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Abstract. The de novo induction of roots in toma- 
toes (Lycopersicon esculentum) Mill. cvs. "Early- 
pak-7,"  " A c e , "  "Be t t e r  B o y , "  " R o m a , "  and 
"Parks'  Whopper") by fumonisin B~, a mycotoxin 
produced by Fusarium moniliforme J. Sheld., was 
studied. In graded dosages of fumonisin BI, de- 
tached stems of  the cultivars " A c e , "  "Bet te r  
Boy,"  and "Roma"  were induced to produce cal- 
luses and roots earlier than controls. The cultivar 
" A c e "  was especially responsive to this myco- 
toxin, and following a single application, callus ini- 
tiation was observed to occur within a 2 A. A.8-h pe- 
riod and roots were produced as early as 72 h with 
10 I~g/shoot or as late as 96 h with low dosages. The 
control plants of all cultivars were completely neg- 
ative for a rooting response during this time. Some 
cultivars treated with fumonisin B~ showed either 
no response or developed signs of phytotoxicity. 
Those cultivars that were stimulated to produce 
roots did not show signs of phytotoxicity, except at 
dosages of 0.5 mg/plant and higher. One cultivar did 
not show any signs of phytotoxicity nor was it in- 
duced to root. The ability of fumonisin B1 to affect 
the accumulation of calcium in other systems, and 
its structural similarity to sphingosine suggest that 
the induction of adventitious roots may be a cal- 
cium-dependent process. 

Fumonisin B~ is a mycotoxin produced by most iso- 
lates of Fusarium moniliforme J. Sheld. and other 
fungi belonging to the Fusarium section Liseola, 
which produce the perfect state Gibberellafujikuroi 
(Sawada) Ito in Ito & K. Kimura. Fumonisin B 1 is 
one of  several structurally related metabolites 
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chemically characterized as the diester of propane- 
1,2,3,tricarboxylic acid on a backbone of 2-amino- 
12,16-dimethyl-3,5,10,14,15-pentahydroxyicosane 
(Bezuidenhout et al. 1988) (Fig. 1). Fumonisin B1 is 
produced on corn, and corn infected with F. moni- 
liforme has been associated with animal (Ross et al. 
1992) and human toxicity (Rheeder et al. 1992). This 
mycotoxin has been shown to induce equine leuko- 
encephalomalacia (Marasas et al. 1988) and pulmo- 
nary edema in swine (Colvin and Harrison 1992), 
and is correlated with cancer-promoting activity in 
rats (Gelderblom et al. 1992, 1988). 

The group of fumonisin mycotoxins is similar in 
structure to the genotype-specific toxin (Fig. 1), 
which is produced by Alternaria alternata f. sp. ly- 
copersici (AAL) and is the determinant of stem can- 
ker disease of tomato (Siler and Gilchrist 1983). 
Both fumonisin B~ and the AAL toxins can induce 
symptoms of stem canker disease in leaves of the 
susceptible line of tomato cv. "Earlypak-7," how- 
ever, the AAL toxins are 20-fold higher in biological 
activity than fumonisin B~ (Mirocha et al. 1992; Gil- 
christ et al. 1992). Although F. moniliforme is a 
pathogen of corn, the fungus has not been shown to 
produce a disease on AAL-susceptible lines of to- 
matoes (Gilchrist et al. 1992; Bacon and WiUiamson 
1992). Furthermore, fumonisin B~ has not been 
demonstrated to be involved in the disease induc- 
tion aspect by this fungus on corn cultivars (Gil- 
christ et al. 1992; Bacon and Williamson 1992). In 
an attempt to understand any pathological role that 
fumonisin B 1 may play in the phytotoxic response 
of susceptible tomato cultivars, we confirmed the 
earlier report (Gilchrist et al. 1992) to include death 
of detached shoots in the susceptible cultivar, but 
more importantly we observed an early induction of 
adventitious roots in detached shoots of the resis- 
tant cultivar and report here on that growth regula- 
tory effect. The early induction of adventitious 
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Fig. 1. The structure of fumonisin B1, the AAL toxins produced 
by Alternaria alternata, and sphingosine. 

r o o t s  b y  f u m o n i s i n  B1 in  o t h e r  c u l t i v a r s  o f  t o m a t o e s  

w a s  a l s o  o b s e r v e d .  

Materials and Methods 

Plant Material and Culture Conditions 

Seeds of Lycopersicon esculentum Mill cvs. " A c e "  and "Ear- 
lypak-7" were obtained from The Tomato Seed Co., Tyron, NC. 
The cultivars "Bet ter  Boy,"  "Roma,"  and "Parks '  Whopper" 
were obtained from local sources. All plants were grown in 10- 
cm plastic pots containing a commercial potting soil. The plants 
were grown until 8-12 weeks old in a plant growth room with 
16-h photoperiod at 26-32~ and 21-26~ The light was provided 
by a combination of Sylvania High Output fluorescent and 60-W 
incandescent lamps which produced an average photon flux over 
the several plant levels of 256 v~E m-2  S -  1. Plants were watered 
when needed and fertilized biweekly with 250 ml of a 1.5% com- 
plete nutrient solution of 15-30-15 (N-P-K). 

Extraction and Purification o f  Furnonisin B 1 

Cultures of F. moniliforme MRC 826 were incubated in 2.8-L 
Fernbach flasks in the dark on autoclaved corn kernels for 8--12 
weeks at 21~ The moisture content of the corn kernels was 
adjusted to 100% of the corn weight (v/wt), the kernels were 
allowed to imbibe water for 4 h, and then autoclaved for 60 min 
on two successive days. After incubation the cultures were 
ground, freeze-dried and stored at -20~ until extraction. 

The culture material (750 g) was extracted with 2 L of aceto- 
nitrile and water (1:1, v/v), filtered, and the acetonitrile evapo- 
rated under vacuum at 40~ The aqueous filtrate was then ex- 
tracted with chloroform until the chloroform layer was clear. The 
aqueous extract was placed on an XAD2 nonionic polymeric 
adsorbent column (3000 g, Aldrich Chemical Co.) and the col- 
umn eluted first with 6 L of distilled water, followed by 4 L of 
methanol, and finally 4 L of chloroform. 

Fumonisin B1 was analyzed by high-performance liquid chro- 
matography (HPLC). The methanol fraction was evaporated to 
dryness, dissolved in water, placed on a 2.5 x 25-cm reverse 
phase C-18 column (Waters Associates, Milford, MA, USA) and 
eluted with 200 ml of distilled water, 200 ml acetonitrile and 
water (15:85, v/v), 250 ml acetonitrile and water (70:30, v/v), and 
acetonitrile. Fumonisin B I eluted in the acetonitrile and water 
(70:30, v/v) fraction. This fraction was evaporated to dryness, 
dissolved in a minimum amount of the mobile phase (methanol- 
water-0.1% acetic acid; 65:35:0.01, v/v/v), placed on a reverse- 
phase C-18 Prepak A column and eluted using a Prep LC System 
500 A HPLC (Waters Associates). The column was continuously 
monitored with a refractive index detector. Those fractions con- 
taining fumonisin B 1 were collectively combined and the final 
clean-up repeated until 100% purity was attained. 

Purity was assessed by comparison of fumonisin B] with an 
analytic standard obtained from R. Vleggarr, University of Pre- 
toria, Republic of South Africa. Fumonisin B1 was derivatized 
with o-phthallaldehyde (OPA, Pierce Chemical Co.) and injected 
onto a 10 cm x 4.6 mm, i.d., reverse phase C-18 column (Rainin 
Co.) and eluted with a mobile phase of methanol and 1% acetic 
acid (75:25, v/v) at a flow rate of 0.8 ml/min. The column was 
monitored using a Hewlett Packard model HP 1046 fluorescence 
detector, 335 nm excitation and 440 nm emission. 

A commercial preparation of fumonisin B: was obtained from 
Sigma, St. Louis, MO, USA and used in the rooting induction 
experiments as a comparison with our preparation. Aqueous so- 
lutions of all fumonisin B: preparations were filter sterilized 
through a 0.22-v~m filtration unit and prepared just before use in 
the following concentrations (V,g/ml): 50, 25, 10, 5, 2.5, 1.0, 0.5, 
0.1, 0.01, 0.001, and 0.0001. 

Root Induction 

Terminal shoots of plants still in the vegetative state were ex- 
cised above a node and the cut ends of the excised portions 
immediately placed in tap water. The excised shoots were all 
within a range of 10-15 cm tall (three to four nodes) and they did 
not possess any preformed adventitious roots nor primordia. All 
shoots were used within 1 h of being detached. A shoot was 
placed in a plastic sterile culture tube, 16 x 125 mm, and dosed 
with 1 ml of the appropriate fumonisin solution. Controls con- 
sisted of I ml of sterile distilled water. All shoots were allowed to 
take up the 1 ml of test solution. Then, 10 ml of distilled water 
was added to the tube and this level was maintained during the 
test. The shoots were placed under normal laboratory fluores- 
cent light at 23-25~ After 12, 18, 24, 48, and 72 h, the number 
of calluses (identified as circular masses of tissue) and roots 
formed on the shoots was counted. Observations continued for 
14 days. All treatments were replicated three times and an ex- 
periment repeated at least twice. Significant differences among 
fumonisin B: effects at each concentration were determined us- 
ing an unpaired t test (Instat software program, Graphpad Intu- 
itive Software Inc., San Diego, CA, USA). 

Results and Discussion 

T h e  a d d i t i o n  o f  f u m o n i s i n  B1 t o  e x c i s e d  s h o o t s  o f  
t o m a t o  p r o d u c e d  a s i g n i f i c a n t l y  e a r l y  i n d u c t i o n  o f  
c a l l u s  a n d  r o o t s  ( T a b l e  1). G e n e r a l l y  t h e  p r o c e s s  o f  
c a l l u s  i n d u c t i o n  w a s  o b s e r v e d  as  e a r l y  a s  18 h fo l -  



Root Induction by Fumonisin 

Table 1. Effect of fumonisin B1 (FM) on the numbers of root 
calluses and roots induced in excised shoots of "Ace"  tomato as 
a function of time 

Calluses Root 
Time 
(h) FM Control FM Control 

18 ND ND ~ ND ND 
24 15 ND ND ND 
48 21 ND 2 ND 
60 20 ND 10 ND 
72 26 ND 21 ND 
96 26 ND 35 ND 

ND, not detected. 
a Shoots in the control group produced roots 
period of 9-14 days. 

after an extended 

lowing the application of fumonisin B~. The rate of 
callus and root induction depended upon the level 
of fumonisin B~ administered; an amount up to 50 
p-g/shoot was determined not toxic (Fig. 2). Roots 
developed from the callus tissue, suggesting that 
this tissue was root primordia. The commercial 
preparation produced similar results. Fumonisin 
B~-induced adventitious roots were nodal and inter- 
nodal in origin, but were not produced at the cut 
surface of a shoot. There was also a tendency for 
the roots to form unilaterally. Excised control 
shoots (no growth regulator added) of the tomato 
cultivars used in this study produced adventitious 
roots, but only after 2 weeks. Rooting in the con- 
trols was nodal, internodal, and not necessarily uni- 
lateral. 

The cultivar "Earlypak-7" showed phytotoxic 
signs when treated with the same concentrations of 
fumonisin B~ indicating that administering fumoni- 
sin B1 to detached shoots produced similar results 
as those reported earlier (Mirocha et al. 1992; Gil- 
christ et al. 1992) when the compound was applied 
to tomato leaves of this same cultivar. The detached 
shoots developed necrotic lesions on the foliage, 
beginning at the leaf margins and gradually pro- 
gressed towards the midrib of each leaf. The ne- 
crotic lesions first appeared on the young leaves, 
but gradually spread to the older leaves. Death of 
the shoot occurred after all leaves had developed 
signs. Similar phytotoxic responses were observed 
in most cultivars, but only at amounts of fumonisin 
B 1 higher than 50 p-g/shoot. Although these culti- 
vars showed slight necrotic zones on their leaves at 
50 p-g/shoot, death occurred only at 100 p.g/shoot 
and higher. The cultivar "Parks'  Whopper" did not 
show any signs of toxicity, nor did it show any pro- 
motive effects on rooting, regardless of the amount 
of fumonisin B1 administered (Table 2). A prelimi- 
nary experiment on the promotive effects of fumo- 
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Fig. 2. Fumonisin Brinduced rooting in the cultivar Ace tomato. 
Data were collected after a 72-h observation period. 

nisin B~ on adventitious root formation in other 
plant species indicated that of several species tried, 
only detached shoots of a cultivar of Hibiscus sp. 
were induced to root but within a longer time period 
than that of tomato (data not reported). Several of 
the other plant species which included cultivars of 
azalea, roses, maple, Rhododendron, Camellia 
japonicus, and apple, formed callus, but roots did 
not form. The formation of adventitious roots de- 
pends upon numerous factors, and plant hormones 
are considered essential in their formation (Batten 
and Goodwin 1978). Although auxin, especially in- 
dole acetic acid (IAA), is considered the major hor- 
mone involved in the induction process, ethylene as 
well as the cytokinins and abscisic acid also might 
be involved (Blakesley et al. 1991; Batten and 
Goodwin 1978). The early events of adventitious 
root formation are characterized by dedifferentia- 
tion and formation of meristematic tissue as well as 
early cell division and rapid growth (Blakesley et al. 
1991). Associated with these, and other develop- 
mental events of polarized growth, are the accumu- 
lation, regulation, and an interaction of several hor- 
mones (Maldiney et al. 1986). The process is also 
associated with specific developmental protein, 
such as the protein kinases (Bothma and Dubery 
1991), which interact with other regulatory effectors 
or secondary messengers such as calcium and poly- 
amines to regulate cell proliferation (Maldiney et al. 
1986; Brock et al. 1992; Helper and Wayne 1985; 
Bothma and Dubery 1991). 

The basic mechanism for the promotion of adven- 
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Table 2. Effect of fumonisin BI on root induction in detached shoots of five tomato cultivars 

Mean number of roots per shoot 
Fumonisin B~ 
(l~g/shoot) "Ace . . . .  Earlypak-7 . . . .  Better Boy . . . .  Roma . . . .  Parks Whopper" 

ControP 0 0 0 0 0 
100 d b d 0 d 0 
50 36a** (100) c d 16.2"a (100) d 0 
10 22b** (100) d 7.2"b (100) 14.3"a (100) 0 

1 12bc* (100) d 4.5"b (67) 6.0*b (67) 0 
0.1 5c* (100) d 2.0*b (33) 2.3"b (33) 0 
0.01 3c* (90) d 3.2"b (33) 4.2"b (33) 0 

All control shoots were negative for root formation within the 4-day observation period, but produced roots after an extended 14- to 
21-day period. 
b d, dead after an observation period of 96 h; numbers in parenthesis indicate percentage of shoots rooted. 
c Numbers foolowed by different letters within a column are significantly different (*, p < 0.05; **, p < 0.005). 

titious root in fumonisin-resistant tomatoes by fu- 
monisin B 1 is unknown. However,  the long chain 
base portion of the fumonisin B 1 molecule exhibits 
a striking similarity to the sphingolipids, that is, 
sphingosine. Sphingolipids are specific lipids of cy- 
toplasmic membranes of eukaryotic plant and ani- 
mal cells and function as receptors of biologically 
active compounds as well as the regulators of cation 
transport, especially calcium. They are also associ- 
ated with various aspects of cellular growth and 
transformation (Merrill 1991). In animal cells fumo- 
nisin Bt is known to be a potent inhibitor of the de 
novo synthesis of sphingolipids (Wang et al. 1991). 
It is further considered that this inhibition leads to a 
deregulation of protein kinase C, which in turn al- 
ters the biochemical events that regulate cell prolif- 
eration (Norred et al. 1992). Although sphingolipids 
do exist in fungi (Kawai 1989) and higher plants 
(Watterson et al. 1980), their role has not been de- 
fined. Nevertheless, calcium-dependent protein ki- 
nases have been identified in plants (Bothma and 
Dubery 1991) and a similarity in function as re- 
ported in animal systems is expected (Helper and 
Wayne 1985; Poovaiah et al. 1987). The fumonisin- 
induced unilateral adventitious rooting in tomatoes 
may relate to an altered regulatory function of an 
auxin-ca lc ium-media ted  p rocess  (Helper  and 
Wayne 1985) and suggests that fumonisin BI may be 
used as a convenient tool to assess various aspects 
of the rooting mechanism. Further, the inability of 
this compound to induce rooting in one cultivar may 
indicate different control loci for adventitious root- 
ing. For example, fumonisin B~ may increase the 
level of free IAA and/or IAA conjugates, which, in 
turn, might be the cause of earlier adventitious root 
induction in tomato. The inability of a cultivar to 
produce roots might be due to differential gene ex- 
pressions such that its auxin biosynthesis genes 
may not be turned on, but are in the others. How- 

ever, its role as a phytotoxin in susceptible tomato 
cultivars, as well as herbicidal effects on several 
weed species (Abbas et al. 1992; Abbas and Boyette 
1992) with similar concentrations which induce 
rooting suggest a duplicity of function. 

Acknowledgments. We acknowledge the technical assistance of 
R. Bennett and K. Tate, and thank R. Plattner for assistance in 
the preparation and confirmation of fumonisin BI. 

References 

Abbas HK, Boyette CD (1992) Phytotoxicity of fumonisin Bi on 
weed and crop species. Weed Tech 6:548-552 

Abbas HK, Paul RN, Boyette CD, Duke SV, Vesonder RF 
(1992) Physiological and ultrastructural effects of fumoni- 
sin on jimsonweed leaves. Can J Bot 70:1824-1833 

Bacon CW, Williamson JW (1992) Interactions of Fusarium mo- 
niliforme, its metabolites and bacteria with corn. Myco- 
pathologia 117:65-71 

Batten DJ, Goodwin PB (1978) Phytohormones and the induction 
of adventitious roots. In: Letham DS, Goodwin PB, Hig- 
gins TJV (eds) Phytohormones and related compounds: A 
comprehensive treatise. Elsevier, North Holland, pp 137- 
173 

Bezuidenhout SC, Gelderblom WCA, Gorst-Allman CP, Hovak 
RM, Marasas WFO, Spiteller G, Vleggar R (1988) Struc- 
ture elucidation of fumonisins, mycotoxins from Fusa- 
rium moniliforme. J Chem Soc, Chem Commun 1988:743- 
745 

Blakesley D, Weston GD, Hall JF (1991) The role of endogenous 
auxin in root initiation. Plant Growth Reg 10:341-353 

Bothma C, Dubery IA (1991 ) The effect of polyamines on protein 
kinase activities of wheat (Triticum aestivum) L. anthers. 
Plant Growth Reg 10:363-375 

Brock TG, Burg J, Ghosheh NS, Kaufman PB (1992) The role of 
calcium in growth induced by indole-3-acetic acid and 
gravity in the leaf-sheath pulvinum of oat (Acena sativa). 
Plant Growth Reg 11:99-103 

Colvin BM, Harrison LR (1992) Fumonisin-induced pulmonary 



Root Induction by Fumonisin 57 

edema and hydrothorax in swine. Mycopathologia 117: 
79-82 

Gelderblom WCA, Jaskiewicz K, Marasas WFO, Thiel PG, 
Horak RM, Vleggar R, Kriek NPJ (1988) Fumonisins-- 
novel mycotoxins with cancer-promoting activity pro- 
duced by Fusarium moniliforme. Appl Environ Microbiol 
54:1806-1811 

Gelderblom WCA, Semple E, Marasas WFO, Farber E (1992) 
The cancer-initiating potential of the fumonisin B myco- 
toxins. Carcinogenesis 13:433--437 

Gilchrist DG, Ward B, Moussato V, Mirocha CJ (1992) Genetic 
and physiological response to fumonisin and AAL-toxin 
by intact tissue of a higher plant. Mycopathologia 117:57- 
64 

Helper PK, Wayne RO (1985) Calcium and plant development. 
Ann Rev Plant Physiol 36:397--439 

Kawal G (1989) Molecular species of cerebrosides in fruiting 
bodies of Lentinus edodes and their biological activity. 
Biochim Biophys Acta 1001:185-190 

Maldiney R, Pelese F, Sotta B, Sossountzov L, Miginiac E 
(1986) Endogenous levels of abscisic acid, indole-3-acetic 
acid, zeatin and zeatin-riboside during the course of ad- 
ventitious root formation in cuttings of Craigella and Crai- 
gella lateral suppressor tomatoes. Physiol Plantarum 68: 
426--430 

Marasas WFO, Kellerman TS, Gelderblom WCA, Coetzer JAW, 
Thiel PG, Van tier Lugt JJ (1988) Leukoencephalomalacia 
in a horse induced by fumonisin B1 isolated from Fusa- 
rium moniliforme. Onderstepoort J Vet Res 55:197-203 

Merrill AH (1991) Cell regulation by spingosine and more corn- 

plex sphingolipids. J Bioenergetics Biomembranes 23:83- 
104 

Mirocha C J, Gilchrist DG, Shier WT, Abbas HK, Wen Y, 
Vesonder RF (1992) AAL toxins, fumonisins (biology and 
chemistry) and host-specificity concepts. Mycopathologia 
117:47-56 

Norred WP, Wang E, Yoo H, Riley RT, Merrill AH Jr (1992) In 
vitro toxicology of fumonisins and the mechanistic impli- 
cations. Mycopathologia 117:73-78 

Poovaiah W, Reddy ASN, McFadden JJ (1987) Calcium messen- 
ger system: Role of protein phosphorylation and inositol 
bisphospholipids. Physiol Plant 69:569-573 

Rheeder JP, Marasas WFO, Thiel PG, Sydenham EW, Shephard 
GS, Van Schalkwyk DJ (1992) Fusarium moniliforme and 
fumonisins in corn in relation to human esophageal cancer 
in Transkei. Phytopathology 82:353-357 

Ross PF, Rice LG, Osweiler GD, Nelson PE, Richard JL, Wil- 
son TM (1992) A review and update of animal toxicoses 
associated with fumonisin-contaminated feeds and pro- 
duction of fumonisins by Fusariurn isolates. Mycopatho- 
logia 117:109-114 

Siler DJ, Gilchrist DG (1983) Properties of host specific toxins 
produced by Alternaria alternata f. sp. lycopersici in cul- 
ture and in tomato plants. Physiol Plant Patho123:265-274 

Wang E, Norred WP, Bacon CW, Riley RT, Merrill AH Jr (1991) 
Inhibition of sphingolipid biosynthesis by fumonisins. Im- 
plications for diseases associated with Fusarium monili- 
forme. J Biol Chem 266:14486--14490 

Watterson DM, Iverson DB, Van Eldik LJ (1980) Spinach cal- 
modulin: Isolation, characterization and comparison with 
vertebrate calmodulins. Biochemistry 19:5762-5768 


