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ABSTRACT 

Sagee, O., Raviv, M., Medina, Sh., Becker, D. and Cosse, A., 1992. Involvement of rooting factors 
and free IAA in the rootability of citrus species stem cuttings. Scientia Hortic., 51: 187-195. 

Two-year-old trees of cultivar 'Rangpur' lime (Citrus fimonia Osb. ) and of cultivar 'Oroblanco', a 
triploid pummelo-grapefruit hybrid (Citrus grandis Osb. X Citrus paradisi Macf.), which had not 
reached flowering stage, were grown under greenhouse conditions. Cuttings from the last vigorous 
vegetative flush were taken from each species for rooting experiments. Callus formation and percent- 
age of rooting were determined after 19 and 36 days. Endogenous indole-3-acetie acid (IAA) eontem 
and avocado rooting promoter (ARP)-like activity were determined in leaves and bark (cortex) of 
the lower end of the cuttings on day of excision and 19 days later. Rooting of the easy-to-root 'Rang- 
pur' lime reached 77% after 19 days and 100% after 36 days. At those times the difficult-to-root 'Oro- 
blanco ° did not root at all or reached 12% rooting, respectively. At Day 19 the level of free IAA in the 
bark of 'Rangpur' lime was 3.5 times higher than that at Day 0, and 3.6 times higher than in the 
'Oroblanco' bark on the same day. ARP was found in both species at excision day and after 19 days 
using gas-chromatography analysis. The ARP activity on the day of excision was only slightly higher 
in .the leaves and bark of'Raagpur' lime than in 'Oroblanco', but after 19 days ARP-like activity rose 
approximately 45% in the basal bark of 'Rangpur' lime with no such increase in its leaves or in the 
leaves and bark of 'Orob!anco'. The differences in IAA level and ARP-like activity in the two citrus 
cultivars appear to be correlated with their ease of rooting, but it is not possible to tell whether the 
increase in IAA and ARP over the rooting period is the cause or result of root initiation. 
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INTRODUCTION 

Adventitious root formation (ARF) is regulated by complex interactions 
between endogenous and exogenous factors which affect the various devel- 
opmental stages of root formation. In general terms, ARF follows three de- 
velopmental phases: (1) de-differentiation, in which predetermined cells 
switch from their normal morphogenetic path to act as mother cells for the 
root primordia; (2) initiation, in which these cells start to divide and form 
the distinct structure of a root primordium; (3) elongation, during which the 
newly formed primordia form vascular connections and later protrude through 
the surrounding tissues to form roots (Hartmann et al., 1989 ). 

Although many physiological studies have shown that auxin plays a central 
role in the developmental process of root initiation (Jarvis, 1986), little is 
known about hormonal factors affecting the de-differentiation stage. The ini- 
tiation stage includes an auxin-active stage, during which auxin must be sup- 
plied continuously for roots to form. This auxin can come from buds or leaves, 
or may be applied exogenously (Gorter, 1969; Ericksen, 1974; Beck and Sink, 
1974; Mohammed and Ericksen, 1974; Pluss et al., 1989). Later on, there is 
an auxin-inactive stage in which withholding auxin does not adversely affect 
root formation. At the root elongation and growth stage there is no response 
to applied auxin (Hartmann et al., 1989). When cuttings are made from easy- 
to-root plants it is assumed that the endogenous auxin level affects the p~o- 
motion of adventitious root formation (Hemberg, 1954; Norcini et al., 1975; 
Weigel et al., 1984). On the other hand, in Chrysanthemum, an easy-to-root 
species, endogenous auxin content does not correlate with root initiation 
(Stoltz, 1968 ). 

In addition to auxin, several other endogenous root-promoting substances 
were detected in various species (Jarvis, 1986). Endogenous levels, of avo- 
cado rooting promotor (ARP) were related to clonal (Raviv and Reuveni, 
1984 ) and age (Raviv et al., 1987) differences in rooting ability of avocado 
(Persea americana Mill.) cuttings. When applied to mung bean cuttings as 
pulses, the root-inducing activity of ARP preceded that of auxin (Raviv et 
al., 1986b). It was postulated that ARP may serve as an example for a class 
of compounds that are able to induce or accelerate de-differentation. Re- 
cently, ARP was detected in Laurus nobilis L. and Magnifera indica L. (Becker 
et al., 1991 ). Therefore, we were interested in the involvement of ARP in 
other species with horticultural importance such as citrus. The ARP fraction 
contains four compounds: 11 ( 1 acetoxy-2,4-dihydroxy-n-heptadeca- 16en); 
111 ( 1 acetoxy-2,4-dihydroxy-n-heptadeca- 16yn); 2I ( 1,2,4-trihydroxy-n- 
heptadeca- 16en); 21I ( 1,2,4-trihydroxy-n-heptadeca- 16yn ), of which 211 is 
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the most active (Raviv et al., 1986a). The development of a gas-chromato- 
graphy (GC) analytical method for the detection of ARP compounds has 
enabled us to demonstrate the existence of ARP compounds in species be- 
sides avocado (Becker et al., 1991 ). 

The objectives of the present research were to demonstrate the presence of 
components of ARP in Citrus cuttings and to study the involvement of ARP 
and indole-3-acetic acid (IAA) in the rooting of citrus cuttings. Estimation 
of ARP by rooting assay and IAA by enzyme-linked immunosorbent assay 
(ELISA) were carried out in two citrus species, easy-to-root cultivar 'Rang- 
put' and difficult-to-root cultivar 'Oroblanco', a pummelo-grapefruit hybrid 
(Sagee et al., 1989). 

MATERIALS AND METHODS 

Rooting o f  cuttings. - Two-year-old rooted cuttings of 'Rangpur' (Citrus li- 
monia Osb. ), sometimes called a mandarin lime (Citrus reticulata var. aus- 
tera Swingle ), and 'Oroblanco', a triploid pummelo-grapefrtfit L; ,~r~d k ~_ ~ ~ , , ~ '  "" ...... 
grandis Osb. × Citrus paradisi Macf.), were growll in a c,m~rolled tempera- 
ture greenhouse (maximum day tempera~u rc 30 ° C, minii~u n night temper- 
ature 14 °C). These mother plants ~ Jees had no~ reached flowering stage. Cut- 
tings, 15-27 cm in length, z-,5 ~m thick, and with 8-14 fully developed leaves, 
were taken from the l a~ vegetative flush often trees of each species and were 
placed in a mist-bed with bottom heat of 28 _+ 2°C and a mist regime ofa 5 s 
mist every 10 min. The rooting medium consisted of equal parts of medium- 
grade Dutch ~Lagnum peat and shredded polystyrene foam. The cuttings 
were not treated with rooting hormone. Callus formation and percentage of 
tooting were determined after 19 and 36 days. Leaf samples and bark (tissue 
exterior to cambium) from the lower end of the cuttings, 3-4 cm above the 
cut or the callus were collected for determination of endogenous IAA content 
and ARP-like activity at Day 0 and Day 19, respectively. The plant tissue was 
frozen in liquid nitrogen and stored at - 8 0  °C immediately after harvesting 
and fresh weight determination. 

IAA extraction, purification and determination. - Samples of 1 g of frozen 
plant tissue were placed in 5 ml of 80% methanol containing 100 mmol am- 
monium acetate, 45/gmol ml- l  butylated hydroxytoluene (BHT) and 24 lzmol 
[ 2-t4C ] -IAA ( 2.11 GBq retool- ~ ) as the internal standard. The samples were 
homogenized (Polytron) for 1 rain in an ice bath and then kept in the dark 
at 4 °C for 30 rain, vigorously mixed, centrifuged at 5000 × g for 10 rain and 
the supernataat saved. The pellet was resuspended in 5 ml distilled water and 
centrifuged as above. Both supernatants were pooled and IAA was subjected 
to three open-column liquid chromatography steps of polyvinylpolypyrroli- 
done (PVPP), DEAE-Sephadex and C- 18 as described by Sagee et al. ( 1986 ). 
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The partially purified extract was methyle, ted with an excess of ethereal dia- 
zomethane (Cohen, 1984) and additionally purified by reverse-phase high- 
performance liquid chromatography (Varian 5500 system equipped with a 
Supelcosil LC-18-DB fast column, 3.3 cm long). Elution was performed with 
50% methanol-water at a flow of I ml rain- 1. The fraction containing methyl 
IAA was collected, reduced to dryness, redissolved in 50/~1 ethanol and 950 
/zl tris buffered saline (TBS) (50 mmol Tris-HCl, 1 mmol MgCI2, 0.1 mol 
NaCI, pH 7.8), and assayed within 12 h using an ELISA according to Sagee 
et al. (1986). 

A R P  extractwn.  - ARP was extracted according to a previously described pro- 
cedure (Raviv et al., 1986b). The crude extract served two purposes: rooting 
bioassay and GC analysis. For the rooting bioassay the crude extract was pa- 
per-chromatographed (Raviv and Reuveni, 1984) and the last section (Rf 
0.9-1.0) was used for the bioassay. ARP identification was conducted on 
leaves only, due to a shortage of basal bark plant material. 

GC analysis o f A R P .  - For the GC analysis an additional purification was 
conducted. The crude methanolic extracts of the leaves were evaporated to 
dryness, dissolved in a minimal amount of methanol and filtered using 3 mm 
Whatman filter paper. The extract was then hydrolyzed at room temperature 
for 4 h in 20 ml of methanol containing 2% KOH (w/v). The amounts ofan 
individual ARP component in the samples were close to the lower detection 
limit of the GC, and compounds I I and 111 were hydrolyzed to 2I and 2II, 
respectively. Thus, the data presented are of the combined amounts of l I and 
21 (referred to as ARP-A) and llI and 2If (referred to as ARP-B). 

After hydrolysis was completed, 10 ml of distilled water was added to each 
sample and the methanol was evaporated. ARP was extracted and purified as 
described earlier (Becker et al., 1991 ) and samples of I/A were injec.ted into 
a GC equipped with an SE-54 capillary column (25 m long, 0.25 mm i.d. ), 
splitless injector, Chromosorb precolumn inlet, and H2-flame detector. De- 
tection of compounds ARP-A and ARP-B was performed for all samples us- 
ing authentic standards and verified by co-chromatography. Retention time 
under these conditions is approximately 16.9 rain for ARP-A and 17.8 rain 
for ARP-B. Currently this method allows only detection of ARP but not quan- 
tification (Becker et al., 1991 ). 

M u n g  bean rooting bioassay. - The mung bean rooting bioassay, originally 
described by Hess (1965), was conducted using the cultivar 'Berken' mung 
bean (Vigna Radiata (L.) R. Wilcz.), with several modifications, some of 
which have been described previously (Raviv and Reuveni, 1984). Addi- 
tional modifications were: ( 1 ) only one cutting was planted in each vial, thus 
avoiding possible interactions among cuttings. Concentrations of tested com- 
pounds can therefore be expressed on a per cutting rather than on a per vial 
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basis~ Tb~ s~!ution volume was adjusted daily to 3.5 ml; (2) a selected mung 
bean line having lower variability and higher responsiveness to root pro- 
moters was used. Indole-3-butyric acid (IBA) served as a test compound while 
selecting this line. Cuttings of this line root faster and root counting was done 
after 5 days; (3) seedling growth medium was saturated and irrigated with a 
solution of Ca(NO3)2 at 140 ppm and H3BOa at 1 ppm. The use of this solu- 
tion instead of distilled water resulted in healthier and more uniform cuttings. 

RESULTS 

Roots were visible on 'Rangpur' cuttings at Day 14; after 19 days 77% of 
the cuttings rooted while the remainder swelled at the base and formed a cal- 
lus (Table 1 ). At that time no rooting was observed in the 'Oroblanco' cut- 
tings and only 31% had any basal swelling or had developed a callus (Table 
1 ). After 36 days, 100% of the 'Rangpur' cuttings had rooted, while 12% of 
the 'Oroblanco' cuttings had rooted and 80% had formed a callus. Root den- 
sity was slightly higher in 'Rangpur', but the final root length of 'Oroblanco' 
was almost four times greater than that of 'Rangpur'  (Table 1 ). 

On the day of excision (Day 0), higher levels of IAA were found in leaves 
and bark of 'Rangpur'  than of 'Oroblanco', but the difference was not statis- 
tically significant (Table 2). Although IAA content in the leaves at Day 19 
was slightly higher in the 'Rangpur' lime than in 'Oroblanco', it was not sta- 
tistically different (Table 2). In both species, iAA levels in the bark were 
higher than in the leaves. At Day 19, .when 77% of the 'Rangpur' cuttings 
rooted, the IAA content in the bark of 'Rangpur' was 3.5 times higher than 

TABLE I 

Rooting and callus formation of'Rangpur' lime and 'Oroblanco' cuttings 19 and 36 days after exci- 
sion: mean values-+ SE 

Species 

'Rangpur' 'Oroblanco' 

Average cutting length (cm) 16.1 + 1.3 24.4_+ 2.4 
Average no. of leaves 8.4_+ 1.6 11.7 + 1.9 
19 days 
Callus (%) 22.5 _+ 2.1 30.8 _+ 2.2 
Rooting (%) 77.5 + 2.1 0 
36 days 
Callus (%) 0 79.3 -+ 5.7 
Rooting (%) 100 12.2 + 1.2 
Root density t 2.6 + 0.6 2.3 -+ 0.4 
Average root length (cm) 1.5 + 0.4 5.5 -+ 0.7 

~Root density was rated on a scale from 1 (tap root only) to 5 (fully covered by root haft's). 
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TABLE 2 

Content of IAA (pmol g-i fresh weight) in leaves and bark (3-4 cm from the base) taken from 
cuttings of two citrus species 'Rangpur' lime and 'Oroblanco" at excision and after 19 days 

Plant species Leaves Bark 

01 19 0 19 

"Rangpur" 276 + 40 a 410 + 34 a 393 +_ 20 a 1333 -+ 161 b 
'Oroblanco' 206 _ 33 a 338 +_ 39 a 308 -+ 25 a 372 +_ 21 a 

1Days from excision, 
Data represent mean values +_ SE. Values within column with the same letter do not differ significantly 
at P= 0.05 (Student's t-test ). 

TABLE 3 

ARP-like activity (mung bean bioassay ) and type in extracts from leaves and bark of'Rangpur" and 
of'Oroblanco' cuttings at excision and after 19 days 

Plant material Days from Average no. of ARP type 
excision roots per 

cutting 

Lcav¢$ 
'Rangpur' 

'Oroblanco' 

Bark 
'Rangpur' 

'Oroblanco' 

Control (water) 

0 10.6+ 1.47 ab A, B 
19 10.7_+ 1.48 ab A, B 
0 8.5+1.51 b A,B 

19 8.3_+ !.42 b A, B 

0 8,7 + 1.35 b NT 
19 12.6-+ 2.80 a NT 
0 8,1+ 1.41 b NT 

19 7.6 + 1.02 c NT 
- 6.1_0.65c - 

Mung bean replicates were treated with 50 mg equivalent dry weight of plant extract: rooting data are 
the mean value + SE. Values with a common letter do not differ statistically at P= 0.05 (Duncan's 
MRT test). NT, not tested, 

that at Day 0. At Day 19, IAA levels in the bark of'Oroblanco' were signifi- 
cantly lower (by 3.6 times) than in the bark of 'Rangpur'. In the 'Rangpur' 
lime cuttings the bark-to-leaf ratio of IAA was greater than three, while in 
'Oroblanco' this ratio was about one. 

Using GC analysis, ARP-A and ARP-B were detected in leaves of 'Rang- 
pur' and 'Oroblanco' at excision time and at Day 19 (data not shown). As 
with IAA, ARP-like rooting activity was slightly higher in leaves and bark of 
'Rangpur' lime cuttings as compared with 'Oroblanco' at time of excision, but 
the difference was not significant (Table 3). At Day 19, the ARP-like rooting 
activity rose some 45% in the basal bark of the 'Rangpur' lime cuttings, while 
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no such change was found in 'Rangpur' leaves or in 'Oroblanco' leaves or 
bark. 

DISCUSSION 

It is assumed that adventitious rooting depends to a great extent upon auxin 
levels (Haissig, 1970; Ericksen, 1974; Jarvis, 1986; Hartmann et al., 1989). 
Studies of auxin metabolism during rooting of mung bean cuttings, using ra- 
diolabeled IAA, indicate that IAA is metabolized very quickly (Norcini et al., 
1975; Norcini and Heuser, 1988). In the present study we measured the IAA 
levels in two citrus species which differ in their rooting ability, to see if the 
difference in rooting is correlated with the endogenous IAA content. The 
amount of free IAA in the bark of the basal zone of the cuttings taken from 
the easy-to-root 'Rangpur' lime after 19 days was more than three times that 
in the difficult-to-root 'Oroblanco' (Table 2). These results support the sug- 
gestion that high levels of auxins are associated with promotion of the first 
stages of adventitious rooting (Haissig, 1970; Ericksen, 1974; Jarvis, 1986; 
Hartmann et al., 1989). Furthermore, after 19 days, when rooting in the 
'Rangpur' lime was 77% (Table l ), it was accompanied by a marked 3.5-fold 
increase in IAA content, as compared with the level at time of excision (Table 
2). As the greatest effect of exogenous auxin on adventitious root formation 
is during early development (Haissig, 1970; Gaspar and Hofinger, 1988; 
Hartmann et al., 1989), this IAA increase can have a pronounced effect on 
the rooting of the cuttings. Since most work which has been done on the role 
of auxins during adventitious rooting is concerned with exogenously supplied 
auxins, little is known about the hormone status within the plant. Nineteen 
days after excision, we found a marked increase of IAA in the basal bark of 
the cuttings in the easy-to-root 'Rangpur' lime. This might be due to the polar 
basipetal outflow of auxin through the system that is arrested at the cut end 
of the cutting (Weigel et al., 1984), owing to decline in IAA oxidase (Mato 
and Vieitez, 1986), or to the breakdown ofbound auxins that might function 
as a source of IAA during the stage of rooting (Norcini and Heuser, 1988 ). In 
this study we show for the first time an increase in endogenous IAA content 
concomitant with the rooting of citrus cuttings. It should be noted that cut~ 
tings of 'Oroblanco' do not root well when their bases are treated with IBA 
(Sagee et al., 1990). It is possible that in the difficult-to-root 'Oroblanco', 
IBA and free IAA are metabolized rapidly (Norcini and Heuser, 1988; Wies- 
man et al., 1989), leaving no free auxin in the tissue. In the easy-to-root 
'Rangpur' lime, the higher IAA levels can result from increased synthesis, in- 
creased catabolism of conjugated IAA, or inhibition of IAA catabolism. 

The existence of ARP compounds in additional species other than avocado 
was demonstrated recently (Becker et al., 1991 ). In this report we show evi- 
dence, for the first time, ofthe presence of ARP in citrus. Differences in ARP 
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levels in the leaves of'Rangpur' and 'Oroblanco' were detected at the time of 
excision, but they were not significant and it is not possible to correlate dif- 
ferences in roeting ability of citrus species to ARP level without additional 
study to confirm the present results. On the other hand, the increase in ARP- 
like activity in the basal bark of'Rangpur' cuttings on Day 19 coincides with 
that of free IAA and may be of significance. A similar trend was found in 
avocado cuttings (M. Raviv, unpublished observations, 1987). 

In conclusion, this work demonstrates that higher levels of IAA and ARP 
activity appear to correlate with ease of rooting of the citrus cultivars studied, 
but it is not possible to tell whether the increase in IAA and ARP over the 
rooting period is the cause or result of root initiation. In the future we intend 
to clarify whether these compounds play a direct role in the adventitious root 
formation of citrus cuhivars. 
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