
J Bangladesh Agril Univ 16(1): 47–55, 2018                                                               doi: 10.3329/jbau.v16i1.36480
 

 
 
 
 
 
 

Drought and salinity affect leaf and root anatomical structures in three maize 
genotypes 
 

Md. Injamum-Ul-Hoque1, Md. Nesar Uddin1, Md. Solaiman Ali Fakir1 and Md. Rasel2 

 
1Department of Crop Botany and 2Department of Genetics and Plant Breeding, Bangladesh Agricultural University, 
Mymensingh-2202, Bangladesh 
 

Abstract 
Salt and drought stresses are being quite similar considered as two major constraints in maize production. 
To explore the anatomical bases of resistance to salt and drought stresses, 14 days old seedlings of three 
maize hybrid genotypes were subjected to salt (100 mM NaCl) and drought stress (equiosmotic PEG-
6000) under hydroponic conditions. The experiment was laid out following a completely randomized 
design having four replicates. Root protoxylem and metaxylem thickness and root diameter were found to 
be unaffected in both of the drought resistant genotypes in response to salt and drought stresses whereas 
root protoxylem thickness increased (33.8 and 112.8% by salt and drought stress, respectively) in sensitive 
genotype (BARI hybrid maize-7). Bundle sheath thickness was found to increase in response to stresses 
(58.4 and 59.3% by salt and drought stress, respectively) in BARI hybrid maize-12. BARI hybrid maize-
12 showed unaffected response in leaf epidermal thickness, phloem area, xylem area and total leaf 
thickness under both salt and drought stresses. 
 

 
 

Introduction 
Salinity and drought are major ecological issue in arid 
and semi-arid areas of the world restraining plant 
growth by distressing the crucial physiological 
processes. Maize or corn (Zea mays L.) is one of the 
important cereal crops that is being utilized as a source 
of food, feed, oil and fuel throughout the biosphere and 
it is moderately salt and drought stress resistant 
(Hussain et al., 2010). For the adaptation under stressed 
environment plant may modify its anatomical structures 
in root tissues such as thickening of the endodermis, 
metaxylem and protoxylem cell walls as well as 
increment in leaf epidermal thickness, bundle sheath 
thickness, xylem and phloem area (Cachorro et al., 
1993; Enstone et al., 2002). Compared to endodermis, 
protoxylem is restrictively involved in early stages of 
salt stress in root tips as a proficient barrier against Na+ 
flow. At the cellular level, the accelerated level 
biosynthesis of lignin has been reported as one of the 
most crucial reactions that are involved in cell-wall 
thickening of the vascular tissues, fibers, endodermis 
and exodermis (Enstone et al., 2002; Naseer et al., 
2012). It is suggested that maize leaf expansion under 
first phase of salt stress (osmotic phase) is restrictively 
limited due to the irreversible modification in cell wall 
that resists turgor driven expansion (Cramer and 
Bowman, 1991). Growth inhibition of maize cells 
under first phase of salt stress is associated with the 
reduced cell wall extensibility (Geilfus et al., 2011). 
For instance, increased cell wall thickness of vessels in 
sorghum (Baum et al., 2000) as well as increased 
thickness of Casparian strip in maize roots (Karahara et 

al., 2004) under salt stress have been previously 
reported as effective acclimation strategies to salinity. 
 
Bangladesh Agricultural Research Institute (BARI) has 
recently developed two drought resistant maize 
genotypes (BARI hybrid maize-12 and BARI hybrid 
maize-13). These two genotypes can be tested to observe 
anatomical means of resistance against drought stress, 
and also to observe whether similar pattern of changes 
occur under first phase of salt stress. Present 
investigation was executed to observe differential 
responses of salinity and drought in three maize 
genotypes namely, BARI hybrid maize-7, BARI hybrid 
maize-12 and BARI hybrid maize-13 in a hydroponic 
culture. This study explored changes in leaf and root 
anatomical structures due to drought and first phase of 
salt stresses, and also genotypic differences. 
 
Materials and Methods 
 
Plant materials and seedling growth 
Three genotypes were used in this experiment and they 
were collected from Bangladesh Agricultural Research 
Institute (BARI), Joydevpur, Gazipur. They are BARI 
hybrid maize-7, BARI hybrid maize-12, and BARI 
hybrid maize-13. Among them, the first one is a drought 
and salt sensitive, whereas the later two are newly 
released drought resistant genotypes. The caryopsis was 
soaked in an aerated plastic container for 24 h. 
Germination took place in the dark at 25 0C in sandwich 
culture. The caryopses were placed between two layers 
of foam with oil paper moistened with water. On day 5, 
plants were exposed to the light. The experiment was 
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conducted with hydroponic culture at hydroponic growth 
chamber, Plant Physiology Laboratory, Bangladesh 
Agricultural University, Mymensingh. 
 
Experimental layout and salt and drought simulation 
The hydroponic experiment was laid out following a 
Completely Randomized Design (CRD) with three 
treatments (control with 1 mM NaCl, salt treatment with 
100 mM NaCl and drought treatment with equiosmotic 
PEG-6000) with 4 replications. As C4 photosynthesis is 
favoured by low level of Na+, control plants had been 
supplied with 1 mM NaCl, and the hydroponic 
experiment was executed following a slightly modified 
protocols (Uddin et al., 2014; Uddin et al., 2016). The 
salt treatment started on day 14 with 25 mM NaCl, and 
drought treatment started with equiosmotic PEG-6000. It 
was increased daily with 25 mM NaCl and 
corresponding equiosmotic PEG-6000, respectively, till 
a concentration of 100 mM NaCl and equiosmotic PEG-
6000 were reached on day 17 which was maintained till 
harvest on day 23. Nutrient solution was changed on 
every alternate day after reaching full strength 
concentration. After 7 d full exposure of salt and drought 
stresses, basal 2 cm of 5th leaves of each genotype was 
isolated for leaf anatomical studies. For root anatomical 
studies, 1 cm root segments were collected after 
discarding 2 cm from root tip. Both leaf and root 
segments were kept in ethanol till transverse sections 
were made to observe the differences in anatomical 
structures. 
 
Root and Leaf anatomical structures measurement 
Root and leaf anatomy of stressed and controlled plants 
were observed by light microscope (Axioscop; Carl 
Zeiss, Oberkochen, Germany). Here 10x and 40x of 
images were observed and captured. Images were 
processed for taking various anatomical parameters 
using the ZEISS ZEN digital imaging software for light 
microscopy. For root, metaxylem thickness and 
protoxylem thickness were measured from the same 
xylem strand. Vascular cylinder area and total root 
diameter were also measured. For leaf anatomy, four 
epidermal cells from both sides of the stomata were 
taken to measure epidermal thickness. In each cell three 
positons were selected to take thickness values and then 
the average was calculated. Phloem and xylem areas 
were measured carefully. Total leaf thickness was 
calculated from three sides of the leaf by measuring 
distance between upper and lower epidermal layers, and 
then average value was calculated for each sample. 
Metaxylem and bundle sheath thickness was measured 
in the same radial line.  
 
Data analysis 
The statistical analyses of the experimental data were 
carried out using Mini Tab 17.3 and Microsoft Excel 
10.0 software packs. Statistical differences between 
treatments were adjusted using Fisher test. 
 

Results 
 

Root protoxylem thickness as influenced by salt and 
drought stress 
Three maize hybrids exhibited significantly different 
responses on the root protoxylem thickness after seven 
days exposure to full salt and drought stress (Fig. 1 and 
2). Both salt and equiosmotic PEG did not cause any 
significant change in root protoxylem thickness in BARI 
hybrid maize-12 and BARI hybrid maize-13. However, 
BARI hybrid maize-7 exhibited significant increase in 
root protoxylem thickness under both drought and salt 
stresses compared to control. Salt stress augmented root 
protoxylem thickness by 33.8, 98.1 and 5.9%, whereas 
drought stress increased the same by 112.8, 98.9 and 
23.6% in the root of BARI hybrid maize-7, BARI hybrid 
maize-12 and BARI hybrid maize-13, respectively. 
Relative data (ratio of protoxylem thickness between 
drought or salt treated plants with their respective 
control) for comparing drought and salt stress for each 
genotype reveals that drought sensitive BARI hybrid 
maize-7 showed significant increase in protoxylem 
thickness under drought stress (2.12) compared to salt 
stress (1.34). Other two drought resistant genotype 
BARI hybrid maize-12 and BARI hybrid maize-13 
showed no differences in their relative responses 
between salt and drought stresses (Table 1). When three 
genotypes were compared for their relative responses to 
each of salt and drought stress, BARI hybrid maize-12 
showed significantly higher value as compared to other 
two genotypes under salt stress. However, under 
drought, BARI hybrid maize-13 showed significantly 
lower relative increase in root protoxylem thickness as 
compared to other two genotypes (Table 1). 
 
Root metaxylem thickness as influenced by salt and 
drought stress 
After exposure to full salt stress (100 mM NaCl) and 
drought stress (equiosmotic PEG-6000), three maize 
hybrids showed different responses on the root 
metaxylem thickness of the applied stresses (Fig. 2 and 
3). Both salt and equiosmotic PEG-6000 did not cause 
any significant change in root metaxylem thickness in 
BARI hybrid maize-12 and BARI hybrid maize-13 
compared to the control. As compared to control, BARI 
hybrid maize-7 showed significantly higher root 
metaxylem thickness under drought stress, but no 
significant changes were noticed under salt stress. Salt 
stress decreased root metaxylem thickness by 0.4 and 
6.5%in BARI hybrid maize-7 and BARI hybrid maize-
12, respectively, whereas it increased root metaxylem 
thickness by 21.2% in BARI hybrid maize-13. On the 
contrary, drought stress augmented root metaxylem 
thickness by 54.2 and 8.0% in BARI hybrid maize-7 and 
BARI hybrid maize-13, respectively. On the other hand, 
drought stress decreased root metaxylem thickness by 
22.6% in BARI hybrid maize-12. Relative data of 
metaxylem thickness (ratio between drought or salt 
stressed plants with their respective control) for 
comparing drought and salt stress reveals that drought 
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sensitive BARI hybrid maize-7 showed significant 
increase under drought stress (1.54) compared to salt 
stress (0.99), whereas two drought resistant genotypes 
viz. BARI hybrid maize-12 and BARI hybrid maize-13 
showed no significant differences in their relative 
responses between salt and drought stresses (Table 1). 
When three genotypes were compared for their relative 
response to either of the salt or drought stress, salt stress 
was found indifferent among the three genotypes. 
However, BARI hybrid maize-12 showed significantly 
lower relative thickness value as compared to the BARI 
hybrid maize-7 while three genotypes were compared 
together for relative drought responses (Table 1). 
 
Leaf epidermal thickness as influenced by salt and 
drought stress 
Leaf epidermal thickness differentially affected due to 
salt stress (100 mM NaCl) and drought stress 
(equiosmotic PEG-6000) (Fig. 4 and 5). Both salt and 
equiosmotic PEG-6000 did not cause any significant 
increase in leaf epidermal thickness in BARI hybrid 
maize-7 and BARI hybrid maize-12. On the contrary, 
both salt and equiosmotic PEG caused significant 
increase in leaf epidermal thickness of BARI hybrid 
maize-13 as compared to control. Salt stress increased 
leaf epidermal thickness by 9.8, 0.4 and 69.9%, whereas 
drought stress augmented leaf epidermal thickness by 
20.2, 7.9 and 51.3% in BARI hybrid maize-7, BARI 
hybrid maize-12 and BARI hybrid maize-13, 
respectively. Relative data (ratio of epidermal thickness 
between drought or salt treated plants with their 
respective control) for comparing drought and salt stress 
for each genotype reveals that all the three genotypes 
showed identical responses between salt and drought 
stresses. BARI hybrid maize-7 and BARI hybrid maize-
12 responded identically to each of drought and salt 
stresses in their relative values, whereas BARI hybrid 
maize-13 had significantly higher relative leaf epidermal 
thickness as compared to other two genotypes in each of 
salt and drought stresses (Table 1). 
 
Leaf bundle sheath thickness as influenced by salt 
and drought stress 
Salt stress and drought stress differentially changed leaf 
bundle sheath thickness in three maize hybrids (Fig. 5 
and 6). Both salt and equiosmotic PEG did not cause any 
significant increase in leaf bundle sheath thickness in 
BARI hybrid maize-7 and BARI hybrid maize-13. On 
the contrary, both salt and equiosmotic PEG 
significantly increased in leaf bundle sheath thickness in 
BARI hybrid maize-12 as compared to control. Salt 
stress increased leaf bundle sheath thickness by 5.4, 58.4 
and 99.6%, whereas drought stress augmented leaf 
bundle sheath thickness by 7.9, 59.3 and 91.0% in BARI 
hybrid maize-7, BARI hybrid maize- 12 and BARI 
hybrid maize-13, respectively. Relative data (ratio of 
bundle sheath thickness between drought or salt treated 
plants with their respective control) for comparing 
drought and salt stress for each genotype reveals that 

each of the three genotypes showed no significant 
differences in their relative responses between salt and 
drought stresses. BARI hybrid maize-13 showed 
significantly higher relative increase in bundle sheath 
thickness as compared to the BARI hybrid maize-7 both 
in salt and drought stresses (Table 1). 
 
Root Diameter as influenced by salt and drought 
stress 
Seven days salt stress (100 mM NaCl) and drought stress 
(equiosmotic PEG-6000 caused different responses on 
root diameter depending upon the applied stresses in 
three maize genotypes (Fig. 2 and Table 2). Both salt 
and equiosmotic PEG did not cause any significant 
change in root diameter in BARI hybrid maize-12 and 
BARI hybrid maize-13. On the contrary, salt stress 
caused significant increase in root diameter of BARI 
hybrid maize-7 as compared to the control, whereas 
drought stress was identical to that of control in the 
BARI hybrid maize-7. Salt stress increased in root 
diameter by 20.8, 0.4 and 6.5%, whereas drought stress 
augmented the same by 5.1, 0.1 and 0.8% in BARI 
hybrid maize-7, BARI hybrid maize-12 and BARI 
hybrid maize-13, respectively. Relative data (ratio of 
root diameter between drought or salt treated plants with 
their respective control) for comparing drought and salt 
stress for each genotype reveals that drought sensitive 
BARI hybrid maize-7 showed significant increase under 
salt stress (1.20) compared to drought stress (1.05), other 
two drought resistant genotype BARI hybrid maize-12 
and drought resistant genotype BARI hybrid maize-13 
showed no differences in their relative responses 
between salt and drought stresses. BARI hybrid maize-7 
responded differentially, whereas BARI hybrid maize-12 
and BARI hybrid maize-13 responded identically to each 
of salt stress. All the three genotypes responded 
identically to each of drought stress for their relative 
responses (Table 1). 
 
Vascular cylinder area as influenced by salt and 
drought stress 
Also, vascular cylinder area had been influenced 
differently in three different maize hybrids under the 
influence of salt stress and drought stress (Table 2 and 
Fig. 2). Both salt and equiosmotic PEG did not cause 
any significant increase on area of vascular cylinder in 
BARI hybrid maize-7 and BARI hybrid maize-12. On 
the contrary, both salt and equiosmotic PEG 
significantly increased area of vascular cylinder in BARI 
hybrid maize-13 as compared to control. Salt stress 
decreased area of vascular cylinder by 7.7%, whereas 
drought stress augmented the area of vascular cylinder 
by 3.7% in BARI hybrid maize-7. On the other hand, 
salt stress increased area of vascular cylinder by 0.4 and 
8.8%, whereas drought increased area of vascular 
cylinder by 9.2 and 5.0% in BARI hybrid maize-12 and 
BARI hybrid maize-13, respectively. Relative data (ratio 
of root vascular area between drought or salt treated 
plants with their respective control) for comparing 
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drought and salt stress for each genotype reveals that all 
the genotypes showed no differences in their relative 
responses between salt and drought stresses. BARI 
hybrid maize-7 and BARI hybrid maize-13 responded 
differentially to the salt stress. However, all the three 
maize genotypes responded identically to drought stress 
in their relative responses (Table 1). 
 

Phloem area of leaf as influenced by salt and drought 
stress 
As like above parameters, three maize hybrids showed 
different responses on phloem area of leaf due to 
exposure to full salt stress and drought stress (Table 2 
and Fig. 5). Equiosmotic PEG showed significant 
increase on phloem area in leaf of BARI hybrid maize-7 
and BARI hybrid maize-13, whereas salt stress 
responded identical in that of two genotypes compared 
to control. Both salt and equiosmotic PEG did not cause 
any significant change on phloem area in all the three 
genotypes. Salt stress decreased on phloem area of leaf 
by 19.9%, whereas drought stress augmented on phloem 
volume of leaf by 16.2% in BARI hybrid maize-12. On 
the other hand, salt stress increased phloem area of leaf 
by 4.4 and 5.0%, whereas drought stress increased 
phloem area of leaf by 70 and 47% in BARI hybrid 
maize-7 and BARI hybrid maize-13, respectively. 
Relative data (ratio of phloem area between drought or 
salt treated plants with their respective control) for 
comparing drought and salt stress for each genotype 
reveals that drought sensitive BARI hybrid maize-7 
showed significant increase in relative phloem area 
under drought stress (1.70) compared to salt stress (1.04) 
and BARI hybrid maize-13 showed significant increase 
under drought stress (1.46) compared to salt stress 
(1.05). Drought resistant genotype BARI hybrid maize-
12 showed no differences in their relative responses 
between salt and drought stresses. All the three 
genotypes responded identically to in their relative 
responses under salt stress. While salt stress was found 
identical in its response over the three genotypes, BARI 
hybrid maize-12 had significantly lower phloem area as 
compared to other two genotypes (Table 1). 
 

Xylem area of leaf as influenced by salt and drought 
stress 
After seven days salt stress and drought stress caused 
differential responses on xylem area of leaf in three 
maize hybrids (Table 2 and Fig. 5). Both salt and 
equiosmotic PEG did not show any significant change 
on xylem area of leaf in BARI hybrid maize-12. On the 
other hand, equiosmotic PEG showed significant 
increase in xylem area of leaf in BARI hybrid maize-7 
and BARI hybrid maize-12. Salt stress increased xylem 
area of leaf by 20.3, 8.7 and 10.8%, whereas drought 
stress enhanced the same by 126.3, 2.4 and 75.2% in 
BARI hybrid maize-7, BARI hybrid maize-12 and BARI 
hybrid maize-13, respectively. Relative data (ratio of 
xylem area between drought or salt treated plants with 
their respective control) for comparing drought and salt 
stress for each genotype reveals that drought sensitive 
BARI hybrid maize-7 showed significant increase in 

xylem area under drought stress (2.26) compared to salt 
stress (1.20) and BARI hybrid maize-13 showed 
significant increase in relative xylem area under drought 
stress (1.75) compared to salt stress (1.10). Again, 
genotypes responded identically at salt stress and 
differently at drought stress (Table 1). 
 

Total leaf thickness as influenced by salt and drought 
stress 
Three maize hybrids exhibited dissimilar responses on 
total leaf thickness duo to exposure to salt stress (100 
mM NaCl) and drought stress (equiosmotic PEG-6000), 
(Table 2 and Fig. 5). Both salt and equiosmotic PEG did 
not cause any significant increase in total leaf thickness 
in BARI hybrid maize-7, BARI hybrid maize-12 and 
BARI hybrid maize-13. Salt stress increased total leaf 
thickness by 1.0, 1.5 and 16.2%, whereas drought stress 
augmented the same by 14.8, 4.6 and 30.5% in BARI 
hybrid maize-7, BARI hybrid maize-12 and BARI 
hybrid maize-13, respectively, compared to control. 
Relative data (ratio of total leaf thickness between 
drought or salt treated plants with their respective 
control) for comparing drought and salt stress for each 
genotype reveals that none of the genotypes differ in 
their relative response values between salt and drought. 
Also, all the three maize genotypes responded 
identically to each of salt and drought stresses for their 
relative responses (Table 1). 
 

Leaf metaxylem thickness as influenced by salt and 
drought stress 
Seven days salt stress (100 mM NaCl) and drought stress 
(equiosmotic PEG-6000) caused different responses on 
leaf metaxylem thickness in three maize genotypes 
(Table 2 and Fig. 5). Both salt and equiosmotic PEG did 
not cause any significant change in leaf metaxylem 
thickness in BARI hybrid maize-7 and BARI hybrid 
maize-13. Salt and drought stress caused significant 
increase on leaf metaxylem thickness in BARI hybrid 
maize-12. On the other hand, salt stress increased leaf 
metaxylem thickness by 2.8% and drought stress 
reduced leaf metaxylem thickness by 7.0% in BARI 
hybrid maize-7. However, salt stress augmented leaf 
metaxylem thickness by 8.1 and 1.4%, whereas drought 
stress enhanced leaf metaxylem thickness by 59.7 and 
14.2% in BARI hybrid maize-12 and BARI hybrid 
maize-13, respectively. Relative data (ratio of leaf 
metaxylem thickness between drought or salt treated 
plants with their respective control) for comparing 
drought and salt stress for each genotype reveals that 
drought resistant BARI hybrid maize-12 showed 
significant increase in leaf metaxylem thickness under 
drought stress (1.6) compared to salt stress (1.08), 
whereas BARI hybrid maize-7 and BARI hybrid maize-
13 showed no differences in their relative responses 
between salt and drought stresses. All the three 
genotypes responded identically for their relative values 
under salt stress. BARI hybrid maize-12 had 
significantly higher relative leaf metaxylem thickness as 
compared to other two genotypes under drought     
(Table 1). 
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Table 1. Effect of salt (100 mM NaCl) and drought (PEG-6000) stresses on relative value of root and leaf 
anatomical structures in three different maize hybrids. Each data point is the average of four 
replicates ± SEM. In each group, bars sharing different letters are significantly different from each 
other but those sharing common letter are statistically identical at P ≤ 0.05 

 

Parameters studied Ratio of salt stress or drought 
stress to control 

BARI hybrid 
maize-7 

BARI hybrid 
maize-12 

BARI hybrid 
maize-13 

Salt stress: control 1.34 ± 0.06 b 1.98 ± 0.14 a 1.06 ± 0.03 b Root protoxylem thickness 
Drought stress: control 2.13 ± 0.11 a 1.99 ± 0.21 a 1.24 ± 0.19 b 
Salt stress: control 1.00 ± 0.04 a 0.93 ± 0.20 b 1.21 ± 0.11 ab Root metaxylem thickness 
Drought stress: control 1.54 ± 0.04 a 0.77 ± 0.33 b 1.08 ± 0.20 ab 
Salt stress: control 1.21 ± 0.07 a 1.00 ± 0.05 b 1.07 ± 0.05 b Root diameter 
Drought stress: control 1.05 ± 0.02 b 1.00 ± 0.03 b 1.01 ± 0.03 b 
Salt stress: control 0.92 ± 0.06 a 1.00 ± 0.03 ab 1.09 ± 0.01 a Vascular cylinder area 
Drought stress: control 1.04 ± 0.07 ab 1.09 ± 0.07 a 1.05 ± 0.01 ab 
Salt stress: control 1.10±0.01 b 1.00 ± 0.06 b 1.70 ± 0.15 a Leaf epidermal thickness 
Drought stress: control 1.20 ± 0.11b 1.08 ± 0.04 b 1.51 ± 0.10 a 
Salt stress: control 1.04 ± 0.14 c 0.80 ± 0.02 c 1.05 ± 0.03 c Phloem area 
Drought stress: control 1.70 ± 0.08 a 1.16 ± 0.22 bc 1.47 ± 0.18 ab 
Salt stress: control 1.20 ± 0.14 c 1.09 ± 0.02 c 1.11 ± 0.21 c Xylem area 
Drought stress: control 2.26 ± 0.12 a 1.02 ± 0.11 c 1.75 ± 0.09 b 
Salt stress: control 1.01 ± 0.05 b 1.02 ± 0.04 b 1.16 ± 0.15 ab Total leaf thickness 
Drought stress: control 1.15 ± 0.10 ab 1.05 ± 0.08 ab 1.31 ± 0.10 a 
Salt stress: control 1.03 ± 0.12 b 1.08 ± 0.15 b 1.01 ± 0.06 b Leaf metaxylem thickness 
Drought stress: control 0.93 ± 0.05 b 1.60 ± 0.09 a 1.14 ± 0.06 b 
Salt stress: control 1.05 ± 0.29 b 1.58 ± 0.08 ab 2.00 ± 0.36 a Bundle sheath thickness 
Drought stress: control 1.08 ± 0.11 b 1.59 ± 0.09 ab 1.91 ± 0.21 a 

 

Table 2. Effect of salt stress (100 mM NaCl) and drought stress PEG-6000 on root and leaf anatomy in three 
different maize hybrids. Each data point is the average of four replicates ± SEM. In each group, 
bars sharing different letters are significantly different from each other but those sharing common 
letter are statistically identical at P ≤ 0.05 

 

 Treatment Root diameter 
(µm) 

Vascular cylinder 
area (µm2) 

Phloem area (µm2) Xylem area  
(µm2) 

Total leaf 
thickness (µm) 

Control 401.6 ± 2.7 b 25686.6 ± 2259.6 b 4304.7 ± 917.5 b 9412.4 ± 1448.9 b 5.1 ± 0.2 a 
Salt Stress 484.9 ± 27.2 a 23715.4 ±1533.5 a 4492.4 ± 584.5 b 11325.1 ± 1294.8 b 5.2 ± 0.61a BARI hybrid 

maize-7 
Drought stress 422.1 ± 6.3 b 26639.9 ± 1881.6 a 7317.3 ± 349.9 a 21302.1 ± 1147.6 a 4.7 ± 0.3 a 
Control 464.1 ± 12.8 a 36525.7 ± 510.59 a 5637.7 ± 1008.8 a 13426.8 ± 605.2 a 3.5 ± 0.5 b 
Salt Stress 465.8 ± 22.0 a 36660.0 ± 1248.7 a 4514.1 ± 89.7 a 14591.7 ± 333.9 a 3.8 ± 0.5 b BARI hybrid 

maize-12 
Drought stress 464.4 ± 15.0 a 39894.8 ± 2551.9 a 6549.8 ± 1221.4 a 13750.4 ± 1497.99 a 5.6 ± 0.3 a 
Control 450.5 ± 6.8 a 26685.0 ± 480.8 a 3679.7 ± 170.5 b 10934.9 ± 586.52 b 4.1 ± 0.2 a 
Salt Stress 479.9 ± 23.5 a 29025.9 ± 324.2 a 3753.3 ± 117.4 b 12117.7 ± 2298.46 b 4.2 ± 0.2 a BARI hybrid 

maize-13 
Drought stress 454.2 ± 15.1 a 28021.1 ± 273.5 a 5407.7 ± 680.7 a 19153.7 ± 1019.38 a 4.7 ± 0.2 a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Effect of salt (100 mM NaCl) and drought (equiosmotic PEG-6000) stresses on root protoxylem thickness in three 

different maize hybrids. Each data point is the average of four replicates ± SEM. In each group, bars sharing different 
letters are significantly different from each other but those sharing common letter are statistically identical at P ≤ 0.05. 
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Fig. 2. Root anatomical structures as influenced by salt (100 mM NaCl) and drought (equiosmotic PEG-6000) stresses. 
PX: Protoxylem, MX: Metaxylem. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Effect of salt (100 mM NaCl) and drought (equiosmotic PEG-6000) stresses on root metaxylem thickness in three 
different maize hybrids. Each data point is the average of four replicates ± SEM. In each group, bars sharing 
different letters are significantly different from each other but those sharing common letter are statistically 
identical at P ≤ 0.05. 
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Fig. 4. Effect of salt (100 mM NaCl) and drought (equiosmotic PEG-6000) stresses on leaf epidermal thickness in three 
different maize hybrids. Each data point is the average of four replicates ± SEM. In each group, bars sharing 
different letters are significantly different from each other but those sharing common letter are statistically 
identical at P ≤ 0.05. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Leaf anatomical structures as influenced by salt (100 mM NaCl) and drought (equiosmotic PEG-6000) 
stresses. E: Epidermis, P: Phloem, X: Xylem, B: Bundle sheath 
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Discussion 
Anatomical attributes in maize root such as protoxylem 
thickness, metaxylem thickness, root diameter and area 
of vascular cylinder were identified to be influenced 
differently by salt and drought stresses. Root protoxylem 
and metaxylem thickness increased in the drought 
sensitive BARI hybrid maize-7 under drought, while 
these parameters were unaffected in the drought resistant 
genotypes BARI hybrid maize-12 and BARI hybrid 
maize-13 under drought. Also, increased root 
protoxylem thickness in BARI hybrid maize-7 under salt 
stress can be attributed as a strategy to defend the 
entrance of Na+ to the root xylem structure (Hose et al., 
2001). In drought resistant BARI hybrid maize-13 there 
was no change in root cross sectional area under drought 
despite significant increase in the area of root vascular 
cylinder. This may be an adaptive strategy of BARI 
hybrid maize-13 under drought. Characteristics of 
vascular tissues are associated with drought resistant.  
Changes in anatomical structure take place in plants to 
protect and adapt them to water stress (Makbul et al., 
2011). While leaf epidermal thickness, xylem and 
phloem area were augmented under drought in the 
drought resistant genotype BARI hybrid maize-13 but 
unaffected in the BARI hybrid maize-12; bundle sheath 
and leaf metaxylem thickness were increased under 
drought in the drought resistant genotype BARI hybrid 
maize-12. Increase in xylem and phloem size and 
number have been reported to be associated to increase 
drought resistance (Das et al., 2015). Increased 
metaxylem thickness, phloem, and xylem area under 
salinity perhaps played important role in the conduction 
of water, photosynthates, particularly under adverse 
saline conditions. It was supported by previous reports in 
different plant species, e.g. in rice (Datta and Som, 
1973), Kandelia candel (Hwang and Chen, 1995), 
Ziziphus cultivars (Awasthi and Pathak, 1999) and 
Arabidopsis thaliana (Baloch et al., 1998). The 
anatomical adaptive features in these two drought 
resistant genotypes seemed to be different. Leaves of 
bean, cotton and Atriplex are reported to increase in 
epidermal thickness with increasing salinity (Longstreth 
and Nobel, 1979). BARI hybrid maize-13 also 
confirmed the similar strategy in our experiment which 
showed increase in leaf epidermal thickness under 
salinity. The salinity-induced cell-wall rheological 
modifications of the epidermis emphasize a contribution 
of the load-bearing epidermis in restricting the 
expansion of the entire leaf, ultimately contributing to 
the salinity-induced growth reduction (Zörb et al., 
2015). 
 
Conclusion 
Root protoxylem and metaxylem thickness and root 
diameter were found to be unaffected in both the drought 
resistant genotypes in either of the two stresses, while 

root protoxylem thickness increased in the sensitive 
genotype BARI hybrid maize-7 under both salt and 
drought stresses. In BARI hybrid maize-12, bundle 
sheath thickness increased under salt and drought. In 
contrast, leaf epidermal thickness, phloem area, xylem 
area and total leaf thickness were unaffected under both 
salt and drought stresses in this genotype. Relative 
response data revealed that all the genotypes responded 
identically between drought and salt stresses for root 
vascular cylinder area, thickness of leaf, leaf epidermis 
and bundle sheath thicknesses. In contrast, genotypes 
differ in their relative response between salt and drought 
stresses in root protoxylem and metaxylem thickness, 
root diameter, leaf phloem and xylem areas and leaf 
metaxylem thickness. Thus, it can be concluded that 
drought stress and first phase of salt stress are quite 
similar in their responses to some anatomical parameters 
but differ also in some other anatomical aspects in three 
maize hybrids studied. 
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