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Table 1. Part of the results regarding predicted amounts for input and output of neural network model during
three-step optimization stages

0 . azolS Sis 5y
(celes) Hds Hoiluns Suw 4®) 25 n sled (cely) ROy D (22,8) grmb e slaasls> _
Seed pre-soaking Irradiation Irradiation Abnormal ('B_’S )
duration temperature duration seedlings Seedh.ng dry
(h) Oy (h) (%) Wilggjht
3.054 18.545 0.215 1.584 0.098
3.958 28.452 7.549 0 0.108
7.554 22.215 6.548 2.545 0.126
11.251 17.961 5.304 0 0.152
11.554 19.145 9.548 1.245 0.104
7.564 25.125 5.428 4.949 0.145
3.854 30.245 6.865 0.458 0.125

bt Gaailyz a0 g azelS Sis (59 Sl ye (iSike Y Jgu
Table 2. Mean squares of seedling dry weight and abnormal seedlings percent

e il $olil ez kS Ses 0 gk ol GaxalS oo
o Degree of Seedling dry e .
Sources of variation freedom weight Abnormal seedlings percent
(P) % “’Mm} 5 0.01055%* 0.00326**
Seed pre-soaking
(1) ooy sles 3 0.27025%* 0.00202%*
Irradiation temperature
(U) o251 4 0.06485%* 0.06750%*
Irradiation
PxT 15 0.14054** 0.0018900
PxU 20 0.06349%** 0.00191**
T<U 12 0.05355%* 0.00276**
PxTxU 60 0.05025%* 0.00101**
Errorls 240 0.00059 0.000441

Gl s3leld @l by )bl slagasls ¥ Jgaa
Table 3. Statistical indices regarding different activation functions

il Jld &b

Activation o7t Model output RMSE MAE RSE
function
A g azol S Sis 59 Seedling dry weight 0.013  0.010 0.195 0.78
laa>olS v 1
Sigmoid RS e Abnormal seedlings 0.005  0.003 0348 0.92
b percentage
Ly azolF St 59 Seedling dry weight 0.012  0.009 0.179 0.81
loax>olS oo yo i
Gaussian ST Abnormal seedlings 0.004 0003 0281 0.94
byl percentage
Sgple il azolS i 39 Seedling dry weight 0.010 0.005 0.148 0.88
loa>olS oo, i
hTangbelll§ slaazol, ' ) Abnormal seedlings 0.002 0001 0170 0.98
yperoolic byl percentage
S ymle cilsu azolS S (459 Seedling dry weight 0.002 0.002 0.042 0.99
laa>olS 1
Secant. sloazol, -*.*0)0 Abnormal seedlings 0.001 0001 0085 097
hyperbolic b i percentage
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Fig. 1. Changes in the predicted values by secant hyperbolic activation function against observed values of
abnormal seedlings percent (A) and seedling dry weight of mung bean (B)
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Fig. 2. Structure of 3:3:2 neural network used in data analysis
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Evaluating the Optimization of Irradiation Components of Mung Bean
(Vigna radiata) Seeds with Ultrasound for Increased Seedling Vigor,
Using Artificial Neural Network
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Extended Abstract

Introduction: A large number of experimental evidence indicates the positive effect of irradiating the
seed with ultrasonic waves; so that irradiation causes the production of a more vigorous seedling.
Conversely, inappropriate intensity and duration of irradiation can impose deleterious effects on seedlings by
damaging the enzymatic activity. There are complex inter-and intra-relations between irradiation components
(pre-soaking duration, temperature, and duration of irradiation) and response variables [seedling dry weight
(SDW) and percent of abnormal seedlings (PAS)]. Therefore the balance values of the irradiation
components cannot be precisely obtained by mean comparison. This study aimed to optimize (finding the
balance values of) irradiation components for increased SDW, but diminished PAS of mung bean, using an
artificial neural network.

Materials and Methods: A factorial experiment was conducted based on a completely randomized
design with three replications. The factors were six pre-soaking durations (2, 4, 6, 8, 10, and 12 hours), 5
irradiation durations (0, 3, 6, 9 and 12 minutes), and 4 irradiation temperatures (17, 22, 27, and 32 °C). The
25 seeds were chosen for each petri dish. The multi-layer perceptron neural network was used to quantify the
relations between variables; the experimental factors were used as the input (regressors), and PAS and SDW
as the output of the model (response variables).

Results: The analysis of variance results indicated that the simple and interactive effects of factors were
significant on PAS and SDW. The structure 3:3:2 of the neural network, which is based on Secant
Hyperbolic function, was suitable. The SDW and PAS were negligibly different for the contribution of the
factors in determining their changes. In terms of relative contribution, the factors ranked from higher to lower
as irradiation duration, irradiation temperature, and pre-soaking duration. The optimized values of
components of irradiation by the neural network were irradiation temperature of 17.96 °C, irradiation
duration of 5.3 minutes, and pre-soaking duration of 11.25 hours. For these components, SDW was 27%
higher, and PAS tended to be 0.6% lower, compared to the best component combination gotten by mean
comparison.

Conclusion: Due to the highly strong interaction of irradiation components on seedling growth, the effect
of component (s) tends to be changed intensively with changing the quantity of each component. In terms of
finding the best combination of irradiation components, the neural network was more efficient than the mean
comparison. Therefore, the neural network could be used as a complementary procedure in such
investigations.

Keywords: Irradiation duration, Irradiation temperature, Pre-soaking duration, Seedling vigour
Highlights:

1- Irradiation components including irradiation duration and temperature, and pre-soaking duration affected
seedling growth.

2- Inappropriate irradiation components diminished seedling growth to the below of no-irradiation
conditions.

3- The optimum (balanced) levels of irradiation components increased seedling growth remarkably.
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