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This study investigated the morpho-physiological responses of five maize (Zea mays L.)
genotypes to aluminum stress during the early seedling stage. The experiment, conducted at
the Plant Physiology Laboratory in the Department of Crop Botany at Bangladesh Agricultural
University, Mymensingh, followed a two-factor completely randomized design with aluminum
concentrations (O uM as control, 100 uM, and 200 uM) and five maize varieties (Konok, Kaveri
-50, BWMRI-1, BHM-14, and BHM-16). Variety Konok exhibited superior overall
performance across experimental parameters, while aluminum stress at 200 uM consistently
decreased seed germination and seedling growth compared to the control at all recording
stages. Variety Konok without aluminum stress demonstrated the highest values for root
length (28.23 cm), shoot fresh weight (4.35 g), shoot dry weight (0.53 g), root fresh weight
(8.18 g), root dry weight (1.21 g), total fresh weight (12.56 g), total dry weight (1.74 g), vigor
index (5106.7). Conversely, under aluminum stress (200 uM AICI3), the lowest values were
observed in root length (14.70 cm), shoot length (15.38 cm), seedling length (31.50 cm), shoot
fresh weight (1.79 g), shoot dry weight (0.20 g), root fresh weight (1.96 g), root dry weight
(0.47 g), total fresh weight (3.84 g), total dry weight (0.67 g), vigor index (2592.7), and various
stress tolerance indices. In summary, the study suggests that the maize variety "Konok"
exhibits greater enhancement during the early seedling stage when grown without exposure
to aluminum stress, emphasizing its potential for improved performance under normal
conditions.
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INTRODUCTION

Maize (Zea mays) is one of the most important cereal crops in the
world and accepted as the second most important cereal crop in
Bangladesh for its higher productivity and use. The total annual
production of maize in Bangladesh is 40.15 lac tons from 11.65
lac acres of land in the fiscal year 2019-2020 and the production
is increasing year by year (12.5% vyield was increased during

2019-2020 fiscal year) (BBS, 2021). The benefit-cost ratio was
greater than 2, and the average net return per acre was 32,392
BDT. Farmers use more organic manure, but less chemical
fertilizers than recommended doses. The outcomes also
disclosed a profit efficiency score of 0.71, which indicates a 29%
profit inefficiency. The average net benefit was 32,392.40 BDT/
acre and profit-loss 16975.99 BDT/acre (Adnan et al., 2021).
Soil acidity is a result of the chemical element aluminum (Al).
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In acidic mineral soils, aluminum, a rhizotomy ion, can impede
plant growth and productivity (Cunha et al., 2018). After oxygen
and silicon, aluminum makes up 8% of the earth's crust. It com-
bines with air and water to generate oxides and hydroxides.
(Kvande, 2015; Bojorquez-Quintal et al., 2017). According to
Rahman et al. (2018) and Pidjath et al. (2021) Al toxication harms
the plasmalemma of root cells, which prevents them from
absorbing water and nutrients.

Maize yields in the tropics can be reduced by 38-80% as a result
of high soil acidity (Tandzi et al., 2015; Tekeu et al., 2015). One
strategy to boost growth and production in regions with high
acidity levels is to develop maize that is highly Al saturated and
tolerant of acidic soil. Due to the organic matter's breakdown,
acidic soils include a variety of organic acids. In acidic soils,
aluminum is released into the ground via hydrolyzing Al hydrox-
ides, silicates, and Al bound by organic matter (Pavli et al.,
2021). Xu etal. (2017) reports that maize tolerant to high levels
of aluminum can exude organic acids and organic phosphorus,
lower the capacity of the cell walls to bind AI**, increase the pH
of the rhizosphere, which decreases the availability of Al, and
detoxify the soil. The agronomic characteristics and production
potential of each variety of maize grown on land with high Al
saturation will vary. The relationships that plant have with their
surroundings determine their phenotypic and yield (Adnan etal.,
2020).

Additionally, variations in the maize plant's tolerance index to
aluminum stress might result from interactions between genes
and the environment. Al inheritance in maize is decided genet-
ically and by root growth, according to Coelho etal. (2019). The
citrate transporter encoded by ZmMATE1 and ZmMATE2 regu-
lates maize's ability to withstand Al stress (Sun et al., 2020;
Vasconcellos et al, 2021). Additive and non-additive genes
affect root length, a crucial characteristic for assessing maize
stress tolerance to aluminum (Ndeke and Tembo, 2019). Al
concentrations varied from 6 to 16 ppm when used in nutrient
culture experiments based on relative root development to
assess the tolerance level of maize genotypes. In acid soils with
high Al saturation, the issue of relatively poor maize productivi-
ty must be solved by using maize types that are tolerant of Al
stress. As a result, in order to create maize varieties that are
resistant of aluminum, it is essential to assess the development
and tolerance of maize lines under this stress.

It is mainly used for human consumption and animal feed and
also an important source of carbohydrates, protein, iron, vitamin B
and minerals. It’s consumed as a starchy base in a wide variety of
porridges, grits, and beer. Green maize is eaten parched, baked,
roasted or boiled; playing an important role in filling the hunger
gap after the dry season. Maize plant has also economic value:
the grain, leaves, stalk, tassel, and cob can all be used to produce
food and non- food products (Tembo, 2018). In the industrialized
countries it’s used as raw material for manufacturing pharma-
ceutical and other industrial products (Akbar et al., 2016). It is not
only used as human food and animal feed but also widely used
for corn oil production, corn starch industry, baby corns etc.
(Arora etal., 2017). The selection of seedlings in nutrient solution
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is a rapid screening method based on NRG, developed to screen
for Al tolerance in several crops.

MATERIALS AND METHODS

Site and time of the experiment

The study was conducted between April 2021 to June 2021 at
the Plant Physiology Laboratory of the Department of Crop
Botany, Bangladesh Agricultural University, Mymensingh.

Experimental materials

The test crops under investigation were five varieties of maize
cultivated in Bangladesh. The seeds of all cultivars were collect-
ed from different seed company of Bangladesh. The following
five varieties of maize were used as planting materials for the
present study: V: Konok, V,: Kaveri-50, Vz: BWMRI-1, V4: BHM
-14,Vs: BHM-16.

Experimental treatment, design and layout

Two concentrations of AICl; were used as treatments for the
present study. They are as follows: 0 uM, 100 uM, 200 uM. The
experiment was laid out in Completely Randomized Design
(CRD) with three replications having two Al stress regime and
five varieties. The experiment was consisted of a control, 100
UM AICI3 and 200 uM AICl3. Thus, the total number of petri dish
was 45 (5x3x3) in germination experiment. The experiment was
conducted in a growth chamber with normal temperature a
photoperiod of 16 hours at 70% relative humidity and pH 6.0
(Riveroetal., 2014).

Germination study

For observing germination capability, an experiment was setup
with 45 Petri dish using filter paper and 10 seeds were placed in
each Petri dish. For germination, the seeds were sterilized prior
to the placement by 5-7% sodium hypochloride for 30 minutes
(Custodio et al., 2023). After sterilization seeds were cleaned
with water and dried for 20 minutes, then again placed in water
for imbibition. During the germination experiment 4-5 ml of
control, 100 uyM and 200 uyM AICl; was sprayed in each Petri
dish at the rate of two times per day.

Collection of data

Root length: Root length of all sprouting from each replication
were measured at 10, 15 and 20 DAT. Root length was
measured from root base to the root tip (Wangetal., 2020).

Shoot length: Shoot and root length of all sprouting from each
replication were measured at 10, 15 and 20 DAT. Shoot length
was measured from shoot base to the tip of the longest leaf
(Chenetal., 2020).

Fresh and dry weight of seedling shoot and root: Fresh weight
was recorded at 5 days interval from 10 to 20 DAT. Shoot and
root was measured individually as fresh weight. The data of
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fresh weight were computed and expressed in mg seedling™
(Dass et al., 2016). After measuring the fresh weight, the
samples were dried in oven at 80°C for 72 hours and their
weight were recorded at 10, 15 and 20 DAT.

Vigor index: Vigor index was calculated using the formula stated
(Beedietal., 2018).

Vigor Index (V1) = Seedling length x germination

Stress tolerance indices (STls)

The Al treatments comprising of O uM Al (control), 100 uM Al
and 200 uM Al were imposed using AlCI; to the petri dish twice
in a day to confirm the wet environment for seed germination
and get induced by Al stress. Apart from, stress tolerance indi-
ces of the above-mentioned parameters were also judged using
formula stated (Sagar et al., 2018).

Data at stress
Stress Tolerance Index (STI) = —————— x 100
Data at control

Statistical analysis

Data were statistically analyzed for the analysis of variance
(ANOVA) using MSTAT computer program in accordance with
the principles of completely randomized design (Gomez and
Gomez, 1984). Morphophysiological parameters were statisti-
cally analyzed with two factorial analyses using five varieties
and three Al stress levels. In addition, stress tolerance indices of
the studied parameters were statistically analyzed with two
factorial analyses using five varieties and two Al stress levels
compared to control treatment. Duncan’s Multiple Range Test
(DMRT) was used to compare variations among the treatments
at 5% level of probability (Russel, 1986).

RESULTS AND DISCUSSION

Combined effect of morpho-physiological response of maize
genotypes

Root length: The length of root of maize varied significantly
from 28.23 to 14.70 cm among the effect of combination of
variety and treatment. Among the treatments of combinations,
the variety Konok showed the highest (28.23 cm) root length in
control (0 uM AICl;) growing condition. On the other hand, the
variety BWMRI-1 grown in aluminium stress condition (200 uM
AICl3) recorded the lowest (14.70 cm) length of root (Table 1).
Similarly, in maize, seminal root length is a biological trait that
represents the Al tolerance rate with great precision and assur-
ance (Zishiri et al., 2022).

Shoot length: The length of shoot of maize varied significantly
from 27.90 to 15.38 cm among the effect of combination of vari-
ety and treatment. Among the treatments of combinations, the
variety BHM-16 showed the highest (27.90 cm) shoot length in
control (0 uM AICl;) growing condition. On the other hand, the

variety Kaveri-50 grown in aluminium stress condition (200 uM
AICl5) recorded the lowest (15.38 cm) length of shoot (Table 1).
Similarly, the shoot length was also decreased in V4 (23.4%) and
V2 (54.2%) in non-inoculated control while in inoculated plants
increase in shoot length was noted in V; (53.3%) and V2 (63.1%)
as compared to non-inoculated plants at 30 uM Cd concentra-
tion (Tanwir etal., 2021).

Seedling length: The length of seedling of maize varied signifi-
cantly from 51.93 to 31.50 cm among the effect of combination
of variety and treatment. Among the treatments of combina-
tions, the variety BHM-16 showed the highest (51.93 cm) seed-
ling length in control (O uM AICl;) growing condition followed by
the variety Konok in aluminium stress condition (100 uM AICl5).
On the other hand, the variety BWMRI-1 grown in aluminium
stress condition (200 pM AICl;) recorded the lowest (31.50 cm)
length of seedling followed by the same variety grown in (100
uM AICls) condition (36.73 cm) in this study (Table 1).

Shoot fresh weight: The weight of fresh shoot of maize varied
significantly from 4.35 to 1.79 g among the effect of combina-
tion of variety and treatment. Among the treatments of combi-
nations, the variety Konok showed the highest (4.35 g) shoot
fresh weight in control (O uM AIClj3) growing condition followed
by the same variety in aluminium stress condition (100 uM
AICl3) and variety BHM-14 and BHM-16 in control (O uM AICl5)
growing condition. On the other hand, the variety BHM-16
grown in aluminium stress condition (200 uM AICI5) recorded
the lowest (1.79 g) shoot fresh weight which was statistically
identical with variety Kaveri-50 in (100 uM AICl;) condition and
BWMRI-1 with aluminium stress condition (100 pM AICl3) and
(200 uM AICl;) (Table 1).

Shoot dry weight: The weight of dry shoot of maize varied sig-
nificantly from 0.53 to 0.20 g among the effect of combination
of variety and treatment. Among the treatments of combina-
tions, the variety Konok showed the highest (0.53 g) shoot dry
weight in control (O uM AICl3) growing condition followed by the
same variety in aluminium stress condition (100 uM AICl3). On
the other hand, the variety BHM-16 and Kaveri-50 grown in
aluminium stress condition (200 uM AICI5) recorded the lowest
(0.20 g) shoot dry weight (Table 1).

Root fresh weight: The weight of fresh root of maize varied
significantly from 8.18 to 1.96 g among the effect of combina-
tion of variety and treatment. Among the treatments of combi-
nations, the variety Konok showed the highest (8.18 g) root
fresh weight in control (O uM AICl;) growing condition followed
by the Kaveri-50 variety in control (O uM AICl3) treatment. On
the other hand, the variety BWMRI-1 grown in aluminium stress
condition (200 uM AICl5) recorded the lowest (1.96 g) root fresh
weight which was statistically identical with BWMRI-1 in
aluminium stress condition (100 pM AICl;) and BHM-14, BHM-
16 in aluminium stress condition (200 uM AICls5) (Table 2).
Similar phenomenon was also reported by Khan et al. (2019).
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Table 1. Combined effect of variety and treatment on root length, shoot length, seedling length, shoot fresh weight, shoot dry weight

of maize.

. Treatment Rootlength  Shoot length Seedling Length . Shoot dry weight
Variety (AIC) (cm) (cm) (cm) Shoot fresh weight (g) (8)
Konok OouM 28.23a 22.83 abc 51.07 ab 435a 0.53a

100 uM 23.73cd 18.67 cde 42.40b 345b 0.40b
200 uM 17.13hi 17.13de 34.27 ef 2.63c 0.30 cde
Kaveri-50 OouM 23.83cd 20.63 bed 4447 cd 2.60c 0.31cd
100 uM 21.07 ef 20.88 bcd 41.93d 2.16e 0.25fgh
200 uM 18.50gh 15.38¢ 33.87 ef 1.93e 0.20i
BWMRI-1 ouM 25.17 bc 20.83 bcd 46.00cd 2.59cd 0.33c
100 uM 17.83gh 18.90 cde 36.73e 205e 0.26 efg
200 uM 14.70j 16.80de 31.50f 1.88e 0.21hi
BHM-14 ouM 22.77 de 24.70 ab 47.47 abc 3.28b 0.30cd
100 uM 25.30 bc 21.30 bcd 46.60 bcd 2.68c¢c 0.27 def
200 uM 26.93 ab 19.50 cde 46.43 bed 2.18de 0.22 ghi
BHM-16 ouM 24.03 cd 27.90a 51.93a 3.29b 0.31cd
100 uM 19.43fg 22.90 abc 42.33d 2.83c 0.25fgh
200 uM 15.60j 18.23 cde 33.83 ef 1.79e 0.20i
SE (+) 1.37 0.49 1.28 0.11 0.12
CV (%) 8.27 2.83 3.73 5.22 4.97

Significant at 5% level of probability.

Table 2. Combined effect of variety and treatment on root fresh weight, root dry weight, total fresh weight, total dry weight, vigor

index of maize.

. Treatment Root fresh weight  Root dry weight Total fresh Total dry weight .
Variety (AICI5) (g) (g) weight (g) (g) Vigor index
Konok OouM 8.18a 1.21a 12.54a 1.74a 5106.7 a

100 uM 5.83c 1.04b 9.28b 1.44b 4240.0 abcd
200 uM 3.80 ef 0.96c¢ 6.43de 1.26¢ 3426.7 defg
Kaveri-50 OouM 6.54b 1.03 bc 9.14b 1.34c 4446.7 abc
100 uM 4.31de 0.85d 6.46 de 1.09 ef 3875.3 cdef
200 uM 3.28f 0.72 ef 5.21f 0.92g 3164.7 fg
BWMRI-1 ouM 347f 0.82b 6.06e 1.15de 4134.0 bcde
100 uM 254¢g 0.65¢g 4.60fg 0.90g 3299.7 efg
200 uM 196¢g 0.55h 3.84h 0.67h 35200¢g
BHM-14 ouM 4.75d 0.99 bc 80.03c¢ 1.30c 4590.3 abc
100 uM 3.57f 0.74e 6.26e 1.02f 4348.7 abcd
200 uM 241¢g 0.63g 4.59fg 0.86¢g 4024.0 cdef
BHM-16 ouM 3.80 ef 0.87b 7.09d 1.17d 5020.3 ab
100 uM 3.17f 0.66fg 6.00e 0.92¢g 3953.0 cdef
200 uM 240¢g 0.47i 419 gh 0.67i 2592.7¢g
SE (%) 0.17 0.02 0.19 0.02 249,51
CV (%) 5.22 2.97 3.60 2.37 7.80

Significant at 5% level of probability.

Root dry weight: The weight of dry root of maize varied signifi-
cantly from 1.21 to 0.47 g among the effect of combination of
variety and treatment. Among the treatments of combinations,
the variety Konok showed the highest (1.21 g) root dry weight in
control (0 uM AICl;) growing condition. On the other hand, the
variety BHM-16 grown in aluminium stress condition (200 uM
AICl53) recorded the lowest (0.47 g) root dry weight (Table 2).

Total fresh weight: The total fresh weight of maize varied signif-
icantly from 12.54 to 3.84 g among the effect of combination of
variety and treatment. Among the treatments of combinations,
the variety Konok showed the highest (12.54 g) total fresh
weight in control (O uM AICl5) growing condition followed by the
same variety in aluminium stress condition (100 uM AICls)

treatment. On the other hand, the variety BWMRI-1 grown in
aluminium stress condition (200 uM AICl5) recorded the lowest
(3.84 g) total fresh weight (Table 2).

Total dry weight: The total dry weight of maize varied signifi-
cantly from 1.74 to 0.67 g among the effect of combination of
variety and treatment. Among the treatments of combinations,
the variety Konok showed the highest (1.74 g) total dry weight
in control (O uM AICl5) growing condition followed by the same
variety in aluminium stress condition (100 uM AICl5) treatment.
On the other hand, the variety BHM-16 grown in aluminium
stress condition (200 uM AICl5) recorded the lowest (0.67 g)
total dry weight (Table 2). The results are in agreement with the
findings of Batista et al. (2013).
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Vigor index: Vigor index of maize varied significantly from
5106.7 to 2592.7 among the effect of combination of variety
and treatment. Among the treatments of combinations, the vari-
ety Konok showed the highest (5106.7) vigor index in control (O
uM AICl3) growing condition. On the other hand, the variety
BHM-16 grown in aluminium stress condition (200 uM AICl5)
recorded the lowest (2592.7) total dry weight which was statis-
tically similar with variety BWMRI-1 in aluminium stress condi-
tion (200 uM AICl5) (Table 2). Shovon et al. (2022) also reported
the similar phenomenon at 200 uM Al exposure, the germina-
tion percentage and vigor index were highest in BARI Gom-28
followed by BARI Gom-23 and lowest in BARI Gom-27.

Root length stress tolerance index: Root length stress tolerance
index of maize varied significantly from 118.33 to 58.42 among
the effect of combination of variety and treatment. Among the
treatments of combinations, the variety BHM-14 showed the
highest (118.33) RLSTI in aluminium stress condition (200 M
AICl3) growing condition followed by same variety in aluminium
stress condition (100 uM AICl5;). On the other hand, the variety
BWMRI-1 grown in aluminium stress condition (200 uM AICl5)
recorded the lowest (58.42) RLSTI which was statistically similar
with variety Konok in aluminium stress condition (200 uM AICl5)
(Table 3).

Shoot length stress tolerance index: Shoot length stress toler-
ance index of maize varied significantly from 101.00 to 65.39
among the effect of combination of variety and treatment.
Among the treatments of combinations, the variety Kaveri-50
showed the highest (101.00) SLSTI in aluminium stress condi-
tion (100 puM AICl3) growing condition. On the other hand, the
variety BHM-16 grown in aluminium stress condition (200 uM
AICl5) recorded the lowest (65.39) SLSTI (Table 3).

Seedlings length stress tolerance index: Seedlings length stress
tolerance index of maize varied significantly from 98.19 to
65.15 among the effect of combination of variety and treat-
ment. Among the treatments of combinations, the variety BHM-
14 showed the highest (98.19) SDLSTI in aluminium stress con-
dition (100 pM AICl3) growing condition which was statistically
identical with same variety in aluminium stress condition (200
uM AICl3). On the other hand, the variety BHM-16 grown in
aluminium stress condition (200 pM AICl5) recorded the lowest
(65.15) SDLSTI (Table 3).

Shoot fresh weight stress tolerance index: Shoot fresh weight
stress tolerance index of maize varied significantly from 86.18
to 54.61 among the effect of combination of variety and treat-
ment. Among the treatments of combinations, the variety BHM-
16 showed the highest (86.18) SFWSTI in aluminium stress con-
dition (100 uM AICl3) growing condition which was statistically
identical with Kaveri-50 and BHM-14 variety in aluminium
stress condition (100 uM AICl5). On the other hand, the variety
BHM-16 grown in aluminium stress condition (200 uM AICl5)
recorded the lowest (54.61) SFWSTI (Table 3).

Shoot dry weight stress tolerance index: Shoot dry weight
stress tolerance index of maize varied significantly from 90.14
to 56.95 among the effect of combination of variety and
treatment. Among the treatments of combinations, the variety
BHM-14 showed the highest (90.14) SDWSTI in aluminium
stress condition (100 uM AICl3) growing condition. On the other
hand, the variety Konok grown in aluminium stress
condition (200 uM AIClI5) recorded the lowest (56.95) SDWSTI
(Table 3).

Table 3. Combined effect of variety and treatment on root length stress tolerance index, shoot length stress tolerance index, seedling
length stress tolerance index, shoot fresh weight stress tolerance index and shoot dry weight stress tolerance index of maize.

T Root length Shoot length Seedling length Shoot fresh Shoot dry weight

Variety reatment stress tolerance  stress tolerance stress weight stress stress tolerance
(AICI5) index index tolerance index tolerance index index

Konok 100 uM 84.11cd 81.73ab 83.03 bc 79.60 ab 75.33 abcd
Konok 200 M 60.71g 75.08 ab 67.11 ef 60.65 cd 56.95¢e
Kaveri-50 100 uM 88.36¢c 101.00a 94.39 ab 83.22a 79.90 abc
Kaveri-50 200 uM 77.65 de 74.49 ab 76.14 cdef 74.29 abc 63.54de
BWMRI-1 100 uM 70.92 ef 90.72 ab 79.89 cde 79.28 ab 78.19 abcd
BWMRI-1 200 puM 5842¢g 80.63 ab 68.50 def 7243 abc 64.17 cde
BHM-14 100 uM 111.17b 86.24 ab 98.19a 81.80a 90.14 a
BHM-14 200uM 118.33a 78.94 ab 97.82a 66.34 bed 73.54 bed
BHM-16 100 uM 80.92d 82.07 ab 81.51 bed 86.18 a 82.64 ab
BHM-16 200uM 64.99 fg 65.39b 65.15f 54.61d 64.24 cde
SE () 7.73 1.98 3.70 4.10 4.52
CV (%) 2.98 11.61 5.59 6.81 7.61

Significant at 5% level of probability.

T AEM



Md. Asaduzzaman et al. /Arch. Agric. Environ. Sci., 8(4): 611-618 (2023)

Root fresh weight stress tolerance index: Root fresh weight
stress tolerance index of maize varied significantly from 83.57
to 46.53 among the effect of combination of variety and treat-
ment. Among the treatments of combinations, the variety BHM-
16 showed the highest (83.57) RFWSTI in aluminium stress
condition (100 uM AICI;) growing condition followed by variety
BWMRI-1 in aluminium stress condition (100 uM AICl3). On the
other hand, the variety Konok grown in aluminium stress
condition (200 uM AICl3) recorded the lowest (46.53) RFWSTI
(Table 4).

Root dry weight stress tolerance index: Root dry weight stress
tolerance index of maize varied significantly from 86.26 to 54.30
among the effect of combination of variety and treatment.
Among the treatments of combinations, the variety Konok
showed the highest (86.26) RDWSTI in aluminium stress condi-
tion (100 uM AICl3) growing condition. On the other hand, the
variety BHM-16 grown in aluminium stress condition (200 uM
AICl3) recorded the lowest (54.30) RDWSTI (Table 4).

Total fresh weight stress tolerance index: Total fresh weight
stress tolerance index of maize varied significantly from 84.76
to 51.43 among the effect of combination of variety and treat-
ment. Among the treatments of combinations, the variety BHM-
16 showed the highest (84.76) TFWSTI in aluminium stress

616

condition (100 uM AICl3) growing condition followed by variety
Konok and BWMRI-1 in aluminium stress condition (100 uM
AICl3). On the other hand, the variety Konok grown in alumini-
um stress condition (200 uM AICl3) recorded the lowest (51.43)
TFWSTI (Table 4).

Total dry weight stress tolerance index: Total dry weight stress
tolerance index of maize varied significantly from 82.91 to
56.84 among the effect of combination of variety and treat-
ment. Among the treatments of combinations, the variety
Konok showed the highest (82.91) TDWSTI in aluminium stress
condition (100 uM AICl3) growing condition which was statisti-
cally identical with variety Kaveri-50 in aluminium stress condi-
tion (100 uM AICl3). On the other hand, the variety BHM-16
grown in aluminium stress condition (200 uM AICI;) recorded
the lowest (56.84) TDWSTI (Table 4).

Vigor index stress tolerance index: Vigor index stress tolerance
index of maize varied significantly from 95.39 to 51.63 among
the effect of combination of variety and treatment. Among the
treatments of combinations, the variety BHM-14 showed the
highest (95.39) VISTI in aluminium stress condition (100 uM
AICl3) growing condition. On the other hand, the variety BHM-
16 grown in aluminium stress condition (200 pM AICly)
recorded the lowest (51.63) VISTI (Table 4).

Table 4. Combined effect of variety and treatment on root length stress tolerance index, shoot length stress tolerance index, seedling
length stress tolerance index, shoot fresh weight stress tolerance index and shoot dry weight stress tolerance index of maize.

T Root fresh weight Root dry weight Total fresh Root dry weight Vigor index

Variety reatment stress tolerance stress tolerance weight stress stresstolerance  stress tolerance

(AICIS) index index tolerance index index index
Konok 100 uM 71.42 bc 86.26 a 74.10b 8291a 83.03 abc
Konok 200 uM 46.53f 79.64 abc 51.43e 72.75bc 67.11 bed
Kaveri-50 100 uM 65.88 bed 82.28 ab 70.75 bc 81.70a 87.14 ab
Kaveri-50 200uM 50.24 ef 70.25 cde 57.08 de 68.70c 71.14 bed
BWMRI-1 100 uM 73.03b 79.29 abc 75.76b 78.84 ab 80.01 abc
BWMRI-1 200uM 56.68de 67.83de 63.37 cd 66.64c 61.34cd
BHM-14 100 uM 75.31ab 74.85 bed 77.92 ab 78.43 ab 95.3%9a
BHM-14 200uM 50.76 ef 63.78 ef 57.14de 66.08 c 87.67 ab
BHM-16 100 uM 83.57a 76.54 abcd 84.76 a 78.12 ab 78.85 abc
BHM-16 200uM 63.18 cd 54.30f 59.19d 56.84d 51.63d
SE (+) 2.70 2.84 2.09 222 6.52
CV (%) 5.20 4.74 3.82 3.72 1047

Significant at 5% level of probability.
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Conclusion

The study revealed that the variety exhibited significantly
better performance under conditions without aluminum stress
compared to those under aluminum stress. Consequently, the
most substantial outcomes were observed in the absence of
aluminum stress, in the control treatment.
Conversely, the lowest results were recorded in the treatment
with maximum aluminum stress (200 uM AICI3) for the
experimental variety. In conclusion, the present study suggests
that the maize variety "Konok" could experience greater

enhancement during the early seedling stage when grown with-

specifically

out exposure to aluminum stress.

Conflicts of interest

The authors declare no conflicts of interest regarding publica-
tion of this paper.

Open Access: This is an open access article distributed under the
terms of the Creative Commons Attribution NonCommercial 4.0
International License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original
author(s) or sources are credited.

REFERENCES

Adnan, A. A, Diels, J., Jibrin, J. M., Kamara, A. Y., Shaibu, A. S., Craufurd, P., &
Menkir, A. (2020). CERES-Maize model for simulating genotype-by-
environment interaction of maize and its stability in the dry and wet
savannas  of  Nigeria.  Field crops research, 253, 107826.
https://doi.org/10.1016/j.fcr.2020.107826

Adnan, K. M,, Sarker, S. A, Tama, R. A. Z., & Pooja, P. (2021). Profit efficiency and
influencing factors for the inefficiency of maize production in
Bangladesh. Journal of Agriculture and Food Research, 5, 100161.
https://doi.org/10.1016/j.jafr.2021.100161

Akbar, M. A, Siddique, M. A, Marma, M. S., Rahman, M. M., Molla, M. R. |, Rahman,
M. M., & Hamid, A. (2016). Planting arrangement, population density and
fertilizer application rate for white maize (Zea mays L.) production in
Bandarban valley. Agriculture, Forestry and Fisheries, 5(6), 215-224,
http://10.11648/].aff.20160506.12

Arora, P, Dixit, S., Singh, G., & Pandey, S. (2017). Aluminium Toxicity in Maize
Crop. South African Journal Science, 85, 9-12, http://10.19080/
CTBEB.2017.09.555763

Batista, M. F,, Moscheta, I. S., Bonato, C. M., Batista, M. A,, Almeida, O. J. G. D., &
Inoue, T. T. (2013). Aluminum in corn plants: influence on growth and morpho
-anatomy of root and leaf. Revista Brasileira de Ciéncia do Solo, 37, 177-187,
https://doi.org/10.1590/S0100-06832013000100018

BBS (Bangladesh Bureau of Statistics). (2021). Annual Agricultural Statistics 2020-
21. Bangladesh Bureau of Statistics, Statistic Division, Ministry of Planning,
Government people’s Republic of Bangladesh, Dhaka, pp. 37.

Beedi, S., Macha, S. |., Gowda, B., Savitha, A. S., & Kurnallikar, V. (2018). Effect of
seed priming on germination percentage, shoot length, root length, seedling
vigour index, moisture content and electrical conductivity in storage of
kabuli chickpea cv., MNK 3€“1 (Cicer arietinum L.). Journal of Pharmacognosy
and Phytochemistry, 7(1), 2005-2010.

Bojérquez-Quintal, E., Escalante-Magana, C., Echevarria-Machado, I., & Martinez-
Estévez, M. (2017). Aluminum, a friend or foe of higher plants in acid
soils. Frontiers in plant science, 8, 1767. https://doi.org/10.3389/
fpls.2017.01767

Chen, Y., Palta, J.,, Prasad, P. V., & Siddique, K. H. (2020). Phenotypic variability in
bread wheat root systems at the early vegetative stage. BMC plant
biology, 20, 1-16, https://doi.org/10.1186/s12870-020-02390-8

Coelho, C. D. J., Bombardelli, R. G. H., Schulze, G. S., Caires, E. F., & Matiello, R. R.
(2019). Genetic control of aluminum tolerance in tropical maize
germplasm.  Bragantia, 78, 71-81, https://doi.org/10.1590/1678-
4499.2017396

Cunha, G. O. D. M,, Almeida, J. A. D., Ernani, P. R, Pereira, E. R,, Skoronski, E.,
Lourenco, L. S., & Brunetto, G. (2018). Chemical species and aluminum
concentration in the solution of acid soils cultivated with soybean and corn
under liming.  Revista Brasileira de Ciéncia do Solo, 42.
https://doi.org/10.1590/18069657rbcs20170406

Custodio, T., T. Daniel Houle, & F. Girard. (2023). Impact of Environmental Condi-
tions on Seed Germination of Glossy Buckthorn (Frangula alnus (Mill)) in
Eastern Canada. Forests, 14(10), 1999. https://doi.org/10.3390/f14101999

Dass, A, Chandra, S., Choudhary, A. K., Singh, G., & Sudhishri, S. (2016). Influence
of field re-ponding pattern and plant spacing on rice root-shoot characteris-
tics, yield, and water productivity of two modern cultivars under SRI
management in Indian Mollisols. Paddy and water environment, 14, 45-59,
https://doi.org/10.1007/s10333-015-0477-z

Gomez, K. A. & Gomez, A. A. (1984). Statistical Procedure for Agricultural Re-
search. 2nd edition. John Willy and Sons, Newyork. pp. 28-192.

Khan, M. N, Zhang, J., Luo, T., Liu, J., Ni, F.,, Rizwan, M., & Hu, L. (2019). Morpho-
physiological and biochemical responses of tolerant and sensitive rapeseed
cultivars to drought stress during early seedling growth stage. Acta Physiolo-
giae Plantarum, 41, 1-13, https://doi.org/10.1007/s11738-019-2812-2

Kvande H. 2015. Occurrence and production of aluminum. Encyclopedia of Inor-
ganic and Bioinorganic Chemistry, Norwegian University of Science and
Technology, Trondheim, Norway.

Ndeke, V., & Tembo, L. (2019). Investigating the type of gene action conditioning
tolerance to aluminum (Al) toxicity in tropical maize. Asian Plant Research
Journal, 2(4), 1-8.

Pavli, L., Boriivka, L., Drabek, O., & Nikodem, A. (2021). Effect of natural and an-
thropogenic acidification on aluminium distribution in forest soils of two
regions in the Czech Republic. Journal of Forestry Research, 32, 363-370,
https://doi.org/10.1007/s11676-019-01061-1

Pidjath, C., Sopandie, D., Turjaman, M., & Budi, S. W. (2021). Morpho-physiological
changes of four tropical tree seedlings under aluminum stress. Biodiversitas
Journal of Biological Diversity, 22(3). https://doi.org/10.13057/biodiv/
d220317

Rahman, M. A, Lee, S. H., Ji, H. C., Kabir, A. H., Jones, C. S., & Lee, K. W. (2018).
Importance of mineral nutrition for mitigating aluminum toxicity in plants on
acidic soils: current status and opportunities. International journal of molecu-
lar sciences, 19(10), 3073. https://doi.org/10.3390/ijms19103073

Rivero, L., Scholl, R., Holomuzki, N., Crist, D., Grotewold, E., & Brkljacic, J. (2014).
Handling Arabidopsis plants: growth, preservation of seeds, transformation,
and genetic crosses. Arabidopsis protocols, 3-25. https://doi.org/10.1007/978
-1-62703-580-4_1

Russell, D. F. (1986). MSTAT-C package programme. Crop and Soil Science Depart-
ment, Michigan State University, USA, 59-60.

Sagar, A, Tajkia, J., Haque, M,, Fakir, M., & Hossain, A. K. M. Z. (2018). Screening of
sorghum genotypes for salt-tolerance based on seed germination and
seedling stage. Fundamental and Applied Agriculture, 4(1), 735-743,
https://doi.org/10.5455/faa.18483

Shovon, M. H,, Sagar, A, Mia, M. A,, Rakhi, F. R, Tajkia, J. E., Kabir, M. H., & Hossain,
A. K. M. Z. (2022). Boron-mediated aluminium stress tolerance under alu-
minium toxicity at germination and early seedling stages of
wheat. Progressive Agriculture, 32(2), 127-139, https://doi.org/10.3329/
pa.v32i2.58397

Sun, C,, Wang, D., Shen, X,, Li, C,, Liu, J,, Lan, T., & Zhang, Y. (2020). Effects of bio-
char, compost and straw input on root exudation of maize (Zea mays L.):
From function to morphology. Agriculture, Ecosystems & Environment, 297,
106952. https://doi.org/10.1016/j.agee.2020.106952

Tandzi, N. L., Ngonkeu, E. L. M., Youmbi, E., Nartey, E., Yeboah, M., Gracen, V., &
Mafouasson, H. (2015). Agronomic performance of maze hybrids under acid
and control soil conditions. International Journal of Agronomy and Agricultural
Research, 6,275-291.

Tanwir, K., Javed, M. T., Abbas, S., Shahid, M., Akram, M. S,, Chaudhary, H. J.,, &
Igbal, M. (2021). Serratia sp. CP-13 alleviates Cd toxicity by morpho-physio-
biochemical improvements, antioxidative potential and diminished Cd
uptake in Zea mays L. cultivars differing in Cd tolerance. Ecotoxicology and
Environmental Safety, 208, 111584. https://doi.org/10.1016/
j.ecoenv.2020.111584

«



https://doi.org/10.1016/j.fcr.2020.107826
https://doi.org/10.1016/j.jafr.2021.100161
http://10.11648/j.aff.20160506.12
http://10.19080/CTBEB.2017.09.555763
http://10.19080/CTBEB.2017.09.555763
https://doi.org/10.1590/S0100-06832013000100018
https://doi.org/10.3389/fpls.2017.01767
https://doi.org/10.3389/fpls.2017.01767
https://doi.org/10.1186/s12870-020-02390-8
https://doi.org/10.1590/1678-4499.2017396
https://doi.org/10.1590/1678-4499.2017396
https://doi.org/10.1590/18069657rbcs20170406
https://doi.org/10.3390/f14101999
https://doi.org/10.1007/s10333-015-0477-z
https://doi.org/10.1007/s11738-019-2812-2
https://doi.org/10.1007/s11676-019-01061-1
https://doi.org/10.13057/biodiv/d220317
https://doi.org/10.13057/biodiv/d220317
https://doi.org/10.3390/ijms19103073
https://doi.org/10.1007/978-1-62703-580-4_1
https://doi.org/10.1007/978-1-62703-580-4_1
https://doi.org/10.5455/faa.18483
https://doi.org/10.3329/pa.v32i2.58397
https://doi.org/10.3329/pa.v32i2.58397
https://doi.org/10.1016/j.agee.2020.106952
https://doi.org/10.1016/j.ecoenv.2020.111584
https://doi.org/10.1016/j.ecoenv.2020.111584

Md. Asaduzzaman et al. /Arch. Agric. Environ. Sci., 8(4): 611-618 (2023) 618

Tekeu, H., Ngonkeu, E. L. M., Tandzi, L. N., Djocgoue, P. F., Bell, J. M., Mafouasson,
H. A, & Fokom, R. (2015). Evaluation of maize (Zea mays L.) accessions using
line x tester analysis for aluminum and manganese tolerance. International
Journal of Biological and Chemical Sciences, 9(4), 2161-2173,
https://doi.org/10.4314/ijbcs.v9i4.36

Tembo, L. (2018). Effect in hydroponics of nitrogen and aluminium toxicity on
tropical maize. Asian Research Journal of Agriculture, 9(2), 1-7, https://
ssrn.com/abstract=3622139

Vasconcellos, R. C., Mendes, F. F., de Oliveira, A. C., Guimaraes, L. J., Albuquerque,
P.E., Pinto, M. O., & Guimaraes, C. T.(2021). ZmMATE1 improves grain yield
and yield stability in maize cultivated on acid soil. Crop Science, 61(5),

3497-3506. https://doi.org/10.1002/csc2.20575

Wang, X,, Feng, J., White, P. J., Shen, J., & Cheng, L. (2020). Heterogeneous phosphate
supply influences maize lateral root proliferation by regulating auxin redistribu-
tion. Annals of Botany, 125(1), 119-130, https://doi.org/10.1093/aob/mcz154

Xu, L., Liu, W., Cui, B. M., Wang,N., Ding, J. Z,, Liu, C., & Zhang, S. (2017). Aluminium
tolerance assessment of 141 maize germplasms in a solution cul-
ture. Universal Journal of Agricultural Research, 5(1), 1-9.

Zishiri, R. M., Mutengwa, C. S., Tandzi, L. N., & Manyevere, A. (2022). Growth
response and dry matter partitioning of quality protein maize (Zea mays L.)
genotypes under aluminum  toxicity. Agronomy, 12(6), 1262.
https://doi.org/10.3390/agronomy12061262

«



https://doi.org/10.4314/ijbcs.v9i4.36
https://ssrn.com/abstract=3622139
https://ssrn.com/abstract=3622139
https://doi.org/10.1002/csc2.20575
https://doi.org/10.1093/aob/mcz154
https://doi.org/10.3390/agronomy12061262

