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Abstract 

A successful, in vitro regeneration system for fourwing salt- 
bush [A#ri&r cunescens (Pursh) Nutt.] has potential use for mass 
propagation and genetic engineering of this important range 
species. This system could be used as a vehicle for gene transfer 
and for genetic modification of forage quality, stress tolerance, 
and biomass. The objectives were to develop an in vitro system 
for shoot production from both leaf dii and axillary buds, and 
induce root production. Shoot organogenesis (265 shoots) from 
I& disc explants was accomplished at rates of 12.3 shoots/disc or 
1.7 shoots/mm’ of leaf disc explants. Root organogenesis was 
induced in 63% (168) of the shoots, using indolebutyric acid 
(IBA, 0.5 mg lit&) and gibberellic acid (GAS, 0.1 mg-’ liter) in a 
Murashige and Skoog (MS) medium. Roots were also induced on 
shoots placed in soil. Survival of both shoots and phmtlets trans- 
ferred to soil was 65 46. Plantlets transferred to a hydroponic 
solution were twice the height of plantlets grown in soil. For axil- 
lary bud multiplication, the number of shoots generated ranged 
from 0.7 to 9.1 per explant. Roots were induced on 63% of the 
shoots, and 58% survived transfer to soil. The successful produc- 
tion of plantlets using both leaf-dii and axillary-bud methods 
demonstrates that this important range species can be mass 
propagated in vitro. 
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Atriplex (saltbush) species are a valuable component of range- 
lands and are used for forage (Ueckert et al. 1988, Barrow 1989, 
Rehman et al. 1991), regeneration of disturbed sites (Plummer 
1970, Aldon 1978, 1984; Booth 1985), and energy production 
(Van Epps et al. 1982, Goodin 1984, Newton and Goodin 1985). 
Progress has been made in the asexual propagation of Atriplex 
species by cuttings (Weisner and Johnson 1977, Richardson et al. 
1979, McArthur et al. 1984) and adventitious shoot production 
via tissue culture (Wochok and Sluis 1980, Barrow 1989, Wurtele 
1989, Tripathy and Goodin 1990). Although Barrow (1989) 
alluded to root production from shoots, data were not provided. 
Therefore, root initiation data from in vitro-produced shoots cou- 
pled with plantlet production has not been reported. In addition, 
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Restimen 

Se establecio un sistema eiiciente para la regeneration in vitro 
de atriplex [Ab-ipkx canescens (Pursh) Nutt.] con uso potential 
en la propagation masiva e ingenieria genetica de esta impor- 
tante especie forrajera. Este sistema puede ser usado coma 
vehiculo en la transferencia de genes y para la modificacibn 
gedtica de la calidad de forraje, tolerancia a estres y biomass. 
Los objetivos fueron desarrolhw un sistema in vitro para la pro- 
ducci6n de brotes a partir de discos de hoja y yemas axihues, asi 
coma la induction de rakes en 10s brotes. La organog&msis de 
brotes se log& (265 brotes) a partir de discos de hoja en un 
rango de I23 brotes por diio o 1.7 b&es/mm*. Se log& un 63 % 
de enraixamiento de 10s brotes (168) usando dcido htdolbutirico 
(AHi, 0.5 mg I-‘) y acido gibe&lico (GAS, 0.1 mg I-‘) en medio de 
cultivo Murashige y Skoog (MS). Iguahnente se indujo enraixa- 
miento de brotes que fueron directamente transplantados a 
suelo. El porcentaje de sobrevivencia de las plantas producidas 
in vitro asi coma de aquellas transphmtadas a suelo fuC de1 65 % ; 
sin embargo, despuCs de ser transplantadas a un sistema 
hidropunico, las phmtas producidas in vitro alcanxaron el doble 
de altura. Para la multiplicaci6n de yemas axgares, el munero de 
brotes regenerados vari6 de 0.7 a 9.1 por exphmte. Se logr6 un 
63 46 de enraizamiento de 10s brotes, y 58 % sobrevivieron el 
transphmte al suelo. El Cxito en la production de phmtas usando 
ambos m&odos: disco de hoja y yemas axhares, demuestra que 
esta importante especie forrajera puede ser propagada hi vitro. 

regeneration by axillary bud multiplication has not been reported 
for Atriplex. 

With the in vitro technique of tissue culture, shoots can either 
be produced from leaves or from axillary buds. To produce 
adventitious shoots from leaves, small discs are cut out of the 
leaf, surface sterilized, and then placed on a solid nutrient medi- 
um where they are subjected to a hormone treatment which dif- 
ferentiates the disc tissue first into a callus and with subsequent 
hormone treatment the callus produces shoots. The shoots are 
then subjected to an additional hormone treatment to produce 
roots. The rooted shoot is then referred to as a “plantlet.” Shoots 
can also result from buds located within the axillary angle 
between the leaf petiole and the stem. When the bud is induced to 
elongate with a hormone treatment, a small branch with several 
shoots is produced. The shoots are excised and placed on a solid 
medium with hormones to induce root formation. Again when 
roots are formed, the rooted shoot becomes a plantlet. 
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As indicated by Wochock and Sluis (1980), a successful regen- 
eration system for Atriplex canescens using tissue culture has 
potential use in the genetic engineering of this very important 
rangeland species. Recently, new biotechnologies have been 
developed to isolate drought-induced genes (Newton et al. 1991, 
Adair et al. 1992, Funkhouser et al. 1993, Caimey et al. 1995, 
Chen et al. 1995) and several ozone-induced genes (No 1994) 
from A. canescens. These have a possible use for gene transfer 
and genetic modification of saltbush for improved resistance to 
environmental stresses. However, application of gene transfer 
technology requires an appropriate tissue culture system. Its use 
in gene transfer would allow researchers to better understand 
functions of stress-induced genes in A. canescens, and provide a 
rapid means for improving its stress tolerance, biomass produc- 
tion and forage quality. The objectives of this study were to: (1) 
develop an in vitro system for shoot production from leaf tissue 
and subsequent root production, and (2) develop a shoot produc- 
tion system from axillary buds. 

Materials and Methods 

Plant Material and Media 
Atriplex canescens cv. “Rincon” (McArthur et al. 1984) 

seedlings were grown in pots and maintained in the greenhouse. 
Leaves and stem sections of those seedlings were used as 
explants. To prevent browning of tissues, half-strength Murashige 
and Skoog (1962) medium (MS) plus sucrose 30 g liter-’ and 
Gelrite 4 g liter-’ (gellan gum, Merck & Co.) were used as the 
basal medium for shoot initiation. For rooting, the basal medium 
was full-strength MS medium with sucrose 30 g liter-’ and Gelrite 
4 g liter-‘. 

Organogenesis from Leaf Discs 
Young leaves, 5 nodes or less from the seedling apex, were 

soaked with 100% commercial bleach for 20 min, rinsed with 
sterilized water 6 times (all the sterilization procedures men- 
tioned in other protocols follow the same method), then aseptical- 
ly cut into small discs and cultured on the appropriate media pro- 
tocols. Four leaf discs, 3 mm in diameter, were placed in a petri 
dish; 8 discs were used for each protocol. Several protocols modi- 
fied from Barrow (1989) and Tripathy and Goodin (1990) were 
tried. In contrast to the shoot initiation procedures of Tripathy 
and Goodin (1990), we used: half-strength MS media, a lower 
concentration of 2,4-D, and a different nitrogen source. Whereas 
Barrow (1989) used a modified B5 media amended with picloram 
and auxin to induce shoots, we used MS media amended with 
auxin, but not GA,. Our 2 successful protocols are shown in 
Table 1. The means + S. E. for each protocol were compared with 
the t-test at a 0.05 level of significance (Ott, 1988). 

Two rooting experiments were conducted. First, 2 different 
rooting protocols were compared (Protocols 1 and 2, Table 2). 
Thirty shoots were used in both the IBA-GA, and the IAA-BA- 
GA, protocols, respectively. Second, the optimal rooting media 
composition was determined by comparing rooting performance 
as affected by various concentrations of GA3 in a basal MS media 
with IBA after 30 days (Protocol 3, Table 2). Arc-sine transfor- 
mations of the rooting percentages for the three GA, treatments 
were compared using the comparison test for 2 binomial propor- 
tions (Ott 1988). 

Table 1. Protocols for shoot organogenesis from leaf discs 

Protocol step Time Media Composition 

1 Callus induction 

Shoot induction 
Shoot elongation 
Proliferation 

WY9 
30 

30 
30 
15 

Separation of Shoots 
Elongation & 
SUbWlhlPZ 

15 each 

Root Initiation 

2 Callus induction 30 

Shoot Induction & 60 

Elongation 
Roliferation 
Separation of Shoots 
Elongation 
Root Initiation 

15 

15 

112 MS; kinetin (KT), 1 mg 
I*‘; 2,4-D, 0.2 mg 1” 

112 MS; KT, 0.2 mg 1.‘. 
l/2 hfS; KT, 0.1 mg 1.‘. 
l/2 MS; BA, 0.5 mg 1-I; 

gibbcrellic acid (GA& 
0.1 mg 1.’ 

l/2 MS; thymine (Bl), 1 mg 
I-‘; BA, 0.01 mg 1-I; 

and NH4CI. 450 mg r’ 
See Table 2 

l/2 MS: IAA, 0.1 mg I-‘; 
benzyladenine (BA), 
0.5 mg I-‘; NH4CL 450 mg 1.’ 

I/2 MS; 2,4-D, 0.01 mg I-‘; 
KT. 0.5 mg I-‘; 

NH4CI 450 mg 1.’ 
Same as Protocol 1 above 

Same as Protocol 1 above 
See Table 2 

Organogenesis from Axillary Buds 
Young shoots from greenhouse-derived shrubs containing dor- 

mant axillary buds, were surface sterilized, cut into one-bud seg- 
ments, and placed on 4 different media protocols (Table 3). Each 
protocol was divided into 2 stages: Stage I for breaking dormancy 
of the axillary buds and Stage II to enhance shoot extension. For 
each protocol, 8 stem-segment explants were used. The means f 
S. E. of regenerated shoots per axillary bud for the 4 protocols 
were compared using analysis of variance (Ott, 1988). After 
Stage II of organogenesis, the elongated shoots were transferred 
to the rooting medium (MS; IBA, 0.5 mg liter-’ and GA,, 1.0 mg 
liter-‘) for a period of 30 days. 

Transferring Shoots and Plantlets to a Soil Medium 
Shoots without roots and the rooted plantlets were then trans- 

ferred to a soil medium [perlite, vermiculite and peat moss 
(2:2:1)]. Three days prior to transfer, test-tube caps were taken 
off plantlets and shoots, and they were exposed to air and high 
intensity artificial light (photon flux density, 240 pmol mm*) to 
harden-off. Before transfer, the rooting rate was recorded. The 
test-tubes were then soaked in distilled water at room temperature 
for 20 min to loosen the attachment of plantlets to the gelrite. 
Plantlets and shoots were taken out of test-tubes and planted in 
soil. Fungicides (0.59 ml gal-’ of Subdue, 1.6 g gal-’ of Benalate) 
were sprayed on plants after planting. The containers were cov- 
ered with a piece of thin plastic film and placed into a growth 
chamber with a relative humidity of 85%, a temperature cycle of 
25°C day/22”C night, and a photoperiod of 16 hours light/8 hours 
dark with a light intensity of 240 pmol mm*. Three days later, the 
plastic film was removed. The transplants were irrigated daily 
and liquid fertilizer was dispensed 15 days after transfer at an 
interval of once per week. One month after transfer, survival rates 
were recorded. 
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Table 2. Protocols ear root organogenesis Table 4. Shoot organogenesis* from leaf explants ofdfriplex canescens 

Rotowl Time Media Composition Protocol** shoots/disc*** shoots/rim? 

1 

2 30 

MS; indolebutpic acid (IBA), 0.5 mg 1-l; 
GA3,0.1 mg I” 

l/2 MS; indoleacetic acid (TAA), 0.2 1-I; 
BA, 0.1 mg 1”; GA3.0.5 mg 1“ 

mg 

3 30 MS; indolebutyric acid (IBA). 0.5 1-l; 
GA2, O.‘, 0.5 and 1.0 mg r’ 

mg 

1 8.6 * l.2b 1.2 f 0.2b 
2 12.3 i l.7a 1.7 f 0.2’ 

l Mcao number of shoots f S. E. per leaf disc or mm’ of leaf surface 
**set Table 2 for protocol desctiptions 
l **8 Icafdiscs. 3mm dim.: 4 leaf discs per petri dish; 2 petri disbcs per proIca.1 
uMcans * S. D. io columns followed by the same hter are not significantly different at 
the 0.05 level using the t-test (Ott 1988) 

Survival percentages for the 3 GA3 treatments (Table 2) were 
compared using arc-sine transformation and the comparison test 
for 2 binomial proportions (Gtt 1988). 

Plantlet Hydroponics 
Plantlets derived from leaf discs were potted in soil and grown in 
the greenhouse for 1 month. From those that survived the trans- 
planting, about 80 were randomly selected and placed in pots (15 
cm high and 15 cm in diam. with a volume of 2 liters) containing 
a nutrient solution (Bethke and Drew 1991). In hydroponics, the 
top and the sides of the pots were covered with aluminum foil to 
prevent light penetration and growth of algae. Plantlet size (mean 
& S.D.) was recorded at the start of hydroponics and 1 month 
later. Plantlet size increase in hydroponics and soil culture was 
further compared for a period of 1 month. Four round holes, 2 cm 
diam., were made in the top of each container. Plantlets with 
roots, 3 cm or larger, were wrapped with a piece of foam and 
each held fast to a hole on the top of the container. Air, driven by 
an aquatic pump, was introduced into the solution via small plas- 
tic tubes (3mm diam.) capped with an injection needle. The nutri- 
ent solution was changed every week. The pots were placed in 
the same growth chamber with the same physical environment as 
the soil treatment. 

Table 3. Protocds for shoot organogenesis from axhry buds 

Fktowl Stage Time Media Composition 
NUtttber 

WYS) 
1 I 30 l/2 MS; 24-D. 0.01 mg 1”; KT, 

0.5 mg I$ and NH4Cl, 450 mg 1-l 
II 30 MS without hormones 

2 I 30 l/2 MS; IAA, 0.1 mg 1“; BA. 2 mg I-‘; 
and NHqCl.450 mg 1-l 

II 30 l/2 MS; NAA, 0.01 rnf f; BA, 2 mg r’; 
and NH4Cl,450 mg 1‘ 

3 I 30 l/2 MS; Bl, 1 mg 1-l; BA, 2 mg I-‘; 
NAA, 0.01 mg 1-I; GA? 1 mg r’, 
and NH&l, 450 mg l- 

II 30 Same as Stage I. 

4 I 30 lL2M.S; IAA, 0.1 mg 1-l; BA, 0.5 mg 1-I; 
and NH&l, 
450 mg 1-l 

Results 

Organogenesis from Leaf Discs 
Shoot organogenesis from leaf discs using 2 different protocols 

(Table 1) was achieved (Table 4). With the first protocol, using 
small leaf discs on a medium containing KT and 2,4-D, a thin 
layer of loose, white to translucent, callus appeared at the midrib 
and the edge of the leaf disc after 3 days. Subsequently. the callus 
extended to lateral veins, and then to the whole surface. Callus 
was more copious at the midrib and the edge of the leaf disc than 
the other parts. After approximately 1 month’s culturc and subse- 
quent transfers to shoot induction media, half of the green callus 
underwent a slow process of change in which its color turned 
deeper and its texture turned solid (Fig. 1A). On the third medium 
and while the dominant white callus turned brown and died, the 
localized, deep green callus turned into a firm and tumor-like 
structure, from which small shoot clumps eventually differentiat- 
ed (Fig. 1B). Using this protocol, organogenesis occurred on 
about 5% of the leaf disc surface after 3 months’ culture.. More 
than 8 shoots per leaf disc resulted (Table 4). 

With the second protocol (Table l), both white and light-green 
calli were induced from leaf discs cultured on medium containing 
IAA, BA, and NH,Cl. Both white and light-green calli were 
induced on the first medium. One month later, the calli were 
transferred to a shoot-induction media and after more than 2 
months, shoot clumps began to appear from grain-like, green 
calli. which were evenly scattered among the rest of the white or 
brown calli. After an overall period of 3 months, organogenesis 
occurred on about 20% of the leaf surface, resulting in more. than 
12 shoots per leaf disc (Table 4). 

Calli with the attached shoots were transferred to a shoot prolif- 
eration medium (Table I), and shoot bud number increased two- 
fold after a culture period of 15 days. Over 4008 healthy and vig- 
orous shoot clumps (Fig. IB) were produced by separating larger 
clumps into several small ones and subculturing them onto fresh 
proliferation medium every 15 days. When shoots were separated 
and transferred to the shoot elongation medium, most of them 
grew to approximately 1 cm after 15 days of culture (Fig. 1C). 

Gf 2 different protocols tested (Table 2), the best root induction 
from shoots was accomplished with the medium containing IBA. 
Sixteen of 30 shoots rooted when treated with IBA, and only 7 of 
30 rooted in the presence of IAA. It was also observed that those 
shoots whose roots were induced using IBA exhibited a more 
vigorous growth than those induced with IAA (data not shown). 
Therefore in the second experiment where the effects of GA3 on 
rooting were addressed, IBA was the hormone used (Protocol 3, 
Table 2). The IBA treatment in combination with 3 different GA, 
concentrations resulted in more than 60% of the shoots producing 
roots and resulting in 168 plantlets (Table 5) as shown in Fig. 1D. 
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and 12 of 178 shoots (63%) derived fmm axillary bud nndtiplica- 
tion were mated t&er 1 month’s subculnue in rooting medium. 
One hundred moted plantlets derived from axilhuy-bud multipli- 
cation were transferred to soil and after one month, 58 plantlets 
survivcxl(58%). A total of 4 months was required from initiation 
of axillary buds to the establishment of plantlets in soil. 

Bightynght plantlets with an average height of 4.8 * 1.3 cm 
and placed in hydroponic culture for 1 month, increaed to a 
mean height of 23.5 f 6.3 cm. However, it was still not clear 
whether the rapid gmwtb of these plants was due to the. favorable 
physical conditions of the growth chamber or the combined effect 
of the growth chamber plus the hydroponic medhun. Therefore. 
gmwth of the plantlets in hydqonic and soil adhue was can- 
pared Plantlets in hydroponics increased in size from 4.0 cm to 
20.4 an in 4 weeks, while plantlets in soil cldhue inneased from 
4.6 to 11.0 cm in the same period (Pig. 3). In addition, plantlets 
transferred to hydroponic culture resumed their regular growth 
sooner (1 week) than did the plantlets in soil culture (2 weeks) 
(Fig. 3). and hydroponically-grown plantlets had more well- 
developed mot systems (data not shown). 

F& 1. Orgpnogenais horn leaf dii explants of A&i&x E(UWSCCIO. 
(A) A localized green orgsnogenic callus obtained from leaf 
explants from one-year old greenhouse grown seedlings, and 
undergoing solidification on l/Z MS medium plan XT for one 
month (0.2 mg liter’) (10 X). @) Sboota derived fmm organogenk 
callus on the third medium: l/Z MS medium plus KT (0.1 mg liter’) 
for one month (10X). (C) A single shoot derived fmm organogenic 
calls on l/Z MS as basal medium plus Bl (1 mg liter’), BA (0.01 
mg titer’) for one month (10X). (It) Plant derived via organogenesi, 
(0.5 x). 

IBA in combbmtion with the lower GA3 treamtent (0.1 mg liter’ ), 
induced 85% of the shoots to root (Table 5). These shoots which 
had not yet produced roots atIer 1 month on indwtion medium 
were tmnsfertrd to soil along with the rooted shoots. The rooting 
percentage ranged from 49 to 85% with more than 60% of the 
combined shoots plus plantlets surviving after transfer to soil 
(Table 5). indicating that several shoots evenhmlly produced 
roots when introduced into the soil. This was estimated to be 
about 40% of those nonrooted shoots that had been induced in the 
presence of 0.5 and 1 .O mg litef’ GA3. Those. induced with lower 
GA3 (0.1 rng liter’) did not survive when transferred to soil. pre- 
sumably because they did not form roots. 

Orgamgenesk horn Axlllary Buds 
Using 4 different pmtcads consisting of 2 stages each (Table 

3). shoot multiplication from axillary buds was initiated by fmt 
breaking their dormancy and then inducing shoots with a 
cytokinin (Pig. 2A). In some cases the initiated shoots died; how- 
ever, a second round of shoots grew out from the axillmy bud and 
survived. A single axillary bud could be multiplied into a small 
compact clump with several shoots (Fig. 2B). The mean number 
of regenerated shoots per explant ranged from 0.74 to 9.11 (Table 
6). During Stage lI, shoots were cultured on media with or with- 
out hormones (Table 3) and allowed to elon@e. One hundred 

pip. 2. IrdtWon and ekmgation of shoots derived ftum asilky-bud 
stenl expbnts of &i&x CII”CECOnS. 
(A) A single shoot derived fmm P single axilbuy bud on l/.2 MS 
plus IAA (0.1 mg litei’), BA (0. 5 mg lit&) and NE&l (450 mg 
lit4 for one month (10 X). (It) Proliferation of shoots fmm a sio- 
Sk nrdlkry bud on the spme medium as in Fig. A for one month 
(10X). (C) Elongation of shoots derived from axiSmy buds on MS 
b8sd medium without hormones added for one month (10X). (D) 
Plant derived fmm axiltmy bud (0.5 Xl. 
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Table 5. Effects of lBA and GA3 on root induction from shoots of Afripkx canesccns derived from leaf disc explants and survival after transfer to soil. 

Protoe01* Number of Shoots Rooting Rooting Total 
Number Number of Shoots 

and Plantleta Planted** 

(46) (No) (%) 
1 78 66 85’ 78 
2 84 41 49” 84 
3 1p1 61 m” m 

Total 265 168 265 
Mean Percent 63 

‘See Table 2 for protocol descriptions 
l * Shoots grown in vitro with M visible roots as well as rooted shoots were planted ia soil 
***Included shoots that prodoced roots after transfer to soil 
Lbpcrcan~es in coltnnns followed bv the same letter are not sianiticandv different at the 0.05 level after arc sine 

Total Total 
Survival Survival 

Numhefc** 

(%I 
30 3Sb 
60 71s 

SL 79” 
171 

65 

Discussion 

This is the first data report of root organogenesis from adventi- 
tious shoots of Atriplex canescens and resulting in intact 
plantlets. Shoot induction took at least 3 months and only 2 out of 
several different protocols tested were successful. Green callus 
production, followed by callus solidification appeared to be 
essential for the differentiation of shoots. Several other variations 
in the media were tried but they were not successful. Protocol 2 
may be more effective than Protocol 1 in terms of the number of 
shoots induced per unit area of leaf surface perhaps as a result of 
the higher cytokinin concentration (Table 4), whereas shoot buds 

25 

T 
q Hydroponics 

Soil Culture 

0 1 2 3 4 

Time (weeks) post transplanting 

Fii. 3. A growth comparison in hydroponics and soil of plantlets of 
Atripkx canescens. Eight plantlets per treatment; soil culture with 
perk, vermiculite and peatmoss (2:2:1). Potted plantlets were 
irrigated every other day and fertiliied once a week. Bars repre- 
sent the mean with S.D. 
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induced with Protocol 1 grew faster and more vigorously. 
Because Tripathy and Goodin (1989) used whole leaves and 
Barrow (1989) used hypocotyl sections as explant sources for cal- 
lus initiation and we used leaf discs, comparison of efficiencies of 
shoot production between our method and theirs is not possible. It 
appears that all methodologies, regardless of their slight differ- 
ences, were conducive to shoot production. However, it appears 
that the specific conditions in which the shoots were produced by 
Barrow (1989) and Tripathy and Goodin (1989) may have subse- 
quently contributed to the recalcitrance of these shoots to root, or 
the rooting response may be genotype-specific. Another explana- 
tion for our success in rooting could be the lower 2,4-D concen- 
tration or the nitrogen source (NH&l) that we used in shoot 
establishment. Nevertheless, as many as 85% of the shoots pro- 
duced using our methodology rooted when placed on the appro- 
priate induction medium. 

Previous workers have reported shoot induction from Atriplex 
cunescens explants, but root establishment data from these shoots 
were not provided. We have shown that rooting can be estab- 
lished, on average, on more than 60% of the adventitious shoots 
using IBA in combination with GA3. Hence, plantlet production 
via leaf disc organogenesis is possible with fourwing saltbush 
with as much as 80% of them surviving transfer to soil. This is 
also the first report of saltbush plantlet production from axillary 
buds with over 60% of the elongated shoots subsequently produc- 
ing roots and resulting in plantlets in which nearly 60% survived. 
The time required to produce adventitious shoots from leaf callus 

Table 6. Shoot organogenesis and elongation from axillary-bud explants* 
of Abipkx canescens. 

Pronxo1** Number Regenerated length of Regenerated 
ShocWAxillary Bud Shoots 

0-m 
1 0.76 i 0.17b 0.640 
2 9.11 i 3.71a 1.8-6.0 
3 0.74 f 0.84b 3.9-7.7 
4 1.80 f 0.7Ob 1.5-3.9 

*Each stem explant segment contained one axillary bud. For each protocol, 8 stem seg- 
ment explants were wed. 
**See Table 3 for protocol descriptions 
‘%feans + S.D. followed by the same letter within columns are not signiticantly differ- 
ent at the 0.05 level using analysis of variance (Ott 1988). 



was longer than that required for axillary-bud shoot production (2 
versus 3 months). Another additional benefit of axillary-bud 
shoot production is that this regeneration process bypasses the 
callus induction stage needed in adventitious shoot production, 
thus greatly reducing the initiation of mutations that lead to devi- 
ation from the true genotype. 

However, both of these techniques could be used for mass 
propagation of this important range species, particularly with 
hydroponic culture. Hydroponically-grown plantlets displayed a 
more vigorous growth and a more developed root system than did 
soil-grown plantlets. It has the potential to enhance growth, and 
therefore shorten the holding time before plantlets are incorporat- 
ed into commercial use. 

Conclusions 

Mass micropropagation of Atriplex canescens using both shoot 
and root organogenesis resulting in the production of intact 
plantlets has been accomplished. In addition, this is the first 
report of saltbush plantlet production from axillary buds. Shoots 
established in the presence of kinetin (callus culture) or cytokinin 
(axillary bud culture), 2.4-D and NH&L, subsequently rooted 
when induced with IBA and GA,. Hydroponic culture of plantlets 
was successful. These propagation techniques can be used to 
mass produce A. canescens as well as for gene transfer, using 
either the leaf-disc (Horsch at al. 1985) or the shoot apex (Gould 
at al. 1991) method of transformation. A well-established regen- 
eration system plus a successful gene transfer system would 
allow for improvement of saltbush as a forage, and would con- 
tribute to better understanding of the genetic basis of this species 
in terms of stress resistance and protein production. 
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