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Table 1- Statistical describe the chemical and physical
properties of soils

sehl il he oSle Sl ey Sl
Param  Minim Maxim Aver Coefficient of

L Skew
eter um um age variation

oM 0.11 3 0.9 0.61 1.45
C 0.01 1.6 0.57 0.56 0.32
EC 0.22 4,58 0.31 0.75 1.08
pH 7.1 8.5 7.6 0.04 0.65
N 0.002 0.15 0.05 0.47 0.95
P 0.55 33.6 5.73 0.93 2.58
K 1445 600 383 0.27 -0.25

Clay 6 24 12 0.29 1.2
Silt 9 26 16 0.23 0.21
Sand 61 76 72 0.05 -1.02
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Table 3- Analysis of sensitivity of soil readily available
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Parameter Relative sensitivity
C 1

N 0.866
P 0.807
oM 0.804
K 0.711
PH 0.677
EC 0.656
Clay 0.646
Silt 0602
Sand 0.600
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Table 3- Design an artificial neural network models based on sensitivity analysis results and minimum testing

e $3959 2l oiulojl alusy
Model Input parameter Number of tests

1 Js SBcaél 1
Model 1 soil texture

2 Jse oS 1
Model 2 Carbon

3 oS+ Sk sl 5
Model 3 Soil texture + carbon

4 Jao it oS + S el 3
Model 4 Soil texture + carbon + nitrogen

5 J PH + J osle + )8 + S il 3
Model 5 Soil texture + carbon + organic matter + pH

6 Juw PH + 50505 + Jloslo + oS + S cély 4
Model 6 Soil texture + carbon + organic matter + nitrogen + pH

7 Jse PH + Jloslo + op)S + S cél+ EC 4
Model 7 EC + soil texture + carbon + organic matter + pH

8 Ju PH + quulty + ST o3lo + op)S + S cél+ EC 5
Model 8 EC + soil texture + carbon + organic matter + potassium + pH

9 Jse PH + qulty + ST odlo + joud + 59556 + o) + S b+ EC

Model 9 EC + soil texture + carbon + nitrogen + phosphorus + organic matter + potassium + pH

S R? alie 9 Juse an 1 Jae) L Jace 4y (63959 syl
sobate (e 8L (§39m2 41 9) N9y LIS (IS > K4 > RMSE
ol 48l ialS RMSE 5 il 33l R? 50 a8

Y il i (Sgas (e 4SS b ilodae
A S g o RIS oS g (ol wiys I b laty
sl Tansig 5 olei 4o (¢l 5 LOGSIY wiliwl ob e
3 ol 0dal D Jodo (0 b Jde ol .10 ,5 bl (295 4 Y
Jolie 3 00s i slaodly oy srdodls 55lp ks 1 S
Sl 9moi] 4> po 33 oy 3y Slas 0asd (g, Sojll ool
ol oas odls (LI GL ola e

ot ol il b oad sl sla s gl auli
«$39y9 sl yiolyb s a8ls) a5 amd o Ui D ol (slaases
sl Jnlye 33 RMSE Jlie il o R? Jlade oljil esly
d9e J) SL> 48 3580 ase 3,8as )3 (pgeil 5 g3l lizsl
3y Slos (050 53 (63555 slb ol )b olass ili8l L ¢ Jas s
oladsdg (o dond cpl ol (ol MolS (g0l &8 LSl o uogu
(10) oyt Son 5 0303350 (14) & 5 s (15) fSon 5 L3

(Shms 5 () 08 203) Lo yiebly 02 3cdlidg; b (1) Jua o
Eyan (mas 4w Jdo bl o Cunts SB cdl iulesl 5l a8
22,5 o 0l alizes

I oS Camlas capo g Sl a2 L (2) Jao
Lol o sian (s 5 e oy J 5 il L
20,5 o

a5 A oS SB il sla el 2 ogdle B) Jao
D9 o als) (1) Jse

A5 039381 (3) Jo & 0i3g 0 yielyly (4) Juas

A5 039381 (3) o v andewl g T osle yzal )y (B) Jae,d

A5 4Ll (3) Jue & gyt el (B) Jso o

B sy 3590 5 039581 (B) Jo & (6598 yrelly (7) Jao
b8

A a3lsl (T) Jao  pusolts (8) Joo o

J0g 039331 (8) Jao 41 jiud 5 159y slozelyly (9) Juo o
Abobml a8l I g

St il L oS il 1 9 b 1 el e 51 ISl



1396 5l 3 o5les 3L alr 1(153,9LES @alivw 5 pole) Sl pole 4y pii 452

Al o ae e BB dats o)L 4g3 Jao (aas aSud > Sles 2
ebliee ke 3 8os diejls lizmen (S

d‘)‘.} B .))91)_5 L;I)_;Z 91 dLbJ..\_A )HUA ol Lo ).u
0155 390 litolegl sl il3al b aibl e cimnd (63,Sles

0903 9 93901 U0 (515 83 dline (g 5lol (5l 5ol -5 Jgu
Table 5- Statistical parameters calculated for the training and testing stages

e G99 dass o9yl R? 93901 RMSE ol R% (903l RMSE
Model Number of neurons R’ training RMSE Training R’ test RMSE test
L 45 0.713 0.046 0.119 0.075
Model 1
2 Ju 45 0.388 0.065 0.101 0.068
Model 2
3 J 50 0.633 0.057 0.584 0.062
Model 3
4 Js
45 0.63 0.054 0.58 0.053
Model 4
5 Jse
45 0.65 0.068 0.59 0.079
Model 5
6 Jse
50 0.67 0.056 0.60 0.057
Model 6
7 J 45 0.65 0.054 0.59 0.053
Model 7
8 Ju 50 0.68 0.049 0.061 0.068
Model 8
9 Ju 45 0.61 0.051 0.46 0.064
Model 9
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Introduction: One of the most important requirements in planning production and processing of medicinal
plants in order to obtain high yield and high-quality is the initial assessment of the physical and chemical
properties of soil, which reduces the production cost by avoiding the use of unnecessary soil analysis. Summer
savory (Satureja hortensis L.) is one the most widely used medicinal plants that quality index of plant is related
to the quantity and the constituent of its essential oil content. Understanding the relations between the quantity
and quality of medicinal plants with the very physical and chemical properties of soil is very complex and the
estimation of parameters changes of medicinal plants affect by soil quality characteristics is more difficult.
Today, with the arrival of multivariable regression models and artificial lattice models in the research, many
complex relationships found in nature is understandable. Hence the need for estimation the biomass yield of
savory using fast, cheap and with acceptable accuracy is feeling.

Materials and Methods: The present study was performed at the Agricultural Research Station Neyshabur
as pot experiment based on a completely randomized design with three replications. Around 53 soil samples
were collected from different parts of Neyshabur city, and soil texture, organic matter, pH, salinity, phosphorus,
potassium, nitrogen and carbon content were selected as the easily available parameters. Before planting the
parameters were measured in laboratory. Approximately 90 days after planting seeds in pots containing soil
samples, the sampling of plants was done based on the treatments. For drying, samples were placed for 24 hours
in an oven at 40 °C. Finally, the relationship between the biomass yield and easily available soil parameters was
determined using artificial neural network by Matlab7.9 software.

Results and Discussion: The results showed that soil variability, is a key element in the management of
valuable information on soil properties within a field and valuable information on soil properties within a field
nature puts at our disposal. In yield modeling with 10 parameters for 53 soil samples, the best makeup hidden
layer with Levenberg-Marquardt algorithm training as a hidden layer, 58 neurons, logsig threshold function for
hidden layer and Tansig for the output layer were selected. High values of R2 and low levels of RMSE
mentioned the proximity of the forecast data with measurement data and high accuracy of the model in summer
savory biomass yield estimation. To obtain the most sensitive parameters, the sensitivity analysis was calculated
using no-sensitive coefficient. So that, if the coefficient of a sensitive parameter is more than 1.0, the mentioned
parameter, is one of the critical parameters of model. Accordingly, the parameters of organic carbon, nitrogen,
phosphorus, organic matter, potassium, pH, salinity, clay, silt and sand respectively were selected as the most
sensitive parameters. The addition of input parameters increases the value of R2 and reduces the RMSE during
training, validation and test stages. This represents an increasing in the accuracy of model in estimation of
biomass yield via increasing the input parameters. Models 1(soil texture) and 2(carbon) are not enough strong for
biomass yield estimation. With increasing the experiment from 1 to 2, the potency of the neural network model
3(soil texture + carbon) significantly increased. Thus with an overview, the model No. 3 suggested as an
improved model because with the minimum number of imputes produced equal output comparing the models
with more inputs.

Conclusions: Based on the obtained results, it seems that with the improvement of artificial neural network
models and determining appropriate parameters, results to understanding the soil factors involved in the
formation of savory plant biomass and better planning. Till leads to a cheaper and better product. Also, results
showed that the artificial neural network has high accuracy in estimating the biomass plant Summer Savory. So
that, the 80% of yield variability of the study area, presents by using the data of 10 readily available properties of
the soil. Yield biomass of savory, largely depends on the soil texture, organic matter, carbon and the minerals of
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the soil. Since, this study is the first work to estimate the biomass of medicinal plants using artificial neural
network, therefore recommended to use this method to estimate the yield and essential oil of other medicinal
plants.
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