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Evaluation of the generalized linear model to the germination percentage
data and its comparison with the square root transformation
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Extended abstract

Introduction: In seed research, germination percentage data is the result of counting and has a binomial
distribution. Therefore, seed researchers use data transformation, especially square root transformation, to
stabilize the variance and normalize the data before performing analysis of variance and comparison of
treatments. Despite the use of data transformation, this method has fundamental issues in the structure that
misleads the test results. Therefore, it is important to introduce and replace a method that preserves the
research assumptions and provides acceptable results for researchers without using data transformation. The
use of generalized linear model is an alternative method for analyzing germination data with binomial
distribution. In this research, the generalized linear model will be introduced first. Then, the efficiency of this
method will be illustrated using simulated and actual germination data.

Materials and Methods: In this research, first the simulated data was generated by the Monte Carlo
method. Based on the simulated data, the significance level and the power of test of generalized linear model
were computed. Then the actual data related to three experiments including the effect of acidity on
germination of wheat varieties, the effect of water stress and salinity on germination of yellow sweet clover
seeds, and the effect of alternating temperatures on germination of three lavender populations were used and
the results of the generalized linear model were compared with the square root transformation method based
on the data of three experiments.

Results: The simulation results showed that the generalized linear model has a high efficiency to
preserve the predetermined significance level and a high power in detecting significant differences in
germination of the treatments. Moreover, the results of the comparison of the generalized linear model with
the square root transformation method illustrated that the generalized linear model had a higher capability to
detect significant differences between various treatments, especially in the treatments with unequal seeds in
the Petri dish, and in the treatments in which the square root transformation method resulted in no significant
difference among treatments, the generalized linear method showed a significant difference.

Conclusions: Generally, the results of this research demonstrated that the generalized linear model can
be used as an alternative method to square root transformation in studies on the germination percentage of
seeds with binomial distribution, without having the problems of the square root transformation method.
Moreover, this model outperforms the square root transformation in detecting significant differences in
germination of treatments with fixed and different seeds.
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Highlights:

1- The generalized linear model was used for the analysis of germination percentage data.

2- The data simulated using the Monte-Carlo method was utilized to examine the significance level and
power of the generalized linear model test.

3- The generalized linear model was compared with the square root transformation method during
different germination experiments with fixed and different seeds in each Petri dish.
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Table 1. The significance level values of the generalized linear model based on the binomial distribution in
different scenarios with a fixed number of seeds in each Petri dish.

S 2o ol Vgl Y gl Yoyl ¥ ool O gl
Number of seeds in (.25,.26,.27) (.79,.80,.81) (.49,.50,.51) (0.01,0.02,0.03) (.97,.98,.99)
each Petri dish Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
10 0.058 0.052 0.059 0.037 0.040
30 0.056 0.049 0.048 0.060 0.059
50 0.049 0.050 0.049 0.058 0.058
100 0.051 0.049 0.049 0.057 0.057
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Table 2. The significance level values of the generalized linear model based on the binomial distribution in
different scenarios with different numbers of seeds in each Petri dish.

S 2 0 N ol Vgl Y gl Yooyl ¥ ool O g,k
Number of seeds in ~ (.25,.26,.27) (.79,.80,.81) (.49,.50,.51) (0.01,0.02,0.03) (.97,.98,.99)
each Petri dish Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
(10,15,20) 0.063 0.057 0.058 0.068 0.067
(30,35,40) 0.056 0.054 0.054 0.065 0.066
(50,55,60) 0.054 0.054 0.053 0.062 0.064
(90, 95,100) 0.053 0.053 0.052 0.060 0.059

SR 3 Sl olaw b Gl slagy L )3 (slakez g @je elol  aBlpress ShaS Joe (9el Ol polie —F Jgur
Table 3. Power values of generalized linear model test based on binomial distribution in different scenarios
with fixed number of seeds in each Petri dish.

S 2 0y olaas Vgl Y gl Yooyl AT 0 g5l
Number of seeds in (.25,.35,.45) (.45,.55,.65) (.65,.75,.85) (0.01,0.05,0.10) (.90,.95,.99)
each Petri dish Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
10 0.351 0.345 0.375 0.302 0.337
30 0.753 0.763 0.802 0.735 0.751
50 0917 0.893 0.923 0.877 0.901
100 0.998 0.997 1 0.965 0.976

Sy, dilitee gl ,ds slaws b calisee slagy w50 (glalez g0 @555 ulsl p aBlprond ot Joe (5051 (lg polie —F Jgdz
Table 4. Power values of generalized linear model test based on binomial distribution in different scenarios
with different numbers of seeds in each Petri dish.

S 2 0y olaws Vgl Agregiten Yol AgrYgiton O gl
Number of seeds in (.25,.35,.45) (.45,.55,.65) (.65,.75,.85) (0.01,0.05,0.10) (.90,.95,.99)
each Petri dish Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
(10,15,20) 0.420 0.404 0.522 0.530 0.500
(30,35,40) 0.793 0.763 0.880 0.838 0.830
(50,55,60) 0.928 0.893 0.980 0.954 0.964
(90,95,100) 0.995 0.996 1 0.997 0.996
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Table 5. The average germination percentage of wheat varieties in different acidity treatments and their
significance comparison based on the generalized linear model and the square root transformation.

. . pH PraRw|
Cultivars el3)l
4 6 8
Kuhdash CudangS 0.93 (0.06) 0.98 (0.02) 0.98 (0.02)
Morvarid %)y 1 (0.00) 0.98 (0.02) 0.98 (0.02)
Line 17 VWYY 1 (0.00) 1 (0.00) 1 (0.00)
Aftab oLl 0.99 (0.02) 0.97 (0.02) 0.93 (0.06)
Karim oS 0.97 (0.02) 0.97 (0.05) 0.94 (0.06)
Qaboos el 0.97 (0.02) 0.98 (0.02) 0.98 (0.02)
Gonbad oS 1 (0.00) 1 (0.00) 1 (0.00)
S i ) 0.37 0.85 0.295

The square root transformation

Shepeass b oo 0.025 0.75 0.0245

The generalized linear model
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Table 6. The average germination percentage of yellow sweet clover seeds under water and salinity stress
treatment and their significance comparison based on the generalized linear model and the square root

transformation.
(USalEe) ST Jilsy Stress i
Water potential (MPa) Water 1 Salinity (s,
0 0.97 (0.05) 0.97 (0.05)
-0.2 0.92 (0.04) 0.96 (0.04)
-0.4 0.62 (0.10) 0.75 (0.09)
-0.6 0.16 (0.04) 0.40 (0.04)
-0.8 0.08 (0.04) 0.11 (0.02)
Sy J“*v-‘u"s) <0.001 <0.001
The square root transformation
sy s
st b Jae <0.001 <0.001

The generalized linear model
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Table 7. The average germination percentage of seeds in differentl populations (P1, P2, and P3) at
alternating temperatures and their significance comparison based on the generalized linear model and the
square root transformation.

wslite sles e lae'gf S Ja.i'l 5
Alternating temperatures (°C) Light conditions Dark conditions
P1 P2 P3 P1 P2 P3
(5-15) 1 (0.00) 0.97(0.03)  0.95 (0.06) 0.64 (0.28)  0.94 (0.04) 0.45(0.27)
(10-20) 0.53(0.18)  0.95(0.04) 0.71 (0.05) 0.74 (0.05)  0.28 (0.06) 0.22 (0.18)
(15-25) 0.80(0.13) 0.91(0.03) 0.82(0.13) 0.25(0.19)  0.75(0.12) 0.32 (0.11)
(15-30) 0.96 (0.07)  0.93(0.06) 0.63 (0.19) 0.34(0.23)  0.32(0.11) 0.21 (0.13)
S e f’&” 0.907 0.065 0.132 0.320 0.018 0.025
The square root transformation
ablprans s Jow
0.043 0.022 0.027 0.002 <0.0001 0.019

The generalized linear model
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