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Abstract: Two separated sets of laboratory experiments were studied for barley 

seeds treating using a microwave and ultraviolet irradiation. In the microwave set, 

seeds have been exposed to the microwave radiations (2450 MHz) for 0 sec (control, 

MW0), 5 sec (MW1), 10 sec (MW2), and 20 sec (MW3), while in the ultraviolet set, 

seeds have exposed to UV-C radiation (254 nm) for 0 min (control, UV0), 30 min 

(UV1), 60 min (UV2), and 120 min (UV3). The aim is to study the influences of 

different exposure time from MW and UV-C radiation on some barley seed 

germination parameters and to choose the fitting model Logistic (Log) or Gompertz 

(Gom) suited to cumulative germination curves under the influence of these factors.  

The results of this study showed higher seed germination percentage (93.33%) at the 

exposure time MW2 and UV3 (88.33%), whereas the lowest value (66.67%) recorded 

in MW3 treatment. The results also appeared the best values at MW2 in SG, 6.24 

seed day-1; in GRI, 31.19% day-1, and in GI, 87.67, as well as at UV2 in MGT, 3.32 

day. The higher value of asymptotic germination barley seeds was found with Gom 

function (97.24%, and 88.71%) at MW2 and UV3, respectively. Besides, Gom 

functions at MW1 and UV2 give the highest maximum germination rates at 2,08 and 

2.51% h-1, respectively. The results of the Log equation illustrated the highest value 

of germination percentage of the inflection point has recorded in 43.85 and 47.37 % 

on UV3 and MW2 treatments, respectively. For the fitting growth curve, the results 

have proven that the Gom function was shown the lowest values in MSE in all MW 

and UV exposure times, as compared with the Log function. So, the results of the 

Gom function were more fit for the growth curve for MW and UV treatments, as 

compared with the Log function.   

Keywords: Microwave radiation, Ultraviolet radiation, Germination parameters, Logistic function, 

Gompertz function, inflection point.  

Introduction   

The physical treatment techniques can be 

considered one among the safest commons 

methods for increasing the seeds germination 

and plant growth, which is thanks to the less 

harmful influence on the environment. As well 

as, physical factors have used to get a positive 

biological change in the plants without 

affecting on the ecology (Govindaraj et al., 

2017). Most perspective of the physical factors 

currently uses for seed treatments, for 
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instance, electromagnetic waves, like 

ultraviolet and microwave radiation, 

ultrasound, laser, and ionizing radiation. 

Among the physical treatments, microwave 

and UV-radiation,  especially, are considered 

the foremost important in pre-sowing seed 

treatments. (Araujo et al., 2016). Microwaves 

(MWs) are part of the electromagnetic 

spectrum, which is a non-ionizing 

electromagnetic with a high-frequency range 

from 300 MHz to GHz with a wavelength 

range from 1m down to 1mm (Wang et al., 

2018). Microwave radiation effects depend on 

radiation frequency and exposure period. 

Generally, low microwave exposure has been 

successfully used as a positive effect on the 

accelerating seed germination, while a long 

exposure usually tends to reduce plant growth. 

Recently, several authors reported the positive 

influence of MW on the barley seed 

germination at low MW exposure, while the 

longer exposure times have shown a negative 

effect on seed germination (Iuliana et al., 

2013; Abu-Elsaoud & Qari, 2017; Kretova et 

al., 2018). Besides, further studies conducted 

by Aladjadjiyan (2010), Amirnia (2014), Abu-

Elsaoud (2015); Jakubowski (2015) and 

Mohsenkhah et al. (2018); whose indicated 

that MW can be used as a method of seed 

germination improvement in pepper, wheat, 

bean, soybean, and lentil respectively. 

     Ultraviolet (UV) radiation is considered 

electromagnetic radiation, and these radiations 

have traditionally divided into three 

wavelength ranges included UV-A (320-

390nm), UV-B (280-320nm), and UV-C (100-

280nm). Between these ranges, UV-C 

radiation is extremely active photochemical 

and biologically lethal and used by some 

authors as stimulated the germination of rate 

maize and Sugar Beet seeds (Sadeghianfar et 

al., 2019). Also, UV-C irradiation employed to 

increase seed germination and growth 

parameters of wheat (Nasur & Lazim, 2001; 

Rupiasih & Vidyasagar, 2016) groundnut 

(Neelamegam & Sutha, 2015). Several 

researchers have used some statistical 

functions to analyzing the seed cumulative 

germination curves, like Gompertz function 

(Gupta et al., 2012; Sousa et al., 2014), 

Logistic function (Hsu et al., 1984), 

Generalized logistic function (Karadavut et al., 

2008; Szparaga & Czerwinska., 2017). 

Weibull function (Bonner & Dell, 1976; 

Bridges et al., 1989; Oraki et al, 2011) and 

Richards function (Berry et al., 1988; Hara, 

1999). Also, some authors have used 

mathematical expression through the study of 

germination kinetics after prior physical seed 

treatments (Torres et al., 1988; Muszynski & 

Gładyszewska, 2008; Matwijczuk et al., 

2012). The main goal of this study were to (i) 

to identify the influences of microwave and 

UV-C radiation on some barley seed 

germination characteristics. (ii) Choose the 

predictive fitting model (Logistic or Gompertz 

function) suited to cumulative barley seed 

germination curves under the influence of 

these factors. 

Material and Methods  

Seeds of barley (Arivat) cultivar selected for 

uniform size and shape were first to have 

soaked in distilled water for 1 hour. After that, 

seeds have divided into two sets, each set 

divided into four groups, and each group 

containing 60 seeds in three replicates. Set one 

barley seeds have exposed to Microwave 

radiation (MW) at2450 MHz, for 0 (MW0) as 

a control, 5 (MW1), 10 (MW2), and 20 

(MW3) seconds. While in the set two, seeds 

were exposed to a different period time to 

Ultraviolet-C (UV-C) radiation of 254 nm, for 

0 (UV0) as a control, 30 (UV1), 60 (UV2), 

and 120 (UV3) minutes.
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     After receiving treatments, the two sets 

of seeds were then planted under the 

laboratory conditions in Petri dishes (100 

mm in diameter) with an absorbent paper 

towel moistened with distilled water. After 

two days, the start of the  experiment, a 

final number of cumulative seed 

germination was counted daily at intervals 

12-hour, and therefore the percentage of 

germinated seeds recorded until the eighth 

day when there have been no more 

germinated seeds.  The seeds have 

considered germinated when the radical has 

about 2 mm long or more. For evaluation of 

the influence of MW and UV-C treatments 

on barley seeds, some germination 

parameters have calculated as follows:  

    The final percentage of seeds 

germination (FGP %) represented the total 

number of seedlings at the end of the test 

after seventh days, which calculated as the 

following formula: 

FGP % =
NGSAD7

 TNSP
 × 100         (1)  

NGSAD7: Number of Germination Seeds 

After 7 Days 

TNSP: Total Number of Seeds Planted 

     The speed germination (S.G) was 

calculated according to Mohammad et al. 

(1989) as: 

S. G =
NGS

D1stC
+ ⋯ +  

NGS

DFC
 (seed day−1)      (2) 

NGS: Number of Germination Seeds 

D1st C: Days of first count 

DFC: Days of Final Count 

     Mean Germination Time (MGT) was 

calculated according to the following 

formula of  Soltani et al. (2015): 

𝑀𝐺𝑇 =
∑ 𝑛𝐷

𝑛
(day)     (3) 

Where n is the number of seeds, which 

have germinated corresponds to the day D 

observation (not the accumulated number), 

and D is the number of days counted from 

the beginning of germination.  

Germination Rate Index (GRI) has 

calculated according to the following 

formula of Esechie (1994): 

  

𝐺𝑅𝐼 =  
𝐺1

1
+

𝐺2

2
+ ⋯ +

𝐺𝑛

𝑛
 ((% day−1)   (4)  

Ginf: is the germination percentage at the 

point of inflection of Logistic and 

Gompertz and curves (Ginf) at which 

growth have been reached to1/2C and 

0.368c, respectively. While the maximal 

rate of germination for the inflection point 

was calculated as vmax= C.A/4 and vmax= 

C.A/e for Log and Gom model, 

respectively. 

Where G1, G2…Gn are the germination 

percentage × 100 at the first, second and 

subsequent days after sowing until the 9th 

day; 1, 2 and n are the days of first, second 

…and final count, respectively. 

    Germination Index (GI) was calculated 

according to the following formula of kader 

(2005):  

𝐺𝐼 = (10 × 𝑛1) + ⋯ + (1 × 𝑛10)     (5) 

Where n1, n2. . . n9 are the number of 

seeds germinated on the first, second, and 

subsequent days until the 10 th day; 10, 9. . 

and 1: - are the number of seeds germinated 

on the first, second, and subsequent days, 

respectively. 
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    The Logistic and Gompertz models were 

used for analyses the cumulative 

germination curves of barley seeds 

overtime after the impact of a UV-C and 

MW radiation. Also, a comparison between 

the two models was performed separately 

in each treatment. All computations were 

made using the excel program. The 

functions of Logistic and Gompertz were 

given in the following equations (1) and 

(2), respectively. 

Logistic model 

  Y = C/[1 + B ∗ exp(−A ∗ T)]     (6) 

Gompertz model  

 Y = C exp[−B ∗ exp(−A ∗ T)]     (7) 

Where: Y(T) is the cumulative percentage 

of seeds that have germinated at any fixed 

time, expressed as a percentage. While, T 

means a germination time, expressed as 

time growing in hours after sowing. C is 

that the asymptotic value for y(T), which 

represents the maximum cumulative 

percentage of germinated seeds after a long 

time, while B and A are coefficients 

calculating by the Excel program. To 

statistically describe the germination 

process, the following parameters have 

calculated: 

 Tinf: is the time of obtaining the curve 

inflection point of Logistic and Gompertz 

curve ( 𝑇𝑖𝑛𝑓 =
ln 𝐵

𝐴
 ). 

    The best-fitting growth curve was done 

based on the coefficient of determination 

(R2), and mean square error (MSE). The 

statistical analyses have been used in the 

experimental study, according to a 

completely randomized design (CRD), with 

three replications, each petri dish represents 

one replicate. To analyses, the results mean 

comparisons between the treatments have 

performed by LSD test at a level of 0.05 

significance using SPSS 20. 

 

Results & Discussion: 
 

Germination characteristics: 

Germination parameters of barley seeds for 

treatment with microwave have shown in 

table (1). According to obtained results, 

most microwave treatment in all exposure 

time was gave a significant effect on all 

studied seed germination parameters, 

except the mean germination time. To 

compare the values of microwave-treated 

seeds with untreated seeds, the maximum 

final germination percentage (93.33%), 

speed germination (6.24), germination rate 

index (31.19) and germination index 

(87.67) have been observed a positive 

effect at a shorter exposure time (10s),  

which increased by 21.73, 44.77, 42.87 and 

28.30%, respectively. While the lowest 

values germination percentage (66.67%), 

speed germination (3.44), germination rate 

index (18.19) and germination index 

(56.67) have been given a negative effect at 

a longer exposure time (20 s), which 

reduced by 13, 22.50, 16.67, and 17%, 

respectively compared with untreated 

seeds. Moreover, despite the no-show 

significant effect on mean germination 

time, the greatest reductions (3.37) were 

found at exposure time (10sec) compared 

to untreated seeds (3.70) in table 1. 

According to these results, it is clear that 

the microwave treated had both positive 

and negative effects on barley seed 

germination, which are in agreement with a 

several studies of seed treatments with 

microwave radiation, for example, wheat 

(Lazim & Ramadhan, 2020); barley 
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Table (1): Effect of the different exposure times of microwave radiation on some germination 

characteristics of barley seeds, expressed as mean and standard error. 

 

Exposure 

time 

sec 

Seed Germination Characteristics   

FGB 

 % 

S.G 

seed day-1 

MGT 

day 

GRI 

% day-1 

GI 

 

MW0 76.67b± 1.67 4.31ab ± 0.34 3.70 ± 0.15 21.83b ± 0.92 68.33b ± 1.33 

MW1 83.33c± 1.65 5.11bc ± 0.08 3.46 ± 0.13 25.56c ± 0.41 77.67bc ± 2.60 

MW2 93.33d± 1.66 6.24c ± 0.10 3.37 ± 0.05 31.19d ± 0.49 87.67c ± 4.06 

MW3 66.67a± 1.59 3.34a ± 0.48 3.75 ± 0.18 18.19a ± 1.42 56.67a ± 2.03 

L.S.D 5.43 0.98 N.S 2.95 8.80 

FGB: Final germination percentage; SG: Speed germination; MGT: Mean germination time; GRI 

Germination rate index; GI: Germination index and N.S= Non-significance: The different superscript 

letters across each column are mean significantly different at P< 0.05 level. 

 

 (Iuliana et al., 2013; Abu-Elsaoud & Qari, 

2017) and bean (Jakubowski, 2015). 

Microwave radiation has both positive and 

negative effects on plant seed germination, 

depending on the time of exposure. 

Different germination characteristics in this 

experiment have affected by time exposure 

dependent. However, the low exposure 

time (5 and 10 sec) stimulated seed 

germination, while higher exposure time 

(20 Sec) inhibited seed germination. 

Several authors have researched 

responsible behavior as a mechanism for 

the positive effects of seed treatment with 

MW. Al Mashhdani & Muhammed (2016) 

and Kretova et al. (2018) observed an 

increase in amylase activity enzymes, 

which may be attributable to the positive 

effect of wheat and barley seed treated with 

MW. Moreover, an increase in a catalase 

and superoxide dismutase activity in 

buckwheat sprouts during microwave seeds 

treatment have observed by Wang et al. 

(2018). Also, Chen et al. (2005) observed 

changes in enzymatic activity and 

accelerate enzyme-mediated reactions in 

Isatis indigotica fort seed embryos, leading 

to an increase in the internal energy of the 

seed germination treated with MW. While 

the longer exposure time of an MW 

radiation may have a detrimental action on 

the germination seeds (Kuzugudenli, 2018). 

Results of germination characteristics from 

barley seed treated with UV-C radiation 

have been summarized in table (2).  

     A comparison of mean germination 

characteristics found that there was no 

significant effect among treatments in all 

germination characteristics of barley seeds. 

Further, in the same table and spite of, no-

showed significant effect in all germination 

characteristics, however, the best treatment 

with UV radiation were shown from 

exposure for 120 min in FGB (88.33%) and 

GI (82.33) compared with untreated seed, 

which increased by 6 and 7.38 %, 

respectively. While the lowest value has 

recorded at 60 min exposure time in FGB 

(78.33) and GI (69.67) compared with 

untreated seed, which reduced by 6 and 

9%, respectively. Results of barley seed 

germination within the present study could 

be found agreement or non-agreement with 

several authors. Sadeghianfar et al. (2019) 

and Neelamegam & Sutha (2015) did not 

find any significant effect on the 

germination percentage of the maize, 
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sorghum, and Groundnut seeds, 

respectively, when have been exposed to 

UV-C ray up to 60 min. While a significant 

increase in the germination of mung bean 

has been observed by Siddiqui et al. (2011) 

when seeds have treated for 30 minutes. 

Furthermore, Rupiasih & Vidyasagar 

(2016) were observed a stimulation in the 

germination percentage of wheat seed 

treated with UV-C rays for up to 180. 

While, Lazim & Nasur (2017) reported that 

reduced the germination percentage of 

sorghum seeds irradiated with UV-C rays 

for 30 and 60 min. 

  

Table (2): Effect of various exposure times on barley seeds from UV-C radiation on 

some germination characteristics of the barley plant, expressed as mean and standard 

error. 

 

 

 

Exposure 

time 

sec 

Germination Characteristics   

   

FGB 

 % 

S.G 

seed day-1 

MGT 

day 

GRI 

% day-1 

GI 

 

UV0 83.33 ± 6.67 5.19 ± 0.42 3.40 ± 0.05 25.64 ± 2.62 76.67 ± 5.90 

UV1 78.33 ± 6.01 4.73 ± 0.53 3.47 ± 0.19 23.58 ± 2.69 69.67 ± 8.01 

UV2 85.00 ± 5.77 5.33 ± 0.37 3.32 ± 0.05 26.64 ± 1.84 79.67 ± 5.81 

UV3 88.33 ± 1.67 5.54 ± 0.21 3.34 ± 0.07 27.72 ± 1.05 82.33 ± 2.73 

L.S.D N.S N.S N.S N.S N.S 
FGB: final germination percentage; SG: speed germination; MGT: mean germination time; GRI 

germination rate index; GI: germination index and N.S= Non-significance: The different superscript 

letters across each column are mean significantly different at P< 0.05 level. 

 

    It is well known that the irradiation of 

seeds with UV-C changed in the 

morphology and germinative behavior of 

plants (Siddiqui et al., 2011). The 

antioxidants and peroxidase enzyme 

activities are often one of the several 

mechanisms of free radicals, which formed 

in UV irradiation treated seeds. UV-C 

exposures can lead to the formation of 

reactive oxygen species (ROS), which are 

responsible for causing oxidative stress and 

secondary damage in the plant cell. 

Moreover, the antioxidants and peroxidase 

enzyme activities were well known 

involved in the mechanisms of inhibition of 

free radicals, which have formed in UV 

irradiation treated seeds (Rogozhin et al., 

2000; Peykarestan & Seify, 2012). Further 

data showed that biochemical parameters 

mechanism associated with UV-C as lipid 

peroxidation and proline enzymes might be 

involved in resistance and effectiveness of 

irradiation dose (Aboul Fotouh et al., 

2014). In addition, low doses of UV-C may 

be considered inactivation of enzymatic 

and nonenzymatic protection. Whereas, at 

high doses of UV-C radiation, it has found 

acts negatively on growth, development, 

photosynthesis, and physiological 

mechanisms in the plants, and it's leading 

to high concentration ROS  which causing 

cell death (Badridze et al., 2015).  
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Fig. (1): Mean values of germination 

percentage of barley seeds as affected by 

different exposure times from the 

microwave radiation. 

    Fig. (1) shows the germination process 

curves of the microwave treated seeds, 

which compared to the untreated seeds 

(control). As introduced in the fig. (1), an 

increasing in the germination percentage at  

in short exposure to MW radiation (5 and 

10 sec), however, higher exposure time (20 

sec) resulted in significant decreases in the 

seed germination.   

    Points on the curves represent the 

percentage of the actual number of seeds 

germinated obtained from the counting 

daily at 12-hour intervals. Germination 

Percentage expresses the growth of seeds 

per hour, which has found to be the lowest 

value in untreated seeds. The germination 

of the treated seeds at exposure time  2 and 

4 hours, and untreated seeds have started 

after 48 h of sowing which has reached to 

83.33, 93.33, and 76.67%, respectively, 

during 144 hr, while the treated seeds of 

6hr were started after 60 h of sowing and 

reached 66.67% at 108 hr.  

 

Fig. (2): Mean values of germination 

percentage of barley seeds as affected by 

different exposure times from the UV-C 

radiation  
 

    Fig. (2) shows the germination process 

curves of the UV treatment seeds as 

compared to the control seeds. Points on 

the curves describes the percentage 

germinated of the actual number of seeds 

obtained from the counting every day at 12-

hour intervals. The germination of the 

treated seeds at 60 and 120 min started 

after 48 hr of sowing, reaching 85% and 

88.33% respectively at 144 hr, while the 

untreated and treated seeds at 30 min 

started after 48 hr of sowing, reaching 

83.33 and 78.33% at 120 hr. 
 

Gompertz and Logistic function analysis 

 of germination:  

Fig. (3) shows the cumulative germination 

of growth curves barley seeds for various 

exposure times of the microwave radiation 

by Logistic and Gompertz functions fitting 

to measurement points by using a computer 

program. The germination results obtained 

from the plotting of Logistic and Gompertz 

curves based on Eqs. 6 and 7, respectively. 

The open symbols in each curve represent 

values obtained from measurements, while 

the solid symbols were the Logistic and 

Gompertz functions calculate. Exposure 

time are: 0s (MW0), 5s (MW1), 10s 

(MW2) and 20s (MW3). 
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Fig. (3): The experimental and model germination curves of barley seeds as a 

function of a germination  time for various times of microwave radiation exposure. 

Open symbols (o): Experimental-data; Solid symbols ( ): Model- data. Gompertz and 

Logistic equations were fitted to the mean values of 3 replications of 20 seeds each per 

treatment. 

 

    Fig. (4) shows the cumulative 

germination of barley seed growth curves 

for different UV-radiation exposure times 

using the Logistic and Gompertz equations, 

6 and 7, respectively. In each curve, the 

open symbols represent the values obtained 

from measurements, while the solid 

symbols represent the values of Logistic 

and Gompertz models calculated. Exposure 

time: 0min (UV0), 30min (UV1), 60min 

(UV2), and 120min (UV3).    Results from 

the growth curve fitting of Gompertz and 

Logistic equations to cumulative 

germination data in each microwave 

treatment were summarized in tables (3) 

and (4), respectively. 

0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW0
Germination %

Gompertz
0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW0
Germination %

Logistic

0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW1
Germination %

Gompertz
0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW1
Germination %

Logistic

0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW2
Germination %

Gompertz
0

20

40

60

80

100

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW2
Germination %

Logistic

0

20

40

60

80

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW3
Germination %

Gompertz
0

20

40

60

80

0 100 200

G
er

m
in

at
io

n
 %

Time hr

MW3
Germination %

Logistic



Lazim & Ramadhan/Basrah J. Agric. Sci., 33(2): 28-41, 2020 

36 

 

 

 

 
Fig. (4): The experimental and model germination curves of barley seeds as a function 

of a germination  time for various times of ultraviolet radiation exposure. Open 

symbols (o) is experimental-data; solid symbols ( ) is Model- data. Gompertz and 

Logistic equations were fitted to the mean values of 3 replications of 20 seeds each per 

treatment. 

 
 

    The maximum value of asymptotic 

germination barley seeds using an exposure 

time MW3 has been recorded in the 

Logistic and Gompertz growth curve at 

94.75% and 97.24%, respectively. Higher 

value of germination percentage at the 

inflection point has been estimated for 

Logistic (47.37%) at MW2 treatment and 

the lowest for Gompertz (25.42%) at MW3. 

While the highest time at the point of 

inflection has found for Logistic (76.88 hr) 

at MW3, and the lowest has found for 

Gompertz (57.07 hr) at MW1. Results also 

show the maximum germination rates have 

been reached 1.84 %h-1 for untreated seeds 

for the Logistic model and to 2.08%h-1 for 

seeds exposed to 5s for the Gompertz 

model. Results from the growth curve 

fitting of Gompertz and Logistic equations 

to cumulative germination data in each UV 

treatment are summarized in the tables (5 

and 6), respectively. The asymptotic value 
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of the cumulative percentage of germinated 

barley seeds has been obtained from the fit 

curve of Logistic and Gompertz equations, 

where is concluded the highest values at the 

UV3 treatment in 87.7% and 88.71% were 

observed. The highest value of germination 

percentage at the inflection point has been 

estimated at UV3 treatment of Logistic 

(43.85%), while the lowest value has been 

found at UV1 treatment for Gompertz 

(28.15%). Moreover, the higher time at the 

point-inflection has been found at UV1 

treatment for Logistic (70.54 hr), and the 

lowest time has been found at UV3 

treatment for Gompertz (60.26 hr). Results 

also show the maximum germination rates 

have been reached to 2.32 and 2.51 %h-1 

for seeds exposed to 60 min for Logistic 

and Gompertz, respectively.  

 

Table (3): Estimated parameters, MSE and R2 values of barley seed germination using 

Logistic model for microwave radiation. 

 

 

 R2 

Inflection point  
 

 

Treatment 

 

MSE 

 

 

Ginf 

(%) 

 

Tinf 

(h) 

 

𝑣𝑚𝑎𝑥  

(%h−1) 

 

C 

(%) 
B 

 

A 

)h−1( 

0.77 9.027 36.81 67.48 1.84 73.62 848.73 0.10 MW0 

0.73 16.83 40.02 68.38 1.80 80.04 470.63 0.09 MW1 

0.91 4.90 47.37 62.22 1.18 94.75 22.45 0.05 MW2 

0.88 15.78 33.85 76.88 1.18 67.71 217.52 0.07 MW3 
A, B and C are model parameters, R2: correlation coefficient, MSE: mean square error 

 

Table (4): Estimated parameters, MSE and R2 values of barley seed germination 

using the Gompertz model for microwave radiation. 

 

 

 R2 

 Inflection point  
 

  

Treatment 

 

MSE 

 

 

Ginf 

(%) 

 

Tinf 

(h) 

 

𝑣𝑚𝑎𝑥  

(%h−1) 

 

C 

(%) 
B 

 

A 

)h−1( 

0.79 3.64 27.63 68.06 1.65 75.11 59.38 0.06 MW0 

0.74 7.87 29.81 57.07 2.08 81.05 54.33 0.07 MW1 

0.91 3.39 35.77 63.50 1.07 97.24 6.72 0.03 MW2 

0.88 12.05 25.42 66.41 1.27 69.11 27.68 0.05 MW3 
A, B and C are model parameters, R2: correlation coefficient, MSE: mean square error 

 

Table (5): Estimated parameters, MSE and R2 values of barley seed germination 

using Logistic model for ultraviolet radiation. 

 

 

 R2 

 Inflection point  

Treatment  

MSE 

 

 

Ginf 

(%) 

 

Tinf 

(h) 

 

𝑣𝑚𝑎𝑥  

(%h−1) 

 

C 

(%) 
B 

 

A 

)h−1( 

0.77 2.37 41.66 67.83 1.87 83.32 447.88 0.09 UV0 

0.76 3.88 37.62 70.54 1.69 75.24 571.60 0.09 UV1 

0.69 3.59 42.25 63.49 2.32 84.50 2036.58 0.11 UV2 

0.72 7.06 43.85 65.82 2.19 87.70 722.08 0.10 UV3 
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A, B and C are model parameters, R2: coefficient of determination, MSE: mean square error 

Table (6): Estimated parameters, MSE and R2 values of barley seed germination 

using the Gompertz model for ultraviolet radiation. 

 

 

 R2 

 Inflection point   

 

 

   

Treatment 

 

MSE 

 

 

Ginf 

(%) 

 

Tinf 

(h) 

 

𝑣𝑚𝑎𝑥  

(%h−1) 

 

C 

(%) 
B 

 

A 

)h−1( 

0.78 0.64 31.11 63.68 1.86 84.55 45.65 0.06 UV0 

0.78 0.88 28.15 65.32 1.68 76.51 50.36 0.06 UV1 

0.70 0.43 31.41 60.47 2.51 85.36 126.21 0.08 UV2 

0.72 1.59 32.51 60.26 2.28 88.71 67.95 0.07 UV3 
A, B and C are model parameters, R2: coefficient of determination, MSE: mean square error

    Results from the growth curve fitting show 

that Gom function recorded the lowest MSE 

in all MW and UV exposure time, as 

compared with the Log function (Tables 3, 4, 

5, and 6). It is concluded that the Gom curve 

model is more suitable compared to the Log 

model for MW and UV treatments. 

Conclusions:  

The results of this study provided that at the 

exposure time 10s gives the best values for all 

seed germination characteristics of barley 

plants by the microwave treatments. As well 

as the best results, were recorded in the final 

percentage germination and the germination 

index at exposure time 120 min of UV 

treatment. The maximum value of asymptotic 

germination barley seeds has been found 

within the Gompertz growth curve model 

with microwave, and ultraviolet treatments 

for exposure times at 10s, and 120 min, 

respectively. Moreover, the maximum 

germination rate of growth curves has found 

in the Gompertz growth curve model with the 

microwave and ultraviolet radiation 

treatments at exposure times 5s and 60 min, 

respectively. The highest percentage 

germination value of the point-inflection of 

the curve has been observed for 10s and 120 

min in the Logistic model with microwave 

and ultraviolet treatments, respectively. The 

lowest values for MSE in the microwave and 

ultraviolet seed treatments have been recorded 

in Gompertz growth curve models compared 

to Logistic models. In summary,  we can 

conclude that the Gompertz curve model has 

shown a more fit under the microwave and 

ultraviolet treatments compared with the 

Logistic model. 
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ج على بعض خصائص إنبات بذور الشعير باستخدام نماذج   -فوق البنفسجية لالميكروويف وا ةأثير إشعت

 تحليلية دراسة: Logistic  و Gompertz  رياضية من

 مروان نوري رمضانم و سمير خيري لاز 

 ، العراقجامعة البصرةقسم المكائن والآلات الزراعية، كلية الزراعة، 

-البنفسجية   الفوق  و  الميكروويف  باستخدام أشعة  الشعير  بذور  لمعالجة  لتجربتين منفصلتين  ختبريةدراسة م   أجريت:  المستخلص

( و 1ثانية )مكف  5( و  0ثانية )مكف    0   فتراتميكاهيرتز ل  2450ج. في تجربة الميكروويف عرضت بذور الشعير للأشعة بتردد  

 0نانوميتر( بفترات    254الفوق بنفسجية عرضت البذور للأشعة )(, بينما في تجربة الأشعة  3ثانية )مكف  20( و  2ثانية )مكف   10

ير  (. الهدف من أجراء التجربة هو دراسة تأث3دقيقة )ف.ب  120( و  2دقيقة )ف.ب  60( و  1دقيقة )ف.ب  30( و    0دقيقة )ف.ب  

ب اللوجستي أو الجومبرتز  الأشعة الميكرووية والفوق بنفسجية على بعض صفات نمو بذور الشعير وأيضا لأختيار النموذج المناس

وجو الدراسة  هذه  نتائج  بينت  الأشعة.  هذه  تأثير  تحت  الأنبات  منحنيات  مكفلوصف  التعرض  فترة  عند  أنبات  نسبة  أعلى   2د 

%(. أظهرت الدراسة أيضاَ تسجيل 66.67)  3ا أقل قيمة سجلت عند الفترة الزمنية مكف%(, بينم88.33)  3%(  و ف.ب93.33)

التعرض مكف القيم عند زمن  )2 أفضل  الأنبات  )  6.24في كل من صفة سرعة  الأنبات  معدل مؤشر  و  باليوم(  % 31.19بذرة 

. سجلت 2ب.ف  تعرض  زمن  عند   يوم(  3.32( , علاوة على ذلك في صفة معدل زمن الأنبات )87.67باليوم( و مؤشر الأنبات )

على التوالي.    3و ف.ب  2%( عند زمن تعرض مكف88.71و  %97.24أعلى قيمة لمحاذي منحني الأنبات لمعادلة غومبرتز )  

% باليوم على التوالي.سجلت أعلى 2.51و    2.08و ف.ب  1الى جانب ذلك أعطت معادلة غومبرتز أقصى معدلات أنبات عند مكف

على التوالي. أعطت   2ومكف  3% عند ف.ب47.37% و  43.85الأنقلاب في المعادلة اللوجستية    نقطة  عند   نباتالأ  نسبة  زيادة في

بدالة  نتائج منحنيات الن مو للدالة اللوجستية أقل قيم في متوسطات مربعات الخطأ في جميع أزمان التعرض مكف و ف.ب مقارنتاَ 

ملا أكثر  هي  غومبرتز  دالة  بأن  يعني  وهذه  بالأشعة غومبرتز.  البذور  معالجة  في  اللوجستية  بالدالة  مقارنتاَ  النمو  لمنحنيات  ئمة 

 الميكرووية والفوق بنفسجية.

 .بالنمو, الدالة اللوجستية, دالة جومبرتز, نقطة الأنقلا أشعة فوق بنفسجية, أشعة ميكروويف, صفات :كلمات مفتاحية


