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Efecto del calibre semilla (masa) en la germinación del sorgo

EFFECT OF CALIBER SEED (MASS) 
IN THE GERMINATION OF SORGHUM
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RESUMEN. La investigación se realizó en la Unidad 
Científico Tecnológica de Base “Los Palacios”, Cuba, con 
el objetivo de determinar el efecto del calibre de la semilla 
(masa) de sorgo en su germinación, en los periodos poco 
lluviosos de 2017 y 2018. Se trabajó con dos cultivares de 
sorgo CIAP 132R y ISIAP Dorado. El primer experimento 
se desarrolló en placas Petri y el segundo en bandejas 
metálicas (0,70 x 0,50 x 0,08 m), las cuales contenían 
un suelo  Gleysol Nodular ferruginoso petroférrico. Se 
evaluaron seis calibres de semillas (masa): M1 (0,015-
0,020 g); M2 (0,021-0,025 g); M3 (0,026-0,030 g); M4 
(0,031-0,035 g); M5 (0,036-0,040 g) y un tratamiento testigo 
(mezcla de calibre de semillas). Se evaluó el porcentaje de 
germinación (PG) en el tiempo, con un intervalo de 24 horas 
hasta las 96 horas después de la siembra, el índice de velocidad 
de germinación (IVG), el número medio de días a la germinación 
(NMDG) y la acumulación de masa seca aérea (MSA) a los 10 
días después de la emergencia (DDE). Se encontró que siempre 
el mayor calibre semilla (masa) se correspondió con el mayor 
PG, IVG y menor NMDG en ambos cultivares. Los indicadores 
de calidad PG, IVG y NMDG se deterioran menos en el mayor 
calibre semilla, además de que, a los 10 DDE acumularon mayor 
MSA. Se encontró una relación fuerte y positiva entre el PG y 
la MSA, que indicó una dependencia del poder germinativo 
de la semilla.

ABSTRACT. The research was carried out at the Base 
Scientific Technological Unit “Los Palacios”, Cuba, with 
the objective of determining the effect of the size of the 
seed (mass) of sorghum in its germination during the dry 
periods of 2017 and 2018. He worked with two cultivars of 
sorghum CIAP 132R and ISIAP Dorado. The first experiment 
was developed in Petri dishes and the second in metal trays 
(0.70 x 0.50 x 0.08 m), which contained a  Gleysol Nodular 
ferruginoso petroférrico. Six calibers of seeds (mass) were 
evaluated in the two experiments: M1 (0.015 - 0.020 g); M2 
(0.021-0.025 g); M3 (0.026 - 0.030 g); M4 (0.031 - 0.035 g); 
M5 (0.036 - 0.040 g) and the control treatment (mixture of 
seed size). The germination percentage (PG) was evaluated 
in time, with a 24 h interval until 96 h after sowing, the 
germination speed index (IVG), the average number of days 
to germination (NMDG) and the accumulation of aerial dry 
mass (MSA) at 10 days after the emergency (DDE). It was 
found that always the highest seed size (mass) corresponded 
to the highest PG, IVG and lowest NMDG in both cultivars. 
The quality indicators PG, IVG and NMDG deteriorate less 
in the greater seed caliber, in addition to that, to the 10 DDE 
accumulated greater MSA. A strong and positive relationship 
was found between the PG and the MSA, which indicated a 
dependence on the germinative power of the seed.

Palabras clave: cereal, Sorghum bicolor, reserva, vigor

INTRODUCTION

Sorghum (Sorghum sp.) is the fourth cereal in 
world importance. Approximately in the world, 40 
million hectares are sown in the belt between 50 º 
North latitude and 50 º South latitude. This crop is a 
typical species of warm zones (1). The main producing 
countries are: India, Nigeria, United States of North 
America, Sudan, Mexico and Argentina, being this 
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culture of great importance in developing countries 
(2). Africa is the country with the largest arable land 
of this cereal (1).

Sorghum is one of the cereals that, due to its 
agronomic and nutritional characteristics, could 
bring great benefits to food, both human and 
animal, nationally and worldwide. Its importance lies 
fundamentally in the use of grain and fodder for animal 
feed and as an essential part of a system of rotations 
to maintain the productivity and structure of the soil. 
Although destiny, at the local level, has been animal 
feeding, in the world, around 40 % of the production of 
grain sorghum is destined for human consumption, as 
a participant in the production of food and beverages 
for human beings (2).

In Cuba, specifically in the province of Pinar 
del Río, in the last decade the arable land of this 
cereal increased up to 700 ha and it is estimated that 
it reaches 4000 ha if the necessary infrastructural 
conditions existed, due to its high value in food swine 
(3). For this purpose, actions are carried out based on 
the drying and storage of the grain.

The germination is the restart of the growth of 
the embryo, paralyzed during the final stages of 
maturation. The physiological processes of growth 
require accelerated metabolic activities and the 
initial phase of germination consists primarily in the 
activation of the processes, by increase in humidity 
and respiratory activity of the seed (4). The absorption 
of water by the seed triggers a sequence of metabolic 
changes that includes respiration, protein synthesis 
and mobilization of reserves. In turn, cell division 
and elongation in the embryo cause rupture of the 
seminal covers, which are generally produced by the 
emergence of the radicle (5). However, the seeds of 
many species are unable to germinate, even when 
they have favorable conditions for it, which is due to 
the fact that the seeds are in a dormant state. While the 
appropriate conditions for germination are not present, 
the seed remains in a latent state for a variable time, 
depending on the species, until at a given moment it 
loses its ability to germinate (5).

The low percentage of germination of the seed and 
the loss of it is today one of the main problems affecting 
Cuban agriculture (6), a situation that depends on 
several external factors that affect germination and 
the speed with which it occurs. . Among these, to the 
humidity of the substrate, temperature, light, oxygen 
and carbon dioxide (7-9), post-harvest handling is 
added, which includes the conditions of storage 
and conservation of the seeds, elements that are 
fundamental to maintain the quality parameters of the 

same in time. The size of the seed and the habit of 
growth are related to the efficiency in the allocation of 
biomass to the grain in the growing environment, but 
it also depends on other characteristics of the seed, 
such as vigor (10).

The emergence of a seedling then depends on 
the physiological and biochemical characteristics of 
the seeds, their reaction to the conditions external 
to it and the efficiency of using their reserves during 
germination (11).

As an indispensable requirement in the cultivation 
of sorghum, to achieve a good emergence, it is 
important an initial rapid growth, which is achieved 
among other factors, with a seed of quality and the 
soil, humidity and temperature conditions that are 
created to it. Because this grain, due to its botanical 
characteristics, rapidly loses germination, germination 
speed and short-term latency period, this research was 
carried out with the objective of determining the effect 
of seed size (mass) of sorghum in its germination.

MATERIALS AND METHODS

The research was carried out at the “Los Palacios” 
Base Scientific and Technological Unit (UCTB Los 
Palacios) Cuba, at 22 ° 34 ‘32.73’ ‘N and 83 ° 14’ 11.95‘’ 
O, belonging to the National Institute of Agricultural 
Sciences (INCA) ), in the vegetative phase of sorghum 
(Sorghum bicolor L. Moench), with cultivars CIAP 132R 
and ISIAP Dorado. The experiment was carried out in 
the dry periods of 2017 and 2018 (January-March), in 
two stages, a first experiment under semicontrolled 
conditions in Petri dishes and a second experiment in 
conditions of metal trays.

The seeds of cultivars CIAP 132R and ISIAP 
Dorado, came from the marketing company of 
Consolación del Sur, Pinar del Río province which, 
according to the invoice, its percentage of germination 
was 85 %. In the case of the ISIAP Dorado cultivar, 
fresh seed was used, which was reproduced in the 
UCTB “Los Palacios”, with germination percentage 
of 93 %.

For the assembly of the germination tests from 
different seed calibers (mass), first, the seeds were 
classified optically (to the naked eye), which were 
separated according to their size, to form six groups 
and by means of an Analytical Scale (Model ML 
204/01), six ranges were established for their mass, 
which formed the treatments in the two sorghum 
cultivars. With the help of a grain counter (Model LG-A), 
20 seeds were counted at random and the treatments 
were shaped with their replicas and replications.



53

Cultivos Tropicales, 2018, vol. 39, no. 4, pp. 51-59                                                                                                            October-December

Treatments:
M1= 0,015 - 0,020 g
M2= 0,021 - 0,025 g
M3= 0,026 - 0,030 g
M4= 0,031 - 0,035 g
M5= 0,036 - 0,040 g 
Control (seed gauge mix)

First ExpErimEnt

Seeds were placed in Petri dishes (diameter 
0.1 m), on filter paper at the bottom of the plates, 
for a total of 20 seeds per plate, with ten replicates 
for each treatment and two repetitions in time, with 
interval between these 30 days. The experiment was 
conducted following a Fully Randomized Experimental 
Design.

The imbibition of the seed was done with the 
initial addition of 10 mL of distilled water per plate, 
72 h later, 5 mL per plate was added. In addition, 
three germination tests of 100 seeds per plate were 
prepared to corroborate the percentage of commercial 
germination.

The percentage of germination (PG), average 
number of days to germination (NMDG) and germination 
rate index (IVG) were determined. The PG was 
determined by quantifying the germinated seeds at 
24, 48, 72, 96 hours after sowing, the one with the 
visible radicle was considered as germinated seed. 
The mean number of days to germination (NMDG) and 
germination rate index (IVG) were determined using 
the mathematical formulas proposed by Maguire (12):

where: 
Ni is the number of seeds germinated within consecutive 
time intervals
Ti is the time in hours between the start of the test and 
the end of the interval
n is the total number of germinated seeds

sEcond ExpErimEnt

In the second experiment, seeds of sorghum were 
planted in metal tray (0.70 x 0.50 x 0.08 m), in the dry 
season of 2018 (January-March), which contained 
soil from the areas of the UCTB “Los Palacios”. The 
same treatments that were carried out in Petri dishes 
were established; but the 100 seeds that represent a 
treatment were deposited in each furrow. The trays 
were placed in a glass greenhouse.

(1)

(2)

The soil (Table 1) was classified as Gleysol 
Nodular ferruginous petroferric (13) and it was 
characterized by a slightly acidic pH; low organic matter 
(MO) content; interchangeable bases with typical 
contents for this type of soil and considered low and 
assimilable phosphorus (P) low (14).

Table 1. Some properties that characterize the 
fertility of the arable horizon

(0-0,20 m) of Gleysol Nodular ferruginous petroferric soil, n= 4 (15)

The analytical techniques used for the soil 
determinations of the UCTB “Los Palacios” were: pH: 
potentiometry, soil: water ratio 1: 2.5 (NC ISO 10390); 
organic matter (MO) by the Walkley and Black method 
(NC 51); interchangeable cations, from an extraction 
with NH4OAc 1 mol L-1 at pH 7 and determination by 
complexometry (Ca2 + and Mg2 +) and flame photometry 
(Na + and K +), according to NC 65 (2000); assimilable 
phosphorus (P), according to the Oniani method 
(extractive solution H2SO4 0.1 N), according to NC 52.

Before starting the sowing in the trays, 500 mL 
of distilled water was applied, then the seeds were 
deposited in the furrows (depth of sowing 0.01 m), 
which were covered with the same soil and another 
irrigation was carried out with 200 mL of distilled water. 
At 48 hours after sowing, irrigation was alternated with 
400 mL of distilled water, to maintain soil moisture until 
the end of the experiment (10 DAE).

Four repetitions were carried out under these 
conditions for the germination count (emergence), 
which started 48 hours after sowing in the trays and 
every 24 hours the same procedure was repeated 
until 96 hours after the first stage was made the first 
counting. In the last repetition after the germination 
count, the plants were allowed to grow until 10 days 
after the emergence, to determine the aerial dry mass. 
Twenty plants were taken by treatments of the central 
part of each furrow in the tray.

Property Unit Media Standard error

pH 6,46 0,15

MO % 2,86 0,13

Ca2+

cmol kg-1

6,97 0,13

Mg2+ 3,11 0,06

Na+ 0,21 0,02
K+ 0,18 0,02

Assimilable P mg kg-1 46,80 3,80
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Marks on the columns indicate Confidence intervals (α = 0.05), n = 10

Figure 1. Percentage of germination of sorghum (PG), cultivate CIAP 132R (A, repeat I and B, repeat II 
and ISIAP Dorado (C, repeat I and D, repeat II) in a 24 hour interval, until 96 hours
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The samples were placed in a stove with forced 
draft of air at 70 ºC, until reaching constant mass, which 
was measured in an Analytical Balance (Model ML 
204/01), the result obtained was expressed in g plant-1.

data procEssing and statistical analysis

In all the experiments, the assumptions of 
normality and variance homogeneity (Bartlett’s Test 
and Kolmogórov-Smirnov, respectively) were checked 
in each evaluated variable. The results of the soil 
analyzes were determined the Average, Medium, 
Standard Error and Variance.

The means of the treatments in the case of the 
germination percentage in time were compared from 
the Confidence Intervals for α = 0.05. The data obtained 
from the percentage of germination (PG), the index of 
germination speed (IVG), the average number of days 
to germinate (NMDG) and the accumulation of aerial 
dry mass (MSA) at -10 days after the emergence, they 
were processed by Analysis of Simple Classification 
Variance and when there were significant differences, 
the means were compared according to Duncan’s 
Multiple Range Test (p≤0,05). Simple regression 
analysis was also carried out between the percentage 
of final germination (PG) and the aerial dry mass (MSA) 
obtained at 10 DAE.

For all statistical analyzes the STATGRAPHICS 
Centurion on Windows Program, version XV was used.

RESULTS AND DISCUSSION

Taking as hypothesis that the mass of the seed 
(caliber) could be a fundamental element in the loss 
of the germination of the same, the mass of the grains 
(seed) was determined, being heterogeneous, with 
values from 0.013 g each seed up to 0.055 g. The 
variability in seed mass did not allow the selection of 
single values of seed sizes, so six groups of seeds 
were established for the investigation, which formed 
the treatments.

In the case of the percentage of germination (PG) 
of the cultivars evaluated in the time interval from 24 
hours to 96 hours, they showed in general a tendency 
to increase in time, from the M1 treatment to the 
control. The germination percentage in the seed (mass) 
gauge was higher for both cultivars CIAP 132R (Figure 
1 A and B) and ISIAP Dorado (Figure 1 C and D).

The seed size (mass) that showed the highest 
values were those that were in the range of 0.036-0.040 g, 
followed by 0.031-0.035 g.
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Treatments CIAP 132R ISIAP Dorado CIAP 132R ISIAP Dorado CIAP 132R ISIAP Dorado

PG (%) IVG NMDG

R I R II R I R II R I R II R I R II R I R II R I R II

M1 62 c 49 d 75 d 63 e 0,73 e 0,60 d 1,22 e 1,03 e 1,77 b 1,96 b 1,12 a 1,37 b

M2 69 b 62 c 79 cd 72 d 0,84 d 0,73 bc 1,32 d 1,12 d 1,75 b 1,89 bc 1,05 b 1,32 b

M3 70 b 65 c 86 b 80 c 0,92 c 0,77 b 1,40 c 1,21 c 1,72 b 1,82 c 1,03 bc 1,29 bc

M4 84 a 77 b 90 b 92 b 1,08 b 0,90 a 1,55 b 1,35 b 1,64 c 1,78 c 0,99 c 1,19 cd

M5 90 a 83 a 96 a 98 a 1,33 a 0,94 a 1,65 a 1,45 a 1,43 d 1,66 d 0,85 d 1,16 d

Testigo 72 b 66 c 80 c 82 c 0,78 e 0,68 c 1,34 d 1,15 cd 2,08 a 2,13 a 1,11 a 1,54 a

ESx 1,536 2,038 2,317 1,527 0,015 0,024 0,022 0,020 0,038 0,058 0,023 0,054

Table 2. Germination percentage, germination rate index and average number of days to germination of 
sorghum seed, cultivars CIAP 132R and Golden ISIAP under Petri dish conditions at 96 hours

Uneven letters in the column differ significantly (p <0.05), according to Duncan's Multiple Range Test, n = 10

Calibers seeds M1 (0.015-0.020 g); M2 (0.021-0.025 g); M3 (0.026-0.030 g); M4 (0.031-0.035 g); M5 (0.036-0.040 g) and control (mixture 
of seed size) 

(PG) percentage of germination        (IVG) germination rate index (NMDG) average number of days to germination

(RI) first repetition with fresh seed      (RII) Second repetition at 30 days after (ESx) Standard error of the mean
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The percentage of germination at 96 hours under 
the conditions of Petri dish, for the cultivar CIAP 132R 
ranged between 62 and 90 % with fresh seed (Table 2); 
However, 30 days after the experiment was repeated, 
the germination percentage ranged between 49 and 
83 %, with the lowest germination values corresponding 
to the seeds with the lowest mass.

In the case of the ISIAP Dorado cultivar, a behavior 
similar to the cultivar CIAP 132R was found, in terms 
of the percentage of germination at 96 hours. The 
highest values of germination corresponded to the 
seeds with the highest mass; that is, those that were in 
the range 0.036-0.040 g, followed by the seed calibers 
of 0.031-0.035 g. The percentage of germination for 
this cultivar ranged between 75 and 96 % with fresh 
seed, on the contrary, 30 days later in the repetition of 
the experiment, the percentage of minor germination 
(63 %), corresponded to the sizes of smaller seeds. 
mass and the treatment M4 and M5 maintained their 
percentage of germination, with respect to repetition I.

The IVG (Table 2) in both cultivars (CIAP 132R 
and ISIAP Dorado), showed a behavior similar to the 
germination dynamics in time and the percentage of 
final germination, depending on the seed size (mass). 
The IVG was always higher in the seeds of higher 
caliber. In the case of CIAP 132R, the IVG when the 
fresh seed was sown, the values oscillated between 
0.73 and 1.33.

At 30 days later in the repetition of the experiment, 
the values ranged between 0.60 and 0.94. On the 
contrary, IVG values were higher in the ISIAP Dorado 

cultivar, which oscillated between 1.22 and 1.65 with 
fresh seed and in the repetition of the experiment after 
30 days, the values decreased to 1.03 and 1,15 always 
the lowest values of IVG corresponded in both cultivars 
to the seeds with the highest mass.

The average number of days to germinate in 
sorghum (Table 2), in the cultivar CIAP 132R was 
lower in the M5 treatment in the first repetition and in 
the second repetition after 30 days, followed by the M4 
treatment. In the case of the ISIAP Dorado cultivar, a 
behavior similar to the cultivar CIAP 132R was found, 
the lower values of NMDG corresponded to the M5 
treatment in the first repetition and in the second 
to the M5 and M4 treatments. The highest NMDG 
corresponded to the control treatment in both cultivars.

The percentage of germination with an interval 
of 24 hours until 96 hours after planting under tray 
conditions (Figure 2A and B), showed the positive 
effect of the size of the seed (mass) in this indicator. 
The M5 treatment turned out to be the one with the 
highest percentage of germination for both cultivars 
(CIAP 132R and ISIAP Dorado). These results showed 
a behavior similar to the experiment under Petri dish 
conditions.

The percentage of final germination in the tray 
and soil conditions showed a behavior similar to the 
Petri dish conditions, both in the cultivar CIAP 132R 
and ISIAP Dorado, the seeds of greater caliber (mass) 
showed greater germinative power, with a 15 % of 
germination higher than the seeds of lower mass 
(Table 3).
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Marks on the columns indicate confidence intervals (α = 0.05), n = 4

Figure 2. Percentage of germination of sorghum, cultivate CIAP 132R (A) and ISIAP Dorado (B), in an 
interval of 24 h, until 96 h
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It is important to note that the germination values 
in the cultivar CIAP 132R ranged between 66 and 80 %; 
however, for ISIAP Dorado they were superior, ranging 
between 71 and 86 %.

Table 3. Percentage of sorghum germination, 
cultivate CIAP 132R (A) and Golden ISIAP 
(B) under tray conditions at 120 hours

Uneven letters in the column differ significantly (p <0.05), according 
to Duncan’s Multiple Range Test, n = 20

Calibers seeds M1 (0.015-0.020 g); M2 (0.021-0.025 g); M3 (0.026-
0.030 g); M4 (0.031-0.035 g); M5 (0.036-0.040 g) and control 
(mixture of seed size)

The dry aerial mass at the end of the experiment; 
that is, at 10 days after the emergency, it showed the 
positive effect that the seed size (mass) has on the 
variables previously evaluated and specifically on the 
total dry mass, after the treatments of greater caliber 
(M4 and M5) were the ones that accumulated greater 
dry aerial mass in the two cultivars.

From a regression analysis, a strong relationship 
was found between the percentage of germination 
(PG) and the aerial dry mass (MSA) in both cultivars, 
with coefficients of determination of R2=0.9358 for 
cultivating CIAP 132R and R2=0.9358 for the cultivated 
ISIAP Dorado (Figure 3).

Treatments CIAP 132R ISIAP Dorado
M1 65,75 d 71,25 d
M2 68,50 d 74,75 c
M3 71,50 c 76,75 c
M4 74,75 b 80,75 b
M5 79,75 a 85,75 a
Testigo 73,00 bc 76,25 c
ESx 3,68 1,80

Regression coefficient (R2) Aerial dry mass (MSA)

Figure 3. Regression between the percentage of 
germination (PG) at 96 hours and the 
aerial dry mass (MSA) at 10 days after the 
emergence of sorghum plants, cultivars 
CIAP 132R and ISIAP Dorado, grown in 
a tray on a Gleysol Nodular ferruginous 
petroferric soil
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The variability found in the grain mass, with 
values ranging from 0.015 g to 0.040 g for these two 
cultivars, may be due to the specific characteristics 
of the sorghum plant. As for its own growth and 
development, which must be associated with genetic 
and environmental patterns. The size of the grain and 
its mass varies in sorghum, usually from 2.0 to 4.5 mm 
in diameter and on average its mass is around 25 g per 
1000 grains, but it can vary from 13 to 40 g per 1 000 
grains (16). This variation in the mass of the grain will 
depend on the genetic factor (potential mass) and the 
ability of the plant to accumulate dry matter during the 
growth stage of grain filling (16). Climate, soil fertility 
and available water influence the size and final mass 
(weight) of grains. In general terms, 85% of the dry 
matter produced by the plant during the GS III growth 
stage (grain filling stage) goes directly to the grain (16).

In this regard it was reported that the mass of 
the seed is related to the amount of reserve it has, to 
subsequently complete the germination process with 
greater vigor (17). The size of the seed is considered 
as an indicator of physiological quality, due to the 
fact that seeds of greater size or greater mass show 
better germination and vigor (18,19). However, for 
other graniferous species, what is expressed above 
in relation to grain size is not fulfilled, as is the case of 
rice grain (Oryza sativa L), where its mass varies by 
type and cultivar (20,21).

For the CIAP 132R sorghum cultivar it was 
indicated that the mass of the grains as average of a 
panicle is 26.8 g (8.22), and for the case of the ISIAP 
Dorado cultivar the average is 29.5 g (23,24), therefore, 
the presence of larger grains is possible in the ISIAP 
Dorado cultivar; Not so for the CIAP 132R, which has 
a lower average mass. However, the seed is marketed 
with a variety of seed size.

The percentage of germination in time, in the 
two cultivars (CIAP 132R and ISIAP Dorado) up to 
96 hours after sowing, the rate of germination speed 
and the average number of days to germinate, was 
in correspondence with the size of the seed. These 
results may be due to the fact that the seeds of higher 
caliber contain a greater amount of reserve substance 
and associated with this the possibility that they can 
store a greater quantity of water, necessary to complete 
the germination. It was reported that in the seed several 
processes occur that depend solely on seed reserves.

The embryo’s gibberellic acid acts on the aleurone 
layer where the amylase enzyme is activated, which 
initiates the degradation of reserve substances 

contained in the endosperm and cotyledon. From 
the digestion of reserve tissues, various compounds 
are released to be reused in multiple synthesis 
processes. Complex molecules such as: celluloses, 
hemicelluloses, starches, amylopectins, lipids, lignins, 
proteins, nucleic acids, vitamins and hormones, are 
degraded to simple molecules by specific enzymes 
(17,20).

The decreases in the values of germination 
between one moment and the other, that is, the 
experiment that was mounted with fresh seed and 30 
days later, can be due fundamentally to three factors, 
to the physiological maturation of the seed, to the 
conditions of storage of them and internal changes 
in the seed caused by the two previous factors. This 
result indicated that the sorghum seed quickly loses 
its germinative power, from the transformations that 
occur in the seed.

In this regard, it was indicated that the causes 
that cause the degradation of these substances and 
that lead to the loss of vigor and the germinability 
of the seeds are diverse and not yet known (25). 
However, as the subcellular structures are composed 
of lipids and proteins, over time, the cell membrane 
gradually degrades, losing its selective capacity. 
This deterioration is carried out as a result of the 
autoxidation of the lipids, in seeds with reserves of 
oils, forming peroxides that activate some enzymes 
and that affect the viability and vigor of the seeds (9).

To use in the productive practice seeds of sorghum 
of greater caliber (mass), is an important element to 
guarantee the production, as well as increases in the 
same one. That is why, the tests of emergency speed 
or of germination, to establish the IVG, allows to 
obtain better estimators of vigor of these, to be used 
in programs of genetic improvement, since it has been 
demonstrated that plants with greater vigor, possess 
superior characteristics of leaf area, dry mass and 
root length (12).

The results in soil tray conditions corroborate what 
was found in the previous experiment, in terms of the 
percentage of germination in time and 96 hours after 
sowing, as well as the aerial dry mass 10 days after 
emergence. Always the largest seed size showed the 
best results in these indicators (PG over time, PG 
and MSA). These results suggest the use of seeds of 
greater caliber, which correspond to a greater filling 
and biological maturation in the panicle (16,17).
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Several studies on seed germination analyze the 
factors that can influence germination, such as light, 
temperature, and humidity (18,26). However, there are 
few studies that take into account the mass of the seed 
as an essential element to achieve high production. It 
is important to point out that the conditions in which 
the experiment was carried out, the emergence of 
coleoptile was visible at 48 hours, and that is, 24 hours 
after what happened in the Petri dishes.

In order to increase the indicators of germination 
in sorghum it is necessary to classify the seed, with 
the purpose of marketing those of greater caliber 
and achieve high percentages of germination and 
uniformity in the plantation. Sorghum seeds are small 
in size, with few reserves, are demanding in soil 
conditions for their implantation and weeds compete 
with advantage in the early stages. Its initial growth is 
slow compared to corn (Zea mays L.) and soybean 
(Glycine max L.), in fact, the growth is not fast until 15 
cm high, which is when the plant begins to accelerate 
its growth (24).

The NMDG is an important indicator in the 
agronomic management of sorghum, due to its positive 
effect on competition with weeds and is directly related 
to the IVG. That is why, finding a higher NVDG in the 
control treatment in both cultivars can be considered 
unfavorable for the crop, mainly due to the mixture of 
seed size.

The high relation that was found between the 
percentage of germination (PG) and the aerial dry mass 
(MSA) in both cultivars (CIAP 132R and ISIAP Dorado), 
corroborated with the coefficients of determination, 
explained 93 % of the adjusted model of the variability 
in PG for the cv. CIAP 132R and in the case of cv. 
ISIAP Dorado the adjusted model explained 88 % of 
the variability in PG. These results again indicated the 
positive effect of seed size (mass), to achieve greater 
growth in its first stage of development. Element that 
is fundamental for the adaptability and competence of 
these plants in field conditions and, therefore, achieve 
a greater population and survival, from which the slow 
growth of sorghum is recognized in its first stage of 
development (1,16, 23.27,28).

Based on the results achieved under Petri dish 
conditions and in trays with soil, the seed size 0.036-
0.040 g could be considered the adequate mass to 
ensure a rapid and successful germination product 
of a balance between physiological maturity and the 
reserves of the seed. These results, in terms of the 
effect of the seed size (mass) for this crop, suggest 
that small seeds are not capable of surviving a greater 
number of microsites and currently the influences 

of climate change processes (29). On the contrary, 
the seeds of greater caliber (mass) have a greater 
metabolic reserve, which increases the probability of 
establishment of the seedlings and of adapting to the 
adverse conditions created by climate change.

CONCLUSIONS AND 
RECOMMENDATIONS
 ♦ The seeds of sorghum of greater caliber (0.036-

0.040 g) reach higher percentage of germination, 
index of speed of germination, smaller number of 
days to germinate and conserve for a longer time 
their germinative power.

 ♦ It is crucial in the first stage of growth of the sorghum 
crop the seed size (mass), because it has greater 
germinative power and accumulation of aerial dry 
mass.

 ♦ It is recommended to use seed size (dough) greater 
than 0.030 g and perform other investigations at 
the biochemical level that explain the germinative 
power of the seeds of higher caliber (mass) in the 
sorghum culture.
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