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ABSTRACT

Tabasco pepper inoculated With tobacco etch virus (TEV)
respbnded with a classic systemic mosaic ipfection when grafted on
roots of Anaheim pépper., CQn'versély,r' Angheim pepper gréf—ted on
Tabasco roots pvroducedv’che classic wilt syndi‘ome., identic'al in every
detail to symptomé typically shown by TEV-—infected Tabasco plants.

incfeases in electrical conductiyity of solutions surrounding
roots of TEV-infected Tabasco was associated only with the occurrence
of virus in roots, 'aﬁd a necrosis of phl-oerno - The increased bathing
solution conductiv‘i-ty was judged} to be due to }naterials re’iéased from
~ dead cells as a result of the hypersénbsi'tive Ares’polnse to vi':‘m;lsirﬁ'ection°

Wilt ‘symptom was also reproduced by inoculating Anaheim
top on Tabasco root with pepper mottle virus (PMV). Tabaéco top and
r'-oc‘)ts‘ reAact in a hypersensitive manneif to PMV. n

The disease ""Tabasco vvil’c'.’ t_hé-r.efor‘e results from a hjper-
sensitive respohs.e of the roots to T‘EV° The unique-'fea.tﬁre of the
disease, wilt, is due .,to -sy"s-temic- mul.tiplica‘tion‘of the 'v_ir.u's in the upper
pértion of the plant, with a subs-ééuerﬂ: high,concentration:éf ﬁrus
moving to thé foot cells., These, due’ to’ the hypersensi,tive response,’
die. This is the feature that made-thi's hjpers‘ensitivity disease an
ii’nportant field problem. |
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INTRODUCTION

Tabasco pepper. (Cap'sicum frutegcens L.) liAs used for the
produ-ction of hot sauces. It is economicaliy imporrtant, in Iberia,
St. Martin, and Lafayette Parishes in_South' Loui:siana (Horn and Sin-
clair, 19519)n : |

| Growers.in. these regions have been affécted by heavy losses

due to wilting of Ta-baéco pepber Crops. The disease Was: first re-
pérted in Louisiana in 1935 (Horn and Sinclair, ‘1959.), VGreenl‘eaf
(1953) proved that the Tabasgo-,wilt diséase is dué to the infection of
. VTabaSCO‘pepper by »tob.acco etch virus (TEV).,', |
While TE-V infects a Wide range bof hosts, Wilt—i’ng is aA uhique
»”reslponse of Tabasco pe-ﬁpér to TEV infection (Fig. 1) ‘chef cultivars
develop vein-clearing and rﬁotﬂing of the youﬁlg léavéé bﬁt no wilt,

V‘ein cleair-ing,. preceding wilt, has beén répo‘rted in Tabasco
(‘White and Horne, 1965;. Ghaﬁrial and Pirone, 1967), with wilting usu-
~ally occurring 5-20 days after .inoculation,, depénding on the age of the
plant and the concentration éf TEV in the inoculum. (Gr;'eenleaf, 1953).
.A_piproximate‘ly 24-28 hours after wilt symptoms appear, all roots of
infected Tabasco be-coin’e nevcr.otic and diea A fécidjiéh-_brown ring cém‘
be observed in cross se_c.ti-o‘ns of the large roots (White and Horne,
1965).  Subsequently, the plants usually die.

. :



Figure 1. Tabasco pepper infected with
tobacco etch virus.
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White and Horne (1965) made a histological study of Tabasco
pepper ii)fected with r‘I‘EV., They found that roots are the only part that
showed a Histol’ogicél mpdiﬁcation, resulting in necrosis Qf the phloem
and the céimbium, and fhe dégerieration of cortex cells .énd plésﬁdso_ :
They also rep-or’ted fhat wilted Tabaslco planfs rec‘ov’ered when stems-
Wei"e p1ace<__:1 in water,

Ghabrial and f’ifone (1967) found'that phloem necrosis is
associated with a pérfne'ébility change in robts .and a devcrea's-‘é in thvev.
r-éSpirafory rate. Théy élso reported an énéymatic change in roots the
first day of wilt. No sﬁ_-ch changes occurr;ed in non-infected éontrol
,plan’;s or in plants infected with alfalfa; moséic virus Or cucumber
rfiosaic virus, which do not cause wilt of Tabasco i)l'ahtsob ‘Si;milérly,
no cha“r.lge-s occurrednwith- fhe TEv—infected C'alifbrnia Wonder pepper
culti?aro

Nelsoﬁ and Wheeler (unpublished data, University of Arizona)
observed that defoliated Wilte'd Tabasco pl"ants do ,nbt die. While little
subsequent g-fowth oceurs, vi't is turgid and doés not wilt,

o Death of roots due to virus inféctiozﬁ, has been reported- in sev-
eralkcases’---vle’° g., tomatoes affected by curly top vii-us, 'tristéza, tea -
phloem necrosis (Holmes, 1964), and certain legumes when infected
with tobacco necrosis v—iljus (T'eakle, 1962). In most cases, root
'd.ea-th-was. shown t(; be a result of phioém necrosis (I—Iolrj;lesl,i 1964), |
Pepper mottle virus causes necrosis of sterr-LS and 1ea'ves- of Tabasco

pepper plants (Zitter, 1972) but no root necrosis was reported.,
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Many téxins of known or unknown chemicél composition are '
presumed tp cause wilt of plants (Diamond, 1955; Wheeler and.Black,
1963). ‘Also.,r Ghébfial'and Pirone (196'7)lhave suggested thafroot
necrosis of Ta‘bavsco caused by TEV could result from a deficiency in
potassium that leaked as a result of permeability changes.

My work seeks to more fully e#:plaiin, with é.p'propriat,e dzita,

the possible me-_c_:hanism'of Tabasco wilt as caused by TEV.



. MATERIALS AND METHODS

Virus Strains

The viruses TEV and pepper ‘:mottlé v1rus (PMV) were main-
"tained in Anaheim pepper. The identification of the two viruses was
established using serological and'pathogenici’cy tersts‘,

- Correlation Between Wilt and TEV
' Presence in Roots '

Seeds of Tabasco pepper were sown in vermiculiteo _Seédlings
in the 2 to 2-leaf stage Wér,e transplanted to a sta‘.;fxdérd soil mixture-
(one.-pért Canédian ?egt moss, one part red Mesg top soil, and one
3 part sand). F.ifty. 10-'1»5;-cm tall 'plants’ were inocuié‘géd. by rﬁbbing the
foui' oldest leaves with a virus inoculaum prépéred by gri_nding in-
fected An'aheim‘ 1eaVes’ in a.mortar With ph'o.sphaté buffer pH 7.0 at a
ratio of 1:5 (w/v). - At 24 hr inte‘r'vals after inoculé.tioh,-, five infected
Tabasco plants were severed at the base o,‘.f*th.e stem, roéts were
ground in a ‘mo'x*‘.tar,, : and th.‘,e' ext-ra'ct v’va4s usredv"fo:x." in‘ocﬁ-l_a.‘gion of thre'ex
'.Fhealthy.Taba-sqo'pi'aﬁt.'éa'. _Thé cut ends of the Severed"plants :Wefe,
;:l‘iplp‘ed» in Réotione and JE"(—:-Ap}lan’«:ed° A p,arallel._ experiment was also run

using' old, woody Tabasco piénts,



- Girdling of Infected Plants

Long distance movement of plan.‘tjviruses is mostlykn’ovvn to
“occur through the phloem (Matthews, 197‘0)0 ' Destruc‘cion _of the phloem ‘
therefore could prevent the trans_locatiOri of the virus to the roots and |
then wilt symptoms.

In one experiment, 35 jfoung Tab.asco plants (about 2;0-cm tall)
were 1nocu1ated by rubbing the four youngest leaves with a suspens1on
of TEV° The plants were then d1v1ded 1nto seven groups of five plantsn _
At24-hr intervals over 6 days, a group Was glrdl'ed; the 1ast group was
not girdled and served as a control. Plants were observed fof the Aap--
pearance of wilt sj)r-l‘tnpt'fomsa At the sairie tiine 20 other plaﬁts were
divided into two even grOup.sy Pflar.‘lts: in the first group Wex"e.'girdled' , )
and inoculated* the remaining plants Were ’only inoculated. AR.oots of the
20 plants were assayed for TEV each 24 hrs over 10 days. Adupllcate
experlment was conducted using old Tabasco plants with Woody stems.,

_ Sol‘anaceous plants, 1nc1ud;ng peppers, have 1nterr_1a1 primary
phloem (esau, 1969). Since girdliﬁng Would not femo'Ve _this phloem,i
virus particles c.ou‘ld still be basipe'tallj tranSlocated;ih-the in’cernal
phloem. To d.ete;;mine this,» 15 plents were girdled and a small hole
~ was made in the exposed xylem. A wire was inserted through’the hole
~ and the tissues i-ntern-al to the xylem were destroyed by sci’ra'pin_gu
...Thus,’ the only re’maining‘ parf of the stem at the level of girdling was

the xylem. Leaves above the girdlirig were then inoculated. Control



plants were inoculated without girdling. In all experimerﬁs, one-two
shoots were left below the point of girdling. .The plants were observed

for the appearance of wilt and mosaic symptoms.

Grafting

- ‘To ‘de’lner-mine. the effect of the aerial portion of the plant on
roots .of Tabasco pepper that may i;ésult in wilt syrnptorﬁé » other cﬁl-’ci-
vars of peppe.;c that do not Wilf Whén‘ infected with TEV were grafted on
Tabasco roots. Reciprocal grafts were also made. The ,éﬁltivars used
' fof this purpose were: Anaheim, STD Mercury,, Yellow Wonder, Gold
Spike, arid Bell Boy peppers. Thé experiment was repe-st?téd' at leasttwo
times for each top—rscion,consf-truﬁion, using ten plants in each test.

Two grafting methods Were. used: Chip grafts ahd épproach

grafts. In the former method,. rwo.ody. planfs were usedr° Buds of the
desired cultivars were placed in sméli cuts on the stem -o.f the cuiti'var
serving as root sv;tocka The bud vfa-s-» thoroughly taped to the stem. The
tape Wé.s removed 2 weeks later. The _néw growth from :t-he grafted bud
was inoculated after .6 weeks (Fig. 2). In the latter method, one |
Tabasco plant.and one plant fi*o_rh the desired cultivar were trané—
planted into one pots When they were about 10-cm tall, a Vsmall part
of the'b_ark of both plants vsfa-s removed and the wounded areas were put
together and thoroughly taped. The tape was removed 10:’vdays later
and the.des’ired top cuiti-var was severed below the poinf of graft

(Fig. 3). Many attempts were made before getting successful -grai‘tvso_



Figure 2. Chip graft.



Figure 3. Approach graft.
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Introduction of a portion of eggplant (Solanum melongéna L. )- :
'stvem betﬁeen ’ghe f-Op and the roots of Tabasco pepper was done by |
approach graftiﬁg two Tabasco plants to an eggpiant.,v- After r-emov‘ing
the tape, oné of the. Tabasco plants, serving as the top, Was severed
below the graft. The exp.eriment" was repeated two times, uéing 5
plants in each test. |

The tops of ail combinations .were inoculated with eiﬁher TEV

‘or PMV and roots were assayed for TEV.

Dé_foliation, of Wilted T_gbasc-o Plant‘sv ~

This experimenf was done to cqhﬁrm the oB‘servatién of Nel—
son and Wheelef' (u-riﬁublish_ed data) that défoliaﬁon of vviltea ;I‘ab'a-s_cb =
' plants induced their recovery. Tvventy Tabasco plants were inoculated
- with TEV Whén wilt occurred in all ﬁl,ants,, fifteen plants were de-
foliated. The other five planté served- as control.

To. observe roots of recovered Tabasco plants, fifteen young

| pilants were grown in a nutriént solution:(@smo-coat fertﬂizér én_d.

: water). The 'solution_ was changea every 3 days. When roots were
- Wéll developed, 1éaﬁes"vvere inoculatea- with TEV. Plan’é_s were defoli-
a’fed after wilt symptoms appeared in all plants. Roots were observed

for regrowth and necrosis.
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Permeability of Roots of Virus
Infected and Defoliated Tabasco

~ Young seediings of Taba,scd and Anaheim pepper.were grown .
~in a solution (10g/1) of fertilizer (Osmo-coat) until they were 3-4-cm
: tall. ; Individual plants then Wefe placed in 25 ml. of distilled water.
Thréé days, later leaves of 15 Tabasco ,pléﬁts and five Anaheim plants
were inoculated. Five control Tébasco plants were rubbed With. dis-
tﬂled water. Infected Tab.asclo plants.we'r‘:e divided into three even
‘groups. Two groups were re“spéctivve;ly' defoliated 48 and 72 hr after
inorcuia_tiron., The third grOup Wasvnot_deforliated aﬁd served as a con- |
trol.. The electric co’nduct-ivifj of the distilled water in which roots
Wefe suspended was measured at 24-hr iﬁtervals over 9 days using a

conductivity bridge (Kemetrex, type 70).



RESULTS

Correlation Between Wilt and TEV
- Presence in Roots

Root extracts of Tabasco plant'rroo-’cs, assayed for TEV 3 days
aﬁer*inocplation, induced wilt in Tabasco plants used for‘the detectio.ﬁ
of TEV. Roots of Tabaéco plants as,sayred 24 and 48 hr after inocula-
tion showed no infectivity. Most Tabasco lplantsstarted to wilt 5-6
days after inoculation. Wilt symptoms, thérefore, éppeared 2-3 days
~after the virus was detected in roots; - In the éecond experiment, using
old plants, the virus was detected in roots 72 hr after inoculation; how-

evé‘i*,. wilt occurred 4~5 days after virus detection.

_Girdling of Infected Plants

When young Tabasco piant:sj were used, no difference was ob= A
served between the time of fhie first appeérance of vﬁlt in girdled and
non-girdled plants. Also, virus was dét.ec.ted 3 days' after inoculation
in fdo‘t-s’ of both groups. In ’ché péréllei éxperiment,- using old woody
plants, the first appe‘araﬁée of wilt in ‘pl--._a;nts‘ girdjled 24 hrg after inocu-
lation and in ﬁon-girdled plants. was reépe-cti‘vely 13 and 9 dayé after
inlci)»culation, - The virus detection in foot_s was reépectively 7 and 3

days after inoculation. Girdling o_-f.vvo.o.dy plants therefore delayed the

translocation of the virus into the roots for at least 4 days. The old

12



13
plants girdled the second day after inoculation showed also a 4-day
| :delay in the appeafaﬁce of symptoms. Plants girdled 3 days or more
.after iﬁoculation wilted at the same ’_ci"r_he as non-girdled plants.

In the second experiment, v:}heri the contin_uity. of fhe internal
and external phloem was destroyed, ﬁo wilt occurred in twelve of the
fifteen plants. Leaves 'of the non-wiltédi plants. above thé gi'rdles
Shéwed a typicai moéaic symptOm, r,ﬂ‘lo'se beiovv the girdli'ngr point
remained symp"comless° These results suggest that the "v:irus passes

through the internal and external phloem of the stem to the roots.

Grafting

All cvult.ivvar;s grafted on Taioas‘co‘ r‘éots and inoculatéd with
TEV wilted. When reciprocél grafts were made'v and the Tabasco
leaves were inoculate'ci, however, wilt did not occur (Fig 4 and Table
.1). The cultivar developed typical, 'Systemic mosaic. symptgmso The -
ir;’croduc‘tion of the eggplant stem between the I:oofs and'to"ps: of Tabasco .
px.-event-éd.the tr’anslééation of .TEV'.t'o the roots and no W11t occur-'re.do.l
TEV, thereforé does not move 'in the eggplant tissue.

Pepper mottle virus induces local and systemic nelcrosis inthe
leaves an’d‘ stems of Tabasco plants v;}hile' Anaheim plants are infected
sysfemically '(Zit;cer, 1972). When Anaheim plants Wefe grafted on

Tabasco roots and leaves were inoculated With PMV, all plants wilted.



(a) (b)

Figure 4. Effect of TEV on (a) Tabasco grafted
on Anaheim root; and (b) Anaheim
grafted on Tabasco root.
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Table 1. Symptoms on different peppér- scion-root combinations
caused by pepper mottle virus (PMV) and tobacco etch
virus (TEV) | | -

o Symptoms

Tabasco on

- Tabascoon® Anaheimon Eggplanton
Virus  Tabasco Anaheim Anaheim Tabasco Tabasco
Local lesions | Local lesions
~and . and .
PM : o -
oMV systemic = Mosaic — systemic Wiltand ==~ = ==~
‘pecrosis ' necrosis " death ‘
TEV Wilt and Mosaic Mosaic Wilt and Mosaic
death : death

 Tabasco g’raft'ed'oﬁ Anaheim root, -



Figure 5. Effect of pepper mottle virus on
Anaheim grafted on Tabasco root.
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(F'ig. 5). Tabasco roots showed a severe necrosis identical to that -

caused by TEV,
The virus was detected in roots of all top-scion combinations

except for eggplant-Tabasco combinations.

Defoliation of Wilted Tabasco Plants

Tabasco plants inoculated with TEV recovered following defo-
liation; however, thére was little grqvvtho ‘This was slow in developing,
but remained turgid. Mild mosaic appeared on the new leaves (Fig. 6).
Inoculum from leaves of recovered plants induced wilt on Tabasco‘
plants; hdwever,, reinoculation of recovered plants did not induce fur-
ther wilt.- |

"Growth of roots of recovered, defdliated plants was stimulated

but necrosis occurred before the new roots reached 2-3 mm'in length.
Similarly, stems of wilted Tabasco piants which were severed at the
base, dipped in Rootone, and transplanted .prodﬁced only few roots
which were continuousl;y killed.

Permeability of Roots o.'f. Virus
Tnfected and Defoliated Tabasco

The conductivity of the distilled water in S;vhich roots of
Tabasco and Aﬁaheim were pléced was measured appr‘oximately at
24-hr intervals. A marked increase in thé conductivity, indicative of
a releasex bf electroly’ces, was detected 72 hr after inoculation and

48-72 hr before non-defoliated plants started to wilt (Fig. 7). No



Figure 6.

Recovery of wilted Tabasco after
defoliation.

18



Fig. 7.

Healthy Tabasco
O Inoculated Tabasco
x Inoculated Tabasco, defoliated at 48 hrs
A Inoculated Tabasco, defoliated at 72 hrs
O Inoculated Anaheim

2 3 4 5 6 7
DAYS AFTER INOCULATION

The electrical conductivity of solutions bathing roots
of healthy Tabasco, tobacco etch virus inoculated
Anaheim and Tabasco, and inoculated, defoliated
Tabasco pepper plants. -- Each point represents
an average based on five plants tested.
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difference inthe electric conductivity of the bath solution was observed

between defoliated and non-defoliated plants. No such increase was

observed with infected Anaheim plants or with healthy Tabasco plants.



DISCUSSION

V Permeability changes of Tabasco roots following TEV infec-
tion has been considered to be the major factor leading to Tabasco wilt
(Gha‘.bri‘al and Pirone,i 1967); the other symptoms were assﬁﬁed to be
sécondary effects, Wilt was reported to be due to a blockage of water
which could result from (1) sealing of injured cells preventing the pas-
sive ébsorption of Wafﬁe'r, and/or (2). a decréase of the active absorption
due to a deéreased rate of réspiration bf foots, | Ghabriai~and Pirone
(1967) .also suggested th;t cell injury could be due to a defiéiency of
potas‘skium which results from per"meabilit‘y changes.

Permeability changes-following infection have been reported
in many cases of fungal and bacteri-ai_wilt d’iseaseso The pathogens
usually produced certain ”téxins" that causé death of the host tissue.
The prreSence of toxins in the case of the Tabasco infected with TEV
seems to be unlikely, sinee our data show that: (1) root necrosis
. oceurs only when the virus is present in the roots, (2) preventing the
tr-ansiocation of the virus int‘o Tabasco root prevents wilt, (3) defoli-
ati'c;n of infected Tabasco did not prex}ent death of roots, and (4)
Tabasgo pepper grafted on Anaheim root does not wilt when infected
with TEV,

- Altered membrane permeability has been rleported to be asso-~
ciated with hypersensitive reactions (Gianinazzi, Vallie and Martin,

21
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1972; Addy, 1976; Ohashi and Shimoura, 1976). The change of perme-
ability was reported tobe a secondary development. A high correlation

was found between the leak of electrolytes and the phenol content of

apple leaves infected by Erwinia amylovora (Addy, 1976). Ethylene

has been associated with virus-induced local lesion development, a
hypersensitivity phenomenon .(Ross and V‘Villi_’anison, 1951; Pritchard
and Ross, 1975). This chemio-al is known to eause alteration of mem-
brane permeability and induction or inorease of certain enzymes (Ga-
hagan, Holm, and Abeles, 1968). These phenomena suggest that the
change in permeabﬂlty of Tabasco roots when infected Wlth TEV is a
secondary development dueto hypersens1t1ve reaction and cellular death,
Further support for this hypothes:.s is prov1ded by a model of
the TEV Tabasco wilt syndrome using the same hosts and grafting
techniques but a differeht virus, PMV. Pepper mottle virus rea_ction
on Tabasco pepper differs from TEV in that both tops and roots react '
hypersensitively to infectioflo When Anaheim pepper on Tabasco_ roots
is ino_,c'ulated with PMYV, the result is wilt and death identical to the
reaction to TEV. Tabasco inoculated with PMV ordinarily does not
wilt, This is probably due to a low virus titre. When Anaheim is the
scion, PMV niultiplies in the Anaheim component. Virus then is
translocated in massive guantities to roots where the hypersensitive
reaction‘occurs and wilt of top' ensues. There appeared to be identi-

cal reactions following infection of Tabasco by TEV.
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Tabasco Wiit can be explained by thé failure of dead roots to
absorb water. Survival of wilted Tébasco after defoliation suggests
that the passive transportation of water is not altered even after death
of roots. Recovery of defoliéted plants could result from a reduction
of stomata such that a small quarntity of water is able to maintain a
much reduced plant without wilt. The ,co'ntinuatiron of the passive
transporté.tibn of Wai.er may explain why an additional inoculation of
recovered, defoliatéd plants does not cause death.,v

Resistance to TEV in Capsicum spp. does occur (Greenleaf,

o '1"956; Greenleaf et al,, 1970). Barnes, Maskar, and Black (1971)

studied the source of resistance in two Capsicum frutescens cultivars,

L.P-1 and Almeda., They showed that resistanceriﬂt_irt-hese two cultivars
follows the patt'erﬁ .of simple Mendelian i,.nherrit;ia‘r;ice with resistance
‘being dominant. LP-1 was found to be h.omozyg‘ous fof resistance to
the mo'Sai-(; andAWil’c »symptoms, while Almeda was wilt resistanfand

mosaic susceptible, Capsicum frutescens, therefore, is homozygous

for susceptibility to mosaic and wilt symptoms since Tabasco top
‘gralfted on Ahaheiﬁ_l roots showed fnosaic symptoms.

In summary, the truly unique féature of the disease,'"Tabasco
wilt, " as caused by tobacco etch virus, is thé 43-f‘act that the disease
results fréin a gituation where the plant ’éop, responds in a claésic Sys=
temic mosaic infection While the root responds in a purely hypersen-

gitive fashion.
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