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The research aims to clarify  the mechanism of conducting the laboratory experiment, the type of 
design used and the statistical tools that were used to analyze the data, draw conclusions and make 
decisions about them, and describe the study’s parameters and applications according to different 
statistical criteria to show the significance of the transactions or interactions between the first 
hormone (2.4-D)) and the second hormon. It is zeatin at its three levels, through its effect on the 
dry and fresh weight of callus of  fenugreek seed. 
Introduction  
Fenugreek, Trigonella foenum-groecum L is an annual herb indigenous to the countries bordering 
on the eastern shores of the Mediterranean and largely cultivated in India, Egypt and Morocco. 
Scientists have reported several medicinal uses of fenugreek seeds such as remedies for diabetes 
and hypercholesterolemia ,hepatoprotective protection against free radicals, and protection against 
breast and colon cancer (Al-Oqail et al., 2013). The seeds are considered useful in heart disease 
and aphrodisiac and as a galactogogue promoting lactation (Tiran, 2003). ” Importance of tissue 
culture In a relatively short time period and space a large number of plantlets can be prepared 
starting from the single explant. It is easy to select popular traits directly from the culture setup 
(in-vitro) thereby decreasing the amount of space required, for field trials. In vitro growing plants 
usually free, from the bacterial and fungal diseases. Virus eradication and maintenance of plants 
in virus free state. This facilitates movement of plant across international boundaries. Plant tissue 
banks can be frozen and then renewed through tissue culture. It preserves the pollen and cell 
collections from which plants may be propagated ( Rohan et al ., 2019)  Callus induction 
Exogenous application of auxin and cytokinin induces callus in various plant species. 
Data collection: 
The experiment was conducted in controlled laboratory conditions using (Murashige and Skoog 
(MS) medium free form plant growth regulators were used in this experiment to culturing seeds of 
Trigonella foenum graecum L. Melt 4.41 g (one pack) of MS medium in a certain amount of 
distilled water and add a sugar at concentration of 30 g/l. The solution was placed on hot plate 
stirrer for 5 minutes to insure full dissolving of sugar and medium components. Medium was 
adjusted to pH 5.8 with 0.1N NaOH or HCl before autoclaving and solidified with 0.7% agar, then 
complete the final volume to 1 liter of distilled water. Medium was heated up to boiling to melt 
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the agar. When the solution became transparent about 15 ml medium per culture tubes was 
dispersed into sterile culture tubes. The culture tubes containing medium were autoclaved at 121°C 
and pressure at 15 lb/sq inch for 15 min. After cooling down tubes were taken out and kept in 
culture room . 
Seeds sterilization :  
A suitable amount of seeds were placed in flask and washed with distilled water three times to 
eliminate dust and suspended solids and sterilized by immersing them in the solution of 2% sodium 
hypochlorite and shake for 15 minutes.  
Preparation of growth regulators solutions :  
 A suitable basic solution for all plant growth regulators used in the experiments was prepared by 
dissolving 50 mg of 2,4-D in 1 ml absolute ethyl alcohol to ensure the full dissolving and complete 
volume to 50 ml with distilled water to become our fundamental solution concentration of 1 mg/ml, 
while (kinetin) prepared by dissolving 50 mg of kinetin  in 1 ml HCl to ensure the full dissolving 
and complete volume to 50 ml with distilled water to become our fundamental solution 
concentration of 1 mg/ml.  
Determination of Callus Fresh weight (g) : 
    After 15 days of hypocotyl  cultivation in MS medium, callus started to emerge and after eight 
weeks the callus growth was harvested. Where fresh weight of callus induced from the seeds was 
calculated for all concentrations of 2,4-D used in experiment. Where callus harvested from glass 
tubes and measured fresh weight using an electric sensitive balance after removal of medium 
residue suspended on callus by washing with distilled water and placed on blotting paper. 
 Determination of Callus dry weight (mg) : Fresh callus was placed in a glass Petri dishes by 
two dishes each containing 6 pieces of callus tissue for each concentration of 2,4- D, Callus dry 
weights were determined after dried in oven at 40°C for 24 hours and then get out and calculated.  
 
The factorial experiment was applied according to a randomized complete block design (2 * 3 * 
3) and the experiment was repeated five times. shown in Table ((1). 
The treatments shown in Table (1) were distributed to the experimental units represented by 
fenugreek callus completely randomly. The observations - represented by the dry and wet weight 
of the fenugreek callus were recorded using the sensitive balance  in (g/l) for the fresh and (mg/l) 
for the dry weight , and the measurements were fixed immediately after the experiment. 
 
Table (1) The treatments used in the experiment and their levels 

  
Levels of Zeatin 

Levels of  
2.4-D 

 B1=0.5 B2=1 B3=1.5 

A1=0.5 A1 B1 A1 B2 A1 B3 

A2=1 A2 B1 A2 B2 A2 B3 

A3=1.5 A3 B1 A3 B2 A3 B3 



 
 
 

3752 
 

Ann. For. Res. 65(1): 3750-3762, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

 
Table No. (2) also represents the symbols of the treatments and their interactions used in the 
experiment 

No. treatment Type of treatment 

1 A1 Frist con.2.4-D 

2 A2 Second con.2.4-D 

3 A3 Third con.2.4-D 

4 B1 Frist con.Zeatin  

5 B2 Second con.Zeatin  

6 B3 Third con.Zeatin  

7 A1B1   Frist con. of 2,4-D, frist of con. of  Zeatin 

8 A1B2 Frist con. of 2,4-D, second  of con. of  Zeatin 

9 A1B3 Frist con. of 2,4-D, third of con. of  Zeatin 

10 A2B1   second con. of 2,4-D, frist of con. of  Zeatin 

11 A2B2 second con. of 2,4-D, second of con. of  Zeatin 

12 A2B3 second con. of 2,4-D, third of con. of  Zeatin 

13 A3B1 third con. of 2,4-D, frist of con. of  Zeatin 

14 A3B2 third con. of 2,4-D, second  of con. of  Zeatin 

15 A3B3 third con. of 2,4-D, third of con. of  Zeatin 

 
Tools Statistical methods used in the thesis: 
Statistical tools and statistical analysis methods were used to obtain indicators that allow us to 
interpret the results and take appropriate decisions regarding them, which can be summarized as 
follows: 
Arithmetic mean: It is used to calculate the average callus  weight of finugreek plant after the end 
of the experiment according to the following law: 
(X ) ̅=(∑▒X_i )/n                                                                                                         (1) 
Standard deviation: It is used to calculate the extent of dispersion of the response on the arithmetic 
mean, and it is included in the calculation of some of the statistical indicators used in the thesis. 
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S=√((∑▒〖(X_i-X ̅)〗^2 )/(n-1))                                                                                (2) 

Standard coefficient of variation: used to compare the homogeneity of samples 
 CV=S/X ̅ × 100%                                                                                                         (3) 
t-test: It is used to test the differences between means and calculate the value of LSD. 
F-Test: It is used to test the significance of statistical differences between more than two averages, 
and to test the significance of the regression in the ANOVA table. 
Analysis of variance for a complete randomized design The mathematical model is 
Y_ij=µ+τ_i+ƹ_ij                                                                                                              (4) 
   i=1,2,3,…,40 j=1,2,…,6 
µ = overall mean 
𝝉i = treatment effect 
ƹij = random error and it is assumed to be distributed with zero mean and constant variance 
The analysis of variance for a randomized complete block design has a mathematical model 

Y_ijk=µ+β_i+τ_j+〖(βτ)〗_ij+ ƹ_ijk                                                                            (5) 

i=1,2,3, j=1,2,…, k=1,2 
µ = overall mean 
𝛽i = sector effect 
𝜏j = treatment effect 
 (β𝜏)ij = treatment effect within the sector 
ƹijkl = random error and we assume that ~ NI (0 , σ2) ƹijkl 
8. Excel (2007) software package for statistical analysis 4 
(3-4) Statistical analysis of the data: 
The data that was recorded from the experiment were collected, and classified as in Table (3), as 
well as extracting the arithmetic mean, standard deviation and standard coefficient of variation for 
these data. 
It is clear from the table that the data of the experiment were completely homogeneous, as the 
standard difference coefficient of the data was small compared to its arithmetic mean. 
Table (3) The data collected from the experiment, arithmetic mean, standard deviation and 
standard coefficient of variation of the data 
The factorial experiment was statistically analyzed according to the randomized complete block 
design shown in the mathematical model as in Equation No. (5) for fresh weight. 

  

 r1 r2 r3 r4 r5 total 
N
O 

arithmet
ic mean 

standar
d 
deviatio
n 

standard 
coefficie
nt 

2.4-D 
fresh   

A
1 0.77 

1.2
1 

1.11 1.32 1.4 5.81 5 1.16 0.25 21.09% 

A
2 1.4 

0.8
8 

1.43 1.2 
1.7
6 

6.67 5 1.33 0.32 24.27% 
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A
3 2.43 

1.9
8 

2.78 2.91 
2.3
7 

12.4
7 

5 2.49 0.37 14.71% 

Zeatin 
fresh 

B
1 0.4 1.1 0.5 0.8 0.2 3 5 0.60 0.35 58.93% 

B
2 1.3 2.1 2.4 1.8 2.7 10.3 5 2.06 0.54 26.28% 

B
3 0.6 1.3 0.7 0.8 1.7 5.1 5 1.02 0.47 45.67% 

2.4-D   
+Zeati
n  
fresh 

A
1

B
1 0.5 0.8 0.5 0.8 0.6 3.2 5 0.64 0.15 23.70% 

A
1

B
2 0.5 1 0.7 0.8 0.4 3.4 5 0.68 0.24 35.11% 

A
1

B
3 1.1 0.8 1.2 1.1 0.9 5.1 5 1.02 0.16 16.11% 

A
2

B
1 1.2 0.7 0.7 0.5 0.9 4 5 0.80 0.26 33.07% 

A
2

B
2 0.6 0.9 1.1 1 0.9 4.5 5 0.90 0.19 20.79% 

A
2

B
3 2.1 1.8 1.9 2.3 2.1 10.2 5 2.04 0.19 9.56% 

A
3

B
1 0.7 0.4 0.8 0.8 1 3.7 5 0.74 0.22 29.61% 

A
3

B
2 1 0.4 0.6 0.6 0.7 3.3 5 0.66 0.22 33.20% 

A
3

B
3 0.5 0.9 0.3 0.8 0.6 3.1 5 0.62 0.24 38.51% 

 2.4-D 
dry    

A
1 106 89 111 93 91 490 5 98.00 9.85 10.05% 

A
2 114 84 121 104 115 538 5 107.6 14.54 13.51% 

A
3 120 119 116 124 128 607 5 121.4 4.67 3.85% 

Zeatin 
dry 

B
1 88 102 89 101 84 464 5 92.80 8.17 8.80% 

B
2 106 118 120 116 125 585 5 117.00 7.00 5.98% 

B
3 91 104 93 116 112 516 5 103.2 11.12 10.78% 

2.4-D    
+Zeati
n dry 

A
1

B
1 87 90 91 92 88 448 5 89.60 2.07 2.31% 

A
1

B
2 87 100 89 89 89 454 5 90.80 5.22 5.74% 

A
1

B
3 94 91 101 102 107 495 5 99 6.44 6.51% 

A
2

B
1 104 95 96 92 93 480 5 96 4.74 4.94% 

A
2

B
2 91 90 99 89 103 472 5 94.40 6.23 6.60% 

A
2

B
3 116 110 117 125 123 591 5 118.20 5.97 5.05% 

A
3

B
1 90 84 87 88 101 450 5 90.00 6.52 7.24% 

A
3

B
2 97 86 88 90 87 448 5 89.60 4.39 4.90% 

A
3

B
3 84 92 82 85 87 430 5 86.00 3.81 4.43% 

 
The results were as in Table (4) for the analysis of variance for random complete block design for 
wet weight 
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Table (4) Factorial experiment variance analysis according to randomized complete block 
design for fresh weight 

SV SS DF MS F COMP. F TAB. P-VAL. 

BLOCK 1.4301 1 1.4301 9.1821 4.259677 0.005775409 

TREAT 4.7894 2 2.3947 15.3757 3.402826 5.03251E-05 

TB 6.1089 2 3.0545 19.6117 3.402826 8.95374E-06 

ERROR 3.7379 24 0.1557    
TOTAL 16.0664 29 0.5540    

 
It is clear from the table that there are high significant differences for the effect of treatments on 
average response, as well as for blocks on average response, which represents the accuracy of the 
implementation of the experiment, and at the same time there are significant differences between 
response averages within sectors 
Also, the factorial experiment was statistically analyzed according to the design of random 
complete blocks shown in the mathematical model as in equation No. (4) for dry weight. 
The results were as in Table (5) for the analysis of variance for the design of random complete 
sectors for dry weight 
Table (5) analysis of the variance of the factorial experiment according to a randomized 
complete blocks design with respect to dry weight 

SV SS DF MS 
F 
COMP. F TAB. P-VAL. 

BLOCK 163.3 1 163.3333 1.720808 4.259677 0.201999 

TREAT 1904.1 2 952.0333 10.0302 3.402826 0.000682 

TB 953.3 2 476.6333 5.021598 3.402826 0.015072 

ERROR 2278 24 94.91667    
TOTAL 5298.667 29 182.7126    

 
It is clear from the table that there are high significant differences for the effect of treatments on 
the response averages, while the blocks had no significant effect on the response averages, which 
represents the accuracy of implementing the experiment, and at the same time there are significant 
differences between the response averages within the blocks. 
 
 
Test for differences between response averages 
The data was analyzed and a table of analysis of variance was found according to the completely 
randomized design for the purpose of testing the presence or absence of significant statistical 
differences between the response averages shown in the mathematical model as in equation No. 
(4). 
The results were as in Table (6) for the analysis of variance for a complete randomized design 
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Table (6) factorial experiment variance analysis according to the design of a fully 
randomized design 

SV SS DF MS 
F 
COMP. F TAB. P-VAL. 

TREATS 372753.3 29 12853.56 471.8996 1.562071 3.9695E-110 
ERROR 3268.5 120 27.23792       
TOTAL 376021.9 149         

It appears from the table that there are significant statistical differences between the response 
averages represented by the average weight of fenugreek seed according to the treatments used in 
this experiment, represented by the concentrations of the three added hormones. 
It is clear from the table that there are statistically significant differences for the effect of different 
levels of plant hormones and the effect of their levels overlapping. The value of the error 
probability of the first type related to rejecting the null hypothesis, which is true, was α=p-
value=3.9695E-110. Therefore, the LSD test was used to determine the averages that caused these 
differences, as shown in Table (5). The values of the least significant difference were: 
As it is clear from the table that the processors (A3C2,A2B3,B2) sequentially outperform all other 
processors. 
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Analysis of response trends for fresh weight 
In order to determine the influence trends for each of the first hormone and the second hormone 
on the fresh weight, it was resorted to estimating the effect of the compounds belonging to each 
factor and estimating the effect of the interaction of these compounds, and Table (7) shows the 
analysis of variance table for the effect of the basic compounds of the two factors and the effect of 
the interaction of these compounds on the wet weight of the callus Fenugreek. 
Table (7) Table of variance analysis of the effect of the basic compounds of the two factors 
and the effect of the interaction of these compounds on the fresh weight of fenugreek seeds. 

SV SS DF MS F F TAB P VAL 
TREAT 8.01 8 1.0010 22.35 2.209 0.00000 
A 2.40 2 1.2020 26.84 3.259 0.00000 
a1 1.88 1 1.8750 41.87 4.113 0.00000 
a2 0.53 1 0.5290 11.81 4.113 0.00150 
B 2.79 2 1.3947 31.15 3.259 0.00000 
b1 0.09 1 0.0853 1.91 4.113 0.17595 
b2 2.70 1 2.7040 60.39 4.113 0.00000 
AB 2.81 4 0.7037 15.71 2.634 0.00000 
a1b1 0.31 1 0.3125 6.98 4.113 0.01213 
a1b2 2.05 1 2.0535 45.86 4.113 0.00000 
a2b1 0.03 1 0.0282 0.63 4.113 0.43291 
a2b2 0.42 1 0.4205 9.39 4.113 0.00412 
ERROR 1.61 36 0.0448       
TOTAL 9.62 44 0.2186       

 
It is clear from the table that the linear compound (a1) and the quadratic (a2) of the first hormone 
(2.4-D)) were statistically significant, as we note through the response averages corresponding to 
the levels of the first hormone (2.4-D)) that treatment (a2b3)  has outperformed On the rest of the 
levels of the first hormone (2.4-D)) with an average of (2.04) (g/l), which enables us to estimate 
the maximum end of the effect of the first hormone (2.4-D)) as in Table (8). 
Meanwhile, the interaction of the linear compound of the first hormone (2.4-D) with the linear 
compound of the second hormone (Zeatin) (a1b1) had a significant effect on the response, as well 
as the interaction of the linear compound of the first hormone 2.4-D) with the square compound 
of the hormone. The second (Zeatin (a1b2)) and also for the interaction of the square component 
of the first hormone 2.4-D) with the square component of the second hormone (Zeatin) (a2b2), 
while the other interactions did not have a significant effect on the response, which supports our 
interpretation above. 
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Table (8) averages of response to the wet weight rate of fenugreek seeds to the main 
treatments 

 
 

 
Figure (1) gives a clear picture of the average response represented by the fresh weight of 
fenugreek seeds corresponding to the levels of the first hormone (2.4-D) at each level of the second 
hormone (Zeatin). 

 
Figure (1) represents the response averages represented by the fresh weight of fenugreek 
seeds corresponding to the levels of the first hormone (2.4-D) at each level of the second 
hormone (Zeatin). 
Analysis of response trends for dry weight 
In order to determine the influence trends of each of the first hormone and the second hormone on 
the dry weight, it was resorted to estimating the effect of the compounds belonging to each factor 
and estimating the effect of the interaction of these compounds. On Fenugreek callus. 

 B1 B2 B3 
arithmetic 
mean 

A1 0.64 0.68 1.02 0.78 
A2 0.80 0.90 2.04 1.25 
A3 0.74 0.66 0.62 0.67 
arithmetic 
mean 

0.73 0.75 1.23 0.9 
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Table (9) Table of variance analysis of the effect of the basic compounds of the two factors 
and the effect of the interaction of these compounds on the dry weight of fenugreek callus. 

SV SS DF MS F F TAB P VAL 
TREAT 3686.71 8 460.8389 16.839 2.209 0.00000 
A 871.64 2 435.8222 15.925 3.259 0.00001 
A1 634.80 1 634.8000 23.196 4.113 0.00003 
A2 236.84 1 236.8444 8.654 4.113 0.00568 
B 1606.71 2 803.3556 29.355 3.259 0.00000 
B1 158.70 1 158.7000 5.799 4.113 0.02128 
B2 1448.01 1 1448.0111 52.911 4.113 0.00000 
AB 1208.36 4 302.0889 11.039 2.634 0.00001 
A1B1 224.45 1 224.4500 8.202 4.113 0.00694 
A1B2 43.35 1 43.3500 1.584 4.113 0.21628 
A2B1 633.75 1 633.7500 23.158 4.113 0.00003 
A2B2 306.81 1 306.8056 11.211 4.113 0.00192 
ERROR 985.20 36 27.3667       
TOTAL 4671.91 44 106.1798       

 
It is clear from Table (9) that the linear compound (a1) and the square (a2) of the first hormone 
(2.4-D)) were statistically significant, meaning that they had a significant effect on the weight of 
fenugreek seeds, as we note through the response averages corresponding to the levels of the first 
hormone 2.4-D) that treatment a2) outperformed the rest of the levels of the first hormone 2.4-D) 
with an average of (102.87) (mg/l), which enables us to estimate the maximum effect of the first 
hormone 2.4-D)) as in Table (10). 
Table (9) also shows that the linear component (b1) and the square component (b2) of the second 
hormone (Zeatin) were statistically significant, meaning that they had a significant effect on the 
weight of fenugreek callus, as we note through the response averages corresponding to the levels 
of the second hormone Zeatin) treatment (a2b3) outperformed the rest of the levels with an average 
of (118.20) (mg/l), which enables us to estimate the maximum effect of the second hormone 
(zeatin) as shown in Table (10). 
At the same time, the interaction of the linear compound of the first hormone (2.4-D) with the 
linear compound of the second hormone (Zeatin (a1b1) had a significant effect on the response, 
while there was no significant effect for the interaction of the linear compound of the first hormone 
(2.4-D)). With the squared compound of the second hormone (Zeatin (a1b2), there was also a 
significant effect for the interaction of the square compound of the first hormone (2.4-D)) with the 
linear compound of the second hormone (Zeatin (a2b1), and there was also a significant effect for 
the interaction of the square compound of the hormone The first is 2.4-D) with the square 
component of the second hormone (Zeatin (a2b2)), which supports our interpretation above. 
 
 



 
 
 

3760 
 

Ann. For. Res. 65(1): 3750-3762, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

Table (9) averages of response to the dry weight of fenugreek callus to the main treatments 

 B1 B2 B3 
Arithmetic 
mean 

A1 89.60 90.80 99 93.13 

A2 96 94.40 118.20 102.87 

A3 90 89.60 86 88.53 

Arithmetic 
mean 

91.87 91.6 101.07 94.84 

 

 B1 B2 B3 
A1 448 454 495 
A2 480 472 591 
A3 450 448 430 

 
Figure (1) gives a clear picture of the average response represented by the dry weight of fenugreek 
callus corresponding to the levels of the first hormone (2.4-D) at each level of the second hormone 
(Zeatin). 
 

 
Figure (1) The average dry weight of fenugreek callus corresponding to the hormone 2.4D at 
each level of (Zeatin). 
The growth  of callus from immature explants is due to the presence of 2,4-D which is a suitable 
growth hormone responsible for callus stimulation in most plant Species by plant in vitro. This is 
similar to the findings of Mamun et al. (2004) and Baskaran et al. (2005). the wound caused 
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yellowish, compact and nodular during the process of cutting which resulted in a synchronous cell 
division.( Tahir et al ., 2011) . Yamada and Hashimoto (1982) referred, that the 2,4-D was effective  
than the other growth hormone such as NAA, IBA and IAA in the stmulation of callus tissues. 
Nguyen et al (1981) observe  to that the 2,4-D had an induction effect on callus and the increase 
in cells volume due to increase of water potential  in cells, depending on these results, 2,4-D was 
used in growth medium for induction of callus from Trigonella seeds to obtain the best weight of 
induced callus and used in the accumulation phase. These results similar  with the results of 

Altabtabaai et al (2019). 
 2,4-D is a potent auxin effect on  callus induction , the combination with kinetin  is essential for 
DNA synthesis and mitosis (Narasimhulu and Reddy, 1983) Well-grown, watery, granular, and 
greenish callus without necrosis developed in both concentrations, in the presence of zeatin in 
hypocotyl . the development stage of differentiation of the embryoids on the PGR-free medium 
were affected by the hormone  supplements in the preceding callus induction/maintenance 
medium. number of the globular shaped embryoids and the heart or cotyledonary stage embryoids 
were observed  in cultures derived from callus induced with 2,4-D in the presence of kinetin 
(Tawfik and Noga, 2002 ) .  
 
Conclusion: 
The data analysis results showed 
 
1. Three treatments for the interaction of each of the first hormone and the second hormone 
(a3,a2b3,b2) outperformed all the treatments used in the experiment (in the dry and wet weight). 
2. There is no need to add new data or conduct experiments outside the field of these 
laboratory experiments, because the squared compounds were significant, which indicates 
that the maximum limits were within the limits of the study 
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