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Aim: Climatic fluctuations consequent into various kinds of environmental stresses. Among these,
temperature stress is a major concerning factor with respect to plants. The aim of the present investigation
was to study the effect of temperature stress on plant mitosis for different durations in the root meristems of
Fagopyrum esculentum (buckwheat). Buckwheat is a sensitive plant with response to temperature stress.
Methodology: Exposure of cold and heat stress was given for 3, 5 and 7 hrs to the root meristems of
Fagopyrum esculentum, and their effects were studied at cytological level along with various aspects.
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Results: Active mitotic index and chromosomal abnormalities were calculated that showed inverse
relationship to each other. Different types of abnormalities were observed comprising scattering, c-mitosis,
precocious movement, stickiness, unorientation, laggard formation, bridge formation etc., alongwith
increasing duration of temperature.
Interpretation: After calculating active mitotic index (AMI %) and abnormality percentages, it was
concluded that heat stress was more effective as it showed various chromosomal anomalies in the root
meristems of Fagopyrum esculentum as compared to cold stress.
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Buckwheat (kuttu) is a pseudocereal and belongs to
family Polygonaceae. The seeds are edible and rich in complex
carbohydrates. It has diploid chromosome number (2n= 16). It is
very sensitive plant in response to environmental stresses,
especially abiotic stresses such as temperature, drought and
water stress. It is a low temperature enduring plant. Testing of
plant root is significant as temperature fluctuations are
conveniently assessed to the plant via root tip cells.

In view of the above, the present research was carried out
to study cytological variations in root meristem cells of buckwheat
due to temperature stress.
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Stress, the change of physiological conditions is caused
by the factors that lead to disrupt the equilibrium of nature (Jaleel
et al., 2009). The growth and productivity of plants are affected by
environmental stress which alters their metabolic activities. So,
environmental stress (abiotic and biotic) is the major aspect of
consideration. Disparity of abiotic stress causes two types of
effects in the environment viz., primary and secondary effects.
Primary effect includes reduced water potential and cellular
dehydration that directly changes the physical and biochemical
properties of cells, further secondary effects reduces metabolic
activity, ion toxicity and accelerates disruption of cellular integrity
which may eventually lead to cell death (Vince and zoltan, 2011).
Temperature stress comes under abiotic stress which affects the
environment up to threshold level or lowers threshold level
altering various developmental stages of plants which may
proceed or not proceed for a longer term duration depending
upon the exposure of temperature. Temperature stress also
affects the enzyme activity and hence, can also affect mitosis
because DNA replication, cell division and mitosis are controlled
by an array of proteins and enzymes (Pathwayz: Factor that
affects mitosis). These important events are highly regulated
processes that are governed by specific genes within the cell.

intracellular spaces and damage occurs when ice crystals grow
and perforate into the cytoplasm and second type of freezing is
intercellular, not very effective and it occurs gradually but
intracellular freezing (Stress Management: Agriculture).
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Introduction

Plant material : The germplasm of Fagopyrum esculentum
(Variety- VL-7) was obtained from National Bureau of Plant
Genetic Resources, Shimla, Phagli for cytological analysis.

Germination of seed : The seeds were presoaked in a petridish
using filter paper for the germination of root tips and kept into an
incubator for 2-3 days at 22-25 ºC.

Heat and cold stress treatment : Germinated seeds were kept
in labeled petriplates in an oven at 40 ºC for heat stress and for
cold stress roots were kept in the refrigerator at 2 ºC (for chilling
stress) and at -2 ºC (for freezing stress) for different durations (3
hrs, 5 hrs and 7 hrs) and one set was kept as control at room
temperature. However, in freezing stress the roots were severely
damaged even at lowest duration and hence, could not be
cytologically analyzed.
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Generally, high temperature is a critical factor for the
growth of plants as compared to cold stress due to various
reasonable factors. It also depends upon the tolerance of the
plant, whether the climatic condition of plant is in favour of high or
low temperature. Extreme temperature generate oxidative stress
due to formation of reactive oxygen species (ROS). These ROS
have a very detrimental effect on the biomolecular organization
viz., DNA, proteins and lipid peroxidation (Apel and Hirt, 2004; Xu
et al., 2006; Hasanuzzaman et al., 2012).

Materials and Methods

Post treatment heat and chilling stress subjected sets
were washed thoroughly in distilled water and fixed in carnoy’s
fixative for 24 hrs and preserved in 90% alcohol for cytological
study.

Onl

Generally, temperature between 25 to 30ºC is considered
optimum for growing crop plants. It varies from plant to plant and
region to region. Temperature 40ºC or above is called as a critical
temperature for heat sensitive plant or non- tolerating plant
(Wahid et al., 2007). Undesirable changes in plants due to
increase in duration of temperature may cause heavy loss in crop
production.

Cold stress is another environmental factor for affecting
the plant growth and production causing damage to crops. Mainly
two types of stresses come under the cold stress which involve
chilling (0-15 ºC) and freezing temperature (> 0 ºC) (Miura and
Furumoto, 2013). Chilling temperature is not more dangerous in
contrast to freezing temperature. Freezing temperature also
includes frost condition which ceases elongation of stem,
inhibition of flowering, cell division, photosynthesis and affected
metabolism. Freezing temperature is categorized into
intracellular freezing which is a more serious threat because it
occurs suddenly when ice usually formed in cell wall and
Journal of Environmental Biology, May 2017

Cytological analysis : Root tips were hydrolyzed in 1N HCl for 23 min. for softening and then stained with 2% acetocarmine for 30
min. Finally, slides were prepared by using squash technique for
studying chromosomal and mitotic frequency. Chromosomal and
mitotic aberrations were observed under light microscope at 40 X
resolution and microphotographs were taken by PCTV Vision
Photography Software.

Active mitotic index (Edgar, 1961and Balong 1982) and
abnormality percentage were calculated by the following formula:
Active mitotic index = Total no. of dividing cell
x 100
(AMI) %
Total no. of cell observed

Effect of temperature variation in buckwheat mitosis

Statistical analysis : For statistical analysis, three replicates for
each treatment was used. Statistical analysis was performed by
SPSS 16.0 software. One way analysis of variance (ANOVA) and
Duncan’s multiple range test (DMRT, P < 0.05) were conducted
for mean separation and the graph was plotted by using sigma
plot 10.0 software. Actual mean and standard error were
calculated.
Results and Discussion

Mitotic index is an important parameter for determining
the growth rate of root cells and chromosomal aberrations are the
index of changes in the chromosomal behaviour (Liu et al., 1992)
and inverse relationship of active mitotic index and rate of
chromosomal aberrations clearly indicates that high temperature
stress is very harmful in response to plant at cytological level.
Under stress condition, all the cellular components including
chromosomes are affected. DNA undergoes slight disturbance
and thus creates conformational changes in the chromosomal
structure inducing chromosomal abnormalities (Singh, 2014).
Heat stress directly affects the cell cycle due to which cell
functioning, cell distortion, distortion of spindle fibres or inhibition
of DNA synthesis occurs rapidly as compared to cold stress.
Buckwheat is cool adapting plant so it has capability of cold
tolerance at chilling treatment. It causes little disturbance at
chromosomal level. However, frost condition (0 ºC) is more critical
because it ceases cell elongation and cell division which lead to
plant death.
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Buckwheat plant has 16 chromosomes in diploid set (2n=
16). The cytological observations displayed active mitotic index of
12.163 % in control sets with normal pattern of chromosomes. At
metaphase stage, 16 chromosomes were arranged at equatorial
position (Fig. 1A) and anaphasic division showed normal
separation in the ratio of 16:16 (Fig. 1B). The treatment of root tip
cells with cold and heat stress along with increased subsequent
duration changed the behaviour of chromosomes and the range
of active mitotic indices along with abnormality percentage.

Many researchers have also studied and worked on
temperature stress particularly high temperature on cell division
and chromosomal behaviour in plants including sunflower
varieties, wheat varieties, barley, maize and Vicia faba and have
reported that the high temperature exhibits various types of
chromosomal anomalies such as disturbed metaphase,
anaphasic bridge, lagging chromosome and sticky chromosomes
(Mashkina et al., 2002, Abou-Deif et al., 2007, Badr et al., 1988,
Signem et al., 2013).

y

Total abnormality percentage = No. of Abnormal cell
x 100
(TAB) %
Total no. of cell observed
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Active mitotic index decreased with increased duration of
temperature in both the stresses with respect to control. A
decrease in mitotic index might be due to inhibition of DNA
synthesis at S phase (Sudhakar et al., 2001).The rate of
chromosomal aberrations increased with increasing duration of
temperature. In case of cold stress, the percentage of active
mitotic index showed reduction from 11.28 % to 8.006 % and from
10.643% to 7.441% in case of heat stress (Table 1). It was also
been observed that low duration of temperature exposure was not
much critical for the cells and tissues of the plant because
abnormalities might be recovered, but at higher exposure of
temperature i.e. 7 hrs with respect to cold and heat stress, a
severe damage to cells and tissues were observed due to which
cell elongation and cell distortion had occurred. Under both the
stress at higher exposure, the rate of chromosomal abnormality
increased while active mitotic index decreased (TAB%8.597±0.158, AMI%-8.006±0.159) in cold stress and (TAB%9.424±0.309, AMI%-7.441±0.345) heat stress as shown in Table1. A considerable frequency of metaphasic and anaphasic
abnormalities was induced by cold and heat stress, which
showed gradual increase alongwith duration of temperature
exposure (Fig. 2 and 3). Various chromosomal anomalies such as
scattering (Fig. 1C), c-mitosis (Fig. 1D), precocious movement
(Fig. 1E), stickiness at metaphase (Fig. 1F), unorientation at
metaphase (Fig. 1G), forward movement at anaphase (Fig. 1.H),
unorientation at anaphase (Fig. 1I), stickiness at anaphase (Fig.
1J), laggard formation (Fig. 1K), bridge formation (Fig. 1L) etc.
were noted under both heat and cold stress and increased
duration. Heat stress showed higher percentage of chromosomal
aberrations as compared to cold stress.
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The chromosomal aberrations or anomalies are a good
indicator of deviations in the normal mechanism of cell cycle
(Dhulgande et al., 2015). Scattering is induced by loss of
microtubules of spindle fibres which retards the movement of
spindle fibres towards the opposite poles. C-mitosis is caused
due to inactivation of spindle fibres which delays division of
centromere (Mann, 1977). The precocious movement occurs due
to disturbed homology for chromosomal pairing, disruption of
spindle fibres or inactivation of spindle mechanism (Agarwal and
Ansari, 2001).

Predominant abnormalities such as clumping and
stickiness is characterized by clustering of chromosomes at any
phase of cell cycle (Paul et al., 2013). Genetic and environmental
factors may also be responsible for clumping and stickiness
which may affect the functioning of cell cycle. Gaulden (1987)
investigated that chromosomal stickiness originated from
dysfunctioning of one or two types of specific non-histone
proteins involving chromosomal organization which are very
important for chromatid separation and segregation. The
functioning of proteins may be altered by mutation in structural
gene (Turkoglu, 2007). Laggards occur due to delayed process of
chiasma terminalisation (Pagliarini, 1990) or due to stickiness of
chromosomal end (Kaur and Grover, 1985) or failure of
chromosomal movement following dys functioning of spindle
Journal of Environmental Biology, May 2017
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Fig. 1 : (A) Normal metaphase (2n= 16); (B) Normal anaphase (16:16 Separation); (C) Scattering at metaphase; (D) c-mitosis at metaphase; (E)
Precocious movement at metaphase; (F) Stickiness at Metaphase; (G) Unorientation at metaphase; (H) Forward movement at anaphase; (I)
Unorientation at anaphase; (J) Stickiness at anaphase; (K) Laggard formation at anaphase; (L) Single bridge formation at anaphase. [Scale bar: Length6.42µm width- 7.5µm]

fibres. At the time of pulling of chromosomes towards the poles,
the bridges are broken into fragments which leads to the
formation of laggards (Kumar and Tripathi, 2003). Apart from
above abnormalities, a low frequency of bridge formation was
Journal of Environmental Biology, May 2017

also observed due to temperature stress on buckwheat. Bridges
are formed due to breakage of chromosomes (Tomkins and
Grant, 1972) or due to exchange of sister chromatids followed by
failure of their segregation at later stages (Bharathi et al., 2014;

Effect of temperature variation in buckwheat mitosis
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Fig. 2 : Metaphasic abnormalities induced by temperature stress in the
root meristems of Fagopyrum esculentum moench
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Fig. 3 : Anaphasic abnormalities induced by temperature stress in the
root meristems of Fagopyrum esculentum Moench

Table 1 : A comparative account of cytological abnormalities induced by heat and cold stresses in root meristems of Fagopyrum esculentum Moench

Control
3 hrs.
5 hrs.
7 hrs.

Heat
stress
(40ºC)

Control
3 hrs.
5 hrs.
7 hrs.

Metaphasic abnormalities (%)

Anaphasic abnormalities (%)

TAB (%)

±S.E.)

Cm

Sc

St

Pr

Un

Br

St

Un

Lg

Oth

12.163
a
±0.297
11.280
±0.328b
10.483
±0.093c
8.006
d
±0.159

-

-

-

-

-

-

-

-

-

-

-

0.366
±0.002c
0.457
±0.001c
0.696
c
±0.001

0.305
±0.003c
0.194
±0.002b
0.696
b
±0.001

0.305
±0.635b
0.457
±0.595b
1.584
a
±0.128

0.180
±0.025a
0.196
±0.002a
0.696
a
±0.726

0..366
±0.108b
0.655
±0.067a
0.696
a
±0.007

0.366
±0.057a
0.457
±0.002a
0.417
a
±0.118

0.241
±0.057a
0.457
±0.130a
1.584
a
±0.065

0.303
±0.059b
0.588
±0.112ab
0.836
a
±0.068

0.241
±0.057a
0.588
±0.065a
0.696
a
±0.003

0.366
±0.002c
0.198
±0.001b
0.696
a
±0.002

3.039
±0.186c
4.247
±0.191b
8.597
a
±0.158

12.163
±0.297a
10.643
±0.255b
9.006
±0.253c
7.441
±0.345d

-

-

-

-

-

-

-

-

-

-

-

0.300
±0.006b
0.782
±0.092a
0.603
±0.013a

0.300
±0.006a
0.684
±0.169a
1.914
±0.100a

1.398
±0.108a
0.684
±0.092a
0.792
±0.281a

0.584
±0.158a
0.393
±0.101a
0.792
±0.250a

0.486
±0.185a
0.293
±0.004a
0.464
±0.161a

0.486
±0.090a
0.782
±0.103ab
1.914
±0.200a

0.390
±0.902a
1.287
±0.103ab
0.792
±0.200a

0.300
±0.006a
0.393
±0.002a
0.999
±0.439a

0.300
±0.006a
0.438
±0.149a
0.603
±0.004a

4.844
±0.120c
6.174
±0.247b
9.424
±0.309a

ine

Cold
stress
(2ºC)

AMI (%)
(Mean

0.300
±0.006a
0.438
±0.002a
0.614
±0.318a

Onl

Treatment Doses

Where, Cm- C- Mitosis, Sc-Scattering, St-Stickiness, Pr-Precocious movement, Un- Un-orientation, Br- Bridge formation, Lg-Laggard formation,
Fw- Forward movement, Oth-Others; Means followed by lowercase letter are statistically significant at p<0.05 in Duncan’s Multiple Range Test; Values
are ±SE

Ahmad and Yasmin ,1992; Utsunomiya et al., 2002).
Chromosomes are not able to move to opposite poles due to
sticky nature resulting in bridge formation (Kumar and Rai, 2007).
Bridges involves breakage and lateral fusion at same locus which
leads to the formation of dicentric chromosomes (Rai and Kumar,
2010). The formation of dicentric and acentric chromosomes
occur due to chromosomal inversion and these dicentric

chromosomes are involved in bridge formation (Kumar and
Dwivedi, 2013).Bridges are also formed due to opposite
polarization of dicentric chromosomes (Anis et al., 1998).
Chromosomal stickiness and attributed unequal translocation
may also be responsible for bridge formation. Sticky bridge was
also noticed in Fagopyrum esculentum induced temperature
stress. The study assessed a basis for chromosomal aberrations
Journal of Environmental Biology, May 2017
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