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Abstract: This study was for analyzing significance and optimum proportion of components in foliar fertilizer, which aimed
on improving alliin concentration of garlic (Allium sativum L.) in field condition. The Study with designed experiments
implemented with uniform experimental design method U30 (3013) (D=0.1926). Alliin concentration from garlic clove was
measured by HPLC, the analysis of data set engaged by Random Forest for components significance test and optimal formula
calculation. The results shown that the RF is an appropriate choice for this kind of study; the top 3 important components of foliar
fertilizer were: Glutathione, Ethanethiol and Mg2+; the application of foliar fertilizer with optimal combination of components
had significant effects on improving alliin concentration in garlic clove; there was synergistic interaction between components,
combination of different elements can get much better effects. The maximal data of alliin concentration in garlic clove from
experiment results obtained 3.5% (mg/g) of fresh weight far more than control 1.5%.

Keywords: Garlic, Alliin, Random Forest, HPLC, Multivariate Analysis

1. Introduction
Garlic (Allium sativum L.) is an important crop with
dramatically
increasing
world
popularity
(http://www.fao.org). It is estimated to have been cultivated
for over 5, 000 years, and have been used as food, condiment
and medicine by many cultures in Asia and the
Mediterranean region [1]. The major active principles in
crude garlic extracts contain numerous pharmacologically
active substances, including organosulfur compounds with
varying stability and biological activity [2]. Such as
antimicrobial and anticancer properties, as well as effects on
cardiovascular diseases and diabetes have been proved [3],
which also inhibited the proliferation of cancer cells, and
some of them induced apoptosis in tumor cells of different
tissue origin [4-6], garlic also can reduce virus infection [7].
Alliin (S-2-propenyl-L-cysteine sulfoxide) is the
predominant form of organosulfur found in garlic [8], which

is the primary odorless, sulfur-containing amino acid, and
also is a precursor of allicin [9]. Alliin can undergo an
enzymatic reaction to produce allicin when garlic tissue is
injured, allicin is mother-nature's insecticide with typical
odor and shows therapeutic properties [10, 11], allicin is a
highly unstable molecule, rapidly transformed into a variety
of small molecular components [12]. Allicin is not present in
intact garlic and hard to obtain commercially, therefore,
garlic possesses high therapeutic and pharmacological
properties, which activities is attributed to alliin, the main
active principle localized in garlic cloves [13].
From the viewpoint of consumers and pharmaceutical
industries, there is a high interest to increase the concentration
of bioactive compounds, such as s alliin in garlic [14]. The
impact of S fertilization on the alliin concentration of garlic
was investigated under controlled greenhouse conditions and
field conditions supplied in soil as base fertilization, which
best reflected dose/effect relationships, and the alliin

53

Qiang Shi et al.:

The Multivariate Analysis of Foliar Fertilization by Using Random Forest for
Improving Alliin Concentration of Garlic (Allium sativum l.)

concentration in cloves increased with S fertilization
application significantly [14, 15]. For cysteine sulfoxides are
synthesized in the leaves and translocated immediately into the
cloves [16], it is possible for foliar fertilizer supplied to benefit
alliin synthesis in leaves for garlic, and finally increase the
alliin concentration in cloves. Until now, there was no report
for effects on alliin concentration by using foliar fertilizer on
garlic. Thereby, the aim of this trial to investigate the influence
of some substance nutritions and their proportion on effecting
concentration of alliin for garlic, the trial was carried out under
field condition and data analysis conducted by Random forest
(RF) that are recognized as one of the powerful machine
learning method.

(D=0.1621). Each treatment had 3 replicates, and every factor
had 10 levels. The first application of foliar fertilizer was
carried out 8 weeks after planting, when foliar were developed
and cloves began growth. After first fertilization, there were
two sprayings every two weeks. Samples were taken every 2
weeks until withering of foliar, when garlic were suitable for
harvest, 6-8 plants were harvested per plot, at least 5 cloves
and foliar were sampled every plot. The plant material was
immediately shock-frozen in liquid N and subsequently stored
in freezer at -80 degree Celsius . At the final stage of harvest,
only cloves were collected and sampled.

2. Meterials and Methods

We chose 6 chemicals as components for foliar fertilizer,
glutathione (Sigma product), cysteine (Sigma product),
ethanethiol
(CAS:75-08-1,
product
of
HaoChem,
http://www.haochem.com/en/index.asp), carbamide ( product
of Xinjiang Chemicals, 46% N), MnSO4, Fe chelate ( product
of Shanghai Yuanye Co.), abscisic acid (ABA, product of
Shanghai Yuanye Co.). Ethanethiol with its special
characteristic (the water solubility of ethanethiol reaches
amount of 1.5g/100mL (0.241mol/L) at room temperature),
has strong alliaceous odor, we restricted the maximum
amount of ethanethiol, the amount of ethanethiol reaches
0.0625g/100ml (0.01mol/L) used in this trial, which could
dramatically reduce the odor of ethanethiol. All that
chemicals made solution mixture of 100ml with the
concentrations planed (Table 1). Chemicals mixture spraying
was operated from the beginning of cloves growing, total
three times spraying of foliar fertilizers before final harvest.
The spray time was chosen at toward evening of sunny day.

2.1. Experimental Design
From 2015 to 2017, a multi-factorial field trial was
conducted at the experimental station of the Xinjiang
Agricultural Vocational Technical College experimental
fields in Changji city, Xinjiang, China (E 87.313727°, N
44.012981°). The climate is temperate and characterized by
frequent changes in temperature, humidity, and winds. The
soil type is Cambisol with loamy sand soil texture (67% clay
and 10% sand). China white garlic was grown, cloves of
garlic were planted on March 25, with an interspace of 15 cm
and a distance between rows of 25cm, when garlic grown at 4
foliar, irrigation was began and carried out one times per
10-15 days. When garlic was bolting, the garlic's sprout
would be removed immediately.
The field trial was performed in a uniform experimental
design, with 6 factors and 30 levels total, U30 (3013)

2.2. Chemicals Choosing and Solution Mixing of Foliar
Fertilizer

Table 1. The concentration levels of elements in foliar fertilizer (mmol/L).
Factor Level
1
2
3
4
5
6
7
8
9
10

Ethanethiol
X1
0
1.2
2.4
3.6
4.8
6
7.2
8.4
9.6
10.8

L (+)-Cysteine
X2
0
1
2
3
4
5
6
7
8
9

Glutathione
X3
0
1.2
2.4
3.6
4.8
6
7.2
8.4
9.6
10.8

2.3. Instruments Choice and Analysis
The HPLC (high-performance liquid chromatography)
system used for the study consisted of a LC10A series
(Shimadzu, Japan), with the following speciﬁcations: a
quaternary pump, an auto-sampler, a column heater and a
diode-array detector. The data treatment was performed by the
Re-analysis software (Shimadzu, Japan). The column used
Carbon column (250 3 mm, Kromasil, AkzoNobel). The
condition of HPLC was optimized according to the former
reports [11]. The mobile phase contained methanol and H2O at

ABA
X4
0
0.004
0.008
0.012
0.016
0.02
0.024
0.028
0.032
0.036

Mn2+
X5
0
1.2
2.4
3.6
4.8
6
7.2
8.4
9.6
10.8

N (Carbamide)
X6
0
10
20
30
40
50
60
70
80
90

Fe2+
X7
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5

ratio of 2:98, and added NaH2PO4 (3.6g/L) for protonation,
was adjusted to PH 6.8, the acidification of the mobile phase is
often suggested in HPLC, for reason the protonation state of
the compounds affects their retention. The flow rate was 0.5ml
per minute, the column room temperature was set 40 degree
Celsius.
Garlic extract was prepared from fresh cloves (harvested
and put in liquid nitrogen, stored at -80 degree Celsius), 20g
of cloves were carefully peeled and boiled in 200 ml of
deionized water during 15 min, then crushed and boiled for 1
minutes. The preparation was then centrifuged and ﬁltered.
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Nylon syringe ﬁlters of 0.20 µm were provided by
Macherey-Nagel. The filtered solution was measured by
HPLC for alliin concentration. Alliin was detected at 337 nm
by ultraviolet (UV) detection. The methods for measuring
alliin concentration followed the former data [11].
2.4. Data Analysis by RANDOM Forest (RF)
RF is an ensemble machine learning algorithm for
classification and regression which is constructed by a
multitude of full depth decision trees without pruning [17], it
is a nonparametric tree-based approach that merges the ideas
of adaptive nearest neighbors with bagging for effective data
adaptive inference [18]. RF has been successfully employed
in dealing with various biological prediction problems [19-22],
such microarray data microarray data classification [23-25],
SNPs (single nucleotide polymorphisms)[26], chemical
toxicity prediction [27], DNA-binding proteins identification
[28, 29], it is regarded as a useful alternative to capture the
complex interaction effects among the many factors.
We used RF package 4.6-10 of R program [30], such
strategies could effectively decrease the risk of overfiting
when applied to our problem with large dimension. The RF
package in R program can be downloaded from
https://cran.r-project.org/web/packages/randomForest/index.h
tml, where further explanation of the package is available.
The RF package provides various options for design of
integrated ensemble predictive models, each with the
following significant features: the value of NMSE
( Normalized Mean Squared Error) to test the predictive
effectiveness of different models, the equation (1) not only
considers the adaptability but also the validation of algorithm,
which makes model more powerful in discriminating
importance of inputs.
NMSE =

=

∑
∑
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represents mean value,
represents predicative value
from model training by training data set for data analysis.
2.5. Feature Selection for Performance Evaluation
There are two methods to evaluate the importance of effect
for components in foliar fertilizer calculated by different
models, one is Increase in Mean Square Error (%IncMSE), it
is constructed by permuting the values of each variable of the
test set, recording the prediction and comparing it with the
unper-muted test set prediction of the variable (normalized by
the standard error); another is Increase in Rate of Node Purity
(IncNodePurity), which measures the quality (NodePurity) of
a split for every variable (node) of a tree by means of the Gini
Index, the value of them represents the importance of factors
we measured, a higher %IncMSE value represents a higher
variable importance, a higher IncNodePurity value represents
a higher variable importance, i.e. nodes are much 'purer' [31].

3. Results
The method in this trail provided a method for separation of
alliin in 15 min with the mobile phase (PH 6.8), before the
measuring samples, the validation test was carried out, the
accuracy criteria (trueness and precision) for concentrations
were checked by using standard alliin sample (Table 2 and
Table 3). After the injections of samples, the data were
processed, and the chromatogram obtained for the separation
of alliin with the optimized method was shown in Figure 1.
The major peak (5.6 min) was identiﬁed as peak of alliin for
the garlic extracts. The method was able to provide a good
method for separation of alliin from aqueous garlic extracts.
All samples were conducted under same condition, and the
final concentration of alliin was calculated by Re-analysis soft
program provided by Shimadzu company products.

(1)

Figure 1. The analysis of Alliin concentration in garlic (Allium sativum L.) by HPLC. The peak of alliin appeared at 5.6 min.
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Table 2. The trueness test of alliin concentration measurement with standard sample analyzed by HPLC.
Number
1
2
3
4
5
standard deviation
variation coefficient

Retention time/min
5.605
5.599
5.599
5.602
5.606
5.6022

Area
99.2254
99.4819
99.1856
100.3363
100.0674
99.6563±0.5170

The content of Alliin
0.0144803
0.0144804
0.0144803
0.0144806
0.0144805
0.01448+0.00000
0.0009472%

Table 3. The calibration for precision of alliin concentration measurement with standard sample analyzed by HPLC.
Alliin concentration in samples
Μg ml-1
45
45
45

Standard sample concentration
Μg ml-1
50
200
500

We compared with several approaches for machine learning
and prediction, they were Random Forest (RF), Model-Based
Boosting (MBoosting), Support Vector Machine (SVM),
Recurrent Neural Networks (RNN), K-nearestneighbor
(Kknn), Linear Regression (LR), all those approaches have
been training and testing with our dataset, the results shown
the correlation coefficient between predictive and actual

Number of test
3
3
3

Value after test
Μg ml-1
97.8±0.12
257.7±1.08
565.2±1.20

Recovery rate
102.9
105.2
103.7

results with approaches by using the 5-fold cross validation
performance for our dataset, the value of NMSE show RF was
proper and optimal model for our calculation (Table 4). With
some other advantages of RF, time-saving and robust
performance for different parameter values, therefore, we
chose the RF algorithm as proper approach for our data set
analysis.

Table 4. The comparison of different models by 5-fold cross-validation method and interaction for 7 factors.
model
The comparison for different models
The multivariate analysis for different models with 7 factors

NMSE
NMSE

Figure 2. The data show of alliin concentration in garlic clove and foliar
within growing period of garlic (clove growing period). The two fluctuation
points at 31/8 and 11/9 in clove, one point at 5/9 in foliar, spraying application
of foliar fertilizer twice at 26/8 and 1/9. Ordinate value (mg/g, fresh weight).

The application of foliar fertilizer on garlic was useful for
improving the alliin concentrations in foliar and cloves of
garlic. We measured the alliin concentration of garlic foliar
and clove during its growing period with spraying of foliar
fertilizer by using optimal formula of fertilizer mixture, which
we summarized from results last year (in 2016), the
concentration of alliin in foliar and clove showed several
peaks subsequently after application of foliar fertilizer (Figure
2). The reaction of alliin concentration increasing in cloves
and foliar was directly affected to the foliar fertilizer
application, during the period of garlic growing, alliin in clove
and foliar presented in uniform growth and fluctuation

RF
0.9423
1.4656

mboost
1.245
1.4558

svm
1.1698
1.5339

nnet
3.164
2.6809

kknn
1.0897
1.5707

lm
12768100
1.5069

tendency, but the two points at 31/8 and 11/9 for clove, one
point at 5/9 for foliar, with which date the concentration of
alliin shown the increasing points, before the date of peak
points we applied foliar fertilizer spraying twice at 26/8 and
1/9, consequently have the alliin concentration in garlic foliar
and cloves increased. The tendencies directly reflected in
corresponding changes between foliar fertilizer supply and
alliin concentration at clove growing stage, irrespective of the
irrigation. This finding also supported the need for a sufficiently
high S substance supply was enough to improve crop quality
and revealed that application of S fertilizer was a suitable
method to increase the alliin concentration of garlic [14].
Different components in foliar fertilizer had different
effectiveness for alliin concentration. The correlation between
alliin concentration in cloves and components of foliar fertilizer
were evaluated by the value of %incMSE and IncNodePurity,
which results shown in Figure 3, the value of %IncMSE shown
that the sequence of importance for single element, which
followed the order of x3 (glutathione)>x1 (ethanethiol), others
components (x6 (N), x4 (ABA), x5 (Mn2+), x2 (L (+)-cysteine),
x7 (Fe2+) ) were shown meaningless or had no significant for our
analysis because of value of %IncMSE under zero; the value of
IncNodePurity shown that the sequence for elements followed
the order of x3 (glutathione)> x5 (Mn2+)>x1 (ethanethiol)>x4
(ABA)>x6 (N)>x2 (L (+)-cysteine)>x7 (Fe2+). Two indicators
shown that the most important components for effecting the
concentration of alliin in cloves was glutathione (x3), ethanethiol
(x1) and Mn2+ (x5), which three components were in first three

International Journal of Applied Agricultural Sciences 2018; 4(3): 52-59

positions, but x2 (L (+)-cysteine)did not stand in front position in
results of importance analysis, because of serine is possible
original substrate for S-allyl-cysteine biosynthesis in vivo [32],
so, external supply of cysteine contributed less for alliin
biosysthesis.

x3

x3

x1

x5

x6

x1

x4

x4

x5

x6

x2

x2

x7

x7
-4 -2 0 2
%IncMSE

4

0.0

would have synergistic effects on alliin concentration.

1.0
2.0
IncNodePurity

Figure 3. The significant analysis of single component. A higher %IncMSE
value represents a higher variable importance. A higher IncNodePurity value
represents a higher variable importance. x3 was the most importance factor in
source data set.

The results of NMSE calculated by using RF for the
multivariate analysis (number of factors ≤ 5) with
consideration of synergistic effects shown that the
combination of x1*x1*x1*x2*x3 had obvious effects in
performance, and there were ten combinations (%IncMSE >
13) in front position with better performances than following
others (Figure 4). The combination of x1*x1*x1*x2*x3,
represent cubic x1 with x2 and x3 have synergistic effects on
alliin concentration, x1 (ethanethiol) performed critical
function and more sensitive than other two elements, x2 (L
(+)-cysteine) and x3 (glutathione). There were almost no N
(x6) appearing in top ten best combinations, it shown that N
(x6) did not significantly affect the alliin concentration, which
result agreed with what the former report stated [14]. The
value tendency of %IncMSE for multivariate analysis shown
there were better fitting effectiveness and optimized formulas
with some other effective factors added, in other combinations,
such as x1*x2*x3*x3*x7 (2nd place), which shown the
pattern that those elements in combination for foliar fertilizer

Figure 4. The multivariate analysis of importance and interaction factor
effect of 5 elements. The most important types of combination is x11123, which
represented factor 1 has 3 times with interaction with factor 2 and 3.

RF provided a function for calculation of optimized
combination; we presented ten optimal proportions (with 6
components, no N (x6)) from the results calculated by RF
model with our dataset (Table 5), which shown the alliin
concentration in one-to-one relationship with each component.
The concentration of alliin in garlic cloves reached 3.5～3.6%
(w/w) by using ten formulas in front position, the highest
concentration of alliin rise up to 36 (mg/g, fresh weight),
which was double the figure of 8-15 (mg/g) from samples
bought from local market, in those formulas, three
components (x1, x3, x5), which concentration almost reached
the highest value in our trial. The garlic with application of
best formula also yielded the highest alliin concentration in
foliar and cloves; it was still potential to accumulate alliin
concentration in cloves by application of more S-contented
substance in foliar fertilizer.

Table 5. The optimized combination of 6 factors (mmol/L).
Number
1
2
3
4
5
6
7
8
9
10

x1
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6

x2
2
2
2
2
2
2
2
2
3
3

x3
9.6
9.6
9.6
9.6
9.6
9.6
10.8
10.8
9.6
9.6
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x4
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008

x5
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
6
6

x7
2
2.5
3
3.5
4
4.5
4
4.5
3.5
4

Content of Alliin in clove of Garlic % (mg/g, fresh weight)
3.5994
3.6025
3.6025
3.6051
3.6105
3.6136
3.5969
3.6001
3.5998
3.5998
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The prediction results by using RF modules with various
features were presented in Figure 5, the data shown
relationship between foliar fertilizer components and alliin
concentration could be fit by using RF model, the predictive
value that fit with measured values well (R2=0.9294), which
might get predictive value with many condition of
components as inputs. The results indicated that the
combination of all features was capable of capturing more
information for predictive value.

represented the nutritional and phytopharmaceutical value of the
garlic, there are innumerable health products, in which the alliin
as a leading substance should be declared to give the consumer
the chance to compare products with their phytopharmaceutical
value and high quality products [13], therefore, the improving of
alliin content in garlic will be considered as improving quality of
garlic. We proposed an approach that foliar fertilization could
have higher efficiency with lower mount of substances applying
than basic fertilization.
4.3. The Components of Foliar Fertilizer Contributed to
Improving Alliin Concentration with Different Degree

Figure 5. Random Forest model calculation for prediction of concentration of
alliin in garlic clove. Ordinate value (mg/g, fresh weight). This is a
generalization of a simple linear regression. A continuous metric response
variable y (i.e. the shift) gets approximated through a linear combination of n
multiple influence quantities and has the form: y = a1 * x1 +... + a n * x n + b
+ ϵ.

4. Discussion
4.1. The Random Forest (RF) Algorithm was Capable for
Importance Analysis of Fertilizer Components
In statistical prediction, the following three cross-validation
methods are often used to examine a predictor for its
effectiveness in practical application: independent dataset test,
subsampling test, and jackknife test [33], in our calculation,
5-fold cross-validation was used to examine our model
defectiveness and the prediction quality (Table 4), the results
shown RF performed better than other models for our data
analysis. RF was confirmed to be a well-suited alternative
approach for importance analysis of fertilizer components in
our study. The RF as a machine learning method could be used
for predicting the best formula of foliar fertilizers for improving
alliin concentration in garlic clove in the condition of fields.
4.2. Foliar Fertilization with S Content Improved Garlic
Products Quality
Many reports of S content fertilizer could improve the alliin
concentration in garlic cloves [13-15, 34], but S materials was
often used as base fertilizer with lots of amount. For the
approaches of foliar fertilizer, which could be a batter way and
efficiency method, because of cysteine sulfoxides (including
alliin) are synthesized in the leaves [16], some S materials could
be absorbed directly for alliin biosynthesis. The alliin content

Glutathione (x3) contributed to improvement of alliin
concentration directly and efficiently, the formulas of foliar
fertilizer with the highest concentration of glutathione (x3) did
increase alliin concentration significantly, it was a key
ingredient for alliin biosynthesis in garlic, the glutathione was
also considered as a precursor for alliin very close in the
course of biosynthesis [32], it could be used as a key
component for foliar fertilizer. Ethanethiol (x1) was at second
place in significance analysis, which could provide
mercaptans for alliin biosynthesis [35], ethanethiol was a
sensitive component for effecting alliin concentration from
analysis results, but for its strong odor, the amount of
ethanethiol should be controlled under certain level, the
maximum tolerated dose was 0.0625g/100ml (0.01mol/L) in
our study. Fe2+ (x7) contributed less in our calculation result,
but Mn2+ (x5) would be a core role for relative enzymes in
biosynthesis and function, it could play a critical role in our
analysis results but not needed in large quantity. Two possible
biosynthetic pathways leading to S-allyl-cysteine, which is
oxidized to alliin that is the “inactive” precursor of allicin, this
pathway leads from glutathione to S-allyl-cysteine [32]; in
another pathway, cysteine appeared at later stage and derived
from serine, and serine is one another possible substrate for
S-allyl-cysteine biosynthesis.[36], so, cysteine (x6) did not
stand in front line in our analysis, it was able to understand that
cysteine added in foliar fertilizer maybe not sensitive for
effecting alliin biosynthesis, because of cysteine derived from
serine. The plant hormone ABA (x4) is considered the major
chemical signal involved in stomatal regulation and stress
response, the external ABA source conduct the closure of
stamatal guard cell [37, 38], therefore, the substance of foliar
fertilizer could be as intake into space of stamatal pore and
absorbed by osmotic cell for taking part in alliin biosynthesis
path way. In sequence, N (x6) also played less important role in
our result, but foliar growth will need certain amount of N, and N
played a mediate role for different component, and contributed
more for foliar growth, from former study, there were also
interactions between N and S: the total S content was decreased
with increasing N fertilization, it was same in onion [15, 39].
4.4. Synergistic Interaction of Components Existed in
Compounds of Foliar Fertilization
Analysis results (Figure 4) presented several optimal
compositions of ingredients which contributed significantly to
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influence alliin concentration, there were several single
substances which had leading function, such as glutathione (x3),
ethanethiol (x1) and Mn2+ (x5), but they had remarkable
difference in expressivity. The glutathione (x3) presented the
performance in quantity, ethanethiol (x1) presented performance
in dose effects with more sensitivity, Mn2+ (x5) was essential and
requisite substance. The composition of x1*x1*x1*x2*x3 was
one of the best formula, which indicated the leading role of x1
(ethanethiol) that was sensitive on improvement of alliin
concentration for garlic clove, it could be conducted that x1 was
dose effect in function. In some other formulas (top seven
compositions) also had remarkable utility for alliin concentration
improvement, the compositions of x33455 (x3*x3*x4*x5*x5)
stand on 7th position, after which compositions did not have
remarkable effectiveness in our analysis.
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4.5. The Prediction of Alliin Concentration with Features of
Fertilizer Components Could be Conducted by RF
RF has very wide range of applications at biological sector
[19-22], which can be an approach for prediction of alliin
concentration of garlic with input of quantity of substances
related to alliin's precursor in biosynthesis pathway, our data
(Figure 5) shown that the correlation and regression analysis
among inputs of ingredients features and alliin concentration,
which was tasted with significance level of R2=0.9294. So, by
this results, RF could be considered as a useful model for
analysis of relationship between foliar fertilizer components
and secondary metabolites according to somehow biological
interlink between them.

5. Conclusion
From summery of our data, the highest amount of alliin
concentration after foliar fertilizer application reached 3.5 %
(mg/g, fresh weight), which was twice as much as control
samples 1.5-1.8%. This result might indicate that the
application of S-content foliar fertilization with small amount
have potential for alliin accumulation. The different component
had Synergistic interaction and different role for effectiveness,
Glutathione was a main component and contributed directly for
alliin biosynthesis, presented the performance in quantity;
Ethanethiol was more sensitivity and with dose effects; Mg2+
played an essential and requisite role, three components stood
in front position in our analysis. The composition of of
x1*x1*x1*x2*x3 was one of the best formula for foliar
fertilizer, which obtained the high concentration of alliin in
garlic cloves. RF was a suitable method for analysis of
effectiveness and utility for foliar components, might be a
useful tool for more using in agricultural aspect.
The active compound alliin could be regard as a product of
phytopharmaceutical from garlic, and the price per gram alliin
would be in the range of 45-50 EUR (estimated exemplary
from the selling price of garlic product)[15], the profit of
garlic could be enhanced by improving quality with high alliin
content. Foliar fertilization with optimal formulas showed
more advantages for application, and could give chance for
farmer another way to improve quality of garlic product.
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