may be related to genetic differences between the two
cultivars in vegetative growth efficiency, dry matter formation, and the partitioning
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of photosynthates among plant organs, in addition to differences in water and
nutrient use efficiency [14].

The results also showed a clear upward response of biological yield to increasing
GAs concentration, with the mean rising from 9,928 kg ha=! in the control to
16,080 kg ha—! at 60 mg L-!. This tendency suggests that the administration of
GAsz promoted growth related physiological processes, namely cell division and
elongation and shoot development which enhanced dry matter accumulation and
hence biological yield.. Improved root growth and a greater efficiency of roots in
absorbing water and nutrients may also have contributed to enhanced vegetative
growth and increased plant biomass. These results are consistent with those
reported in [15].

As for the interaction between cultivar and GAs concentration, the highest
biological yield was recorded by Ridan at 60 mg L=! (16,784 kg ha-1), whereas the
lowest value was also recorded by Ridan, in the control treatment (0 mg L™1), at
9,672 kg ha™.

Table 7. Effect of Cultivars, Gibberellic Acid Concentrations, and Their
Interaction on Biological Yield (kg ha!)

Gibberellic Acid (GA3) Concentration Mean
Cultivars (mgL-1) Cultivars
0 20 40 60
Abu Sabaa 10184e 11892d 13547¢ 15376b 12750 B
Ridan 9672f 11541d 16126¢ 16784a 13031A
Mean c :: 9928 D | 11717 C | 13837 B | 16080 A

4. Conclusions

The Ridan cultivar significantly outperformed the Abu Sabaa cultivar in shoot
dry weight, absolute growth rate, leaf chlorophyll concentration, and biological
yield, whereas the cultivars did not differ significantly in total grain yield.

Foliar application of gibberellic acid (GAs) resulted in a significant and
progressive increase in most of the studied traits as the concentration
increased from 0 to 60 mg L-1.

The 60 mg L-1 concentration recorded the highest values for most of the
studied traits, indicating its effectiveness in improving sorghum growth and
productivity under the conditions of the experiment.

The interaction treatments showed differences in the responses of the two
cultivars to GAs, with the Ridan x 60 mg L-1 treatment recording the highest
values for most of the studied traits.
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