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Abstract 

Most agricultural experiments involve evaluation of multiple variables and at times it can be difficult to identify the 
biologically relevant effects of the experimental treatments after performing the traditional ANOVA, Tukey and t-tests.  The 
coefficient of variation formula could be an important tool to focus ‘Result and Discussion’ sections only on the most 
important changes produced by the experimental treatments. This short report is intended to exemplify the use of the 
coefficient of variation in three plant physiology experiments. The first one dealt with the effects of common bean plantlet 
exposure to high temperature under controlled conditions (levels: 28 and 40 °C).  The second experiment was related to 
common bean seed exposure to liquid nitrogen during five different periods of time (levels: 0, 7, 14, 21 and 28 days). The third 
experiment was bi-factorial: factor 1 was the ‘type of plant material’ (levels: pineapple plants genetically transformed and the 

untransformed control); and factor 2 was the ‘time of in vitro-plantlet hardening’ (levels: 0, 15 and 30 days).  Contents of 

phenolics, aldehydes, chlorophylls and proteins were determined. Percentage of seed germination, electrolyte leakage, 
peroxidase activity, plant height and weight were also measured. Experiments were monofactorial with two levels, 
monofactorial with five levels and bifactorial, respectively, with randomized design. The coefficient of variation showed that 

the most remarkable effects of high temperature were recorded in free phenolics and chlorophylls (a, b, total). Electrolyte 

leakage and chlorophyll b concentration were the most modified indicators as a result of seed exposure to liquid nitrogen.  In 
the third experiment, modification in the levels of malondialdehyde and other aldehydes were the most relevant changes 
resulting from factors interactions. A similar procedure has not been published, except for our previous publications, not 
focused on the use of the coefficient of variation, just on the biological results. 
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Introduction 

Most agricultural experiments involve evaluation of 
multiple variables such as yield, plant height, biochemical 
indicators, etc. After performing, for instance the traditional 
ANOVA, Tukey and t-tests, it is sometimes difficult to 
identify the most relevant effects of the experimental 
treatments from the biological point of view. We believe the 
coefficient of variation formula could be an important tool to 
focus ‘Result and Discussion’ sections only on the most 
important changes produced during the experiment.  

The coefficient of variation is calculated as the rate: 
(Standard deviation/Average)*100, and measures the 
variability of a series of numbers independently of the unit of 
measurement used for these numbers. In order to do so, the 
coefficient of variation eliminates the unit of measurement of 

the standard deviation of a series of numbers by dividing it by 
the mean of these numbers. The coefficient of variation can 
be used to compare distributions obtained with different 
units, such as, for example, cm, mg and kg/ha  (Abdi, 2010; 
Ivanov, 1989). 

The present short report is intended to exemplify the use 
of the coefficient of variation formula, in an untraditional 
way, in three plant physiology experiments. Our method is 
untraditional because the original figures we used to calculate 
the coefficient of variation are the averages of each treatment. 
In the present paper, we called this rate as Overall Coefficient 
of Variation (OCV). We are not trying to convince 
statisticians about any new method; rather, we would like 
practicing scientists to consider in their research the 
coefficient of variation as described here.  Although we have 
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autoclaved (30 min at 112 °C, 107 kPa) and cooled down to 
room temperature (25 °C) for 4 hours to determine the total 
conductivity (Ctotal). The percentage of electrolyte leakage 
was calculated from the ratio: (C – C0)*100/(Ctotal – C0). 
Results of this experiment are unpublished. 

In the third experiment, pineapple transgenic plantlets 
were obtained according to Espinosa et al. (2002). 
Agrobacterium tumefaciens (strain AT2260, pHCA58, bar 
gene controlled by maize Ubi 1 promoter, class-I bean 
chitinase gene controlled by a hybrid OCS-35S CaMV-rice 
actin I promoter, tobacco ap24 gene controlled by 35S 
CaMV promoter) was used to transformed embryogenic calli. 
Phosphinotricin-resistant plantlets were recovered. Non-
transformed plantlets (control treatment) were obtained 
following the protocol described above but avoiding contact 
with Agrobacterium tumefaciens and phosphinotricin. Sixty 
non-transformed and 60 transformed (one clone) plantlets 
were transferred to a greenhouse for hardening according to 
Yanes et al. (2000): plastic trays, substrate: zeolite+filter cake 
(1:1), substrate/plant: 82 cm3, microject automated irrigation 
for 25 s every 30 min and illumination: 800 µmol m-2 s-1. 
Evaluations were made at 0, 15 and 30 days of hardening. The 
experimental design was completely randomized. Plant 
height and weight were recorded. Leaf samples were stored in 
liquid nitrogen until biochemical analysis. Each biochemical 
determination started from three independent pooled 
samples (100 mg each). They were finely grounded in liquid 
nitrogen. Contents of malondialdehyde and other aldehydes, 
chlorophyll (a, b), and phenolics (free and cell wall-linked) 
were measured. Results of this experiment were previously 
published by Yabor et al. (2006).  

The SPSS (version 8.0 for Windows, SPSS Inc., New York, 
NY) was used to perform t-tests in the first experiment, and 
One- and Two Way ANOVA and Tukey tests (p=0.05) in the 
second and the third experiments, respectively. The OCV were 
calculated as the rate: (Standard deviation/Average)* 100.  To 
calculate this coefficient, average values of the treatments, or 
experimental factors, were considered. OCV were classified in 
“high”, “medium” or “low”, which is explained in each table 
footnotes. (Max OCV recorded – Min OCV recorded) / 3 
produced the class width. 

 

Results and discussion 

As far as ‘Results’ are concerned, in the first experiment, 
according to the outcome of the t-tests, statistically significant 
differences between treatments were observed in every single 
biochemical indicator evaluated (Fig. 1). To know which 
indicators were more affected by high temperature stress, the 
OCV were calculated and classified as “high”, “medium” and 
“low”.  The OCV showed that the most remarkable effects of 
high temperature were recorded in free phenolics and 
chlorophylls (a, b, total). We therefore would suggest plant 
physiologists to focus their attention on these four biochemical 
indicators.  The effect of high temperature stress was found to be 
“medium” on cell wall-linked and total phenolics, as well as on 
other aldehydes. The influence of heat stress on 
malondialdehyde levels was classified as “low”.  

Table 1 shows the effects of the second experiment.  
Electrolyte leakage and chlorophyll b concentration were the 
most modified indicators by the different times of seed exposure 

performed a comprehensive literature search, we have not 
found any procedure similar and simpler to the one described 
in this paper, except for our previous publications (Cejas et al., 
2012; Gomez-Pando et al., 2009; González et al., 2010; 
González et al., 2013; Pérez et al., 2013; Pérez et al., 2012; 
Zevallos et al., 2013a; Zevallos et al., 2013b), not focused on 
the use of statistical or mathematical methods, just on the 
results. 

 

Materials and methods 

The first experiment was related to the effects of high 
temperature on levels of phenolics, aldehydes and 
chlorophylls in common bean plantlets (cv. ‘Milagro 
Villaclareño’). After harvesting, seeds were stored at 4 °C in 
the dark, in hermetically closed containers. Seeds with 12% 
moisture content, based on fresh weight (ISTA, 2005), were 
used in this experiment.  Seeds were allowed to germinate and 
grow without high temperature stress (28 °C) during 10 days, 
and then plantlets were exposed to 40 °C during 9.3 hours 
(50% plant survival was previously observed after 9.3 h of heat 
treatment; unpublished data). A control treatment (28 °C) 
was established.  Each plant container (200 cm3 of Ferralitic 
red soil) was irrigated daily with 25 ml water. Each treatment 
involved five plant containers and three seeds per container 
were sown.  At 9.3 hours of stress, middle-aged leaves of each 
plant container were collected, pooled and ground in liquid 
nitrogen to produce leaf powder. Three independent samples 
(1000 mg powder each) per treatment were used to perform 
every biochemical measurement.  Levels of chlorophylls (a, b, 
total), phenolics (free, cell wall-linked, total), and 
malondialdehyde and other aldehydes were determined 
according to the methods of Porra (2002), Gurr et al. (1992) 
and Heath and Packer (1968), respectively. Results of this 
experiment are unpublished. 

In the second experiment, common bean seeds obtained 
as described above, were placed in cryo-vials (volume: 5 ml; 12 
seeds per cryo-vial) and immersed in liquid nitrogen for 7, 14, 
21 or 28 days. Control seeds were set to germinate or 
analyzed directly, without liquid nitrogen exposure. Recovery 
of seeds from liquid nitrogen was performed according to 
Standwood and Bass (1981). To evaluate germination rate, 
seeds (three replicates of 10 seeds per treatment) were placed 
on filter paper moistened with 25 ml distilled water (pH 6.8) 
for 5 days (dark, 27±1 °C) in Petri dishes (Ø: 100 mm). For 
biochemical determinations, independent samples of 25 seeds 
each, recovered from liquid nitrogen according to Standwood 
and Bass (1981),  were ground in liquid nitrogen to produce 
seed powder. Three independent samples (1000 mg powder 
each) were used to perform every biochemical measurement.  
Levels of chlorophylls (a, b, total), phenolics (free, cell wall-
linked, total), malondialdehyde, other aldehydes, proteins 
(Bradford, 1976) and peroxidase activity (Hammerschmidt et 
al., 1982) were determined.  Enzyme activity was also 
expressed on the basis of protein as specific activity.  The 
electrolyte efflux test was used for electrolyte leakage 
determination (Martínez-Montero et al., 2002) from intact 
seeds (3 replicates of 15 seeds each per treatment). Fifteen 
seeds were incubated in 20 ml double-distilled water. 
Conductivity of the water was measured before (C0) and 
after 20 hours of imbibitions (C). Samples were then 
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Fig. 1. Effect of exposure to high temperature on common bean plantlets at 9.3 hours of stress. Indicators were evaluated in middle-aged leaves. In each 

panel, different letters above the bars indicate that differences are statistically significant (t-test, p≤0.05). Overall coefficient of variation = (Standard 

deviation/Average)*100.  To calculate this coefficient, average values of the two conditions compared were considered. The higher difference between the 
two averages compared, the higher the overall coefficient of variation. Min OCV recorded = 3.81%; Max OCV recorded = 129.24%; Max – Min = 
125.43%; (Max – Min) / 3 = 41.81%. Classification of the OCVs: “low” from 3.81 to 45.62%; ̈ medium  ̈from 45.62 to 87.43% and “high” from 87.43 
to 129.24%.  
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Table 1. Biochemical changes produced in common bean seeds after different times of exposure to liquid nitrogen 

Seed exposure to liquid nitrogen (days) 0 7 14 21 28 OCV (%)** 
Classification of the OCV (biological effect of 

the time of exposure to liquid nitrogen) *** 

Percentage of germination at 5 days after exposure to LN * 93.33 a 93.33 a 93.33 a 86.67 a 86.67 a 4.03 Low 
Electrolyte leakage (%) * 0.49 b 2.99 b 25.68 a 26.78 a 29.15 a 82.45 High 
Chlorophyll a concentration (μg g-1 fresh weight) * 5.81 ab 7.14 ab 10.16 a 3.90 b 3.31 b 45.33 Medium 

Chlorophyll b concentration (μg g-1 fresh weight) * 4.70 b 4.13 b 10.87 a 3.46 b 1.69 b 70.15 High 
Total chlorophyll concentration (μg g-1 fresh weight) * 10.51 b 11.26 b 21.02 a 7.36 b 5.01 b 55.51 Medium 
Content of free phenolics (µg g−1 fresh weight) 326.71 b 347.75 b 332.54 b 614.90 a 88.38 c 54.53 Medium 
Content of cell wall-linked phenolics (µg g−1 fresh weight) * 7243.31 b 7295.57 b 7486.11 b 7594.70 b 9473.48 a 11.97 Low 
Total content of phenolics (µg g−1 fresh weight) * 7570.02 b 7643.32 b 7818.65 b 8209.60 b 9561.87 a 10.07 Low 
Malondialdehyde content (μmol g−1 fresh weight) * 185.73 a 190.96 a 136.69 a 169.74 a 119.26 a 19.50 Low 
Other aldehyde content (μmol g−1 fresh weight) * 5.40 a 5.05 a 3.97 a 5.14 a 4.15 a 13.44 Low 
Total protein content (mg g−1 fresh weight) * 29.45 ab 29.34 ab 28.74 b 31.07 a 30.89 a 3.44 Low 
Peroxidase activity (U mg−1 fresh weight) * 52.91 a 68.47 a 81.35 a 74.21 a 67.91 a 15.20 Low 
Peroxidase specific activity (U mg−1 of protein) * 1.80 a 2.32 a 2.83 a 2.39 a 2.20 a 16.18 Low 

* Results with the same letter are not statistically different (One-Way ANOVA, Tukey, p>0.05). 
** Overall coefficient of variation = (Standard deviation/Average)* 100.  To calculate this coefficient, average values of the five treatments compared were considered. 
The higher difference between the five averages compared, the higher the overall coefficient of variation. 
*** Min OCV recorded = 3.44%; Max OCV recorded = 82.45%; Max – Min = 79.01%; (Max – Min) / 3 = 26.34%. Classification of the OCVs: “low” from 3.44 to 
29.78%; “medium” from 29.78 to 56.11% and “high” from 56.11 to 82.45%. 
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to liquid nitrogen, according to their “high” OCV.  The effects of 
liquid nitrogen exposure on chlorophyll a and total chlorophyll 
concentrations, as well as, on contents of free phenolics were 
classified as “medium”. Again, these indicators with “high” OCV 
are the most relevant effects for plant physiologists. 

The combined effects of plant genetic transformation and 
the time of hardening are shown in Table 2.  Calculation of the 
OCV allowed identifying the most relevant effects of the 
interaction of the two experimental factors: “high” OCV were 
found in the levels of malondialdehyde and other aldehydes.  In 
the factor “type of plant material”, the most significant effects 
were observed in the contents of malondialdehyde, other 
aldehydes and chlorophyll b.  In the factor “time of in vitro-
plantlet hardening”, “high” OCV were recorded in the levels of 
malondialdehyde, other aldehydes and free phenolics. The above 
mentioned indicators are the most relevant from the biological 
perspective.  

We have previously used the OCV to identify the most 
relevant effects of experimental treatments in plant breeding 
(Gomez-Pando et al., 2009; Pérez et al., 2012), biofertilization 
(González et al., 2010; González et al., 2013), cryopreservation 
(Cejas et al., 2012; Cejas et al., 2013; Zevallos et al., 2013a; 
Zevallos et al., 2013b) and production of natural products (Pérez 
et al., 2013).  To the best of our knowledge, a similar procedure 
has not been reported to date. The proposed method is quite 
simple and could be useful in practice – mostly in initial 
experiments in which a large number of variables are studied – 
providing a quantitative and relatively objective procedure to 
focus the analysis of the results, and further research, on a limited 

number of parameters, which are more likely to reflect the most 
relevant responses of the plants to the specific treatment applied. 
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** Overall coefficient of variation = (Standard deviation/Average)* 100.  To calculate this coefficient, average values compared were considered. The higher difference 
between the averages compared, the higher the overall coefficient of variation. 
*** Min OCV recorded = 0.13%; Max OCV recorded = 110.50%; Max – Min = 110.37%; (Max – Min) / 3 = 36.79%. Classification of the OCVs: “low” from 0.13 to 
36.92%; “medium” from 36.92 to 73.71% and “high” from 73.71 to 110.50% 
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