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Introduction
Mexico is the center of origin of eleven species of cotton (G. 

armourianum, G. lobatum, G. gossypioides, G. aridum, G. laxum, G. 
schwendimanii, G. thurberi, G. trilobum, G. davidsonii, G. turneri 
and G. harknesii) and a semi-domesticated specie (G. hirsutum);1 the 
latter, presents different natural colors tones in its fiber, such as white, 
green or “coyuche” brown.

During the last years the advances in the biology of the seeds 
have allowed to understand better his physiology and in that context, 
Gil & López,2 studied the germinative characteristics of seeds of 
cotton native to Peru of the species G. hirsutum with fibers colored 
green, lilac and brown, and they showed that the variety with the 
brown fibers registered high percentages of germination (92%) and 
a high rate of emergence (74.6%), which is associated with a higher 
degree of domestication, unlike the other varieties, with emergence 
and germination values were lower; what coincides with an incipient 
domestication.

Due to this, it is important to characterize and know the quality 
of the cotton seeds of native Mexican species. There are laboratory 
tests to know the physiological condition of the seed such as the 
standard germination test, carried out under ideal conditions of 
light, temperature, humidity, optimal aeration and substrates, 
microorganisms free, etc.3

In search of protocols to better predict what may occur with seeds 
in the field, several vigor tests have been designed to evaluate the 
germination potential of seeds by subjecting them to a stress condition, 
during germination.4 McDonald,5 mentions that a vigor test must 
be practical, cheap, quantitative, reproducible, and correlated with 

plantlet emergence on the field. As expected, there is not a universal 
test to evaluate the condition of vigor of all kind of seeds.6 

It was explored the strategy of performing a vigor test based on 
vacuum stress because the lack of oxygen has been considered to be 
one of the main environmental factors that curbs seed germination.7 
Some authors have discussed the impact of the lack of oxygen up to 
extreme conditions, on the germination process.8,9

It has been reported that wheat, maize and sorghum seeds with O2 
concentrations of 20.9% have been proven to gradually reduce the 
speed and percentage of germination.10,11 Seeds with high contents 
of fatty acids, such as soybeans (Xiao-Hai et al., 2005) or cotton, 
are considered as species that are intolerant of oxygen deficiency 
(anoxia)10,12,13 since they require 21% O2 to be able to use the reserve 
compounds in seed germination,12 whereas Oryza sativa L. (Rice) 
seeds may germinate under high deficiency of O2 in the environment, 
since this capability depends on the process of the ethanolic 
fermentation (Magneshi & Perata, 2009).

On the other hand, the substrate used in the germination tests is of 
great importance, since factors such as ventilation, structure, water 
retention capacity, degree of infestation with pathogens, and others, 
may vary between substrates; which together determine the promotion 
or inhibition of seed germination.14 

It is desirable to have a practical tecnique with discriminatory 
sensitivity to rank types of seeds according to two important functions 
such as germination and development, both highly dependent on the 
amount of oxygen in the medium, especially germination, in order to 
accurately differentiate the species of this genus presents in Mexico, 
Due to the above, the aim of this investigation was to assay a vigor 
test, based on vacuum stress and using two kind of substrates, in order 
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Abstract

The native Mexican species of Gossipium (Cotton) are such important plants, that they 
deserve to be differentiated by both traits: the seed quality and vigor. For that reason, it 
was assayed a practical vigor test to establish whether it would be able to depict them 
with precision. With a chosen vacuum vigor test, the germination capacity and vigor 
of seeds of G. hirsutum and G. lobatum were determined using: two types of paper as 
substrate and environments with oxygen deficiency, given by the vacuum conditions 
of 300, 500, 600 and 700 mm of Hg to which the seeds were subjected during the 
germination process (12days at 25±1°C). The statistical meanings resulted in all the 
variables for the blocks, the substrate and the vacuum conditions, in double and triple 
interactions (p<0.0001, p<0.005, respectively). The results of the vigor test showed 
that the G. hirsutum species exhibited the best vigor condition. The cotton seeds in the 
substrate Versa Pak exhibited the best condition of vigor. The germination and vigor 
of seeds of these species decreased exponentially as the levels of vacuum increased, 
which are equivalents to the reduction of oxygen in the respective vacuum levels. In 
addition, the estimated oxygen thresholds for G. hirsutum and G. lobatum determined 
the germination and vigor of the seeds.
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to determine its sensitivity and feasibility to determine the condition 
of vigor of seeds of two species of Gossypium spp.

 Materials and methods 
The investigation took place in the year 2017 in the Molecular 

Genetics Laboratory at the Colegio de Postgraduados, Montecillo, 
Texcoco, Mexico. 

Seeds of the wild species natives to Mexico: G. hirsutum (brown 
fiber) and G. lobatum, and the types of substrates, brown interfolded 
paper towels (Mocambo®) and the Versa Pak (also known as 
Seedburo® K-24), which have contrasting physical and chemical 
characteristics, were used in the present research.

In Petri dishes, 90 mm in diameter by 14 mm high, the seeds 
were scattered on the substrate, previously dampened with distilled 
water, considering, for each species, four repetitions with 10 seeds 
each and, placed in glass desiccators to submit them to vacuum 
conditions (VAC) of 0, 300, 500, 600 and 700 mm Hg, according to 
the methodology proposed by Artola et al.7 with the modifications 
indicated in this study.

The seeds, without scarifying, were kept for 12 days under the 
vacuum conditions at the laboratory conditions (25°C). The control 
treatment was seeds placed in a glass desiccator without applying 
vacuum. The variables evaluated were percentage of total germination 
(PTG) and weight of total dry biomass of normal seedlings (WTDBS) 
expressed in milligrams (mg) after drying in a furnace at 70°C for 72 
hours.3

For the treatments here studied was used a factorial arrangement in 
general random blocks design, where the blocks were both species of 
Gossypium, factor A, the types of substrate and factor B, the condition 
of vacuum and four repetitions. The sample size for the germination 
test is 50 seeds per repetition, although certain wild species do not 
produce as much seed and therefore, the use of this sample size is 
difficult to achieve, in consequence, we proceeded to estimate the 
affordable optimum size according to the methodology proposed 
by Muller & Benignus15 and Castelloe16 for the experimental design 
of random blocks with a level of significance of 0.05%. Before 
the analysis of variance, the data of germinated seeds expressed 
as percentages were transformed using the function of T=arcsine 
=√y/100, where y is the value to transform and T, the value of the 
variable transformed. The data of the response variables underwent 
an analysis of variance using the program Statistical Analysis System 
(SAS, 2000) version 9.0, and the differences between treatments were 
estimated using Tukey’s test with 5% significance. The information on 
total germination as a percentage underwent the non-linear regression 
analysis using the quadratic function.17

Results
Statistical significances were recorded in all variables for blocks 

(p<0.005), substrates (p<0.0001) and condition of vacuum (p<0.0001), 
as well as, in the double interaction of substrates x condition of 
vacuum (p<0.0001) and in the triple interaction of blocks x substrates 
x condition of vacuum (p<0.0001; p<0.005). The coefficient of 
determination (R2) ranged from 0.91 and 0.99, values that are close 
to 1, indicating a good adjustment of the statistical model, to describe 
the relation between the variables of study; the CV varied between 
16.2 and 27.1%.

The germination of seeds of G. hirsutum was superior in 13.2% 
with respect to G. lobatum, which exhibited the minimum percentage 

of total germination (Figure 1). The seedlings of G. hirsutum, in 
addition, had a dry biomass weight superior to G. lobatum which 
meant a percentage variation of 66.1% (Figure 1).

Regarding the type of substrate tested, it was demonstrated that in 
Versa Pak (Figure 2) the percentage of seed germination was higher 
than in the brown Sanita paper towel, being 16.1% the difference in 
germination between substrates. 

Regarding the dry biomass accumulated by the total seedlings, in 
the substrate Versa Pak it was slightly higher (0.40 mg) in relation to 
the WTDBS in the brown Sanita paper towel (0.34 mg) (Figure 2). 
These results could perhaps be explained by the differential physical-
chemical characteristics of such products, in fact, in previous studies 
(data not shown), the Versa Pak was characterized by having greater 
thickness and porosity and better water absorption capacity, that 
caused an increase in the total germination of seeds and in addition, 
the seedlings accumulated greater amounts of dry biomass, while the 
brown Sanita paper towel showed less thickness, porosity and water 
absorption capacity.

It was observed that as the level of vacuum increased the less 
germination capacity of the seeds of both cotton species. Under the 
condition of 300 mm Hg, the germination had a slight reduction, as 
compared to control seeds caused by the reduction of O2, at 500 mm 
Hg the germination plummeted and only 1.57% germination was 
observed at 700 mm Hg (Figure 3). Likewise, the dry biomass weight 
of total seedlings decreased as the level of the vacuum condition 
increased.

 On the other hand, the results of the double interaction of substrate 
and vacuum condition, indicated that the germination rate was higher 
in the seed scattered on the substrate Versa Pak, in treatments VAC 
300 and VAC 500, whereas for the case of brown Sanita towel, 
germination only at the level of VAC 300 was better according to its 
PTG (Figure 4).

Regarding the combination of SU x VAC, it was observed that in 
the combination of brown Sanita towels and the VAC 300 condition, 
the dry biomass weight of seedlings was slightly higher while the 
combination of the two substrates with the conditions VAC 300, VAC 
500 and VAC 600, the WTDBS were similar, except in treatment VAC 
700, which provided no information (Figure 5).

As it may be expected, it was obtained in the condition VAC 0 
the highest values of germination and accumulation of dry biomass 
of seedlings in both cotton species. These results may indicate that 
under that condition, seeds had no O2 restriction during the process 
of germination and development. On the other hand, the germination 
of the species G. hirsutum and G. lobatum decreased as the condition 
of vacuum increased from 0 to 700 mm Hg, expressing the values 
obtained for the parameters of the function by non-linear regression, 
as: y = a+bx+cx2, where a=87.3747, b=0.1088 and c=-0.00029, 
respectively in G. hirsutum. G. hirsutum exhibited the highest 
percentage of germination in treatment VAC 300, but it gradually 
decreased down to 24.64 (VAC 500), 45.66 (VAC 600) and 74.48 
(VAC 700) percent units (Figure 6).

In the case of G. lobatum, the function of non-linear regression, 
was expressed as y=a+bx+cx2, where a= 93.5082, b=0.0801 and c=-
0.00030, respectively. The highest germination rate was under the 
condition of VAC 0 and it was decreasing drastically down to 37.39 
(VAC 500), 64.10 (VAC 600) and 97.24 (VAC 700) percent units 
(Figure 6).
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Figure 1 Percentage of total germination (PTG) and total dry biomass weight (WTDBS) exhibited by the seedlings of the species of Gossypium spp. Averages 
with the same letter are statistically equal (Tukey p≤ 0.05).

Figure 2 Percentage of total germination (PTG) and weight of total dry biomass (WTDBS) of seedlings developed on the two types of substrate. Averages with 
the same letter are statistically equal (Tukey p≤0.05).

Figure 3 Effect of the condition of vacuum on the percentage of total germination (PTG) and total dry biomass weight of seedlings (WTDBS). Averages with 
the same letter are statistically equal (Tukey p≤0.05).

Figure 4 Effect of the combination of substrate and vacuum conditions on the percentage of total germination in the species of Gossypium spp. Averages with 
the same letter are statistically equal (Tukey p≤0.05).
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Figure 5 Effect of the combination of substrate and vacuum condition on the total dry biomass weight of seedlings. Averages with the same letter are 
statistically equal (Tukey p≤0.05).

Figure 6 Kinetics of seed germination of G. hirsutum and G. lobatum under the conditions of vacuum indicated.

Discussion 
In order for seeds to germinate, embryo cells require specific 

amounts of oxygen to carry out the energy-generating processes, such 
as respiration and fermentation.18 Both processes imply an exchange 
of the gases CO2 and O2 between cells and the environment18 in such 
a way to avoid the phases of germination from being affected, normal 
atmosphere are required, composed of 21% of O2 and 0.03% of CO2.

19

Oily seeds such as cotton, soybean or sunflower are intolerant or 
susceptible to the lack of O2, molecules required for germination. 
Due to the high amounts of lipids accumulated in their seeds,12,20 they 
require higher amounts of O2 to carry out their metabolic activities, 
respiration and fermentation.12 On the contrary, rice seeds in the 
presence of as low as 0.3% of O2 are able to germinate at rates of 
80% and such resistance to anaerobiosis is linked to the high amount 
of starch accumulated in their seeds.10 Tolerance of rice varieties 
to deficiency of oxygen is variable and, in the same way, the grain 
yield. Researchers are performing investigations to understand the 
responses to anoxia stress by plants since, reduction of the specific 
amount of oxygen below optimum level, is the usual form of stress 
occurring during partial submergence of plant in the crop fields, stress 
conditions that diminishes grain yield. The behavior of the anoxia 

stress resistance rice variety, MAS 946-1 (Sharada) was tested and, 
its capacity in grain yield was superior over the Rasi variety (control) 
at all the 27 locations tested in the region of southern Karnataka, 
India.21 Miro and Ismail22 in a review article, analyzed the tolerance of 
anaerobic conditions caused by flooding during germination and early 
development in rice to identify the following tolerant rice varieties: 
Khao Hian On, Ma-Zhan (Red), Khaiyan, Kalonchi, Kharsu, and 
Nanhi; and based on the vegetative stage of the plants, the tolerant 
varieties: FR13A. FR43B, Kurkaruppan, Goda Heenati, Thavalu, 
IRRI 119, IRRI 154, Jalmagna, Baisbish, Rayada 16-3, Nang Dum 
To, and Sudu Gries.

The results obtained in the present investigation demonstrated that 
both germination and vigor (dry biomass weight of seedlings) of seeds 
of G. hirsutum and G. lobatum were diminish by the conditions of 
vacuum tested, facts due, in the first place, to adjusts performed in 
their metabolism induced by the process of adaptation to the lack of 
oxygen, conditions that make difficult the production of energy by 
the cells23 and, in second term, to the genetic makeup of each species 
as it was demonstrated by Finch-Savage et al.24 in seeds of double 
haploid genotypes of Brassica oleraceae placed to germinate under 
conditions of hypoxia.
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In the species G. hirsutum and G. lobatum was also observed a 
reduction in the accumulation of dry biomass of total seedlings, when 
the seeds were placed to germinate under the conditions of vacuum 
tested. Dantas et al.25 detected the same behavior in varieties of 
corn seeds, when they evaluated the germination and vigor, under 
conditions of hypoxia while Gazola et al.26 found, under conditions of 
hypoxia, reduction in both, corn seed germination and accumulation 
of dry biomass of the root and the aerial section.

Regarding the effect that the condition of vacuum had and the 
types of substrates tested, evaluated in terms of the availability 
of germination, it was demonstrated that the seed in the Versa Pak 
substrate exhibited the highest germination, in contrast to the brown 
Sanita towel, in which the lowest percentage of germination was 
found as well as a lower accumulation of dry matter by the plantlets 
that emerged under the different treatments evaluated. These results 
may be related to the physical properties and chemical composition of 
each substrate, such as porosity, which is directly related to the water 
and oxygen supplied to the roots of the seedlings. Vence27 mentions 
that the relation water-air in the substrates varies widely with the size 
of the particles that predominate in their composition, being one of 
the factors that define the size of the pores. Burés28 also claims that 
a substrate with large particles and with open inner pores guarantees 
an adequate supply of water and high ventilation levels. Under the 
vacuum conditions tested, it was found that as the vacuum levels 
increased (0 to 700 mm Hg), the germination rates decreased, facts 
that could be due to the reduction of the amounts of O2 in the media; 
in consequence, mitochondrial respiration, oxidation and oxygenation 
processes became inhibited,29 affecting the process of germination in 
the species of Gossypium spp. It is well known that O2 is the molecule 
required to produce the energy needed for germination.30,11These 
results are in concordance with those by Artola et al.7 who evaluated 
the germination of seeds of Lotus corniculatus under vacuum 
conditions. It was also observed that, as O2 levels fell down in the glass 
desiccators, germination of cotton seeds also decreased, probably due 
to the fact that the mitochondrial structures become damaged due to 
the conditions of hypoxia imposed, demonstrating an involvement 
of the activity of the enzyme superoxide dismutase, leading to the 
peroxidation of lipids that cause the seeds to deteriorate.31,20 According 
to Batista et al.32 this behavior could be a strategy to protect the plant, 
which consists in reducing the growth of the structural parts of the 
seedlings during their development, to save energy and maintain the 
minimum permissible functioning of the metabolism, particularly 
in the most affected regions for hypoxia. It may explain the high 
percentages of un-germinated seeds left, in the results obtained for the 
species of G. lobatum.

It has been easy to adjust the vacuum conditions required in this 
research, to obtain O2 levels as low as 0.3 to 3%. The estimation of 
the amounts of oxygen left in the vacuum conditions to which the 
seeds were subjected in the present research, are based on the type 
of calculations devised by Meena et al.33 Thus, the percentage of 
residual O2 calculated for each treatment resulted as follow: at 300, 
500, 600, and 700 mm Hg there are 14.57, 8.14, 4.93 and 1.71% of O2 
respectively. Meena et al.33 calculated for 688.18 mm Hg (91.75 kPa) 
the value   of 2.09% of O2 and for 734.53 mm Hg (97.929 kPa), there 
was a remnant of 0.60% of O2. Finally, based on the estimates of the 
non-linear regression models, the thresholds of the residual O2 that 
could generate a negative effect on the germination of Gossypium spp. 
seeds were estimated. There were slight differences in the calculations 
of the germination thresholds between the two cotton species: In G. 

lobatum at 1.47% of residual O2 (707.53 mm Hg), the germination 
would be reduced to zero, while in seeds of G. hirsutum this could 
occurred at 0% O2 (765.8 mm Hg). In this regard, Heichel & Day34 
concluded that dicotyledonous species require oxygen at levels 
higher than 2% to activate the oxidative systems involved in seed 
germination.35

Conclusion
The vacuum vigor test chosen to determine the vigor condition 

of the cotton seeds, allowed their differentiation according to this 
criterion. The germination and vigor of the seeds in these cotton 
species decrease as the different levels of vacuum tested increase, 
since in them, the amounts oxygen also decreases in a parallel way, 
as it was demonstrated when calculating the amounts of oxygen 
present in each vacuum condition. The estimated oxygen threshold 
for G. hirsutum and G. lobatum determines the germination and vigor 
conditions of the seeds. The Versa Pak substrate promotes the greater 
vigor of the seeds in cotton seeds.
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