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Abstract A response surface methodology (RSM)
experimental design was applied for improving micropro-
pagation of a wild apricot, Prunus armeniaca Lam., from
the mountains of Kazakhstan. In an initial study, woody
plant medium (WPM) mineral nutrients [calcium nitrate,
ammonium nitrate, mesos (calcium chloride, potassium
phosphate and magnesium sulfate) potassium sulfate and
minor nutrients] were tested in a response surface method-
ology (RSM) experiment. Shoot quality was the best when
nitrogen and mesos (CaCl,, MgSO,, K,SO,, KH,PO,)
compounds were altered. In this study an expanded mesos
optimization experiment was run. Data taken included a
subjective quality rating, shoot length, shoot number, leaf
color and size, callus and physiological disorders. Data
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were analyzed by Classification and Regression Tree Anal-
ysis (CART), a data mining technique that provides specific
cutoff values for data and easy to interpret data trees. The
CART analysis indicated that the best quality would be
with £2.4x WPM levels of KH,PO, and <0.75x MgSO,.
Shoot length was affected by K,SO,, but most shoots were
of good size at any concentration. Shoot multiplication
was affected by KH,PO,, but there were >5 shoots at any
concentration. Leaf color was best with <2.41x KH,PO,
and <1.22x K,SO,. Based on the CART analysis, a rec-
ommendation for improved mesos compounds was devel-
oped. Each of the individual trees was analyzed and the
cutoff points determined so that all the growth characteris-
tics could be considered in the final concentrations chosen.
Using the combined results from the CART analysis, the
suggested medium would include WPM with CaCl, 2.7X,
MgSO, 2.7%, K,SO, 0.8x, KH,PO, 0.75X.

Keywords CART data mining algorithm - In vitro
culture - Mineral nutrition - Prunus armeniaca - Response
surface methodology

Introduction

Tissue culture medium optimization is a complex process
due to the effects and interactions of many factors. There-
fore, effective mineral nutrition optimization requires
careful experimental design and statistical analysis in
order to screen many factors at a range of reasonable
levels and determine any interactions. Response surface
methodology (RSM) is an effective statistical tool which
combines experimental designs and analyses for opti-
mization processes. RSM optimal designs were shown
to be a useful tool for tissue culture studies by reducing
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treatment combinations tremendously compared to tra-
ditional factorial designs (Akin 2016; Niedz and Evens
2007; Reed et al. 2013).

Data mining algorithms are also useful for analysis
of medium optimization experiments with multiple fac-
tors. The Chi-Squared Automatic Interaction Detection
(CHAID) data mining algorithm was used previously to
model common mineral nutrient requirements for diverse
hazelnut genotypes (Akin et al. 2016). CHAID constructs
non-binary, easy to interpret visual trees. The algorithm
detects both linear and non-linear effects, that are not
detectable by traditional statistical techniques like regres-
sion and anova (Akin 2016). Neurofuzzy logic was also
used to design better micropropagation media by modeling
eight ions for three growth parameters pf Prunus rootstocks
(Alanagh et al. 2014) and predicting plant responses corre-
lated to nutrient levels in a variety of apricot tissue culture
media (Gago et al. 2011).

Another option for data analysis that has not been used
for plant tissue culture optimization is Classification and
Regression tree (CART) data mining algorithm. CART
constructs visual, easy to interpret binary decision trees.
The algorithm is a non-parametric statistical technique
which does not require a normality assumption for the
dependent variables. CART performs well in the case of
missing data of independent variables, and it can be applied
to both large and small data sets. Although the CART algo-
rithm is capable of detecting interactions for continuous,
nominal and ordinal variables (Yordanova et al. 2015), it
has not been applied for analyzing tissue culture data. The
CART modeling procedure consists of tree building and
pruning. All the input variables are considered for the best
split in the tree building process. The algorithm makes trial
splits until the best split is found which minimizes the vari-
ance within subsets and maximizes the variance between
subsets (Rashidi et al. 2014). The Least Squares Deviation
(LSD) method is used for continuous variables as a split-
ting criterion (SPSS 2013). The CART algorithm performs
a backward pruning (stopping) procedure consisting of
complete tree building, after which it continues analyzing
and pruning back the tree to optimal size. A V-fold cross-
validation is used in this procedure to evaluate the overall
accuracy of the technique (Rashidi et al. 2014).

The initial RSM study for optimizing shoot growth of
a wild apricot, Prunus armeniaca Lam, indicated that the
nutrients with the greatest impact on shoot growth were the
meso compounds (CaCl,, KH,PO,, MgSO, and K,SO,)
and nitrogen groups (Kovalchuk et al. 2017). Growth of the
shoots on a trial medium with 2.5X Mesos and 1.75X nitro-
gen greatly improved growth but was not optimal (Koval-
chuk et al. 2017). The goal of the current study was to fur-
ther analyze the meso compounds within a RSM optimal
design to provide the information required for a finalized

@ Springer

growth medium for P. armeniaca and possible testing for
other apricot species and cultivars.

Materials and methods
Plant material and culture conditions

Seedlings used to initiate cultures were germinated from
fruit of a selected tree of the wild apricot, Prunus arme-
niaca Lam., collected from the Zailiyskyi Alatau region
of Kazakhstan, a part of the Ketmen metapopulation, Site
2B, Bolshoe Aksu Gorge, Site 2, Tree 7. The tree loca-
tion was 1595 M, 43° 17.917 min N, 79° 37.954 min E.
Shoot cultures were initiated from 10 seedlings derived
from seeds of a single 10-15 year old tree. Shoots were
pooled to provide a culture representing the genetic diver-
sity present in the original population. Shoots were initially
propagated on woody plant medium (WPM) (Lloyd and
McCown 1980) and later on a trial medium (Kovalchuk
et al. 2017) of WPM salts and vitamins, with increased
nitrogen (1.75X) and mesos (CaCl,-2H,0, MgSO,-7H,0,
K,SO,, and KH,PO,) (2.5%), 20 g each sucrose and sorbi-
tol and 0.5 mg/L (2.2 uM) Nﬁ—benzyladenine (BA) (Phyto-
Technology Labs, Shawnee Mission, KS), 4 g agar (Bitek,
Difco, Detroit, MI.) and 1.5 g Gelrite (PhytoTechnology
Labs) at pH 5.7. Shoots were grown in Magenta GA7 boxes
with 40 ml of medium in each box with a transfer to fresh
medium every 3 weeks. Cultures were grown at 24°C
under a 16-h photoperiod with an average of 40 pM m? s~
radiation provided by cool white fluorescent lamps.

Experimental design

A RSM D-optimal experimental design was set up with
Design-Expert software (Design-Expert 2010) using
CaCl,-2H,0, MgSO,-7H,0, K,SO,, and KH,PO, salts
as independent factors within 27 treatment combinations
(Table 1). The CaCl,-2H,0, MgSO,-7H,0, K,SO,, and
KH,PO, salts were tested in a range of 0.5-3.0x WPM
within the design. The other major and minor salts were
left at their original WPM concentrations (1X). Shoots were
planted on each treatment medium in duplicate magenta
GA7 boxes with 5 shoots per box. Some treatments had
additional replications built into the design. Cultures were
grown for 3 weeks then transferred twice to the same treat-
ment medium for a total of 9 weeks of culture. Culture con-
ditions were the same as described above. Boxes were ran-
domized on the growth room shelf.

Response surface methodology (RSM) optimal design
and the software used adds some additional replicates to
estimate the lack of fit. RSM statistical analyses show lack
of fit when the model fails to determine the relationship
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Table 1 Four factor RSM D-optimal design including 27 treatment
points

Treatments  CaCl,2H,0  MgSO,7H,0  K,SO, KH,PO,
1 0.87 0.5 1.77 2.17
2 0.5 0.5 1.94 0.5
3 1.75 1.75 1.75 1.75
4 2.04 0.5 2.81 3

5 0.5 1.41 3 2.09
6 2.05 3 0.5 2.38
7 3 0.5 1.05 1.73
8 0.5 2.06 2 0.74
9 2.09 1.13 0.5 0.5
10 1.75 1.75 1.75 1.75
11 3 3 3 2.44
12 2.05 3 0.5 2.38
13 2.09 1.13 0.5 0.5
14 2.06 0.5 1.92 0.81
15 0.5 2.67 0.5 0.81
16 3 3 1.38 0.5
17 1.9 2.47 2.25 3

18 1.25 3 3 0.5
19 3 1.07 3 0.5
20 0.5 3 1.95 3

21 1.66 1.77 1.77 1.73
22 2.88 2.74 3 0.79
23 3 1.77 1.05 3

24 1.75 1.75 1.75 1.75
25 0.5 0.5 0.5 3

26 1 1 1 1

27 1 1 1 1

Design points 1-25 for investigating the effects of individual factors
on mineral nutrition of Prunus armeniaca and WPM medium con-
trols (points 26-27). Amounts listed are relative to the standard WPM
concentration (XWPM)

between the factors and the response, which indicates that
the model is not significant (Anderson and Whitcomb
2005). The CART algorithm used to analyze the data fol-
lowed the RSM analysis using significant models and there-
fore did not require an additional estimate of the lack of fit.
A V-fold cross-validation criterion was used for evaluating
the accuracy of the model (Rashidi et al. 2014).

Data

Three shoots from each of the duplicate culture vessels
were evaluated (n=6), always evaluating plants selected on
a diagonal from the box label. The remaining four shoots
were photographed to document general appearance. Data
evaluation was as follows: shoot quality, a subjective vis-
ual assessment of shoot vigor and form was assessed as
1 =poor, 2=moderate and 3=good. Shoots longer than

5 mm were counted. The longest shoots were measured in
centimeters. Callus formation was evaluated as: 1=callus
>2 mm, 2=callus <2 mm, and 3=absent (no callus pre-
sent). Leaf size was rated as: 1 =small leaves, 2 =moderate
leaves, 3 =big leaves. Leaf color was evaluated as: 1=yel-
low or red, 2=light green, 3 =green. Several physiological
disorders were evaluated: green veins and shoot tip necrosis
were rated as 1 =much, 2=some, 3 =none.

Data structure

The outputs (plant quality, shoot length, shoot multipli-
cation, callus formation, leaf color and size) and inputs
(CaCl,-2H,0, MgSO,-7H,0, K,SO,, and KH,PO,) were
considered as continuous variables because the average
response per treatment was calculated. Therefore, all the
variables were specified as scaled within the IBM SPSS 23
statistical software (SPSS 2013).

Statistical analysis

The CART algorithm was used to predict optimal responses
from the independent variables using both continuous
and categorical data. A separate regression tree for each
response was generated by the algorithm. As a nonparamet-
ric statistical technique, CART constructs a binary decision
tree by partitioning a node (subset) into two new subsets
recursively, until the variance within the subsets is mini-
mized and the variance between the subsets is maximized
(Ali et al. 2015; Nisbet et al. 2009). The Pearson correla-
tion coefficient in each dependent variable between actual
and predicted values is maximized, which is an indicator of
the predictive performance of the algorithm. The hypothe-
sis of the correlation coefficient was tested with a two-sided
t-test.

The command order followed in IBM SPSS software
(SPSS 2013) was Analyze> Classify >Tree. CART was
selected as the method to construct a regression tree dia-
gram because the dependent variables (shoot quality, shoot
length, shoot number, callus, leaf color, leaf size, shoot tip
necrosis and green vein formation) were scaled. In the con-
struction of the regression tree graph the cross-validation
value of 10 was used, as required by the algorithm.

The CART modeling procedure consists of tree build-
ing and pruning. Pruning is removing the unnecessary
branches of the tree by assigning numbers to the parent
and child nodes. The numbers are assigned based on the
highest Pearson correlation of the generated trees (Ali
et al. 2015; Nisbet et al. 2009). Minimum parent and
child node numbers were assigned as 4:2 to obtain the
highest Pearson correlation between actual and predicted
values for each response. By default, tree depth of the
CART algorithm was used as 5. The pruning operation
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was activated to prevent unnecessary branching for each  Results

generated regression tree. All the factors are considered

for the best split in the tree building process. The algo-  Quality

rithm performs trial splits until the best split is deter-
mined by minimizing the variance within groups and
maximizing the variance between groups. The Least
Squares Deviation (LSD) method is used for continuous
variables as a splitting criterion (SPSS 2013). The CART
algorithm performs a backward pruning (stopping) proce-
dure consisting of complete tree building, after which it
continues analyzing and pruning back the tree to optimal
size. A V-fold cross-validation criterion is used for evalu-
ating the accuracy of the model (Rashidi et al. 2014).

Fig. 1 The CART decision

tree diagram for plant quality

of Prunus armeniaca apricot.
Nodes were determined by the
significance of the factors. Salt
cut-off values are XWPM. Mean
and predicted values are based
on plant quality ratings of /
poor, 2moderate, 3 good given
to each shoot

The subjective evaluation of shoots indicated by the qual-
ity rating (1 poor, 2 moderate, 3 good) is an overall sum-
mation of the other objectively measured responses and
is the most useful for determining an improved growth
medium (Niedz et al. 2007). A decision tree diagram for
plant quality was generated by the CART data mining algo-
rithm (Fig. 1). Three compounds, KH,PO,, MgSO,-7H,0O
and CaCl,-2H,0, were significant for shoot quality. The
Pearson correlation coefficient between actual and pre-
dicted values for quality was 0.70 (p<0.01), indicating a

Quality
Maode 0
Mean 1,636
Std. Dew. 0,296
n 27
k] 1000
Fredicted 1,636
KHZFO4

Improvement=0,014

2= 2,440 = 2,410
Maode 1 Mode 2
Mean 1,693 Mean 1,417
Std. Drew. 0,256 Std. Drew. 0,245

n 21 n =]

% e % 222

Fredicted 1,698 Fredicted 1,417
MgS04.7HZO Caclz2.2Hz0

Improvement=0,009

Improvement=0,007

4= 0[.?50 = 0,750 <= 2,520 = 2520
. |

Mode 3 Node 4 Mode 5 Node G
hean 1,817 Mean 1,647 hean 1,542 Mean 1167
Std. Dew. 0,095 Std. Dew. 0,256 Std. Dew. 0,370 Std. Dew. 0,000
n LS n 17 n < n 2
% 14,8 % 53,0 % 148 % 7.4
Fredicted 19197 Fredicted 1,647 Fredicted 1,542 Fredicted 1167

Mgs504.7HZO

Improvement=0,010
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high predictive ability of the algorithm. Predicted average
quality was 1.64 +0.3. The root node (Node 0) at the top of
the regression tree diagram was partitioned into two child
subsets (Nodes 1 and 2) based on KH,PO, concentration.
Node 1, consisting of 21 treatment combinations (n=21),
was a subset of the plants exposed to 2.41X or less KH,PO,
with predicted average plant quality of 1.7. Node 2 (n=06)
was a subset of shoots exposed to KH,PO, >2.41x with
predicted average shoot quality of 1.42. Node 1 was split
into Nodes 3 and 4 according to MgSO,-7H,0. Node 3
(n=4) was a terminal subset with the highest plant qual-
ity (1.92+0.1), and was within the concentration ranges
of KH,PO, <2.41x and MgSO,7H,0 <0.75Xx. Node
4 (n=17) was the subset of shoots exposed to KH,PO,
<2.41x and MgSO,-7H,0 >0.75X, and divided into two
child subsets by MgSO,-7H,0O with lower predicted qual-
ity ratings (Fig. 1). Node 8 was a subset of Node 4 with
MgS0O,-7H,0 >1.58 and a quality rating of 1.74+0.22,
similar to that of Node 3.

Shoot length and multiplication

K,SO, was the only significant factor affecting shoot length
(Fig. 2). The Pearson correlation coefficient between actual
and predicted shoot length was low at 0.4 (p <0.05). Node 1
contained the longest shoots (10.2 cm) and required K,SO,
<1.85x. Multiplication was only affected by KH,PO,
(Fig. 3). The Pearson correlation coefficient between actual

Shoot length
Mode O
Mean 9.309
Std. Dew. 2,799
n 27
% 100,00
Fredicted 9,209
=]

k2504
Improvement=1,123

<= 1,245 = 1,845
! I

Mode 1 Mode 2
Mean 10,128 Mean 8,030
Std. Dew. 2910 Std. Deaw. 2,152
n 16 n 11
% 50,3 %% 40,7
Fredicted 10,128 FPredicted 2,030

Fig.2 The CART decision tree diagram for shoot length (cm) of
Prunus armeniaca apricot. Nodes were determined by the signifi-
cance of the factors. Salt cut-off values are XWPM

329
Shoot number
Hode O
Mean 5,691
Std. Dew. 1,801
n 27
% 100,0
Fredicted 6,691
KHZFD4
Improvement=0, 645
== 0,765 = 0,765
Node 1 Node 2
Mean 5,333 Mean TAGT
Std. Dew. 1,481 Std. Dew. 1,682
n 7 n 20
% 2549 % 4.1
Fredicted 5,333 Fredicted T AGT
KHZFPO4
Improvement=0 646
4= DI.QI:IS = 0,905
|
Hode 3 Hode 4
Mean 9,389 Mean G775
Std. Dew. 0952 Std. Dew. 1,467
n 3 n 17
% 11,1 R G630
Fredicted 9,389 Fredicted G775

Fig. 3 The CART decision tree diagram for shoot number of Prunus
armeniaca apricot. Nodes were determined by the significance of the
factors. Salt cut-off values are XWPM

and predicted shoot number was 0.64 (p<0.01). The high-
est predicted shoot number (average of 9.4) was obtained
in Node 3 and required a concentration range of 0.77X
<KH,PO, <0.91x. However the number of shoots per
plant ranged from 5 to 9 and this indicates that all KH,PO,
concentrations tested would provide good multiplication.

Callus

Callus formation on the shoots was significantly affected by
MgS0O,-7H,0 and K,SO, (Fig. 4). The Pearson correlation
coefficient between actual and predicted callus formation
was 0.80 (p<0.01), inferring high predictive ability for this
response. The most callus formation (mean rating of 2) was
recorded in Node 1, which was exposed to MgSO,-7H,0O
<2.57x (Fig. 4). The least callus formation (rating of 3)
was obtained in Node 3, which required concentration
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Callus
Hode O
Mean 2,130
Std. Dew. 0,382
n 27
% 100,0
Fredicted 2,130
MgS04.7HZ0

Improvement=0,040

Leaf color
Mode 0
Mean 1,605
Std. Dew. 0,429

n 27

% 100,0

Fradicted 1,605
KHZFO4

Improvement=0,042

= 2|,5?D = 2,i'5?tl
Mode 1 Mode 2
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Std. Dew. 0,266 Std. Dew. 0,454
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% F0.4 % 28 6
Fredicted 2,000 Fredicted 2,938
k2504
Improvement=0,046
4= DI,94D = 0,940
, |
Hode 3 Hode 4
Mean 2944 Mean 2,133
Std. Dew. 0,096 Std. Dew. 0,217
n 2 n tal
%% 11,1 %% 125
FPredicted 28944 FPredicted 2,133

Fig. 4 The CART decision tree diagram for callus formation of Pru-
nus armeniaca apricot. Nodes were determined by the significance of
the factors. Salt cut-off values are XDKW. Mean and predicted values
are based on the rating /large callus, 2 moderate callus, 3 no callus
given to each shoot

ranges of MgSO,-7H,0 >2.57x and K,SO, <0.94, indicat-
ing an interaction between these two factors.

Leaf color and leaf size

Leaf color was affected by KH,PO,, K,SO, and
CaCl,-2H,O (Fig. 5). The Pearson correlation coefficient
between actual and predicted values for leaf color was 0.74
(p<0.01). The 27 treatment combinations were divided in
two subgroups based on 2.41x KH,PO, as the critical con-
centration threshold. Of these, 21 treatment combinations
were assigned to Node 1 and six to Node 2. The shoots in
Node 3 had the greenest leaves and were within the concen-
tration ranges of KH,PO, <2.41x and K,SO, <1.22x. The
shoots with palest leaves were in Node 6 (mean rating of 1)
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%= 2,410 = 2,410
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Fig. 5 The CART decision tree diagram for leaf color of Prunus
armeniaca apricot. Nodes were determined by the significance of the
factors. Salt cut-off values are XWPM. Mean and predicted values
are based on the rating / yellow or red, 2 light green, 3 green to each
shoot

and were within the concentration levels of K,SO, >1.22x
and CaCl,-2H,0 >2.94x.

Leaf size was influenced by KH,PO, and CaCl,-2H,0
(Fig. 6). Most of the shoots (Node 2) had very small leaves
when grown on KH,PO, >0.77. The largest leaves (Node
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Leaf size Shoot tip necrosis
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n 2 n 3
K 7.4 K 11,1
Fig. 6 The CART decision tree diagram for leaf size of Prunus Fredicted 2917 Fredicted 3,000
armeniaca apricot. Nodes were determined by the significance of the

factors. Salt cut-off values are XWPM. Mean and predicted values are
based on the rating /small leaves, 2 moderate leaves, 3 big leaves
given to each shoot

4) were still moderate to small (rating 1.75) based on
KH,PO, <0.77 and CaCl,-2H,0 >2.55.

Physiological disorders

Very little shoot tip necrosis (STN) was seen in the current
study, however STN was affected by 2.94x CaCl,-2H,0
as the critical threshold concentration (Fig. 7). With
CaCl,-2H,0 <£2.94x no STN was predicted. Another range
with no STN formation was when CaCl,-2H,0 >2.94x, but
within this range there was an interaction with KH,PO,,
and the requirement for KH,PO, was above 1.12X. The
Pearson correlation coefficient between observed and pre-
dicted shoot tip necrosis formation was 0.70 (p<0.01).

The development of green veins noted in the study
was affected by KH,PO, and CaCl,-2H,0O (Fig. 8). The
least green vein formation (rating 2.95) was predicted for
KH,PO, >0.62x (Node 2). Node 4 showed the most green
vein formation (rating 1.83) when KH,PO, <0.62X and

Fig.7 The CART decision tree diagram for shoot tip necrosis of
Prunus armeniaca apricot. Nodes were determined by the signifi-
cance of the factors. Salt cut-off values are XWPM. Mean and pre-
dicted values are based on the rating: / much, 2 some, 3 none shoot
tip necrosis formation

CaCl,-2H,0 >2.55%. The Pearson correlation coefficient
between real and predicted green vein formation was 0.70
(p<0.01).

Discussion

Advanced experimental design and statistical analy-
sis methods provide more precise ways of looking at the
problem of mineral nutrient optimization. Optimizing
mineral nutrients in growth medium using RSM experi-
mental design provides an important tool for improving
plant growth in tissue culture. The successful optimiza-
tion of pear, hazelnut and raspberry shoot cultures using
RSM experimental design and analysis showed that RSM
was a logical choice for determining the best nutrients for
improving the growth of Kazakhstan’s native apricot P.
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Green veins

Mode 0
Mean 2,852
Std. Dew. 0,396
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% 100.,0
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|:
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% 14,8 % 7.4
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Fig.8 The CART decision tree diagram for green vein formation
of Prunus armeniaca apricot. Nodes were determined by the signifi-
cance of the factors. Salt cut-off values are XWPM. Mean and pre-
dicted values are based on the rating: / much, 2some, 3 none green
vein formation

armeniaca (Hand et al. 2014; Poothong and Reed 2014;
Reed et al. 2013). The effects of nutrients on shoot growth
could be determined through analysis of related groups of
nutrients (Reed et al. 2013; Wada et al. 2015). The initial
screening of P. armeniaca testing five WPM salt groups
was used to determine the key nutrients driving apricot
shoot growth (Kovalchuk et al. 2017). The poor growth
on WPM (Fig. 9a) was improved and that study produced
a trial modified WPM with increased nitrogen and mesos
(1.75% NH,NO; and Ca(NOs;),, and 2.5X mesos) that pro-
duced much taller shoots with good multiplication, but had
poor leaf color and leaf shape with a large callus at the base
(Fig. 9¢). Continued optimization of the medium by testing
the individual mesos components was a needed step.

RSM analysis provided guidance in selecting the most
important changes needed in growth medium nutrients,
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however the program did not distinguish clear cutoff points
to use when formulating a new medium (Kovalchuk et al.
2017). The CART algorithm clarified the analysis by RSM
because it provided clear division points indicating supe-
rior or inferior plant growth based on specific nutrient con-
centrations (Figs. 1, 2, 3, 4, 5, 6, 7, 8). Another form of
data mining is neuro-fuzzy logic that was used to analyze a
group of medium experiments with apricot cultivars (Gago
et al. 2011). The process indicated that the most important
interaction was cultivar X BA for shoot number and pro-
ductivity, while cultivar x N H4Jr and BA X magnesium were
also important (Gago et al. 2011). In the current study BA
was 2.2 uM and not varied, however it is in the same range
of good growth seen by Gago et al. (2011). Low BA xlow
Mg** was most productive (shoot no X shoot length) for
the cultivars studied by Gago et al. and in the current study
MgSO, <0.75x or >1.6x was significant for overall shoot
quality but was not related to shoot length or shoot number
with 2.2 uM BA (Figs. 1, 2, 3). Gago et al. also noted that
a high Ca®* concentration was favorable for shoot length,
however in the current study CaCl, at >2.6X produced the
largest leaf size and at <2.9x decreased STN but did not
affect shoot length (Figs. 6, 7). Because Ca(NOj), is the
nitrogen source in WPM, the amount of calcium is also
dependent on the nitrogen level. The Ca(NOj;), required
for improved growth in the original study (Kovalchuk
et al. 2017) was 1.75x that of WPM, so this would also
increase the Ca in the medium. A follow-up study on nitro-
gen requirements is in progress. High CaCl, combined with
very low (<0.6x) KH,PO, promoted the physiological dis-
order of dark green leaf veins (Figs. 8, 9d).

Comparison of established growth media, slight adjust-
ments to those media, or changes in growth regulators are
the most common growth medium experiments. Apricots
are considered difficult to micropropagate and numerous
studies have attempted to improve the growth medium for
a range of cultivars (Marino et al. 1993; Pérez-Tornero
and Burgos 2000, 2007). Q&L medium (Quoirin and
Lepoivre 1977) is commonly used for apricots, as are MS
(Murashige and Skoog 1962), DKW (Driver and Kuniyuki
1984) and the WPM used in the current study. A compari-
son of six medium formulations showed that shoot number,
length and productivity of four genotypes were affected
by both genotype and medium (Pérez-Tornero and Burgos
2000). Medium type alone was not significant for shoot
length although there were genotype X medium interac-
tions, however BA concentration was highly significant
(Pérez-Tornero and Burgos 2000). Deficiency symptoms
were noted with the use of WPM for apricot due to the low
salt content of the medium. Q&L medium with changes to
the growth regulators was suggested as a general apricot
medium (Pérez-Tornero and Burgos 2007). These experi-
ments with cultivars compared commonly used existing
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Fig. 9 Growth of Prunus armeniaca on a control woody plant medium. b Mesos treatment 15. ¢ The trial medium developed from the original
screen (Kovalchuk et al. 2017) and d treatment showing callus and green vein symptoms

growth media to determine one that would work for the
cultivars in question, but did not directly determine which
nutrients were the most important for improved shoot
growth.

In the current mesos study, shoots grown on the con-
trol WPM were very short and had callus formation, small
leaves with leaf and shoot tip necrosis (Fig. 9a). There were
some clear differences among meso nutrient treatments.
The better mesos treatments produced better leaf color and
size as well as more shoot multiplication (Fig. 9b). Mul-
tiplication was not difficult for this wild apricot, however
slightly lower (<0.9x) KH,PO, concentrations increased
the number of shoots per plant from 6.7 to 9.4. Shoot
length increases were nominal, but were improved slightly
when K,SO, <1.9%. Because the nitrogen compounds were
not increased in this trial, none of the treatments tested pro-
vided overall high-quality shoots. Earlier studies of four
diverse apricot cultivars grown on six growth media found
some improved growth, but there were no significant dif-
ferences in shoot length for any cultivars and only two dif-
fered for shoot multiplication (Pérez-Tornero and Burgos
2000). The study concluded that many of the media tested
had too much ammonium or a poor ratio of ammonium to
nitrate or were deficient in some other nutrients, but the
exact amounts of excess or deficiency were not determined
in that study (Pérez-Tornero and Burgos 2000).

Using advanced statistical methods allows analysis of
the individual salts involved in growth media, and should

produce a more accurate reformulation of the growth
medium than testing available medium formulations. The
current CART analysis indicated that 2.7X WPM concen-
trations of CaCl,-2H,0 and MgSO,-7H,0, in combina-
tion with lower amounts of KH,PO, (0.75X) and K,SO,
(0.8%) were required to improve leaf size and reduce cal-
lus and green veins (Table 2; Figs. 4, 6). The initial study
with five nutrient factors indicated that callus increased
as the mesos components increased (Kovalchuk et al.
2017). The current study also revealed that an interac-
tion of MgSO,-7H,0 and K,SO, affected callus growth

Table 2 Meso salts optimal-concentration ranges for each shoot
characteristic as predicted by CART algorithm for Prunus armeniaca

CaCl,2H,0 MgSO,-7TH,0 K,SO, KH,PO,
Quality <0.75 or >1.58 <2.41
Shoot length Any
Shoot number Any
Callus >2.57 <0.94
Leaf color <1.215 <241
Leaf size >2.545 <0.765
Shoot tip necrosis Any Any
Green veins >0.62
Best medium 2.7 2.7 0.8 0.75

Amounts listed are relative to the standard WPM concentration
(XWPM)
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Table 3 The mesos mineral nutrients of five media. MS (Murashige and Skoog 1962), WPM (Lloyd and McCown 1980), DKW (Driver and
Kuniyuki 1984), Q&L (Quoirin and Lepoivre 1977) and the proposed formulation

Nutrients (mg L™ MS WPM DKW Q&L New formulation (mg L™1)
CaCl,-2H,0 440 96 147 - 259.7 (2.7 WPM)
MgS0,-7H,0 370 370 740 360 999 (2.7x WPM)
KH,PO, 170 170 259 270 127.5 (0.75x WPM)
K,SO, - 990 1560 - 792 (0.80x WPM)

such that high levels of MgSO,-7H,0 (>2.57%) and low
K,S0O, (<0.94) reduced callus formation. This response is
quite different from callus formation in hazelnut that was
linked to low NH,NOj; concentrations (Hand et al. 2014).
Shoot length (KH,PO,) and shoot number (K,SO,) did
not change much regardless of the principal salt con-
centration (Figs. 2, 3) and this would be expected, as the
nitrogen compounds tend to heavily influence length and
multiplication of woody plants. Meso mineral nutrients
of several culture media commonly used for apricots are
quite different from this new formulation determined to
be optimum with the CART analysis (Table 3).

Although several physiological disorders are often tied
to low calcium or magnesium concentrations, the only STN
noted in this study was with high CaCl,-2H,0 (>2.94X)
or in an interaction with KH,PO, (Fig. 7). Hyperhydric-
ity was not evident in this study although it is considered a
major disorder of apricot shoot cultures (Pérez-Tornero and
Burgos 2007). Dark green leaf veins, a typical symptom of
magnesium deficiency, was commonly seen (Fig. 9d) and
could be tied to very low KH,PO, and high CaCl,-2H,0
concentrations in the medium (Fig. 8). Both potassium and
calcium in high concentrations can compete with magne-
sium uptake in plants that can result in reduced amounts
of magnesium available to the shoots (Lopez-Lefebre
et al. 2001). In raspberry shoot cultures the main nutrient
involved in leaf color was magnesium, but CaCl,-2H,0O at
double the normal MS medium concentrations improved
leaf color (Poothong and Reed 2014).

Conclusions

The CART data mining algorithm was very effective for
determining the effect of mesos compounds on shoot
growth (Table 2). Based on the CART analysis, improved
mesos nutrient concentrations were determined. Each of the
individual trees were analyzed and the cutoff points deter-
mined so that all the important plant growth characteristics
could be considered in the final concentrations chosen.
CART analysis indicated that the best shoot quality
would be with <2.4x WPM levels of KH,PO, and <0.8x
MgSO,. Shoot length was affected by K,SO,, but most
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shoots were of good size at any concentration. Shoot
multiplication was only affected by KH,PO,, but there
were >5 shoots at any concentration. Leaf color was best
with <2.4x KH,PO, and <1.2x K,SO, while the larg-
est leaf size was at <0.8x KH,PO, and >2.6x CaCl,. A
physiological disorder, dark-green leaf veins appeared
when KH,PO, was <0.6x and CaCl, >2.6X, but this was
alleviated with increased KH,PO, or reduced CaCl,. Cal-
lus production was significantly decreased with MgSO,
>2.6x and K,SO, <0.9%. Using the combined results
from the CART analysis, the suggested medium would
include WPM with CaCl, 2.7x, MgS0O, 2.7x, K,SO,
0.8%, KH,PO, 0.8x (Table 3). This data combined with
an analysis of nitrogen compounds will provide an opti-
mized medium for improved growth of this wild apricot.
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