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The initiation of root primordia on the primary root and hypocotyl of tomato seedlings (Lycopersicon

esculentum Mill. cvs. Fireball, Epoch, and MD 412-4) was determined under controlled conditions. The first pri-
mordium of ‘Fireball’, ‘Epoch,” and MD 412-4 seedlings was initiated on the primary root 5-6, 7, and 8 days,
respectively, after seeding. Primordia on the hypocotyl were initiated acropetally, after initiation on the root. Root
initiation in ‘Epoch’ and MD 412-4 lagged behind ‘Fireball’, but the general pattern was similar. Hoagland’s
nutrient solution significantly increased the number of primordia on the primary root and hypocotyl. Presoaking seed
in 10 pM abscisic acid (ABA) or 6-benzylamino purine (BA significantly increased the number of primordia on the
primary root. Application of 50 .1 of 1 mm 2,3,5 triiodobenzoic acid (TIBA) in lanolin 1 cm below the cotyledonary

node reduced the number of primordia on the hypocotyl.

The important role of the tomato root system on shoot growth
is well-recognized (8, 10, 22) and its development under field
and greenhouse conditions has been characterized (18, 20, 21).
Explants have been used to investigate root-initiating substances
in 10-day-old tomato seedlings (1, 2) and to rapidly screen for
root-forming ability of tomato cultivars (3). However, no studies
have considered root initiation on the primary root and hypocotyl
of tomato seedlings. Zobel (27) observed that the hypocotyl
primary root transition zone of tomato possesses unique genetic
and biochemical features which influence root development. This
study examines the ontogenetic development of secondary roots
in the transition zone and adjacent region of 3 tomato cultivars
and evaluates the effects of nutrients and growth regulators on
root initiation in the primary root and hypocotyl of seedlings.

Materials and Methods

Seeds of ‘Fireball’, ‘Epoch’, and MD 412-4 tomato were
grown in a growth chamber in 70 ml white quartz sand in 6-
cm?3 plastic cups at 26°C day and 20° night. The seedlings re-
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ceived a 12-hr photoperiod with an illuminance of 13 klx, giving
a photon flux density of photosynthetically active radiation of
160 wE m~2s~! from mixed Cool White fluorescent and in-
candescent lamps.

Hoagland’s nutrient solution 1 was prepared according to
Hoagland and Arnon (13), except that 5 ppm Fe was applied as
NaFeEDTA. Ten ml of !/4 - strength solution or water was added
to each cup; cups contained 20 ml solution at saturation. Cups
were not drained, but were never flooded. A randomized com-
plete block design with treatments replicated 4 times was used.
For root examination, seedlings were washed in running tap
water, and after the cotyledons were removed, seedlings were
fixed in 10 ml glacial acetic acid and ethyl alcohol (1:1 by
volume) and 40 pl of 1% aqueous acid fuchsin per liter (3).
After 48 hr, root primordia were visible as distinct red dots along
the central vascular core of the primary root and hypocotyl.
Adjacent tissues stained lightly and the primordia were easily
counted against a fluorescent light source.

ABA (R. J. Reynolds Tobacco Co., Winston-Salem, N.C.)
was prepared in 300 pl of ethanol and diluted to 10 pM con-
centration with water containing 0.05% Tween 80 (polyoxy-
ethylene sorbitan monooleate). Similarly, TIBA (Sigma Chemical
Co., St. Louis, Mo.) at 1 mM was dissolved in 300 nl ethanol
and diluted with melted lanolin. The cytokinin BA (Nutritional
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Biochemicals Corp., Cleveland, Ohio) was prepared by first
dissolving in 100 pl of 1 N KOH and then diluting to 10 puMm
concentration with water containing 0.05% Tween 80.

Results and Discussion

The first primordium on the primary root of ‘Fireball’ was
initiated 5—-6 days after seeding, in ‘Epoch’ on the 7th day and
in MD 412-4 on the 8th day. The maximum number of 8-9
primordia on the primary root of ‘Fireball’ was reached 8 days
after seeding. In the hypocotyl of ‘Fireball,” the maximum num-
ber of primordia was initiated after 12.days. On both the primary
root and the hypocotyl, new roots elongated and emerged when
the maximum number of primordia was attained (Fig. 1). Epoch
initiated fewer primordia than ‘Fireball’ and these emerged later
than those of ‘Fireball’ (Fig. 2). In MD 412-4, primordia of the
primary root emerged 2 days before the maximum number of
primordia was initiated; primordia of the hypocotyl emerged 2
days after the maximum number of primordia was initiated (Fig.
3). ‘Fireball’ seedlings initiated root primordia sooner than ‘Ep-
och’ and MD 412-4, perhaps because of its more rapid growth
rate.

Hoagland’s solution significantly increased the number and
accelerated the emergence of roots on the primary root and
hypocotyl of ‘Fireball’ (Table 1). Presoaking ‘Fireball’ seeds
for 24 hrin 10 uM ABA or BA significantly increased the number
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Fig. 1. Root initiation in the primary root and hypocotyl of ‘Fieball’
tomato seedlings grown in sand-culture under controlled condition;
Each value represents a means of 4 replication (8 plants/replicate)
and denotes the total number of roots observed on a particular day
indicated; solid dots denote nonemergent primordia and open circles
denote emergent roots. Solid vertical bar and dotted vertical bar
denote HSD at 5% level of probability for nonemergent primordia
and emergent roots, respectively.
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Fig. 2. Root initiation in the primary root and hypocotyl of ‘Epoch’

tomato seedlings grown in sand-culture under controlled conditions;
See Fig. 1 for other details of explanation.

of primordia on the primary root. The number of primordia on
the hypocotyl was significantly reduced by BA (Fig. 4). Ringing
the hypocotyl of ‘Fireball’ seedlings below the cotyledonary
node with 50 pl of 1 mm TIBA for 24 hr also reduced the
number of primordia initiated on the hypocotyl, but did not alter
the number on the primary root (Fig. 5).

Incipient root primordia in all cultivars are first evident as
localized regions of anticlinal divisions of the pericycle and
endodermis (2). Repeated periclinal divisions of the pericycle
and its derivatives give rise to organized root primordia (5). The
lower region of the hypocotyl from which the first root primor-
dium originated has Casparian strips visible up to 1.4 cm from
the hypocotyl base (7). Although secondary roots initiated from
the primary root are normally considered laterals and those ini-
tiated from other aerial regions adventitious, the distinction is
not sharp (12). Secondary roots of the tomato hypocotyl, how-
ever, originate from the pericycle and endodermis (5). There-
fore, based on tissue of origin they can be considered laterals,
based on region of origin they can be considered adventitious.
Esau (12) stated that adventitious roots may develop from ‘‘more
or less old root parts’’ but did not specify what was meant by
that phrase. Based upon the above observations and related ge-
netic and developmental considerations (27), it has been pro-
posed that the roots arising from the hypocotyl primary root
transition region should be considered basal roots (6, 27).

The ability of the primary root to form new primordia dimin-
ished with age (Figs. 1-3), perhaps due to secretion of an in-
hibitory substance(s) by the primary root as it ages. It has been
shown in peas that following decapitation, the level of an in-
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Fig. 3. Root initiation in the primary root and hypocotyl of MD 412-

4 tomato seedlings grown in sand-culture under controlled condi-
tions; * denotes significance at 5% level of probability; all other
details similar to Fig. 1.

hibitor decreased and the number of lateral roots concurrently
increased (4). It is possible that the diminishing ability of tomato
seedlings to initiate new primordia with age may be due to
secretion of an inhibitor(s).

Root formation of tomato is affected by nutrients and nutri-
tional status (16, 17, 23). Locascio and Warren (14) observed
that greenhouse-grown tomatoes fertilized with inorganic nu-
trients developed visible lateral roots 14 days after seeding. The
addition of phosphorus did not significantly enhance root growth,
perhaps because of the short duration of the experiment. In
‘Fireball’ seedlings, complete Hoagland’s solution significantly
promoted root initiation and emergence (Table 1). Faster ger-
mination and root emergence have been reported with similar
nutrient solutions (11, 15).

Table. 1. Hoagland’s nutrient solution on root initiation of 6-day-old
Fireball tomato seedlings grown under controlled conditions.”

Root primordia/primary root Root primordia/

hypocotyl

Non Non
Treatment Emergent emergent  Total emergent
Control (water) 4.0 2.9 6.9 2.7
1/4 Nutrient solu- 6.4% 2.5 8.9* 3.5%
tion
ZValues are means of 4 replicates (10 plants/replicate).
YSignificance from distilled water control at 5% level.
J. Amer. Soc. Hort. Sci. 107(6):1015-1018. 1982.
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Fig. 4. Effects of ABA and BA on root initiation in the primary root
and hypocotyl of 7-day-old ‘Fireball’ tomato seedlings; each value
represents a means of 4 replications (10 plants/replicate); * and **
denote significane from control at 5% and 1% level of probability.

Certain growth regulators influence tomato root development
(1, 5, 19). ABA at 1 pg/ml (4 uM) reduced root growth and
number of emergent laterals of in vitro tomato roots, but 2.6
ng/ml (10 nM) ABA increased their number (19). In intact ‘Fire-
ball’ seedlings, 10 puM ABA significantly increased root pro-
duction (Fig. 4) and similar stimulation by ABA has been reported
in mung bean (9) and soybean (26). Thus, although ABA is
generally considered to be a growth inhibitor, it promotes root
initiation at relatively low concentrations in tomato and some
other plants.

The stimulatory effect of BA on tomato root initiation (Fig.
4) has not been reported previously. However, kinetin at 1-5
pg/ml (5-23 uM) reduced rooting of mung bean (9), but at 50
nM it promoted rooting in peas (19). The differential rooting
responses may be due to the concentration of cytokinin or to
species differences. Wightman et al. (24) found that zeatin,
kinetin, isopentyladenine, and kinetin riboside at concentrations
higher than 10°°M inhibited the initiation of lateral root primordia
of peas, while at 10° to 10®M these cytokinins resulted in a
10-20% increase in root primordia.

In previous studies, TIBA interfered with root initiation of
tomato explants (1). The present results indicate that TIBA also
interferes with root initiation of seedlings (Fig. 5). In explants
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Fig. 5. Effect of TBA on root initiation in the primary root and
hypocotyl of 6-day-old ‘Fireball’ seedlings grown in sand-culture
under controlled condition; each value represents a means of 4 rep-
lications. (10 plants/replicate); * denotes significance from control
at 5% level of probability.

or seedlings TIBA may interfere with root initiation by blocking
auxin transport and altering in vivo auxin levels (25).

On the basis of the results obtained, it may be concluded that
the initiation of primordia in tomato seedlings is under multi-
factor control involving mineral nutrients, hormonal substances,
and probably other as yet unidentified growth inhibitor(s). The
delineation of the relative importance of the different factors
controlling primordia initiation and the identification of the un-
known root inhibitor(s) remain problems for further investiga-
tion.
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