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Rapid in vitro Multiplication and ex vitro Rooting of Zizyphus mauritiana
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Abstract: These procedures were conducted for in vitro propagation of Zizyphus mauritiana. Shoot tip

were cultured on MS, WPM media, at different of salt strengths (full strength, 3/4, 1/2, 1/4 and 1/8) free

growth regulators, and also the effect of B5 medium, at (double full strength, one and half full strength,

one and quarter full strength, full strength, 3/4, 1/2, 1/4 and1/8) were investigated in the establishment

stage. Effect of BA, Kin,  and IBA, were investigated at various concentrations of 0.0, 0.5, 1.0, 1.5, 2.0,

2.5, 3.0, 3.5 and 4.0 mgl )for each when it added to MS full strength media to study there effects on the-1

growth and development of Zizyphus mauritiana shoots in the multiplication stage. At the rooting stage

the effect of MS full strength media supplemented with IBA at concentrations of 4.9, 9.9 and 19.9 mgl-

)were investigated. Results show that shoot growth at the starting stage required MS full strength media1

( free growth regulators), and shoot multiplication required MS medium supplemented with 0.5 mgl  BA-1

or 3.5 mgl  IBA or 3.5 mgl  Kin and 3.5 mgl  IBA + 3.5 mgl  Kin. Shoot length was significantly-1 -1 -1 -1

affected by the presence of 0.5 BA or 3.5mgl IBA + 3.5 mgl  Kin. Despite various auxin treatments-1 -1

shoots formed no roots in vitro but rooted readily when transferred to a peat substrate ex vitro: Un rooted

shoots were acclimated successfully when it transferred to (peat: sand 1:1 v/v) with (65) % of the

surviving plants.
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INTRODUCTION

Zizyphus mauritiana or Ziziphus jujube (L).,Family,

Rhamnaceae The plant is a vigorous grower and has a

rapidly- developing taproot. It may be evergreen or

leafless for several weeks in hot summers. Morton, .[1]

It is in flower from April to May, and the seeds ripen

in October. The flower are hermaphrodite (have both

male and female organs) and are pollinated by Insects.

The plant is self- fertile. The plant prefers light

(sandy), medium (loamy) and heavy (clay) soils,

requires well- drained soil and can grow in nutritionally

poor soil. Edible uses, coffee; fruit; leaves. Fruit- raw

or cooked Chittendon, . Mealy and sweet Uphof, .[2] [3]

The fruit can be eaten fresh, dried like dates or cooked

in puddings, cakes, breads, jellies, soups etc. The fruit

can be used as a coffee substitute Facciola, . Zizyphus[4]

mauritiana is said to be analgesic, antiaggregant,

a n t i a l l e r g i c ,  a n t i a n a p h y l a c t i c ,  a n t i b a c t e r i a l ,

an t ica r io gen ic ,  antiarrhythmic, anticonvulsan t ,

antiedemic, antiiflammatory, antihydrotic, antipyretic,

antispasmodic, antitusive, antiulcer, duritic, antitumer,

emollient, emmenagague, expectorant, hypotensive,

h y p o g l y c e m i c ,  i m m u n o s t i m u l a n t ,  l a x a t i v e ,

mycoardioprotective, stomachic, tonic, and uterotonic.

Medicinally used to treat from allergy, alopecia,

altitude aickness, amnesia, anemia, anorexia, anxiety,

apprehension, arrhythmia, arthrosis, asthma, bleeding,

burn, cancer, caries, childbirth, colic, conjunctivosis,

diabetes, diarrhea, dyspepsia, edema, emaciation, fever,

food poisoning, forgetfulness, hepatosis, high blood

pressure, hysteria, immunodepression, infection,

inflammation, insomnia, nephrosis, nervousness,

neurasthenia, neurosis, night sweats, ophthalmia, pain,

purpura, rheumatism, stress, sunburn, swelling, tumor,

wound. James, .This study was under taken to[5]

propagate the Ziziphus jujube through tissue culture

technique to increase the number of the propagule to

make the possibility for cultivated it in a wide field

area and to use it as a medicinal plant and to study the

effecting of some factors on the shoot of Ziziphus

jujube.

MATERIALS AND METHODS

This work was carried out in Applied Research

Center of Medicinal Plants and Natural Products in

Tissue culture Laboratory National Organization for

Drug Control and Research (NODCAR), during the

period from 2007 to 2009.
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Plant Material and Explant Sources: Vegetative

shoots (explants) were collected from mature tree

which grown in the farm of Faculty of Agriculture, Ain

shams University. Shoot tips 1-1.5cm in length were

used as a source of explants .These explants were

surface sterilized by quick dipping in 70 % ethanol

containing drops of Twin 20, then sterilized using 0.1%

2mercuric chloride (Mg Cl  w/v) for 5.0 min after that

rinsed for 3 times for 1.0 min in sterilized distilled

water for washing prior to transfer to culture medium

according to the described method by Kumar et al,

2003 . The surface sterilization of explants and their6

inoculation were conducted in a laminar air flow hood.

C u ltu re  M edium  a n d  C o n d it io n  fo r  th e

Establishment Stage: Shoot tip explants were cultured

on MS, Murashige and Skoog,  and WPM, media[7]

Woody Plant,  Lloyed and McCown,  containing 3 %[8]

(w/v) sucrose 6 % (w/v) agar and different of salt

strengths full strength, 3/4, ½, 1/4 and 1/8 without

growth regulators, and the effect of B5 medium

Gamborg et al.  at double full strength, one and half[9]

full strength, one and quarter full strength, full strength

3/4, 1/2, 1/4 and 1/8 were investigated. The pH was

adjusted to 5.7 using either 0.1N NaOH or 0.1N HCl

prior to adding agar. Media were autoclaved at 121C

and 1.05 kg cm  for 20 min. The media were-2

dispensed in 50 ml into culture jars. The explants were

cultured on the culture media under laminar air flow

hood. Initially, 12 explants were cultured under each

treatment per replication, keeping 2 explants in a jar.

The cultures were maintained at 25±2C  under 16/8ho

day photoperiod light condition and darkness

respectively from white fluorescent lamps. The

experiment was laid out in factorial Completely

Randomized Design with 3 replications and 2 factors.

The cultures were maintained for 6 weeks in the

culture medium. Observations were recorded from clean

cultures only on the following parameters; shoot

number/ explants, shoot length/ explants (cm), leaf

number/ explants and growth vigor. 

Multiplication Stage: For multiplication induction,

excised micro shoots (2.0 cm in length) were

transferred to MS full strength  supplemented with

cytokinins, kinetin (Kin), benzyle adenine (BA) and

indole-3- butyric acid (IBA), at various concentrations

0.0, 0. 5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mgl to-1  

study their effects on the growth and development of

Zizyphus mauritiana shoots in the multiplication stage.

Two excised shoots were placed in jars containing 50

ml of culture medium. All the cultures were incubated

at 25±2C  under 16/8h day photoperiod light conditiono

and darkness respectively from white florescent lamps.

The shoots were maintained for 6 weeks in the culture

medium. Observations were recorded for one month to

evaluate shoots number/ shoot, shoot length/ shoot

(cm), leaf number/ shoot and growth vigor. 

Rooting Stage: For root induction, excised of in vitro

micro shoots 4.0 cm in length were transferred to

solidified MS full strength medium supplemented with

different concentrations of IBA 4.9, 9.9 and 19.9 mgl-1

and two excised shoots were placed in a jar containing

50 ml of culture medium. All the cultures were

incubated at 25 ±2C under 16/8h day photoperiod lighto  

condition and darkness respectively from white

fluorescent lamps. The obtained shoots were maintained

at 6 weeks in the culture media. Observations were

recorded for one month to evaluate the shoots number

/ shoot, shoot length / shoot (cm), leaf number / shoot,

root number / shoot, root length /cm, rooting % and

growth vigor. The growth vigor was determined

visually according to the morphoginic appearance of

the shoots as, 1= dead plants 2=weak growth, 3=good

growth, 4=very good growth and 5= excellent growth

according to Bottino .[10]

Acclimatization Stage: Un rooted shoots; shoot of

11.0 cm long with 10.0 leaves of  Zizyphus mauritiana

which resulted from rooting stage after one month and

half, were thoroughly washed with tap water to remove

the agar from shoots before transplanting then planted

in plastic pots (12 cm diameter) containing peat moss:

sand (1:1 and 2:1 v/v), covered with polyethylene bags

to minimize the loss of moisture for acclimatization

and kept in vivo at a controlled greenhouse under mist

system for about 2 months 16 shoot were used per

treatment. The pots were arranged in Completely

Randomized  D esign with three  rep lica tio ns.

Observations were recorded after one month to evaluate

the survival percentage of the plantlets.

Statistical Analysis: The obtained data pertaining to

mean percentage of cultures regeneration. The

experiment was implemented in a randomized complete

design with four replicates for each treatment. The

mean percentage of establishment, multiplication and

rooting stage were then analyzed for statistical

significant deferens using Duncan s multiple range tests,

. The standardized test significant range (L.S.D.) at[11]

the level of 5 % was used to compare the effect of

various treatments according to Sendecor and Cochran

. Data were pertaining to mean percentage of[12]

cultures regeneration. The experiment was implemented

in a randomized complete design with four replicates

for each treatment.
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RESULTS AND DISCUSSION

Establishment Stage: Shoot tip explants of Zizyphus

mauritiana when cultured on the different type of

media with different salt strengths under the study did

not give a good response for growth on WPM medium

so the recorded data was taken only for MS and B5

medium at different of salt strengths. 

1-Effect of MS Medium at Different Salt Strengthes:

Shoot tip explants of Zizyphus mauritiana grown

vigorously and healthy on MS medium. The recorded

data show that shoot tip explants possessed the highest

significant mean of shoot number 2.73 shoots /shoot,

also the shoot length was significantly affected by MS

full strength medium. The highest mean of shoot length

5.92 cm and the highest average of leaf number 8.50

leaf /shoot was obtained on MS medium at full

strength as compared with other MS salt strengths

Table, (1). These obtained result in agreement with

Wondyifraw and Wannakrairoj , who stated that[13]

axillary's bud explants of Aframomum corrorima (an

important culinary and medicinal plant), was developed

from the rhizome cultured on MS medium without any

growth regulators and MS medium proved to be the

best for the establishment stage.

2-Effect of B5 Medium: Data in Table, (2) show that,

the shoot tip explants of Zizyphus mauritiana grown

vigorously and healthy on1.25 B5 medium. The

recorded data show that shoot tips explants possessed

a significant mean of shoot number1.75 shoots / shoot,

also the shoot length was significantly affected by 1.

25 B5 full strength medium .The shoot lengths were

4.65 cm and the average of leaf number was 6.54 of

leaf /shootlet. This result in disagreement with Abou

Dahab  who found that using full strength B5[14]

medium led to production of the greatest number of

leaves of Hydrangea macrophylla Thunb.

Multiplication Stage: MS full strength medium gave

a better growth than 1.25 B5 in the establishment stage

so the recorded data were taken only for MS medium

supplemented with the following growth regulators.

This result in respect with Pinto et al , who found[15]

that the MS medium without growth regulators was

more efficient for cotyledonary embryo formation and

germination than the B5 medium 

1- Effect of MS M edium Supplemented with

Different Concentrations of Benzyl Adenine (BA):

Data in Table, (3) and Figure (1) reveled that, the

addition of benzyl adenine (BA) with concentrations of

0.5 - 4.0 mgl  to MS medium increased the number of-1

shoots. Medium supplemented with 0.5mgl  BA-1

induced a mean of shoots number 25.0 per shoot.

Shoot length was 12.76 cm. The treatment of 0.5 mgl-

BA induced average of leaf number 18.45. This result1

in agreement with Sudhersan and Hussain  who stated[16]

that shoots multiplication of Ziziphus spina-christi were

maintained on MS media with low concentration of BA

and subculture every 20 days.

2- Effect of M S Medium Supplemented with Kinetin

(Kin): Data in Table, (4) reveled that, the addition of

Kin 0.5 - 4.0 mgl  to MS medium increased the-1

number of shoots. MS medium supplemented with 3.5

mgl  kin induced a highest mean of shoots number-1

3.98 per shoot. Shoot length was 9.83 cm. The

treatment of 3.5 mgl  Kin induced average of leaf-1

number 15.85.The obtained result in respect with Abou

Dahab  who mentioned that MS medium plus BA or[14]

Kin at  rate of 2.0 mgl  were the most effective-1

treatments in given significant increases in shoot length

of Hydrangea macrophylla Thunb.

3- Effect of MS M edium Supplemented with IBA:

Data in Table, (5) shows that addition of IBA 0.5 - 4.0

mgl  increased the number of shoots and shoot length-1

.The medium supplemented with 3.5 mgl  IBA induced-1

a mean of shoot number 3. 85 shoot per shoot. Shoot

length was significantly affected by the presence of 3.5

mgl  IBA 12.14 cm was obtained at 3.5 mgl  IBA,-1 -1

and also it induced a highest average of leaf number

16.13.This result in agreement with Catapan et al ,[17]

who said that maximum multiplication rates of

Phyllanthus stipulates 8-9 shoots per explants) was

achieved on MS media supplemented with either 2.5 or

5.0 uM IBA. Also in agreement with Abou Dahab[14]

who found that the highest number of leaves/ shoot of

Hydrangea macrophylla Thunb using MS medium

supplemented with 2 and 3 mgl  IBA.-1

4- Effect of M S Medium Supplemented with Kin

and IBA: Data in Table, (6) and Figure (2) show that,

the medium supplemented with 3.5 mgl  IBA + 3.5-1

mgl  Kin were induced a mean of shoot number 3.74-1

per shoot and  a mean of shoot length 10.86 cm, and

also it induced average of leaf number 15.23. This

synergistic effect of cytokinin and auxin has been

demonstrated in many plants including Santolina

canescens Casado et al , Bupleurum fruticosum[18]

Fraternal et al .[19]

Rooting Stage: Individual shoots were excised from 6

weeks old cultures on multiplication medium and

placed on the rooting medium. Despite various auxin

concentrations 4.9, 9.9 and 19.9 mgl  IBA shoots-1

formed no roots 
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Table 1: Effect of MS medium at different of salt strengths on the growth and development of shoot tip of Zizyphus mauritiana.

Treatment Shoots number / explants Shoot length (cm) Leaf number /shoot G.V

M S full strength 2.73 A 5. 92 A 8. 50 A 5. 00 A

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3/4 M S 0. 00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/2M S 0. 00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/4M S 0. 00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/8  M S 0. 00 B 0. 00 B 0. 00 B 1. 00 B

M eans within a column followed by the same letter are not significantly different  (p=0. 05) according to Duncan s multiple range test.,

Growth vigor (G.V): 1= dead plants 2=weak growth, 3=good growth, 4=very  good growth and 5= excellent growth

Table 2: Effect of B5 medium at different of salt strengths on the growth and development of shoot tip of Zizyphus mauritiana

Treatment Shoots number /shoot Shoot length (cm) Leaf number /shoot G.V

2.00 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.75 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.50 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.25 B5 full strength 1.75 A 4.65 A 6.54 A 5.00 A

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3/4 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/2 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/4 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1/8 B5 full strength 1.00 B 0. 00 B 0. 00 B 1. 00 B 

M eans within a column followed by the same letter are not significantly different (p=0. 05) according to Duncan s multiple range test .,

Growth vigor (G.V): 1= dead plants 2=weak growth, 3=good growth, 4=very  good growth and 5= excellent growth 

Table 3: Effect of different concentrations of benzyl adenine (BA) on the growth and development of Zizyphus  mauritiana shoots cultured

on MS medium.

Treatment Shoots  number (shoot) Shoot length (cm) Leaf number/ shoot G.V 

M S cont 2. 89 F 6. 97 E 8.75 F 4. 00 B

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0. 5 mgl BA 25.  00 A 12. 76 A 18. 45 A 5. 00 A-1  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 0 mgl  BA 16. 84 B 10. 97 B 16. 28B 4. 00 B     -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 5 mgl   BA 14. 45 C 9. 65  C 15. 97 C 4. 00 B    -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 0 mgl  BA 13.76 C D 9. 43 C 15. 87 C 4. 00 B   -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 5 mgl   BA 12. 64 D 9. 32 C 15.65 C 4. 00 B   -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 0 mgl   BA 12. 53 D 8. 25 D 13. 94 D 4. 00 B   -1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 5 mgl   BA 11. 98 E 6. 89 E 13. 63 D 3.00 C-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4. 0 mgl   BA 10. 84 E 4. 57 F 10. 24 E 3.00 C-1

M eans within a column followed by the same letter are not significantly different (p=0.05) according to Duncan's multiple range test.Growth

vigor (G.V): 1= dead plants 2=weak growth, 3=good growth, 4=very good growth and 5= excellent growth

In vitro but rooted readily when it transferred to a

peat and sand substrate ex vitro. This result in

agreement   with   Gebhardt  and  Friedrich   who [20]

mentioned that the shoots of Calluna vulgaris Cv. did

not form any roots in vitro but rooted readily if

transferred to a peat substrate ex vitro.
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Fig. 1: Effect of 0. 5 mgl BA-1

Table 4: Effect of MS medium supplemented different concentrations of kinetin (Kin) on the growth and development of Zizyphus  mauritiana

shoots cultures.

Treatment Shoots  number (shoot) Shoot length (cm) Leaf number (shoot) G.V

M S cont 2. 89 B 6. 97 C 8.75 D 4. 00 B

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0. 5 mgl  Kin 2. 00 B 6. 61 C 8. 98 D 4. 00B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 0 mgl  Kin 2. 35 B 6. 74  C 9. 56 C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 5 mgl  Kin 2. 54 B 6. 87  C 9.73 C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 0 mgl  Kin 2. 68 B 7. 23  B 9. 82 C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 5 mgl  Kin 2. 75 B 7. 42  B 9. 87 C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 0 mgl  Kin 2. 82 B 7. 65  B 12. 98  B 5. 00 A-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 5 mgl  Kin 3. 98 A 9. 83  A 15. 85 A 5. 00 A-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4. 0 mgl  Kin 1. 90 B 6. 14 D 8. 68 D 4. 00 B-1

M eans within a column followed by the same letter are not significantly different (p=0.05) according to duncan s multiple range test.,

Growth vigor (G.V): 1= dead plants 2=weak growth, 3=good growth, 4=very good growth and 5= excellent growth

Table 5: Effect of M S m edium supplemented with different concentrations of indol -3-butyric acid (IBA) on the growth and developm ent

of  Zizyphus mauritiana shoot  cultures. 

Treatment Shoots number /shoot Shoot length (cm) Leaf number /shoot G.V

M S cont 2. 89 B 6. 97 D 8.75 E 4. 00 B

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0. 5 mgl  IBA 2. 06  BC 9. 68C 9. 24 D 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 0 mgl  IBA 2. 13  BC 9. 83 C 10. 53 CD 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. 5 mgl  IBA 2. 29  BC 9. 92C 10.76 CD 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 0 mgl  IBA 2. 34  BC 10. 43B 10. 92 CD 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. 5 mgl  IBA 2. 89   AB 10.75 B 11.54 C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 0 mgl  IBA 3. 00    B 10.98 B 12. 63C 4. 00 B-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3. 5 mgl  IBA 3. 85    A 12.14 A 16.13 A 5. 00 A-1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4. 0 mgl  IBA 1. 81   C 10. 95 B 14. 24 B 4. 00 B-1

M eans within a column followed by the same letter are not significantly different  (p=0.05) according to Duncan,s multiple range test.

Growth vigor (G.V): 1= dead plants 2=weak growth, 3=good growth, 4=very  good growth and 5= excellent growth
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Table 6: Effect of Indol -3-butyric acid (IBA) and kinetin (Kin) on growth and developm ent of  Zizyphus  mauritiana shoots  cultured on

MS medium.

Treatment Shoots number /shoot Shoot length (cm) Leaf number /shoot G.V

3.5 mgl  IBA+ 3.5mgl  Kin 3.74 10.86 15.23 5.00-I -1

Fig. 2: Effect of 3.5 mgl  IBA+ 3.5 mgl  Kin-1 -1

Table 8: Effect of transplanting medium on growth and development of Jojoba plantlets grown under mist in a controlled greenhouse

Treatment Survival % Root number /plantlet Root length (cm) Leaf number /plantlet

Sand:Peat (1:1v/v) 65% 3. 87A 3. 55A 24. 12A

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sand:Peat (2:1v/v) 54% 2.76 B 2. 32B 20. 54 B

Fig. 3:                 1 peat : 2 sand                                       1peat : 1 sand

Acclimatization Stage: After 6 weeks un rooted shoots

were transferred to plastic pots 12 in diameter, 65 %

of transferred shoots survived with peat moss and sand

(1:1 v/v), with an average of root number 3.87, root

length 3.55 cm and 24.12 leaf number as shown in,

Table (8) and Figure (3). This result in respect with

Abou Dahab  who found that  during adaptation, the[14]

tallest plants of Hydrangea macrophylla Thunb and the

greatest number of leaves were observed when cultured

onto peat moss plus sand (1:1v/v), where the survival

percentage was 100%.
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