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Abstract

The effect of two culture media viz., Murashige & Skoog (MS) and Lepoivre (LP)
supplemented with 1.0, 1.5, 2.0, 2.5 mg I"* benzylaminopurine (BAP) and 0.25, 0.5, 0.75, 1.0 mg I
naphthalene acetic acid (NAA) was examined on shoot regeneration from leaves of Prunus
rootstock GF-677. LP medium was found to be superior producing 29.85% regenerated shoot, 3.39
shoot number and 3.43 cm shoot length whereas MS medium produced 20.88% regenerated shoot,
1.90 shoot number and 2.28 cm shoot length. Moreover, LP medium produced longer and healthy
shoots whereas stunted and yellow shoots were observed on MS medium. Regarding the interaction
between media and growth regulators, the best interaction was found in LP medium supplemented
with 2.0 mg I BAP and 0.75 mg 1"t NAA (Tu1) resulting in 55% regenerated shoots, 4.28 shoot
number and 4.25 cm shoot length while 40% regenerated shoots, 3.20 numbers of shoots and 3.80
cm shoot length were observed on MS medium with the same combination of cytokinins and
auxins. As far as rooting is concerned, the effect of two iron chelating agents viz., ethylenediamine
di-o-hydroxyphenylacetic acid (Fe-EDDHA) and ethylenediamine tetraacetic acid (Fe-EDTA) was
evaluated at concentration of 100, 200 and 300 mg IX. Fe-EDDHA proved to be superior chelating
agent producing 95% rooting percentage, 3.40 root number and 6.88 cm root length at 200 mg I
(Ts). Conversely Fe-EDTA produced about 40% rooting percentage, 1.83 root number and 2.57 cm
root length at 100 mg I"* (Tz). Chlorotic and small roots were observed with Fe-EDTA while strong
and larger roots were obtained with Fe-EDDHA.

Introduction

GF-677 (Prunus amygdalus x P. persica) has proved to be potential rootstock for
prunus species because it is well adapted to poor soil fertility and drought conditions
(Monticelli et al., 2000). However it produces highly vigorous tree and hence cannot
fulfill the requirement for recent trends of high density planting system. Moreover,
rooting percentage is also very poor (Ahmad, 2002). The high density planting require
dwarf rootstocks. Ideal dwarfing rootstock should have good compatibility with scion
cultivars, dwarfing potential, high rooting ability and freedom from nursery diseases as
well as good adaptation to adverse environmental condition (Zhu et al., 2003). Therefore,
it is of great importance to select new or improve the existing rootstocks.

Conventional breeding of woody fruit species is a slow and difficult process due to
elevated levels of heterozygosity and extended regeneration cycles (Sriskandarajah et al.,
1994). Consequently, it is important to develop gene-transfer methods for fruit crops, to
accelerate the breeding process and enlarge the germplasm resources available for crop
improvement (Ainsley et al., 2000). By using genetic transformation method, the
breeding process can be greatly accelerated (Zhu et al., 2003). The transformation of
plants with rol genes has been reported to show great agronomic value such as dwarf
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plants with shorter and numerous shoots, compact vegetative habit, large root systems
and high rooting ability of the cuttings (Rugini & Pesce, 2006). Transformation of GF-
677 rootstock with rol gene may help to produce dwarf plants with extensive root system
which are suitable for high density planting. A good regeneration protocol is a
prerequisite for successful gene transfer via Agrobacterium (Zhu et al., 2003). Moreover,
Zhu et al., (2003) also reported that it is generally difficult to regenerate adult material
from woody species and the regeneration frequency is much genotype dependent. It is
necessary to optimize conditions to identify regenerability of a given genotype. So the
present studies were designed to develop an efficient and effective regeneration protocol
for GF-677 rootstock which would be useful in future research work regarding genetic
transformation of this economically important rootstock.

Materials and Methods

Leaves of GF-677 Prunes rootstock maintained on shoot proliferation media (Ahmad
et al., 2003) and subcultured every three weeks were used as an experimental material.
First four (20 days old) fully expanded leaves were excised. Each leaf was wounded by
three to four cuts transversely to the midrib, without full separation and placed with
adaxial surface in contact with the regeneration media in culture jars. For the shoot
regeneration study two culture media viz., MS (MS macro and micro elements) medium
(Murashige & Skoog, 1962) and LP (LP macro and micro elements) medium (Quoirin et
al., 1977) with different growth regulators combination were tested (Table 1).
Comparison of both media is given in Table 2. Both the media were supplemented with
MS vitamins, 100 mg It myo-inositol, 30 g I sucrose and 7.0 g I* agar. The pH of both
media was adjusted to 5.8 before autoclaving. The explants were maintained at 25 + 1°C
for 21 days in dark and then transferred to light under 16/8 hr photoperiod (2,000 lux)
with white fluorescent tubes (Philips TL 40W/54). The experiment was bifactorial
(Media x Growth regulators) randomized in CRD (completely randomized design) with
four replication per treatment and ten explants per replication. Data was recorded after
four weeks regarding shoot regeneration percentage, number of shoots per regenerated
explant and length (cm) of the regenerated shoots.

For rooting study uniform sized shoots (1-1.5 cm) were transferred to rooting
medium (half strength MS macro and micro elements) supplemented with MS vitamins,
100 mg I myo-inositol, 0. 4 mg I1IBA, 0. 2 mg I'* 1AA, 20 g It glucose and 7 g It agar
(Ahmad et al., 2004). The effect of two chelated forms of iron salts viz., ethylenediamine
di-o-hydroxyphenylacetic acid (Fe-EDDHA) and ethylenediamine tetraacetic acid (Fe-
EDTA) at the concentration of 100, 200 and 300 mg I** on In vitro rooting of GF-677
rootstock was examined. The pH of the culture medium was adjusted to 5.8 before
autoclaving. Cultures were incubated at 25 + 1°C under 16/8 hr photoperiod (2,000 lux)
with white fluorescent tubes (Philips TL 40W/54).The experiment was laid out in CRD
using four replication per treatment and ten shoots per replication. Data was recorded
after four weeks regarding rooting percentage, number of roots per explant and root
length (cm). Statistical analysis of the data was carried out by using Analysis of Variance
(ANOVA) technique and difference among treatment means were compared by using
Least Significance Difference Test (LSD) at 5% probability level (Steel et al., 1997).
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Table 1. Different media composition (MS and LP) and growth regulators (BAP
and NAA) for In vitro shoot regeneration of Prunus rootstock GF 677.

MS (MS macro and micro

LP (LP macro and micro

Treatments elements) Medium elements) Medium
BAPmgl' [ NAAmgl BAPmgl" | NAAmgl
To 0.0 0.0 0.0 0.0
T: 1.0 0.25 1.0 0.25
T 1.0 0.50 1.0 0.50
Ts 1.0 0.75 1.0 0.75
Ts 1.0 1.0 1.0 1.0
Ts 15 0.25 1.5 0.25
Te 15 0.50 15 0.50
T7 15 0.75 1.5 0.75
Ts 1.5 1.0 1.5 1.0
To 2.0 0.25 2.0 0.25
Tiwo 2.0 0.50 2.0 0.50
Tu 2.0 0.75 2.0 0.75
Ta 2.0 1.0 2.0 1.0
Tis 25 0.25 2.5 0.25
Tu 25 0.50 2.5 0.50
Tis 25 0.75 2.5 0.75
Tie 25 1.0 2.5 1.0

Table 2. Comparison of mineral elements of MS and LP medium.

Mineral elements MS mg I LP mg I'?
N 844.05 535.09
P 38.75 61.54
K 782.95 772.49
Ca 149.15 203.38
Mg 36.09 35.12
| 0.635 0.061
S 55.49 51.12
Cl 261.01 0.0073
Fe 5.61 5.61
Na 5.268 5.268
B 1.1 1.10
Zn 1.94 1.94
Mo 0.119 0.119
Cu 0.0064 0.0064
Co 0.0062 0.0062
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Results and Discussion

Regeneration percentage: Both culture media (MS and LP) have a pronounced effect on
the regeneration percentage (Table 3). A significantly higher mean shoot regeneration
percentage was observed on LP medium (29.85) as compared to MS medium (20.88).
The better results obtained in LP medium as compared to MS medium might be due to
difference in ammonium to nitrate ratio. The ammonium to nitrate proportion is 1.9: 1 in
MS medium while 1: 1.6 in LP medium. Thrope et al., (1989) reported that optimum
ammonium to nitrate ratio for adventitious shoot formation in Picea glauca was around
1:3. Nitrate and ammonium salt are main sources of nitrogen in the culture medium.
Nitrate is a better source of nitrogen because of its ability to be readily taken up, better
assimilation and non-toxic nature as compared to ammonium source (Shanjani, 2003;
George et al., 2008). Igarashi & Yuasa (1994) reported that the regeneration frequencies
can be improved significantly by reducing the total amount of nitrogen and ratio of NH4
to NO3 in the media.

A significant interaction between media and growth regulators regarding the shoot
regeneration percentage was found at p<0.05. The shoot regeneration percentage was
55% on LP medium supplemented with 2.0 mg I BAP and 0.75 mg I NAA as
compared to 40% on MS medium with same combination of auxin and cytokinins (Table
3). Ali et al., (2009) reported that influence of growth regulators can be modified by the
culture medium. On both (LP and MS) media an increasing trend in regeneration
percentage was obtained upto T1; (2.0 mg It BAP and 0.75 mg It NAA) after which the
shoot regeneration percentage decreased gradually. Ali et al., (2009) reported that the
optimum combination of cytokinins and auxin is critical to shoot regeneration.

The shoot regeneration percentage was significantly affected by treatments.
Maximum shoot regeneration percentage (47.50) was obtained with T1; (2.0 mg It BAP
and 0.75 mg I NAA) as compared to other combinations of BAP and NAA (Table 3).
BAP in combination with NAA has enhanced shoot regeneration percentage in both
sweet and sour cherry cultivars (James, 1987). A low frequency of differentiation was
obtained in lychee explants when cytokinins were added singly in the regeneration media
(Puchooa, 2004). George et al., (2008) reported that cytokinins when added with auxins
promote cell division. Nordstrom et al., (2004) suggested that auxins may also play a
direct regulatory role in the balance of cytokinins levels by suppressing both the synthesis
rate and pool size of cytokinins.

Number of shoots per regenerated explant: Statistical analysis revealed that LP
medium proved to be better than MS medium for the number of shoots per regenerated
explant (Table 3). Maximum number of shoots was observed on LP medium (2.39) which
was significantly higher than that produced by MS medium (1.90). The better results
obtained in LP medium might be due to the contribution of calcium in form of CaNO3;
instead of CaCl, composing the MS medium. The proportion of calcium between MS and
LP medium is around 1:1.4. Lamrioui et al., (2009) reported the beneficial effects of
replacing CaCl, with CaNQOs in micropropagation of wild cherry. George et al., (2008)
reported that chloride toxicity can result if too much calcium chloride is added to the
medium. The poor results obtained on MS medium might be due to much higher contents
of chloride as compared to LP medium. The proportion of chloride between LP and MS
medium is around 1: 35753. George et al., (2008) found that higher concentration of
chloride caused woody species to have yellow leaves and weak stems while sometimes
tissues collapsed and died.
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Fig. 1. Maximum number of shoots in (a) LP medium (b) MS medium with 2.0 mg I* BAP and
0.75 mg It NAA (T11).

Fig. 2. Reduced number of shoots in (a) LP medium (b) MS medium at T12 (2.0 mg I BAP and 1.0
mg I'1 NAA).

Significant interaction was found between media and growth regulator at p< 0.05 for
number of shoots per regenerated explant (Table 3). The combination of 2.0 mg I BAP
and 0.75 mg I NAA (T11) showed better interaction with both LP and MS medium
producing 4.28 and 3.20 shoots per regenerated explant respectively (Fig. 1a & b). Skoog &
Miller (1957) suggested that shoot formation could be induced from tobacco callus using
high level of cytokinins with relatively low level of auxin in the growth media. The positive
interaction between salts of LP medium and growth regulators might be attributed to higher
calcium contents as compared to MS medium. Ali et al., (2009) found that increase in the
internal concentration of calcium of cytokinins treated cells of olive explants led to more
cell division. In both MS and LP medium an increasing trend in number of shoots per
explants was observed upto Ti1 (2.0 mg I BAP and 0.75 mg I NAA). However a
declining trend is observed by increasing the concentration of BAP to 2.0 mg I along with
1.0 mg I NAA (Fig. 2a & b). Welander (1988) reported that high cytokinin to auxins ratio
was required for promoting regeneration in apple leaf explants suggesting that at higher
concentration there is a drastic decrease in number of shoots per regenerated explant in both
MS and LP medium. It is obvious from the present study that the inclusion of NAA in the
medium is a critical factor for enhancement of shoot regeneration.
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The shoot number was significantly influenced by cytokinins and auxins
combination. In the present study the combination of 2.0 mg I* BAP and 0.75 mg I
NAA (T11) showed synergetic effects producing maximum number of shoots (3.74) as
compared to other treatments containing higher or lower concentration of BAP and NAA
(Table 3). These results can be related to the manipulation of exogenous cytokinins
concentrations that may cause an increase of endogenous auxin concentrations which is
probably induced by an inhibition of free IAA conjugates due to the presence of
exogenous cytokinins (Jaramillo et al., 2008). George et al., (2008) observed that the
auxin to cytokinins ratio represents an important signal in the formation of cell phenotype
and also in the onset and maintenance of the process of cell division. Since auxins are
capable of imitating cell division they are involved in the formation of meristems giving
rise to either unorganized tissue or defined organs (George et al., 2008).

Length of regenerated shoot (cm): The results indicated that both media differ
significantly in terms of length of regenerated shoots. It is clearly visible from the data
that best results obtained with LP medium showed the consistent trend as shown by the
previous parameters of shoot number and regeneration percentage (Table 3). LP medium
showed better results with respect to shoot length (2.43 cm) as compared to the MS
medium (2.28 cm).

Statistical analysis showed significant interaction between the two media (MS and
LP) and the growth regulators (BAP and NAA) regarding the shoot length (Table 3).
As seen for the previous parameter of number of shoots the same trend was followed in
the length of the regenerated shoots. The better response was showed at T1; (2.0 mg I*
BAP and 0.75 mg I'Y) with both media producing 4.25 cm and 3.80 cm long shoots on
LP and MS medium respectively (Fig. 3a & b). It has been reported that optimal
nutrient composition may affect the sensitivity of explants in response to plant growth
regulators (Kothari et al., 2004). Williams (1995) suggested that a limited addition of
an essential element is one of the possible factors for limited plant growth. The
optimum phosphorous level in LP medium might be responsible for better shoot
elongation than MS medium. Kothari et al., (2004) suggested that the optimal nutrient
composition in the medium affects the sensitivity of plants in response to plant growth
regulators. A low supply of phosphorous may decrease cytokinins levels in the shoots
and consequently decrease protein synthesis (De Groot et al., 2003). Murai (1994)
argued cytokinins might regulate the biosynthesis of cytokinins active ribonucleoside
in the tRNA modulating the concentration of particular subset of tRNA and thus
affecting the rate of protein synthesis.

Ruzic et al., (2001) reported that phosphorous is not only the element which plant
taken in the greatest amount and most rapidly but also its concentration in the media is of
great importance as well. George et al., (2008) suggested depletion of phosphorous early
during culture has a major effect on the pH of the medium in which phosphorus is a
major buffering component. Kothari et al., (2004) reported that the growth rate of In vitro
cultured plants is a function of net assimilation rate resulting from the uptake of nutrients
from the media. PGR can partially compensate for the nutritional imbalances and by
correcting the imbalance they can be reduced or eliminated as Gomez & Segura (1994)
observed for NAA regarding shoot regeneration of junipers. Yu et al., (2001) found that
effect of NAA is probably associated with increased cell number
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Fig. 3. Maximum shoot length observed on (a) LP medium and (b) MS medium with 2.0 mg I
BAP and 0.75 mg It NAA (T11)

Fig. 4. Stunted shoot growth in (a) LP medium (b) MS medium with 2.0 mg I"* BAP and 1.0 mg I
NAA (T12)

A linear relationship was observed with increasing the NAA concentration in relation
to the BAP concentration. A declining trend was observed in the shoot length per
regenerated explant after T11 (2.0 mg I'* BAP and 0.75 mg I'%) suggesting that at higher
concentration the auxin and cytokinins have an inhibitory effect on shoot elongation (Fig.
4 a & b). Shirin et al., (2007) reported that meristomatic cell division in potato callus was
blocked at high concentration of NAA which leads toward the death of the cells. Sajid
et al., (2006) reported that presence of NAA in the medium had a positive effect on shoot
length in the presence of BAP. It can be concluded from the results that higher
concentration of cytokinins and auxins shows poor interaction with salts of both the
media causing a decrease in the shoot length.
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George et al., (2008) reported that cytokinins together with auxins play an important
role in cell cycle regulation. In the present study the combination of BAP and NAA at T11
(2.0 mg It BAP and 0.75 mg I NAA) was found to be most optimum producing
maximum shoot length (4.03 cm). George et al., (2008) suggested that cell division is
regulated by joint action of cytokinins and auxins, each of which appears to influence
different phases of cell cycle. Pasternak et al., (2000) reported that auxins exert an effect
on DNA replication while cytokinins regulate the events relating to cell division. Higher
concentration of auxin almost invariably increases ethylene production. Ethylene
accumulated in tissue culture vessel inhibits growth and development of tissue culture
plants (George et al., 2008; Yaseen et al., 2009).

Rooting percentage: Different levels of Fe-EDTA and Fe-EDDHA varied significantly
regarding the rooting percentage (Table 4). Highest rooting percentage (95%) in Fe-
EDDHA was found at Ts (200 mg 1) whereas Fe-EDTA produced rooting in only 40 %
of the shoots at T (100 mg I'%). The control treatments deprived of iron did not form roots
which show that iron is an essential nutrient in plant tissue culture media as observed by
Antonopoulou et al., (2007). It is reported to be involved in fundamental processes such
as chlorophyll and DNA synthesis (George et al., 2008). According to Molassiotis et al.,
(2004) DNA synthesis is prerequisite for cell division which is one of the three basic
processes of root formation. It is clear from the results that rooting percentage correlate
with the concentration of chelating agents. In the present study Fe- EDDHA was found
superior to Fe- EDTA regarding the rooting percentage. Vander Slam et al., (1994)
reported that Fe-EDTA is less stable than Fe-EDDHA due to its susceptibility to light, its
precipitation with KH2PO, or with other micronutrient element compound. Antonopoulou
et al., (2007) reported that the replacement of Fe-EDTA with Fe-EDDHA has positive
influence on the micropropagation of various species. Antonopoulou et al., (2007) also
found that the concentration of 37.3 mg I Na,EDTA is in excess to chelate 27.8 mg I
Fe?*. They suggested that excessive quantity may affect availability of other divalent
micronutrient cations. Hangarter & Stasinopoulos (1991) also found the formation of
toxic formaldehyde after Fe-EDTA photo degradation. Fe- EDDHA produced maximum
rooting at higher concentration than Fe-EDTA suggesting that it is more effective in
terms of managing the iron supply.

Number of roots per explant: Statistical analysis showed that number of roots per
explant varied significantly pertaining to the different concentrations of Fe-EDTA and
Fe-EDDHA (Table 4). Fe-EDDHA produced highest number of roots (3.40) at the
concentration of Ts (200 mg I'Y) while in Fe-EDTA, maximum number of roots (1.82)
were formed at T1 (100 mg I') (Fig. 5a & b). The roots formed are also morphologically
different from each other. Fe-EDTA produced smaller and weak roots while Fe-EDDHA
produced larger and healthy root system (Fig. 6a & b). Molassiotis et al., (2004) also
examined that explants nourished with Fe-EDTA were chlorotic with low chlorophyll
content and this fact leads to inhibition of the rooting. Zawadzka & Orlikowsk (2006)
reported that addition of Fe-EDDHA in the medium not only eliminated chlorosis but
also increased the amount of chlorophyll ‘a’ and ‘b’ in the red raspberry cultivars. Like
the previous parameter the number of roots per explant varied with increasing the
concentration of Fe-EDTA and Fe-EDDHA. However higher concentration of Fe-
EDDHA had less toxic effects as compared to Fe-EDTA suggesting that Fe-EDDHA
complex is more stable.
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Table 4. Effect of different concentrations of Fe-EDTA and Fe-EDDHA on
In vitro rooting of Prunus rootstock GF-677.

Treatments Rooting percentage Number of roots Root length
(mg I (%) per explant (cm)
Fe-EDTA
To (0.0) 0.00f 0.00 f 0.00 f
T1 (100) 40.00d 1.83d 2.57¢
T, (200) 30.00 e 141e 1.37d
Ts (300) 25.00 e 1.13e 1.00 e
Fe-EDDHA
T4 (100) 60.00 ¢ 2.19c 2.62¢
Ts (200) 95.00 a 340a 6.88 a
Tes (300) 70.00 b 2.55b 342D
LSD .05 9.076 0.3353 0.1512

Means not followed by same letter are significantly different at p<0.05

Fig. 5. Root formation (a) More number of roots with 200 mg I Fe-EDDHA (T2) (b) Fewer roots
with 100 mg |1 Fe-EDTA (T1)

Root length (cm): It is clearly visible from the data that best results obtained with Fe-
EDDHA showed the consistent trend as shown by the previous parameters of rooting
percentage and root number. Fe-EDDHA produced longest roots (6.88 cm) at the
concentration of Ts (200 mg I1), while in Fe- EDTA maximum root length (2.57 cm)
(Fig. 7a & b) at T1 (100 mg I'%) (Table 4). One probable explanation of the above outcome
is that the IAA degradation is catalyzed by the photodynamic action of Fe-EDTA
(Stasinopoulos & Hangarter, 1990). Since Fe-EDTA is the major light absorbing
component in the tissue culture media (Stasinopoulos & Hangarter, 1990) it may be the
most likely source of light induced growth reduction observed in Arabidopsis roots
(Molassiotis et al., 2004).
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Fig. 6. (@)Smaller and weak roots formed at 200 mg I'* Fe- EDTA (T2) (b) larger and healthy roots
were observed with 200 mg It Fe-EDDHA (Ts)
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Fig. 7. Root length (a) Maximum root length observed with Fe-EDDHA at Ts (200 mg 1'%) (b)
Smaller root length obtained with Fe-EDTA at T1 (100 mg I'%)

Antonopoulou et al., (2007) reported that the addition of Fe-EDTA in the culture
medium greatly improved the availability of iron. Molassiotis et al., (2004) observed that
on comparing the various iron treatments iron contents was observed to be 1.5- 2 fold
higher with FeCls, 3.5 fold higher with Fe- EDDHA and 9-12 fold greater with Fe-EDTA
thus at higher iron concentration Fe-EDTA began to be toxic. Moreover, Molassiotis et
al., (2004) also suggested that this oxidative stress may lead to metabolic disfunction and
ultimately in DNA damage leading possibly to inhibition of rooting. Chan & Hadar
(1991) reported that Fe-EDDHA is a more stable form and suffer less hydrolysis at higher
concentration than Fe-EDTA.
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