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ABSTRACT

Alkaline stress is an important abiotic constraint limiting rice productivity in
many agricultural regions worldwide. Elevated soil pH negatively affects
nutrient availability, chlorophyll biosynthesis, photosynthesis, and overall
plant growth. The present study investigated the morphological responses of
six rice genotypes (BR-4, BRRI-7, BRRI-40, BRRI-55, BRRI-67, and BRRI-78)
grown under control and alkaline stress (pH 7.8) conditions for six weeks under
greenhouse conditions to identify genotype-dependent variation in alkaline
stress tolerance. In this study, alkaline stress significantly affected plant
performance in several rice genotypes, although the magnitude of stress-
induced reduction differed among genotypes. Significant decreases in
chlorophyll score and growth-related parameters were observed in sensitive
genotypes, indicating severe physiological disruption under alkaline
conditions. In contrast, BRRI-67 and BRRI-78 maintained comparatively higher
chlorophyll retention and biomass accumulation under stress conditions,
suggesting improved stress adaptation mechanisms. Statistical analysis
revealed significant treatment effects in multiple physiological parameters. The
observed variation among rice genotypes demonstrates the importance of
genetic background in regulating alkaline stress tolerance. Tolerant genotypes
likely maintained better nutrient acquisition, chlorophyll stability, and
physiological homeostasis under alkaline environments. The findings may
provide useful germplasm for mechanistic studies on alkaline stress tolerance
and may contribute to breeding programs aimed at improving rice productivity
in alkaline soils.
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Introduction

Rice (Oryza sativa L.) is one of the mostimportant
staple food crops globally and provides the
primary source of calories for billions of people.
However, rice productivity is increasingly
threatened by various abiotic stresses including
drought, salinity, alkalinity, and nutrient
imbalance. Among these stresses, alkaline stress
has emerged as a major agricultural problem

affecting crop production in many regions of the
world. Alkaline soils are characterized by
elevated pH levels and excessive accumulation of
sodium bicarbonate and sodium carbonate. High
pH conditions reduce nutrient solubility and
interfere with nutrient uptake, particularly iron,
zinc, phosphorus, and manganese leading to
severe nutritional disorders in plants
(Marschner, 2012). Reduced nutrient acquisition

Hasan et al. J. Biol. 1(1), 2026


mailto:parvez@ru.ac.bd
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
http://dx.doi.org/10.12692/jbiol/0002

20

/‘)

Az
Ecolife Science Publishing

ultimately affects chlorophyll biosynthesis,

photosynthetic performance, and cellular

metabolism.

One of the most visible symptoms of alkaline
stress is chlorosis caused by iron deficiency-
induced disruption of chlorophyll biosynthesis.
Under alkaline conditions, iron becomes
insoluble and unavailable for plant uptake,
leading to impaired chloroplast function and
reduced photosynthetic activity (Fageria et al,,
2002). As a result, plants exposed to alkaline
environments frequently exhibit reduced
growth, lower biomass accumulation, and
impaired physiological performance. In addition
to nutrient imbalance, alkaline stress also
induces osmotic stress and oxidative damage.
Excessive accumulation of reactive oxygen
species (ROS) under stress conditions can
damage proteins, lipids, nucleic acids, and
cellular membranes (Mittler, 2002).

Rice is generally considered sensitive to high pH
stress conditions compared with many
halophytic species. However, substantial
genotypic variation exists within rice germplasm
regarding tolerance to alkaline environments.
Stress-tolerant genotypes may maintain better
nutrient acquisition efficiency, chlorophyll
stability, ionic balance, and photosynthetic
performance under alkaline conditions (Horie et
al, 2012). Therefore, identifying tolerant rice
genotypes is essential for breeding and crop
improvement programs. Moreover, knowledge of
genotype-dependent physiological variation
among Bangladeshi rice genotypes under
alkaline conditions remains limited. Therefore,
This work is aimed at evaluating the effects of
alkaline stress on chlorophyll-related and
growth-associated physiological parameters,
determine genotype-dependent variation in
alkaline stress tolerance, and identify rice
genotypes  with  improved  physiological
adaptation under alkaline conditions.

Materials and methods

Plant materials and growth conditions

Six rice genotypes including BR-4, BRRI-7, BRRI-
40, BRRI-55, BRRI-67, and BRRI-78 were

collected from Bangladesh Rice Research
Institute (BRRI). Seeds were germinated in tray
for 3 days before transferring to the soil pot.
Seedlings were cultivated in two treatment
groups: control and alkaline having pH 7.8 (7.5g
CaCO3/pot) wunder controlled greenhouse
conditions for 6 weeks. The experiment was
conducted under greenhouse conditions using a
completely randomized design with control and
alkaline stress treatments. Each treatment
contained three biological replications.
Greenhouse conditions were maintained under
natural photoperiod with adequate irrigation
and temperature conditions suitable for rice
growth.

Measurement of chlorophyll score
Chlorophyll score was measured using a portable
SPAD chlorophyll meter. Fully expanded leaves
were selected for chlorophyll determination.
Measurements were recorded from multiple
leaves per plant and averaged for analysis.

Measurement of growth-related parameters
Shoot height, shoot fresh weight, root length, and
root fresh weight were measured after
harvesting the plants. Shoot height was
determined using a ruler by measuring the
distance from the soil surface to the tip of the
longest leaf. Shoots and roots were carefully
separated and shoot fresh weight as well as root
fresh weight were immediately recorded using
an analytical balance. Root systems were gently
washed to remove soil particles prior to
measurement, and root length was measured
from the root base to the tip of the longest root
using a ruler.

Statistical analysis

Data were analyzed using Student's t-test to
compare control and alkaline stress treatments
within each genotype. Mean values and standard
deviations were calculated using R statistical
software. Statistical significant differences were
determined at P < 0.05.

Results
Visual growth performance under alkaline
stress
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Representative images of six rice genotypes
grown under control and alkaline stress
conditions demonstrated substantial variation in
stress-induced growth inhibition (Fig. 1). Plants
exposed to alkaline conditions (pH 7.8) exhibited
visible reductions in vigor, leaf greenness, shoot
growth, and root development compared with
control plants. However, the severity of stress
symptoms differed markedly among genotypes.
Among the tested rice genotypes, BRRI-67 and
BRRI-78 maintained comparatively better
growth performance and greener foliage under
alkaline conditions, whereas BR-4 and BRRI-55
showed greater chlorosis and reduced overall
growth.

BRRI- 78

BRRI- 55 BRRI- 67

Fig. 1. Representative growth performance of six
rice genotypes (BR-04, BRRI-7, BRRI-40, BRRI-
55, BRRI-67, and BRRI-78) grown under control
and alkaline stress conditions (pH 7.8). Plants
were cultivated in pots under greenhouse
conditions for 6 weeks.

Changes in above-ground parameters
Chlorophyll score was significantly affected by
alkaline stress in multiple rice genotypes (Fig. 2).
Under alkaline conditions, substantial reductions
in chlorophyll score were observed in BR-4 and
BRRI-55, indicating increased chlorophyll
degradation and impaired photosynthetic
performance. In contrast, BRRI-67 maintained
relatively stable chlorophyll values under stress
conditions, suggesting improved chlorophyll
retention and better adaptation to alkaline
environments. BRRI-78 also exhibited moderate
tolerance with comparatively higher chlorophyll
scores than the sensitive genotypes (Fig. 2).
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Fig. 2. Representative growth performance of six
rice genotypes (BR-04, BRRI-7, BRRI-40, BRRI-
55, BRRI-67, and BRRI-78) grown under control
and alkaline stress conditions (pH 7.8). Plants
were cultivated in pots under greenhouse
conditions for 6 weeks.
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Fig. 3. Chlorophyll scores in the leaves of six rice
genotypes (BR-4, BRRI-7, BRRI-40, BRRI-55,
BRRI-67, and BRRI-78) grown under control and
alkaline stress conditions for 6 weeks. Data are
presented as mean +* standard deviation.
Asterisks indicate significant  differences
between control and alkaline treatments within
each genotype based on Student’s t-test (P < 0.05,
*P < 0.001), while “ns” indicates non-significant
differences. The results demonstrate genotype-
dependent variation in chlorophyll retention and
tolerance under alkaline stress conditions.
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Fig. 4. Shoot height in six rice genotypes (BR-4,
BRRI-7, BRRI-40, BRRI-55, BRRI-67, and BRRI-
78) grown under control and alkaline stress
conditions for 6 weeks. Data are presented as
mean * standard deviation. Asterisks indicate
significant differences between control and
alkaline treatments within each genotype based
on Student’s t-test (P < 0.05, “P < 0.001), while
“ns” indicates non-significant differences.

BR-4 BRRI-7 BRRI-40
9 ns
8
ns
; ns
o4
< Treatment
8’ BRRI-55 BRRI-67 BRRI-78 E Control
29 S T E3 Alkaline
E x3
[e]
6
S@Eﬁ *
4

Fig. 5. Shoot fresh weight in six rice genotypes
(BR-4, BRRI-7, BRRI-40, BRRI-55, BRRI-67, and
BRRI-78) grown under control and alkaline
stress conditions for 6 weeks. Data are presented
as mean * standard deviation. Asterisks indicate
significant differences between control and
alkaline treatments within each genotype based
on Student’s t-test (P < 0.05, P < 0.001), while
“ns” indicates non-significant differences.

Alkaline stress negatively affected shoot heightin
all rice genotypes; however, the extent of
reduction varied significantly among genotypes
(Fig. 3). BR-4 exhibited the greatest reduction in
shoot growth under alkaline conditions, whereas
BRRI-67 and BRRI-78 maintained comparatively
greater shoot elongation. Furthermore, shoot
fresh weight declined significantly in several
genotypes under alkaline stress conditions (Fig.
3). Sensitive genotypes displayed pronounced
reductions in biomass accumulation, indicating
impaired physiological performance and reduced
metabolic activity. BRRI-67 showed the highest
biomass retention among the tested genotypes,
followed by BRRI-78 (Fig. 3).

BR-4 BRRI-7 BRRI-40
40 4
30 @ ns S
==
= =3
2| g
s | o
© 10 Treatment
3
= BRRI-55 BRRI-67 BRRI-78 E3 Control
® 40 E3 Alkaline
e N
o 30 ns
* $$ aos_||F
20 = =] =
10

Fig. 6. Root fresh weight in six rice genotypes
(BR-4, BRRI-7, BRRI-40, BRRI-55, BRRI-67, and
BRRI-78) grown under control and alkaline
stress conditions for 6 weeks. Data are presented
as mean * standard deviation. Asterisks indicate
significant differences between control and
alkaline treatments within each genotype based
on Student’s t-test (P < 0.05, P < 0.001), while
“ns” indicates non-significant differences.

Changes in below-ground parameters

Root length measurements revealed substantial
genotype-dependent variation under alkaline
stress conditions (Figure 5). Root growth was
severely inhibited in sensitive genotypes,
whereas  tolerant  genotypes maintained
relatively stable root development. BRRI-67
exhibited comparatively greater root length
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under alkaline conditions, indicating improved
root system adaptation and nutrient foraging
capacity (Fig. 5). Also, root fresh weight was
significantly affected by alkaline stress (Fig. 6).
Sensitive genotypes exhibited substantial
reductions in root biomass accumulation,
whereas BRRI-67 and BRRI-78 maintained
comparatively higher root fresh weight (Fig. 6).

Overall genotypic ranking under alkaline
stress

The combined analysis of chlorophyll score,
shoot height, shoot fresh weight, root length, and
root fresh weight demonstrated clear variation in
alkaline stress tolerance among the tested rice
genotypes (Table 1). Based on overall
physiological performance, the rice genotypes
were ranked as follows: BRRI-67 > BRRI-78 >
BRRI-40 > BRRI-7 > BRRI-55 > BR-4. BRRI-67
was identified as the most tolerant genotype
because it maintained comparatively stable
chlorophyll score, shoot growth, and root
performance under alkaline stress conditions.
BRRI-78 also exhibited comparatively high
physiological stability and biomass retention
under stress conditions. In contrast, BR-4
displayed the greatest physiological reduction
and was categorized as highly sensitive to
alkaline stress. The ranking analysis further
confirmed that substantial genotype-dependent
variation exists among rice genotypes in
response to alkaline stress conditions (Table 1).

Discussion

Alkaline stress is increasingly recognized as one
of the major abiotic factors limiting crop
productivity in calcareous and high-pH soils.
Elevated soil pH disrupts nutrient solubility and
restricts the uptake of essential micronutrients,
particularly iron, =zinc, manganese, and
phosphorus. These nutrient limitations impair
chlorophyll biosynthesis, photosynthetic activity,
membrane integrity, and metabolic homeostasis
(Marschner, 2012). In the present study,
substantial genotype-dependent variation was
observed among the six tested genotypes under
alkaline stress conditions, indicating differential
physiological adaptation capacities. The
reduction in SPAD chlorophyll values observed in

several genotypes under alkaline stress indicates
impairment of chlorophyll synthesis and
photosynthetic machinery. Chlorophyll
degradation is commonly associated with iron
unavailability under alkaline conditions because
iron becomes insoluble at elevated soil pH levels
(Taiz et al, 2018). Iron deficiency frequently
induces interveinal chlorosis and reduced
photosynthetic efficiency, ultimately limiting
plant growth and biomass accumulation.

Table 1. Ranking of different rice genotypes
based on overall physiological performance and
tolerance under alkaline stress conditions.

Rank Genotype  Stress Observation
tolerance
1  BRRI-67  Highly Maintained
tolerant comparatively stable
chlorophyll score, shoot
growth, and root
performance under
alkaline stress
2 BRRI-78 Tolerant  Showed relatively high

physiological stability
and biomass retention
under stress
Moderate reduction in
chlorophyll and growth-
related parameters
4 BRRI-7 Intermediate Showed moderate stress
response with partial
reduction in
physiological traits
Greater reduction in
growth and chlorophyll-
related traits under
alkaline conditions
Exhibited the strongest
reduction in
physiological
performance under stress

3 BRRI-40 Moderately
tolerant

5 BRRI-55 Sensitive

6 BR4  Highly

sensitive

Among the genetic lines, genotypes BRRI-67 and
BRRI-78 maintained comparatively higher SPAD
values and displayed improved physiological

stability under stress conditions. This
observation suggests that these genotypes
possess enhanced alkaline tolerance

mechanisms. Several physiological mechanisms
may contribute to alkaline tolerance, including
improved nutrient uptake efficiency, enhanced
root proton extrusion, better ionic homeostasis,
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efficient antioxidant defense systems, and
improved osmotic adjustment. Previous studies
have demonstrated that tolerant plants can
maintain higher root ferric-chelate reductase
activity and enhanced rhizosphere acidification
under alkaline environments, thereby improving
nutrient acquisition efficiency (Yang et al., 2008).
Maintenance of chlorophyll content under stress
conditions is frequently associated with
sustained photosynthetic performance and
improved carbon assimilation. Therefore, the
relatively stable SPAD values observed in
tolerant genotypes in the present study may
indicate better preservation of chloroplast
structure and function. The significant variation
among genotypes also indicates that genetic
background strongly influences alkaline stress
adaptation. Such variability is important for crop
improvement programs because tolerant
germplasm can be utilized in breeding strategies
aimed at developing stress-resilient cultivars.
Genotypic screening under stress conditions
provides valuable information regarding
adaptive physiological responses and stress-
associated metabolic adjustments.

In addition to chlorophyll-related responses,
alkaline  stress likely affected several
downstream physiological and biochemical
processes. High pH stress is known to induce
oxidative stress through excessive accumulation
of reactive oxygen species (ROS), which can
damage cellular membranes, proteins, and
nucleic acids (Guo et al, 2010). Tolerant
genotypes may possess stronger antioxidant
defense systems that mitigate oxidative injury
and maintain cellular stability under stress.
Another possible explanation for the improved
tolerance observed in certain genotypes is
enhanced osmotic regulation. Stress-tolerant
plants often accumulate compatible solutes such
as proline, soluble sugars, and amino acids that
contribute to osmotic adjustment and protection
of cellular structures. Maintenance of cellular
water balance under alkaline conditions may
therefore  contribute to the improved
physiological performance observed in tolerant
genotypes.

The present findings are consistent with
previous reports indicating that alkaline stress
severely reduces chlorophyll content and
photosynthetic performance in sensitive plants.
For example, Guo et al. (2010) reported
substantial metabolic and ionic disruptions in
maize seedlings exposed to alkaline conditions.
Similarly, Yang et al. (2008) demonstrated that
stress-tolerant plants maintain improved ionic
balance and osmotic adjustment under alkaline
environments. The SPAD-based assessment used
in the present study provides a rapid and non-
destructive approach for evaluating stress-
induced chlorophyll changes. SPAD
measurements are widely used as indicators of
nutrient status and photosynthetic potential in
plant stress physiology studies (Ling et al., 2011).
The integration of SPAD analysis with
morphological and biochemical assessments can
provide comprehensive insights into plant
adaptation mechanisms. Although the present
study  successfully identified genotype-
dependent variation under alkaline stress,
additional molecular and biochemical analyses
would further strengthen understanding of
tolerance mechanisms. Future studies should
investigate antioxidant enzyme activities,
nutrient accumulation patterns, transcriptomic
responses, and root-associated microbial
interactions under alkaline environments. Such
analyses would provide deeper mechanistic
insights into stress adaptation pathways.

The combined analysis of chlorophyll score,
shoot height, shoot fresh weight, root length, and
root fresh weight demonstrated clear genotype-
dependent variation under alkaline stress
conditions. Sensitive genotypes displayed
substantial reductions in multiple physiological
parameters, indicating impaired adaptation
under elevated pH environments. In contrast,
tolerant genotypes maintained relatively stable
physiological performance. BRRI-67 and BRRI-
78 consistently performed better across multiple
measured parameters, suggesting enhanced
stress adaptation mechanisms. These genotypes
likely maintained improved nutrient acquisition
and chlorophyll stability under alkaline
conditions. Conversely, BR-4 and BRRI-55
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showed greater reductions in physiological
performance and appeared comparatively
sensitive to alkaline stress. The variation
observed among the tested rice genotypes
demonstrates the importance of physiological
screening for identifying tolerant germplasm.
Such tolerant genotypes may be useful in
breeding programs aimed at improving rice
productivity in alkaline soils.

Conclusion

The present study demonstrated significant
genotype-dependent variation in response to
alkaline stress. Alkaline stress reduced
chlorophyll-related physiological performance in
several genotypes, whereas genotypes E and F
exhibited comparatively greater tolerance. The
findings  provide useful insights into
physiological adaptation mechanisms under
alkaline conditions and may contribute to future
breeding strategies aimed at developing stress-
resilient crop cultivars.

Acknowledgements
We thank Bangladesh Rice Research Institute
(IRRI) for providing rice seeds.

Conflict of interest
The authors declare they have no conflicts of
interest.

Author contributions

M.R.H. conducted the study, performed data
analysis, and prepared the original manuscript
draft. S.F.D. contributed to data collection and
validation. M.M.R. assisted with methodology
development, data  interpretation, and
manuscript revision. M.R.K. supervised the
research, contributed to study design and data
interpretation, and critically revised the
manuscript.

References

Abbas, G., Saqib, M., Akhtar, J.,, & Murtaza, G.
(2013). Effect of salinity on grain yield and
grain quality of wheat. Pakistan journal of
agricultural sciences, 50, 185-189.

Ashraf, M., & Foolad, M. R. (2007). Roles of glycine
betaine and proline in improving plant

abiotic stress resistance. Environmental and
experimental botany, 59, 206-216.

Blumwald, E. (2000). Sodium transport and salt
tolerance in plants. Current opinion in cell
biology, 12, 431-434.

Fageria, N. K, Baligar, V. C., & Clark, R. B. (2002).
Micronutrients in crop production. Advances
in agronomy, 77, 185-268.

Flowers, T. ], & Yeo, A. R. (1995). Breeding for
salinity resistance in crop plants. Australian
journal of plant physiology, 22, 875-884.

Guo, R, Shi, L., Yan, C., Zhong, X,, Gu, F., Liu, Q., Xia,
X., Li, H, & Zhao, L. (2010). Ionomic and
metabolic responses to neutral salt or
alkaline salt stresses in maize (Zea mays L.)
seedlings. BMC plant biology, 10, 79.

Hasanuzzaman, M., Nahar, K, Alam, M,
Roychowdhury, R, & Fujita, M. (2013).
Physiological, biochemical, and molecular
mechanisms of heat stress tolerance in
plants. International journal of molecular
sciences, 14, 9643-9684.

Horie, T., Karahara, I., & Katsuhara, M. (2012).
Salinity tolerance mechanisms in
glycophytes: An overview with the central
focus on rice plants. Rice, 5, 11.

Hu, Y., & Schmidhalter, U. (2005). Drought and
salinity: A comparison of their effects on
mineral nutrition of plants. Journal of plant
nutrition and soil science, 168, 541-549.

Khan, M. A., & Duke, N. C. (2001). Halophytes—A
resource for the future. Wetlands ecology and
management, 9, 455-456.

Ling, Q., Huang, W., & Jarvis, P. (2011). Use of a
SPAD-502 meter to measure leaf chlorophyll
concentration in Arabidopsis thaliana.
Photosynthesis research, 107, 209-214.

Marschner, P. (2012). Marschner’s mineral
nutrition of higher plants (3rd ed.). Academic
Press.

Mittler, R. (2002). Oxidative stress, antioxidants
and stress tolerance. Trends in plant science,
7,405-410.

Munns, R., & Tester, M. (2008). Mechanisms of
salinity tolerance. Annual review of plant
biology, 59, 651-681.

Parida, A. K., & Das, A. B. (2005). Salt tolerance
and salinity effects on plants. Ecotoxicology
and environmental safety, 60, 324-349.

Hasan et al. J. Biol. 1(1), 2026



20

74

ANz
Ecolife Science Publishing

Shabala, S., & Cuin, T. A. (2008). Potassium
transport and plant salt tolerance.
Physiologia plantarum, 133, 651-669.

Taiz, L., Zeiger, E., Mgller, I. M., & Murphy, A.
(2018). Plant physiology and development
(6th ed.). Sinauer Associates.

Tester, M., & Davenport, R. (2003). Na* tolerance

and Na+ transport in higher plants. Annals of
botany, 91, 503-527.

Yang, C., Chong, ]., Kim, C,, Li, C., Shi, D., & Wang,
D. (2008). Osmotic adjustment and ion
balance traits of an alkali-resistant halophyte
Kochia sieversiana during adaptation to salt
and alkaline conditions. Plant and soil, 294,

Zhu, J. K. (2001). Plant salt tolerance. Trends in
plant science, 6, 66-71.

Hasan et al. J. Biol. 1(1), 2026



