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ANATOMICAL RESPONSE OF WHEAT CULTIVARS TO DROUGHT STRESS 
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The study was carried out to investigate the responses of  drought stress on wheat tissues. Five wheat cultivars  
Alta 84 (AL), Atila (AT), Cettia (CE), Norman Bourgluk 2008 (NB) and Seri M82 (SE) were cultivated. Four 
weeks after planting, healthy plants were subjected to four treatments viz- well-watered (D1), watered daily, 
drought stress (D2), one weekly watering, drought stress (D3), two weekly watering and drought stress (D4), and 
three weekly watering. The experiment was a factorial experiment conducted in a completely randomized design 
(CRD) with three replicates; Transverse section (TS) of  the leaves collected were sectioned using microtome, 
stained and observed under compound microscope. Mesophyll cells, vascular bundles, bundle sheaths and 
xylem tissues were measured using ocular micrometer. Epidermal peels were prepared to determine the number 
of  stomata and trichomes. When drought stress was imposed (D2, D3 and D4), wheat cultivar Cettia developed 
larger mesophyll cells, xylem tissues, vascular bundles and bundle sheaths than other cultivars. Thus, larger 
vascular bundles would facilitate faster movement of  water and mineral salts up to the shoot from the root. 
Cultivar Atila developed higher number of  trichomes during drought stress D2 than other cultivars which help 
to reduce the rate of  transpiration of  water out of  the epidermal leaves.  Wheat cultivars Cettia and Atila could 
be drought tolerant cultivars. Generally, wheat cultivars developed stable stomata number and stomata closure 
mechanism to cope with drought stress.  There was an increase in number of  trichomes at D2, D3 and D4 which 
revealed the ecologically adaptation of  wheat plants to drought stress.
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INTRODUCTION
Wheat belongs to a family called Poaceae and is one 
of  the most important cereal crops. Wheat crops 
are staple human foods and the straw as fodder for 
livestock. Wheat grain contains more than half  of  
their calories and nearly half  of  their protein 
(Rajaman, 2011). Soil types and water are abiotic 
factors that bring about variation in growth, yield, 
physiological and anatomical structure of  wheat 
plants. Soil properties and types vary across farm 
fields, causing spatial variability in crop yields 
(Rockström et al., 1999). Spatial variability in soil 
physical and chemical properties can have 
influence on the spatial distribution of  crop 
productivity potential (Gaston et al., 2011). 

To be able to grow, plants need to take up water 
from the soil and CO  from the atmosphere and 2

use it in photosynthesis. This is done by CO  uptake 2

through the stomatal pore, where water is 

simultaneously transpired. When the stomata are 
open, CO  is taken up while water is transpired. 2

When the stomata are closed little, CO  is taken up 2

and the transpiration is lowered. By opening and 
closing the stomata, plants can regulate the amount 
of  water lost, by sacrificing CO  uptake, when the 2

environmental conditions are unfavorable (Arve et 
al., 2011). With regard to drought, among the most 
possible indicators of  water requirement in plant 
are stomata and trichomes (Adulrahaman, 2009). 
Drought may influence trichomes formation and 
structures of  stomata (Nagata et al., 1999; Höglund 
and Larsson, 2005)

Trichomes are hair-like appendages that develop 
from cells of  the upper and lower epidermis found 
in most plant species (Werker, 2000). The structure 
of  trichomes can range from unicellular to 
multicellular, and the trichomes can be straight, 
spiral, hooked, branched, or un-branched 
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(Southwood, 1986). Trichomes may thus have 
functions in response to variation in several 
environmental factors. Trichomes density can be 
expected in environments that are dry or cold, 
where solar radiation is intense (Løe et al., 2007). 
Most ecological studies suggest that plant growing 
under stress tend to possess leaves that have more 
trichomes and sunken stomata than similar or 
related plants from normal conditions (Amzat et al., 
2009). Drought stress brings about variation in size 
of  mesophyll cells of  accessions of  wheat with 
stability in number of  stomatal and vascular bundle 
area (Hammed et al., 2002).  Most plants therefore 
have some adaptation or response to enhance the 
growth and survival rate during drought and 
subsequent recovery. This study was designed to 
investigate the response of  leaf  anatomy to 
drought and soil properties.

MATERIAL AND METHODS
Seed Preparation
Five (5) wheat cultivars  which were Alta 84 (AL), 
Atila (AT), Cettia (CE), Norman Bourgluk 2008 
(NB) and Seri M82 (SE) were bought from Lake 
Chad Research Institute, Maiduguri, Nigeria. They 
were rinsed three times in a 10 % sodium 
hypochlorite solution and then several times with 
deionized, distilled water to ensure surface sterility.
  
Soil Sample Collection and Preparation
Sandy loam was collected at Abagu in Nasarawa 
State, Nigeria. Soil collected were air-dried for 
seven days; and sieved through 2 mm mesh to 
remove debris and stones from the soil samples. 

Location and Experimental Layout 
The experiment was conducted in a screen-house 
located in Nasarawa State, Nigeria.  Three 
kilogram of  air-dried sieved surface soil was filled 
into labeled perforated plastic pots. Sterilized seeds 
were sown into plastic pots filled with three soils 
from different locations in Nasarawa State, 
Nigeria).  Two weeks after planting (WAP), 
seedlings were thinned to three plants per pot. Four 
weeks after planting, healthy plants were randomly 
assigned to each of  the four treatments -well-
watered (D1): watered daily; drought stress (D2): 
one weekly watering; drought stress (D3): two 
weekly watering; drought stress (D4): three weekly 
watering. Each pot was watered to field moisture 
capacity.

,

The experiment was factorized in completely 
randomized design (CRD) with three replicates.  
Fresh leaves were also collected and stored in 70% 
ethanol for anatomical studies. Experiment was 
terminated 12 WAP.

Anatomy Studies
Transverse sections of  leaf  tissues were made using 
microtome and stored in 70% ethanol until use. 
Transverse section and leaf  epidermis were stained 
with Safranin O, counter stained with Alcian blue, 
placed inside 70% and 80% ethanol for 30 minutes 
for decolourization and then mounted in 25% 
glycerol. Anatomical parameters viewed and 
measured were mesophyll thickness, diameter of  
xylem, bundle sheaths and vascular bundles.  
Epidermal peels were stained methyl blue for five 
minutes (5 mins) to determined number of  
stomata and trichomes. Measurements of  various 
cells and tissues were done using ocular 
micrometer under compound microscope. 
Number of  stomata and trichomes were counted 
per unit surface area. 

Number of  stomata and trichomes were analyzed 
using error bars at 0.05% significant level while 
other anatomical parameters were subjected to 
Duncan Multiple Range Test using SAS, 2001.

RESULTS 
Wheat Cettia cultivar had the widest bundle 
sheaths and xylem at drought stress D2 and D4 
respectively (Tables 1, 2 and figures 3, 4). Whereas, 
Seri M82 (SE), Norman Bourgluk 2008 (NB) and 
Alta 84 (AL) cultivars showed no significant 
differences in xylem and bundle sheath diameter 
(Tables 1 and 2 and figures 5, 6,7). With respect to 
drought stress, there was a significant difference in 
the size of  xylem tissue. Cettia cultivar showed a 
wider mesophyll thickness and vascular bundles in 
the drought stress D4 than the other cultivars 
(Table 4). For all the cultivars, number of  stomata 
showed no significant difference apart from 
cultivars Cettia under a well-watered (D1) 
treatment (Figure 2). The Mesophyll cells were well 
compacted with no intercellular space. Trichomes 
were highly developed in drought stress D2 in 
cultivars AL, AT and NB at both the abaxial and 
adaxial surfaces of  the leaves. Although, Atila 
cultivar recorded highest number of  trichomes at 
the lower (abaxial) and upper (adaxial) epidermis in 
D2 treatment. Except for cultivar SE, there was a 
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profuse development of  trichomes (Figure 1) on 
both abaxial and adaxial surfaces under drought 

stress plant but more on the adaxial surfaces.

Table 1. Effect of  Drought Stress on Bundle Sheath Diameter (µm) of  Wheat Cultivars

                                  Drought        AL                  AT                  CE               NB                   SE

                                  Levels  

 
D1

 
0.70b

 
0.75a

 
0.63d

 
0.70b

 
0.60b

 D2  1.00a  0.65b  1.10a  0.85a  0.60b

 
D3

 
0.63c

 
0.65b

 
0.74bc

 
0.65bc

 
0.50c

 
D4

 
0.40d

 
0.65b

 
0.78b

 
0.40d

 
0.67a

Means within each column followed by different letters are significantly different at P<0.05 
according to Duncan's multiple range tests.  

Table 2. Effect of  Drought Stress on Xylem Diameter (µm) of  Wheat Cultivars

 Drought 

Levels  

AL  AT  CE  NB  SE

 
D1

 
1.20b

 
1.65a

 
1.38c

 
1.50a

 
1.70a

 D2  1.50a  1.15e  1.05d  1.50a  1.45b

 
D3

 
1.18b

 
1.53ab

 
1.41b

 
1.30b

 
1.00d

 
D4

 
1.00c

 
1.15c

 
1.55a

 
1.00c

 
1.37c

Means within each column followed by different letters are significantly different at P<0.05 
according to Duncan's multiple range tests. 

Table 3. Effect of  Drought Stress on Vascular Bundle Diameter (µm) of  Wheat Cultivars

 

 

  Drought 

Levels  

AL  AT  CE  NB  SE

 
D1

 
4.35b

 
5.50a

 
4.60b

 
6.00a

 
6.00a

 D2  5.00a  4.05b  4.00c  4.60c  5.05b

 
D3

 
4.59b

 
5.20a

 
5.30a

 
5.30b

 
3.50d

D4 4.00d 4.25b 5.32a 4.00d 4.77c

Means within each column followed by different letters are significantly different at P<0.05 
according to Duncan's multiple range tests. 

Table 4. Effect of  Drought Stress on Mesophyll Thickness (µm) of  Wheat Cultivars

 

 

  Drought 

Levels  

AL  AT  CE  NB SE

D1
 

3.85a
 
2.65b

 
3.90b

 
5.00a 4.10a

 
D2

 
2.95b

 
2.35c

 
3.00c

 
1.80d 2.40c

 D3  1.79c  3.30a  2.26d  3.75b 3.00b

 

 

D4

 

 

3.00b

 

 

2.30c

 

 

5.57a

 

 

3.00c 2.40c

 

Means within each column followed by different letters are significantly different at P<0.05 
according to Duncan's multiple range tests. 
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Figure 1: Response of Trichomes to Drought stress per unit area of surface

Figure 2: Response of  Stomata to Drought stress per unit area of  surface

 

No Stress D1 Stress D3 

MS 
XLD 
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 Stress D4 

VB 

Stress D2 Stress D3 

Figure 3: Internal structure of  wheat Cettia cultivar under drought stress

 No Stress D1 

D3 

Stress D3 

 

Stress D2 

Stress D4 

Figure 4: Internal structure of  wheat Atila cultivar under drought stress

MS: Mesophyll thickness, XLD: Xylem Diameter, VB: Vascular Bundles

 
No stress D1

 Stress D2 
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Stress D3

 
Stress D4 

Figure 5: Internal structure of  wheat Alta cultivar under drought stress

 No Stress D1 

Stress D2 

 Stress D4 

Stress D3 

Figure 6: Internal structure of  wheat NB cultivar under drought stress

 No Stress D1  

Stress D2 

David et al.: Anatomical Response of  Wheat Cultivars to Drought Stress 



329

DISCUSSION                                               
Wheat plants developed greater number of  
unicellular non-glandular trichomes in response to 
drought stress. Greater number of  trichomes 
helps to reduce the losses of  water of  vapour from 
the plants by humidifying the leaf  surface thereby 
creating resistance to water flow (Traw and 

 Dawson 2002). Furthermore, trichomes increased 
the tolerance level to drought by reducing 
absorbance of  solar radiation, increasing relative 
humidity near the leaf  surface and hence the 
maintenance of  gradient water potential between 
leaf  tissue and the surrounding air layer (Benz and 
Martin, 2006). During drought stress, wheat 
cultivar Atila showed the highest number of  non-
glandular trichomes.

Great number of  trichomes present in these 
cultivars could have assisted the cultivars against 
oxidative stress. Greater number of  trichomes 
protect living cells from damage caused by solar 
radiation (Skaltsa et al., 1994). The number of  
trichomes and stomata vary considerably among 
wheat cultivars. Variations in number of  
trichomes depend on the genotypes of  Jatropha 
spp (Adulrahaman and Oladele, 2011) and also, 
tolerance strategies vary with genotype (Khakwani 
et al., 2012). 

During drought stress, there were significant 
variations in size of  mesophyll cells, xylem bundle 
sheaths and vascular bundles of  wheat cultivars. 
Absence of  intercellular spaces in the mesophyll 
cells is an indication of  resistance to water flow in 
plants. Well-watered wheat plants have mesophyll 
cells with intercellular spaces. However, as they 
were subjected to drought stress, the mesophyll 
cells became wider with disappearance of  

intercellular spaces. Cettia cultivar had the widest 
xylem vessel. This made it more efficient in water 
absorption and providing water up from the root 
to the shoot of  the plant. Though, there was little 
difference between the size of  xylem tissue of  
cultivars Alta 84, Atila and Cettia.  Drought 
tolerant cultivar Cettia had the widest and well 
compacted mesophyll cells, which suggested 
another strategy to prevent movement of  water 
out of  the plant cells, which would help to stabilize 
photosynthesis. This is in conformity with 
findings of  Syvertsen et al. (1995). Photosynthetic 
assimilation rates were regulated by the intrinsic 
photosynthetic capacity of  the mesophyll and by 
the conductance of  CO  from ambient air to the 2

sites of  carboxylation in the chloroplasts. Also, 
resistance to gas circulation depends mainly on the 
packing of  the mesophyll cells (Marchi et al., 
2008).  Similarly, drought tolerant wheat accession 
Pak 15800 had maximally-increased mesophyll 
thickness and number of  hairs under water stress 
(Hammed et al., 2012).

Generally, during drought stress, there would be 
stomata closure to adapt to severe drought stress, 
this mechanism is a common plant response to 
stress, but the extent and velocity of  this response 
may also differ among species (Schulze and Hall, 
1982). Stomata closures usually occur via the 
distress signal “abscisic acid” and lead to a 
decreased rate of  transpiration from the meso-
phyll chloroplasts to the guard cells of  the stomata 
during water stress conditions (Wright and Hiron, 
1969). 

CONCLUSION
Compactly arranged mesophyll cells, wider xylem, 
vascular bundles, bundle sheaths and greater 

 
Stress D3 Stress D4 

Figure 7: Internal structure of  wheat Seri M82 cultivar under drought stress
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number  of  t r ichomes were  probably  
characteristics that contributed to Cettia cultivar's 
ability to tolerate drought stress than other 
cultivars. 
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