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ABSTRACT

*Clementine® mandarin was successfully micrografted onto “Troyer" citrange
[Citrus sinensis Osbeck X Poncirus trifoliata (L) Raf] rootstock in vitro.
Shoot-tip grafted plants were transferred from culture tubes to greenhouse
conditions by regrafting onto rough lemon seedlings. The effects of different
closures of culture tubes on growth of seedlings were examined. The results
showed that *Troyer" seedlings in culture tubes with rubber caps did not grow
after seed germination, while seed germination and seedling growth with other
closures took place normally. The effects of several variables on the
micrografting success were also evaluated. When different concentrations of
sodium hypochlorite were examined for shoot-tip sterilization, the best result
was obtained with the concentration of 0.1% of this sterilizer. Pre-treatment of
sclons by different concentrations of 2,4-D and kinetin did not affect the
grafting success rate. Similarly, the application of different concentrations of
GA3 or kinetin on quiescent scion tips did not induce seedling elongation. The
highest rate of success (70%) was obtained when the concentrations of
thiamine-HCI, pyridoxin-HCI and nicotinic acid were 14 times that of their
recommended concentrations. The presence of light for scion survival was
necessary and the lowest rate of lost scions (18%) was observed under 1500

lux illumination by cool white fluorescent lamps.

1. Former Graduate Student (now Instructor) and Professor, respectively.



Ol 85yaS” Oidows

A A AA (VYY)

J.J_b:‘_g”((c,._.:iuf»‘_;i)li._glgl..élfuf).i‘s.\.i}ﬂl‘.uj,guu.ua;-jl
(o Fd 29 90

SoFei g5 25 )8 9 3 gegpes LB e
(oS e a0 SLEL LBy sl (g ol Jlsyn) i)l bS8 (gamtSls S 5w

Ot )t ¢ 51 o251

oSy

oo Lgey 5285 ool by b (s 0,39 40l €50 €I (K S0 )
5 3 0dt 03938l (S hiper 305 b 4 SWLE JUasit c0padl, b (535 045 035 Ligey SALE
228 slady Cilista slgzg s 3 a3 8 kOl ey b SISyl 5 4 057 slady)
Sy 53 sy 315 0L ol s 23 8 15 AT 3500 5 ILgls 425 50,
JETPU P VI P PR TR IR T-JR PR PRSPV PSP FEP RS- PUI-L gk SE - VST CIEL
S0 2 Jo L SR ol 53 K60 S A8 a9 4305 Wl Lidgy e dd 2T Lajla
J)iuebﬂf&c-rrzhcvﬁm#uﬂﬁﬂdw 38 3 st 3090 5 Ky i g
Osls 3, el iy by 0/ ;.LJLJ:Q.._;.;&__,:.H,;J)?)U;U..JJ{ ESTVR VYRI5
S g Olsn (10 3 (6 3 e dig e Sl i 00 3 2,40 il slglile 5 ST
Jout 388 S g A2, S o et 3 G Ay Calzsie slgshile 5,87 LB 5
P9 (BY*) Ligm Cadyn Ol5n i VG L2210 6 50 K05 (a4 (9 Lkl 0 6 digy
VE LSty ol 5 om0 45008 ¢ el 400 0m (slpialiyg o8 el oy
0313 il oY S g sy 1 s 25 i) SIS Bane 3 oAl o gs SBlE
by > Sl SBS W g a5 Il )3 ol )38 29y WS PV0 1 5 AS Ol ) i AS
g BVA gm p a8 les il baylia o



INTRODUCTION

Citrus crops are the most important subtropical fruits in the world.
One of the most important limiting factors in citrus production, is the
damage caused by virus and virus-like diseases. Although thermotherapy
has been employed to provide budwood free of certain viruses (2, 11,
13), it has been an ineffective method for eliminating certain viruses (2,
11, 16, 17). Meristem cultures have been used successfully for
production of virus-free herbaceous crops, butl this technique is not yet
applicable Lo woody genera (5, 7, 8).

In the Rutaceae family, plants arising from embryogenesis of the
nucellus have been shown to be free of most pathogenic viruses (1, 12).
Unfortunately, such plants show juvenile state (10). Murashige et al. (7)
suggested the method of in vitro shoot-tip grafting and this method can
be used to obtain citrus plants free of all known virus and virus-like
diseases without having juvenile characteristics (9, 10, 14, 15).

The purpose of the present study was to micrograft "Clementine”
mandarin as scion on "Troyer" citrange seedlings as rootstock, Lo
transfer the micrografted plants from culture tubes to greenhouse
conditions and to evaluate the effects of several variables that might

influence micrografting success.

MATERIALS AND METHODS

The methods used by Navarro et al. (10) were followed for stock

preparation, scion preparation and grafting procedures.

Stock Preparation

"Troyer" citrange [Citrus sinensis Osbeck x Poncirus trifoliata (L.)
Raf.] was selected as the stock. The seeds werc washed by water,

peeled by removing both seed coals, wrapped in cheesecloth and



surface-sterilized by immersion in a 0.5% sodium hypochlorite, plus
0.1% Tween-20 for 10 min and rinsed 3 times with autoclaved distilled
water. The germination medium was Murashige and Skoog major salts
(6), solidified with 1% Difco Bacto-agar. The pH of the medium was
initially set at 5.7+0.1. The medium was distributed in 20-ml aliquots in
25x150 mm culture tubes and sterilized by autoclaving at 121'C and
1.5 kg cm 2 pressure for 15 min. One seed was sown per tube and
allowed to germinate at a constant temperature of 27C in continuous
darkness for two weeks. To investigate the effects of different culture
tube closures on growth of seedlings a completely randomized design
with 4 treatments and 12 replications was conducted. The treatments
consisted of: a) culture tubes with screw caps as control; b) culture
tubes with rubber caps wrapped in a piece of aluminum foil; ¢} culture
tubes with screw caps, plus a piece of rubber cap inside the tube, and
d) culture tubes with rubber caps. After 15 days the length of seedlings
from shoot-tip to root-tip was measured. The data were analyzed and

the means compared by Duncan’s multiple range test.

Scion Preparation

The shoot-tips were obtained from actively growing new shoots on
greenhouse-grown "Clementine” mandarin (Citrus reticulata Blanco)
plants. To induce flushing, plants were completely defoliated by hand
and kept in a warm greenhouse (24 to 32°C). Depending on greenhouse
temperature many buds were produced after 10 to 15 days (Fig. 1).
Flushes 3 cm long or less were chosen, their larger leaves stripped,
wrapped in small pieces of cheesecloth and surface sterilized by soaking
in 0.25% sodium hypochlorite, plus 0.1% Tween-20 for 5 min. The
sterilized tissues were rinsed 3 times with autoclaved distilled water
and their shoot tips were excised and used as scions.

Since most of the scions were burned and dried several days after

micrografting, lower concentrations of sodium hypochlorite were



Fig. 1 A greenhouse-grown "Clementine” mandarin tree, 13 days after defoliation.



examined. The concentrations used were 0.05, 0.1, 0.15 and 0.25% .
Shoot-tips were soaked in these solutions for 5 min and were rinsed 3
times with autoclaved distilled water.

Pre-treatments of scions with growth regulators were accomplished
by dipping the shoot apices in different concentrations of 2,4-D (6, 8,
10, 12 mg 1) and or in kinetin (0.1, 0.5, 1, 1.5 mg 17!} ecach for 6 and
10 min prior to excision of the apical dome and primordial leaves.

After that, shoot-tips were excised and micrografting was performed.

Grafting Procedure

Two-week old rootstock seedlings were removed from the test tubes
and transferred individually to a 15-cm sterile petri dish lined with one
sheet of sterile, moist filter paper. Each rootstock was decapitated,
leaving 1 to 1.5 cm of the epicotyl. The root was also shortened to 4-6
cm and the cotyledons and their axillary buds were removed (Fig. 2). A
shoot-tip composed of the apical meristem and adjacent tissues with 3
to 4 leaf primordia was excised from the flush by a scalpel with a
No. 11 blade. Micrografting was performed by making an inverted-T
incision. The incisions were a 1-mm long vertical cut starting at the
point of decapitation and a horizontal cut 1 mm long. The cuts were
made through the coriex to the cambium, and the flaps of the incision
werc slightly lifted to expose the cortex. The shoot-tip was placed
inside the incision with its cut surface in contact with the rootstock’s
cortical surface, exposed by the horizoutal cut of incision. Grafted
plants were aseptically cultured in a liquid medium containing the MS$
major salts (6) plus 0.2 mg I”' thiamine-HCl, 1.0 mg 1" pyridoxin-HCI,
1.0 mg 17 nicotinic acid, 100 mg 1! i-inositol and 75 g 1I"! sucrose (9).
The pH of the solution was set at 5.740.1 prior to autoclaving. The
medium was distributed into 25x150 mm culture tubes in 20 ml aliguots.
A supportive platform, made from a folded 9 cm circle of Whaiman

filter paper, was placed in the nutrient solution. The culiure tubes



Fig. 2. The procedure of rootsdtock preparation. Right: a 2-week old "Troyer”
citrange scedling; Left: a seedling rootstock prior to grafiing with epicotyl
decapitated, cotyledon and root-tip severed.



containing medium were sterilized by autoclaving at 121°C temperature
and 1.5 kg cm™2 pressure for 15 min. The grafted plants were
transferred to culture tubes at 2743'C and exposed to 16-hr daily of
1500 lux illumination, provided by cool white fluorescent lamps.

For increasing the rate of successful grafts, different concentrations
of B-vitamins, thiamine-HCl, pyridoxin-HCl, and nicotinic acid were
evaluated. A group of plants were cultured in a medium with a normal
concentration of B-vitamins (0.2 mg I"! thiamine-HCI, 1 mg I"! pyridoxin-HCI,
and 1 mg I'! nicotinic acid), and the other groups in media with 2 to 20
times of recommended concentrations of these vitamins (10).

The following light intensity treatments were also tested: a) A
group of plants were kept in darkness for 5 days after micrografting
and then transferred to 800 lux illumination; b) Another group was kept
in darkness for 5 days after micrografting and then transferred to
1500 lux illumination; c) The third group was exposed to 800 lux
illumination immediately after micrografting; and d) The last group was
exposed to 1500 lux illumination immediately after micrografting,

Some scion shoot-tips were alive after micrografting but remained
in a quiescent state for several months. To induce growth, a drop of 20,
40 or 60 mg 1! gibberellic acid (GA,;) or 1, 3 or 5 mg 1! kinetin
solution was placed onto these quiescent shoot-tips.

For transferring the micrografted plants from culture tubes to
greenhouse conditions, when the shoot-tip grafted plants were about 1
to 2 cm in size (Fig. 3-A), they were removed and grafted directly
from the test tube onto well-established clean rough lemon (Citrus
jambhiri Lush.) seedlings (about 10 mm in diameter) in the greenhouse
(3). The shoot-tip grafted plant was sliced behind the graft so that
there was a flat area to make contact with the rough lemon cambial
tissue (Fig. 3-B). The leaves were detached (Fig. 3-C) and a slice of
shoot-tip grafted plant was placed into T-cut and wrappped with
budding tape (Fig. 4). After acclimatization, the growth of the grafted
plant thereafier continued under a conventional greenhouse condition.



Fig. 3. Preparation of shoot-tip grafted plant for regréfting. A: Shoot-tip grafted
"Clementine” mandarin on "Troyer" citrange rootstock taken from a test
‘tube; B: The grafted plant sliced behind the graft union; C: The grafied
union with the leaves detached.



Fig. 4. Regrafting of shoot tip grafted plant on the rough lemon seedling.



RESULTS AND DISCUSSION

In general, rate of shoot-tip grafting of "Clementine” mandarin
onto "Troyer" citrange rootstock was between 40 to 45% . Shoot-tip
grafted plants were successfully transferred from culture tubes to

greenhouse conditions by grafting them onto rough lemon seedlings.

Effects of Culture Tube Closures

Different culture tube closures showed significantly different
effects on growth of seedlings. All seeds of the following treatments
germinated and grew normally: a) culture tubes with screw caps:
b) culture tubes with rubber caps wrapped in aluminum foil; and
¢) culture tubes with screw caps plus a piece of a rubber cap inside the
tube (Fig. 5). After 15 days, the seedlings in these treatments were
ready for grafting procedure. No significant differences were obtained
among these treatments (Table 1). However, a highly significant
differences were obtained among the growth of seedlings in culture
tubes with rubber caps and other treatments. The seeds in culture tubes
with rubber caps germinated but did not grow (Fig. 5-D). First, it was
presumed that the black color of rubber caps was responsible for the
lack of growth of seedlings in culture tubes covered with rubber caps,
but when light color rubber caps were used, again the seeds did not
grow normally, showing that no growth inhibition was induced by black
color. Second, it was possible that rubber caps released some inhibitory
materials into tube environment. Placing a piece of rubber cap in the
culture tube did not inhibit the growth of seedlings showing that no
inhibitory materials were involved. Finally, it was concluded that the
lack of gaseous exchange between tube content and external

environment and/or accumulation of harmful gases such as CO; and



Comparison of different culture tube closures. A: Culture tube
with screw cap; B: Culture tube with rubber cap wrapped in
aluminum foil; C: Culture tube with screw cap plus a piece of a

rubber cap inside the tube; D: Culture tube with rubber cap.



ethylene and reduction of useful gases such as O, due to tight contact
of rubber caps with culture tubes might be responsible for this growth
inhibiting effect of rubber caps. Further experiments may be necessary

to elucidate this point.

Table 1. Effect of different culture tube closures on growth of "Troyer”

citrange seedlings.

Treatments Mean plant length
(cm)

Culture tubes with screw caps (control) 18.0 at

Culture tubes with rubber caps wrapped 17.1 a

in aluminum foil

Culture tubes with screw caps, plus a 174 a

piece of rubber cap inside the tube

Culture tubes with rubber caps 33 b

+ Means followed by the same letter are not significantly different at

the 1% probability level, using Duncan’s multiple range test.

Effects of Sodium Hypochlorite Concentrations

The highest percentage of successful grafts (40%) without any
contamination was obtained with 0.1% sodium hypochlorite. This result was
not in accordance with the data obtained by Navarro et al. (10) who

proposed that 0.25% sodium hypochlorite solution was the best



concentration. In our investigation the latter concentration of sodium
hypochlorite caused burning and destruction of scion shoot-tip tissues.
Genotypic and/or environmental differences as well as impurities of the

sodium hypochlorite source might be the reasons for such response.

Effects of Plant Growth Regulators
Using 6, 8, 10 and 12 mg1"! of 2, 4-D and 0.1, 0.5, 1 and 1.5

mg 17! of kinetin each for 6 and 10 min, as pre-treatments of scions, did
not affect the micrograft success. Most of the shoot-tips did not survive
and those which remained alive were quiescent. The maximum rate of
successful grafts was only 13% . This observation is in contrast with the
results obtained by Edriss and Burger (4) who found that dipping shoot-tips
in 2,4-D (10 mg I'") or kinetin (1 mg I'!) for 5-10 min, before grafting,

doubled the success rate.

Effects of Plant Growth Regulators Applied to Quiescent Scion Tips

The application of -3 concentrations of GAj; or kinetin solutions to
quiescent scion tips failed to induce shoot-tip elongation. However, in some
instances use of GAj; solutions caused elongation of the adventitious buds.

This observation confirms the results obtained by Navarro et al. (10).

Effects of Vitamins

The highest rate of successful micrografting (70%) was obtained when
the concentrations of thiamine-HCI, pyridoxin—-HCIl, amd nicotinic acid were
14 times of those recommended concentrations, while the rate of successful
grafts in the control was 60% . This observation is in agreement with that
of Navarro et al. (10), who found that application of these vitamins slightly

increased grafting success.



Effects of Light

The presence of light for scion survival was necessary. When the
grafted plants were placed under darkness for 5 days, and then transferred
under 800 and 1500 lux illumination, the scions did not survive in 82% of
cases. In plants placed under 800 lux illumination just after grafting, 73%
of scions were lost. When the plants were placed under 1500 IJux
illumination only 18% of scions failed to survive (Fig. 6). This observation

is in accordance with the results obtained by Navarro et al. (10).

CONCLUSION

On the basis of the data obtained in this investigation it might be
concluded that using rubber caps are not recommended for culture tubes,
since they inhibited the plant growth in micrografting. However, wrapping
the caps in aluminum foil can overcome this problem. The optimum
concentration of sodium hypochlorite for disnifection of shoot tips was
0.1%. Pre-treatment of scions by different concentrations of 2,4-D and
kinetin did not affect the grafting success. Similarly, the application of
different concentrations of GA, or kinetin on gquiescent scion tips did not
promote the scion growth. Application of high concentrations of vitamins
slightly increased the grafting success. Light intensity of 1500 lux was

necessary for growth of micrografted plants.
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