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Abstract: The Crocus sativus, an endangered medicinal and aromatic plant in Morocco, has a low
propagation rate in natural conditions and, therefore, an efficient method for in vitro propagation is
required. This study investigated the effects of various hormones on the induction of callogenesis and
callogenesis in C. sativus corms using the Box-Behnken experimental design. The best shoot formation
was obtained with Murashige and Skoog fortified with 3 mg/L 6-Benzylaminopurine. On the other
hand, callus formation was obtained with 3 mg/L 1-Naphthaleneacetic Acid or 3 mg/L 2,4-
Dichlorophenoxyacetic Acid. However, a combination of 3 mg/L 6-Benzylaminopurine, 1.056 mg/L
Indole Butyric Acid, and 3 mg/L 2,4-Dichlorophenoxyacetic Acid allows 50% caulogenesis and 60%
callogenesis. The in vitro regeneration system could be utilized for both conservation and largescale
multiplication of Crocus sativus corms.
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1. Introduction

Saffron (Crocus sativus L.), a local product of the Anti-Atlas marocain, is well known
as the most expensive spice in the world. It is certainly the most interesting and attractive
species for the properties of its dry stigmas, including its coloring power, bitter taste, and
aromatic potency [1,2]. Saffron contains at least 150 volatile and non-volatile compounds.
Quality of which involves three main secondary metabolites; crocin, picrocrocin, and safranal,
respectively responsible for its color, taste, and aroma [3,4].

Dry stigmas of C. sativus are used in food, cosmetics, perfume, and coloring industries
[5]. Various studies have highlighted the antidiabetic, antidepressant, anti-inflammatory,
antioxidant, and anticancer activities of saffron [6-12].

C. sativus is a sterile triploid geophyte (2n = 3x = 24) propagated vegetatively by corms.
The rate of natural saffron propagation is relatively low, which currently constitutes a real
constraint for extending this culture. Typically only four to five cormlets per mother corm per
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season are produced in saffron fields through natural breeding. These low multiplication rates
of cormlets, aggravated by problems of fungal infestation, limit the availability of adequate
plant material and considerably reduce saffron productivity [13-15].

In addition to conventional propagation methods, biotechnological approaches such as
in vitro culture methods contribute significantly to the spread of economically important
species [16,17]. Micropropagation is an in vitro plant cloning technique to produce plants in
large quantities [18-20]. This technique refers to the culture of tissues of the selected plants
that are grown in an aseptic condition on a medium containing macro and micronutrients to
produce disease-free and true-to-type plants [21-23].

For this purpose, it is necessary to have an in vitro propagation protocol to preserve the
germ-plasm of C. sativus L. in Morocco. For this, the present study's objective is to validate a
suitable hormonal combination for the induction of callogenesis/caulogenesis of Taliouine
saffron.

2. Materials and Methods

2.1. Plant material.

Samples of healthy C. sativus corms were provided by one of the main saffron-
producing villages (Taliouine) in Taroudant Province, Morocco, during February 2018. The
corms measure 1.5 to 2.5 cm in diameter.

2.2. Disinfection of corms.

After removing the protective tunic, corms were thoroughly washed with running tap
water for 10 min to remove the coating layer of microorganisms ubiquitously found on them.
Corms were superficially disinfected with 70% alcohol for threes, then immersed in a 4.5%
sodium hypochlorite solution with 0.3% Tween 20 for 15 min and rinsed four times with sterile
distilled water 3 min each. The disinfection was carried out under a laminar flow hood.

2.3. Preparation of culture medium.

The culture medium used was MS medium Murashige et Skoog [24] enriched with
growth hormones, supplemented with sucrose at 30 g/L, and solidified with agar-agar at 9 g/L.
Medium’s pH was adjusted between 5.6 and 5.8 before autoclaving at 120 °C for 20 min and
under 1 bar pressure.

2.4. Cultivation and transplanting.

An optimization plan was established using 2 cytokinins, Kinetin (Kn), 6-
Benzylaminopurine (BAP) and 3 auxins, 1-Naphthaleneacetic Acid (ANA), Indole Butyric
Acid (IBA), 2,4-Dichlorophenoxyacetic Acid (2,4-D) with different hormonal combinations to
predict the most effective combination of hormones for callogenesis and caulogenesis
induction. The disinfected corms were dried with sterile paper and cut into small pieces
containing apical nodes and meristematic lateral (Figure 1), then introduced aseptically into
Petri dishes containing 20 mL of MS at a rate of five explants per dish. A number of 920
explants were used for callogenesis and caulogenesis induction. The cultures were placed in a
conditioned room (phytotron) under a luminous intensity of 1600 W provided by Sylvania
fluorescent tubes. The temperature was maintained at 22 + 2°C.
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Figure 1. Cultivation of C. sativus explants.

2.5. Experimental Design.

Response Surface Methodology (RMS) is a technique that objective is to quantitatively
determine response variation as a function of significant influence factors. Screening plans had
only two levels of study per factor, and the mathematical models used were first-degree (with
or without interactions) for each factor. These plans sometimes lead to simple modeling [25].
However, there are many cases where it is necessary to have good modeling of the phenomena
studied and where it is necessary to move to mathematical models of the second degree. The
response surface planes are then used. These plans were applied as a result of the screening
study because they only use factors previously considered influential [26,27].

Quadratic Box-Behnken experimental design was used to study the effect of hormones
on the induction of caulogenesis and callogenesis in C. sativus (responses). The design was
composed of three levels (low, medium, and high, coded -1, 0, and +1) and a total of 46
combinations were performed in duplicate to optimize the factor level (Kn, BAP, ANA, IBA,
2,4-D). These were noted X1, Xz, X3, X4, and Xs, respectively. The choice of factor levels
consists of choosing each factor's high and low levels (Table 1). The experimental design
matrix of the Box-Behnken model was presented in Table 2.

The choice of factors has been taken into account based on previous studies in C. sativus
species [28-32].

Table 1. Factors and their actual and coded levels of the optimization study.

Real factor Coded factor | Unit Center Variation step Actual level of coded factors
-1 0 +1
Kn X1 mg/L 15 15 0 15 3
BAP X2 mg/L 15 15 0 15 3
ANA X3 mg/L 15 15 0 15 3
IBA Xa mg/L 15 15 0 15 3
2,4D Xs mg/L 15 15 0 15 3

2.6. Mathematical model and statistical analysis.

The mathematical model postulated and used for composite designs was a second-
degree model in which the coefficient R? has been determined. Response surface method uses
polynomial models of second degree [33]. Callogenesis and caulogenesis Induction (Y)
depends on these factors above. Resulting quadratic mathematical model was a polynomial of
order 2:
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Eq (Al) Y=ap+ar X1 +a Xo+az Xag+as Xa+as Xs + ape X1 Xo +a13 X1 X3 + aus
X1 Xs +as X1 Xs + a3 XoX3 + a4 XoXs + a5 XoXs + aza XaXs + azs X3Xs + ass XaXs + a1 X1X1

+ Az XoXo + azz XaXa+ ass XaXs + ass XsXs +e
With:

Y: induction (response); (X1, X2, X3, X4, Xs): factors taken into account; a; (ao, ai, az,

as, as, as): factor coefficients; e: error term.

This study was conducted using JMP SAS Software (JMP®, version <14> SAS
Institute Inc.). The mathematical models obtained were validated by analyzing variance test
(ANOVA) and file test (linear model by least-square standard). The average responses were
compared by Tukey's Honestly Significant Difference (HSD) test at the risk of 0.05 error.

Table 2. Experimental matrix of the effect of hormones on induction.

ID Kn (mg/L) BAP (mg/L) ANA (mg/L) IBA (mg/L) 2,4-D (mg/L)
1 15 0 0 15 15
2 15 15 3 0 15
3 15 15 15 15 15
4 15 3 3 15 15
5 15 0 15 0 15
6 15 15 3 3 15
7 3 15 15 3 15
8 0 15 15 15 3
9 15 3 15 3 15
10 0 15 3 15 15
11 3 15 3 15 15
12 0 15 0 15 15
13 3 0 15 15 15
14 3 15 0 15 15
15 15 0 15 15 0
16 15 15 0 0 15
17 15 3 15 15 3
18 15 15 15 15 15
19 3 15 15 0 15
20 15 15 0 15 0
21 0 3 15 15 15
22 15 15 15 15 15
23 15 15 15 15 15
24 15 3 15 15 0
25 15 15 3 15 3
26 0 0 15 15 15
27 15 15 15 3 0
28 0 15 15 3 15
29 15 15 15 0 0
30 3 15 15 15 0
31 15 15 15 15 15
32 15 15 3 15 0
33 15 15 0 3 15
34 15 0 15 3 15
35 3 15 15 15 3
36 15 3 15 0 15
37 15 15 15 15 15
38 15 0 3 15 15
39 0 15 15 15 0
40 15 3 0 15 15
41 15 0 15 15 3
42 3 3 15 15 15

https://biointerfaceresearch.com/

4734


https://doi.org/10.33263/BRIAC124.47314746
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC124.47314746

ID Kn (mg/L) BAP (mg/L) ANA (mg/L) IBA (mg/L) 2,4-D (mg/L)
43 1,5 15 15 3 3
44 15 15 15 0 3
45 1,5 1,5 0 1,5 3
46 0 15 15 0 15

3. Results and Discussion

3.1. Experimental design.

Effect summary of phytohormones used for caulogenesis and callogenesis induction is
shown in Table 3. Results show that the effective model is significant for BAP, BAP?, and the
ANA*2,4-D interaction since the probability of significance of the p-value risk is inferior to

0.05.
Table 3. Effects summary of phytohormones.

Source Log Worth P Value
BAP(0,3) 4,031 | 0,00009
BAP*BAP 2,262 | 00 0,00547
ANA*2,4- 1,395 | =7 | ¢ 0,04023
D

2,4-D(0,3) 1,033 [ 1 | 0,09278
Kn*BAP 0,902 | =3 | 0,12518
ANA(0,3) 0771 | =11 | 0,16945
IBA*IBA 0,736 | 71 | 0,18378
Kn*2,4-D 0,730 | =i | 0,18600
BAP*2,4- 0,730 | =i | 0,18600
D

ANA*AN 0,695 | ¢ | 0,20168
A

Kn*ANA 0594 | ¢ | 0,25495
ANA*IBA 0,485 | i | 0,32751
IBA(0,3) 0428 | 1 | 0,37328
Kn*IBA 0384 | i | 0,41314
IBA*2,4- 0,299 | 0 ¢ | 0,50279
D

BAP*IBA 0,291 | ¢ | 0,51163
Kn(0,3) 0248 [ i | 0,56540
Kn*Kn 0,203 | 1 i | 0,62720
2,4-D*2 4- 0,203 | 1 i | 0,62720
D

BAP*AN 0,184 | Il i ! 0,65424
A

3.2. Model validation.

The coefficient of determination, R?, allowed to quantify the quality of the model used

in this study. The model meaning is determined by the values of R? and p-values. When the R?
is larger, and the p-value is smaller, the model is more significant [34,35].

The R? are in order of 0.632 and 0.474 with adjusted R? equal to 0.054 and 0.339,
respectively, for caulogenesis and callogenesis (Table 4). As for the theoretical values
predicted by the model, the p-values of caulogenesis and callogenesis are 0.035 and 0.309,
respectively (Table 5). The results allowed us to conclude that this model is more applicable
for caulogenesis.
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Table 4. Coefficient of determination of caulogenesis (A) and callogenesis (B).

(A) (B)
RSquare 0,632885 RSquare 0,47475
RSquare Adj 0,339193 RSquare Adj 0,054551
Root Mean Square Error 11,03026 Root Mean Square Error 15,01943
Mean of Response 32,28261 Mean of Response 17,3913
Observations (or Sum Wgts) 46 Observations (or Sum Wgts) 46
Table 5. Variance Analysis of Caulogenesis (A) and Callogenesis (B).
(A) (B)
Source | DF Sum of Mean F Ratio Source | DF Sum of Mean F Ratio
Squares Square Squares Square
Model 20 5243,6594 262,183 2,1549 Model 20 5097,373 254,869 1,1298
Error 25 3041,6667 121,667 Prob > Error 25 5639,583 225,583 Prob >
F F
C. 45 8285,3261 0,0352* C. 45 10736,957 0,3818
Total Total

Regarding the lack of fit test, the results indicate that this value is not significant for
caulogenesis and callogenesis (Prob> F = 0.303, Prob> F = 0.309). This means that the data
are adjusted, so the model is acceptable (Table 6).

Table 6. Lack of fit of the experimental model for caulogenesis (A) and callogenesis (B) responses.

(A (B)
Source DF Sum of Mean F Ratio Source DF Sum of Mean F Ratio
Squares Square S
quares Square

Lack Of 20 | 2641,6667 132,083 | 11,6510 -
Fit Lack Of Fit 20 4889,5833 244,479 | 11,6299
Pure 5 | 400,0000 80,000 | Prob> Pure Error 5 750,0000 150,000 | Prob >
Error F F
Total 25 | 3041,6667 0,3036 Total Error 25 5639,5833 0,3092
Error Max

Max

RS
RSq 0 9:«;0‘;I
0,9517 !

3.3. Induction of caulogenesis/callogenesis in C. sativus.

3.3.1. Caulogenesis.

3.3.1.1. Effect test.

Results show the model coefficients in which each is associated with its value, standard
error, t-student, and p-value. The effects of BAP and BAP? are significant (Table 7).
Quadratic equation for predicting the optimal point was obtained according to Box-
Behnken design and input variables, then the empirical relationship between the response and

the independent variables. The quadratic model that summarizes all the tests representing
caulogenesis induction for C. sativus is as follows:

Eq (A.2) Y= 40 +0.625 (X1)+12.812(X2)+0.625(X3)+2.5(X4)-4.062(Xs5)-8.75(X1X2)-
2.5(X1X3)-2.5(X2X3)-1.25(X1X4)+2.5(X2X4)-2.5(X3X4)-7.5(X1Xs5)+7.5(X2X5)+3.75(X4Xs5)-
0.937(X12) -11.354(X2?)-4.270(X5%)-5.104(X4 ?)-0.520(Xs).
The simplified equation is represented according to the following formula:

https://biointerfaceresearch.com/
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Table 7. Effect of the experimental model coefficients on caulogenesis.

Term Estimate Std Error t Ratio Prob>|t|
Intercept 40 4,503085 8,88 <,0001*
Kn(0,3) 0,625 2,757565 0,23 0,8225
BAP(0,3) 12,8125 2,757565 4,65 <,0001*
ANA(0,3) 0,625 2,757565 0,23 0,8225
IBA(0,3) 2,5 2,757565 091 0,3733
2,4-D(0,3) -4,0625 2,757565 -1,47 0,1532
Kn*BAP -8,75 5,615131 -1,59 0,1252
Kn*ANA -2,5 5,615131 -0,45 0,6542
BAP*ANA -2,5 5,615131 -0,45 0,6542
Kn*IBA -1,25 5,615131 -0,23 0,8225
BAP*IBA 2,5 5,615131 0,45 0,6542
ANA*IBA -2,5 5,515131 -0,45 0,6542
Kn*2,4-D -7,5 5,515131 -1,36 0,1860
BAP*2,4-D 75 5,515131 1,36 0,1860
ANA*24-D 0 5,515131 0,00 1,0000
IBA*2,4-D 3,75 5,515131 0,68 0,5028
Kn*Kn -0,9375 3,733761 -0,25 0,8038
BAP*BAP -11,35417 3,733761 -3,04 0,0055*
ANA*ANA -4,270833 3,733761 -1,14 0,2635
IBA*IBA -5,104167 3,733761 -1,37 0,1838
2,4-D*2,4-D -0,520833 3,733761 -0,14 0,8902

3.3.1.2. Evaluation of phytohormones effects.

3.3.1.3. Effect of kn*BAP interaction on caulogenesis.

Response surfaces were developed by software thanks to the mathematical model
obtained. This allowed for predictions in the field of study.

The analysis of response surface for the interaction of two cytokinins (Kn*BAP) and
their effect on caulogenesis shows a response that can reach 45% using 3 mg/L of BAP with
the absence of Kn. Beyond this range, a negative effect has been observed on caulogenesis
induction. Low concentrations of BAP may decrease the response to 10% (Figure 1A). Thus,
and to have more buds, the use of BAP alone is desirable.

3.3.1.3.1. Quadratic effect of BAP on caulogenesis.

Response surface shows the quadratic effect of BAP where the maximum response is
43% of caulogenesis in a range of 1.5-3.2 mg/L of BAP. This percentage may drop to 20%,

with concentrations ranging from 0-0.7 mg/L of BAP (Figure 1B).
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Figure 1. Response surface of caulogenesis induction for C. sativus.
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3.3.1.4. Pareto diagram.

Pareto diagram allowed to visualize the importance of various combinations used in
form of a hierarchy. The cumulative effect offered 100% of the response in caulogenesis, whose
BAP alone has 22% (Figure 2). However, BAP? combination decreases the response by 15%.
We could conclude that the excess of this phytohormone in culture medium negatively affects
the caulogenesis. Therefore, the use of these phytohormones in moderation will be desirable.

Orthog
Term Estimate
BAP(0,3) 7,556400 ‘
BAP*BAP -4,524255 ||
Kn*BAP -2,580234 || !
2,4-D(03)  -2,395932 ||
IBA*IBA -2,246526 ||

Kn*2,4-D -2,211629 ||
BAP*2,4-D 2211629 | |
IBA(0,3) 1,474420 [
ANA*ANA  -1,420853 ||
IBA*2,4-D 1,105815 ]

Kn*Kn 1,071631 [
Kn*ANA -0,737210 |
BAP*ANA  -0,737210 [
BAP*IBA 0,737210 ||
ANA*IBA -0,737210 [
Kn(0,3) 0,368605 |
ANA(0,3) 0,368605 |
Kn*IBA -0,368605 |

2,4-D*2,4-D -0,226861 |
ANA*2,4-D  0,000000

Figure 2. Pareto diagram of caulogenic response for C. sativus
3.3.2. Callogenesis.

3.3.2.1. Effect testing.

Effects test analysis predicts the contribution of different phytohormones used for buds
induction (Table 8). Only the interaction between two auxins (ANA and 2,4-D) is significant,
with a p-value equal 0.040.

Model coefficients are shown in Table 7 allowed to define the quadratic model, which
summarizes all tests representing C. sativus callogenesis:

Eq (A.4) Y=10+ 2.187(X1)-6.562(X2)+5.312(X3)+1.25(X4)+6.562(Xs)-10(X1X2)+
8.750(X1X3)-1.250(X2X3)+6.250(X1X4)-5(X2X4)+7.5(X3X4)-6.25(X1X5)-7.5(X2Xs)-
16.25(X3X5)-1.25(X4Xs5)+2.5(X12)+ 5(X2%) +6.667(X5%)+4.583(X4%)+2.5(X52).

The simplified equation is as follows:

Eq (A.5) Y=10-16.25(X3Xs)

Table 8. Effect of experimental model coefficients on callogenesis.

Term Estimate Std Error t Ratio Prob>|t|
Intercept 10 6,131657 1,63 0,1155
Kn(0,3) 2,1875 3,754858 0,58 0,5654

BAP(0,3) -6,5625 3,754858 -1,75 0,0928
ANA(0,3) 5,3125 3,754858 1,41 0,1695
IBA(0,3) 1,25 3,754858 0,33 0,7420
2,4-D(0,3) 6,5625 3,754858 1,75 0,0928
Kn*BAP -10 7,509716 -1,33 0,1950
Kn*ANA 8,75 7,509716 1,17 0,2550
BAP*ANA -1,25 7,509716 -0,17 0,8691
Kn*IBA 6,25 7,509716 0,83 0,4131
BAP*IBA -5 7,509716 -0,67 0,5116
ANA*IBA 75 7,509716 1,00 0,3275

https://biointerfaceresearch.com/ 4738


https://doi.org/10.33263/BRIAC124.47314746
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC124.47314746

Term Estimate Std Error t Ratio Prob>|t|
Kn*2,4-D -6,25 7,509716 -0,83 0,4131
BAP*2,4-D -75 7,509716 -1,00 0,3275
ANA*2,4-D -16,25 7,509716 -2,16 0,0402*
IBA*2,4-D -1,25 7,509716 -0,17 0,8691
Kn*Kn 2,5 5,084102 0,49 0,6272
BAP*BAP 5 5,084102 0,98 0,3348
ANA*ANA 6,6666667 5,084102 1,31 0,2017
IBA*IBA 4,5833333 5,084102 0,90 0,3759
2,4-D*2,4-D 25 5,084102 0,49 0,6272

3.3.2.2. Evaluation of phytohormones effects.

This study showed variability of explant responses according to the combination of the
hormones used (Figure 2). Some explants showed buds formation while others formed callus.

Figure 2. Callogenesis/caulogenesis induction of C. sativus explants.

3.3.2.2.1. Effect of BAP*ANA interaction on callogenesis.

Response surface determines the contribution of BAP and ANA to saffron callogenesis
(Figure 3A). Thus, a callogenesis percentage of 35% can be achieved using a concentration of
3 mg/L in ANA alone. However, the response can be decreased to 15% by increasing BAP in
the culture medium.

3.3.2.2.2. Effect of ANA*2.4-D interaction on callogenesis.

Figure 3B shows the effect of interaction between two auxins, ANA and 2,4-D, on
callus formation. A maximum response was observed at 3 mg/L ANA and 0 mg/L 2,4-D or 3
mg/L 2,4-D and 0 mg/L ANA. This means that a desirable response is obtained using just one
of them.

https://biointerfaceresearch.com/ 4739


https://doi.org/10.33263/BRIAC124.47314746
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC124.47314746

(A)
o . B (B) < . i
o ‘ A ] ¥ %5 44/4

Yis
2 2,5

8

»
X

Calogenesis (%)
2 8
8
(%)

Figure 3. Response surface of callogenesis induction for C. sativus.

3.3.2.3. Pareto diagram.

The figure above presents the Pareto diagram for callogenic response. We constat that
ANA*2,4-D decreases the response by 12%, followed by BAP with 10%. In contrast, we found
that the use of 2,4-D and ANA separately increases the response by 10 and 8%, respectively.
Thus, 2,4-D is more effective for callogenesis induction (Figure 4).

Orthog
Term Estimate
ANA*2,4-D  -4,791864
BAP(0,3) -3,870351 [ |
2,4-D(0,3) 3,870351 ||
ANA(0,3) 3,133142 ||
Kn*BAP -2,948839 [ ]
Kn*ANA 2,580234 ||
ANA*ANA 2386482 ||
ANA*IBA 2,211629 []
BAP*2,4-D  -2,211629 ||
Kn*IBA 1,843024 ]
Kn*2,4-D -1,843024 []
IBA*IBA 1,766352 ||
BAP*|BA -1,474420 [
Kn(0,3) 1,290117 []
BAP*BAP 1,211854 []
2,4-D*2,4-D  1,088931 []
IBA(0,3) 0,737210 ||
BAP*ANA  -0,368605 |
IBA*2,4-D  -0,368605 |
Kn*Kn -0,148838

Figure 4. Pareto diagram of the callogenic response for C. sativus.

3.4. Prediction profiler.

The analysis of results allowed us to establish the prediction profiler of caulogenesis-
callogenesis responses (Figure 5). We found that the combination of 3 mg/L BAP + 1.056 mg/L
IBA+3 mg/L 2,4-D allows 50% caulogenesis and 60% callogenesis.
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Figure 5. Predictive profiler of the caulogenesis-callogenesis response for C. sativus.

Methodology response surface is used in this study to model and optimize caulogenesis
and callogenesis induction in Crocus sativus. It can preview phytohormones interaction and
predict optimal concentrations of desired response [36-38].

This has been well applied to optimize the production of secondary metabolites in
Elaeis guineensis [39] and Pinus sylvestris [40]. Thus, it has been applied to the model, analyze,
and optimize the in vitro regeneration of multiple shoots of Citrus sinensis [41] Centella
asiatica [42], Basilicum polystachyon [43], Solanum melongena [44], Handroanthus
impetiginosus [45], Mucuna pruriens [46], Corylus avellana [47], Gerbera hybrida [48],
Lactuca sativa [49], Glycine max [37] and Scoparia dulcis [50].

Our study highlights that the choice and the concentration of phytohormones are very
important factors influencing the caulogenesis/callogenesis response of C. sativus. The
analyses carried out by the experimental Box-Behnken quadratic design have shown that BAP
alone allowed for a desirable response in caulogenesis. This finding is confirmed by several
studies showing that BAP is the most effective cytokinin for the proliferation of shoots from
different explants of saffron [30,51,52].

Results for the study of C. sativus caulogenesis allowed us to deduce that concentrations
ranging from 1.5 to 3.2 mg/L are the best for maximum growth using explants of corms. These
results agree with those of Lagram et al. [5], indicating that C. sativus corms from Taliouine
(Morocco) are allowed to have buds using MS medium added with BAP at 1.5 mg/L from calls.
In a similar study, lateral buds of C. sativus corms from the Kastamou region (Turkey) favored
the formation of shoots in MS medium containing 1.5 mg/L of BAP [53].

Other researchers, especially, Majourhat et al. [29]; Sarhan et al. [54]; Cavusoglu et al.
[55], and Azadi et al. [32] reported that the presence of BAP in the culture medium at
concentrations exceeding the range 1.5-3.2 mg/L allows C. sativus explants to multiply with a
good rate and better quality. These results are inconsistent with those of our experiment.

Simona et al. [56] demonstrated that a combination of 2,4-D at 1 mg/L BAP at 1 mg/L
is favorable for direct organogenesis from saffron corms and buds. Thus, Lagram et al. [57]
found that the best combination for shoot initiation is 2 mg/L TDZ with 0.5 mg/L NAA.

The BAP/NAA ratio seems to be the most critical factor leading to organogenesis or
cell dedifferentiation. The absence or presence of IBA, NAA, and BAP at low concentrations
results in direct induction of shoots from ovaries as well as from other explants [17,30]. All
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these results are confirmed by other authors revealing the importance of the combined effect
of cytokinins and auxins in the formation of shoots in C. sativus [58-62].

The quadratic effect of BAP has shown that an excess of this phytohormone in culture
medium causes a drop in response. Studies by Majourhat et al. [29] reported that the newly
formed growth of C. sativus was inhibited by high concentrations of BAP and TDZ. Several
research studies carried out on other plants indicate that high concentrations of BAP lead to
growth inhibition and the appearance of morphological alterations for vitroplants [63-66].

Cytokinins are known for stimulating cell division and developing axillary buds by
inhibiting apical dominance [67,68]. Thus, culture's success is affected by the type and
concentration of cytokinins applied since their absorption, transport, and metabolism differ
between varieties, and they can interact with endogenous cytokinins of an explant [69].

Although BAP is a cytokinin commonly used in micropropagation or regeneration
systems of medicinal and aromatic plants, it could have several side effects, such as difficulty
in rooting, toxicity, and hyperhydricity. This physiological disorder could be due to the
imbalance of growth regulators. This phenomenon, in some cases, is associated with the
concentration and type of cytokinins [70].

Regarding callus formation, we found that the use of ANA or 2,4-D alone promotes the
desired response. Sarhan et al. [54] studied the effect of ANA on callus induction using corms
as a source of explants. The results showed that the use of ANA alone improves the production
of calluses.

The Pareto diagram obtained in the present study showed that the combination of Kn
and ANA positively affects the callus response. Vatankhah et al. [71] obtained calluses on MS
medium containing Kn and ANA and used C. sativus corms from Iran as explants. In the same
way, Firoozi et al. [72] demonstrated that the highest induction of calluses (100%) was
achieved with corms explants grown on MS medium supplemented with 2 mg/L ANA and 0.5
mg/L Kn.

According to Igarachi and Yuasa [73] MS medium supplemented with 2,4-D combined
with BAP causes poor callus induction in C. sativus. This is in agreement with the results
obtained in our experiment, or we showed that the combination of 2,4-D with ANA, BAP, Kn,
and IBA decreases the formation of calluses. However, other research studies have pointed out
that the use of auxins in combination with cytokinins (ANA*BAP; ANA*TDZ; 2,4-D*Kn and
2,4-D*BAP) has a promoting effect callus induction and undifferentiated growth using
different sources of explants [74-77]. This difference in response is probably due to the
genotype of plant material used in various studies [15,78-80].

In the present experiment, the profiler for predicting the caulogenesis-callogenesis
response of C. sativus shows that a combination of BAP with IBA and 2,4-D gives a response
of 50% of the buds and 60% of the calli. Growth regulators, especially auxins and cytokinins,
play an essential role in controlling plant cell division, growth, and development, and a
combination of auxins and cytokinins is primarily necessary to restart proliferation cells in
tissue culture [57,81,82].

4. Conclusions

Saffron is an aromatic and medicinal plant well known for many pharmacological
activities. However, the regeneration of C. sativus is confronted with the difficulty of
propagation by conventional cuttings. This research study contributed to the in vitro cultivation
of C. sativus to develop a propagation method of this species. The quadratic Box-Behnken
https://biointerfaceresearch.com/ 4742
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experimental protocol was used to calculate the mean response and to study the effects and
interactions of different hormones on the induction of caulogenesis and callogenesis in C.
sativus. The response surface methodology is a tool to study the optimal conditions for the
propagation of Crocus sativus using 46 combinations of different hormones. According to our
results, the MS medium supplemented with 3 mg/L of BAP, 1.056 mg/L of IBA, and 3 mg/L

of

2,4-D allow having a response of 50% and 60% of caulogenesis and callogenesis,

respectively. The use of this approach has facilitated the induction of caulogenesis /callogenesis

of

C. sativus. Thus, it has allowed identifying important factors for the effects of hormones

studied in this research and provides a framework for further investigation.
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