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Abstract 

Reddy, D.V.R., Wiglman, J.A., Beshear. R.J.. Ilighl'ind, B.. Blck. M.. Srcenivasulu. .. Dwivedi. S.L.. Demski, J.W.. McDonald. D., 
Smith Jr J.W., and Smiti. D.H. 1990. Bud necrosis: a disease of groundnut caused by tomato spotted will virus. Inforinalion Bulletin 
no. 31. Patancheru. A.P. 502 324. Inji-v International Crops Research Institute for the Seni-Arid Tropics. 

This is thliefirs ICRISAT Infoinationi IIlletin that deals with a virus disease Of groundnut. Atlention is tIocusCd on bud necrosis disease, 
caused by tonato spotted will vir.is, becaust! of its ecoiionic signilicance on three contitents. Epidenics build Liprapidly with little 

ariling alnd cause serious losses 1ogrowers. Protocols for purilication and ideiiiication of the viriis are given in detail. The symptollis 

of hlledisease inl glouitdlut are illustrated. Procedures for a siinple enz ine-linked iniltnunosorbetii assay for the deleclion of the virus are 
given. The idenilicalion of the veclor insects-species olThsanoptera (ihripsi-is difticult. and is still to be fully resolved. But akey is 
provided as all aid in idnitflving seve,i tlirilps species that have been inplicated as vectors ofl omato spotti" 'vilI virus Otl grotoidlt.l, The 
current situation concernitig inaagelnlent of bud necrosis disease is outlined. Suitable insecticides, cultural practices. biological control, 
aid host-plait resistance are discussed Ito assist crop protecliot anld extensiot workers iii fortnulatilng integrated inoagenentl systets 

alppropriate Itotheir parlicuIlar situations. 

R sum 

Rcddy. D.V.R.. Wightian J.A.. Beshar, R.J.. Highland. B.. Black. M.. Sreenivasulu. P.,Dwivedi. S.L., Deniski. JW.. McDonald. D., 
Smith Jr J. et Smith. D.H. 1991. Necrose des 'mourgeolns : maladie de I'arachide caus~e par le virus de la maladie bronzde de la 
tonate (T1S.W V). Bulletin d'inlbriation n 31. Patanicheru. A.P 502 324, India : International Crops Research Institute for the Semi-
Arid Tropics. 

C'esi le prettier bLillClil diinlorniation de ['ICRISAT consacr5 iItite virost Je I'arachide. la nilcrose des bourgeons due au TSWV. Celle 
inaladio a une incidence ,ecotomiique itlroitanle sur trois continents. Les Lpidinties se d6veloppent rapidemenit e presque satis 
avertissenient, occasionnultl des pertes cotnsidSrables aux culliVateurs. Les ntetbodes de purification et d'idenlitication d u virus sol 
pricisies. Les syiptitties dihcrits potr ICTSWV stir I'arachide soot illusrs. Sont exposes 6galetnent. les procd6s dun test FLISA 
SiMple pour la dtection(duIviruts. L'idenliiicalion oes vecleurs--des esp~ces ie Thysanoptera (ilhrips)--est diflicile el reste LIrtdsoudre. 
Cependal. tile cL6 de d6ternination est pr~senle aliti de permetre aux itilisateurs de d6celer sept esp&es de thrips qui Solnt 
souiponnees d'etre les vectLurs (ILLTSWV stir I'arachide. Louvrtge fait le poiit stir la liLttle actuelle contre le TSWV. Les inesures 
sanitaires et agroniomiques. I'uLtilisalion dinsecticides. Ia luIte biologique ainsi que la risistance vari~tale sonltexatinnes en vue de 
perinetire aux agents tie vulgarisation et die dMlense des cultures d'iiablir des sstines de lutte intlgr6e appropri~s aux silualiots 
parlicli ires. 

Extracto 

Reddy. D.V.R., Wighltnant, JLi.. Beshear. R.J., Highland. B.. Black. M., Sreenivasulu. P..Dwivedi. S.L.. Deniski, J.W.. McDonald, D., 
Smith Jr J.W. Smith. D.H. 1991. Necrosis del bro!e : una enfermedad del mani causada por el virus del marchitamiento 
manchado del tmate. Boletin inlormuativo ill). 31. Patancheru. A. P.502 324. India : International Crops Research Institute for the 
Setii-Arid Tropics. 

Este es el printer Bolelin Ilbfrnialivo de ICRISAT que versa sobre una virosis del niali. Eli virtud dc su signihicado ecotiottico en tres 
conliitentes, ei loca la enfertuedad necrosis del brote causada por el virus del inarchitaitienito nanchado del tonale. Las epidenlias 
autietan r.ipidaitelte coi pocos indicios previos v prosocan graves ptrdidas a los cultivadores. Se pormuenorizan las iorlnas para el 

aislainiento e idenfilicacitin ilel virus. Se ilutstran los slilnoias de la enferniedad ei el noani. Se facilita el procedimieto para till 
eizinmoiiinittiiio,,ioil isis directlo para deleclar Ia presclcia del virus. La identilicaci6tn dcl insccto vector - utta especie de Tisat6pleros 

(tirips) - es dilicil y iodavia estD por resolver. No obstante se proporciona utta clave conmo ayuda la identilicaci6n ie las sietc especies 
tie thrips enrediadis colio vectores del virus uel ittarchitaniento iatlchado del toinale ei el niani. Se explica eln trlifnos generales la 

situaci6n actual coil respecto al tIratiniento de la etiferniedad necrosis del brole. Se habla de Ios insecticidas indis indicados. las pr icticas 
dticullivo. el control bioldg ico. y ilsiCsencilaie la planta hospedante. con el ill de ayudar al persontal de protecci6n de c",sechas y 
tWcttiicos auxiliares a horntii .ir sistenis ittegrados ie tratatnieinto apropiados para SLs circunistancias part icitlares. 

Cover: Purilied preparation of tomalo spotted wilt virus which causes bud necrosis disease (in Ihe background) and in the foreground, 
grotidhlil leallets showing primary symptoms of necrotic lesiors with chlorotic borders. produced by aTSWV isolate in India. 
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Introduction Symptoms 

The disease of' groundnut (Arachis hVogaea L.) caused 
by tonlato spotted wilt virus (TSWV) i; widely distrib-
uted and has c.Lused serious losses in the yield of this and 
nany other crops in Australia, India, Nepal, tile People's 
Republic of China, Thailand, and the USA. Early inf'cc-
tions cav'se the most severe damage and cal lead to total 
crop loss. 

TS\Vv produces a wide range of s)mptois inl 
croundnut. This has complicated di,alosis and led to the 
disease beting given several naies. To avoid conlusion. 
ho disease in ercwuinut will i'c referred to as bud nec

rosis discase (l3ND) in this tullctin because necrosis of 
he terililal Ibuds is one o1 th most Comi lly observedoilO 

sN,llltoils. This .',ynpton is not generally produced by 
am other virus (ccurring oil groundiut. Since TSWV is 
translittCd by iihrips. this Bulleti tin ideniti-alSOeaIs WithI 

ficatioji of tile principal thrips veciors and BND control 

by ieans of their management 


Thiu inlbrriii,tion provided is by no means complete 
beCcausc touch research relains to be done, particularly 
inl tli, .ireas of fir ips transiission and resistancce breed
ing. But we publish at this time in tile hope that research 
and extension workers will be encouraged to concentrate 
tlieir .ttenteion oi thlis complex disease problem and pro-
vide a basis fhr its niariagenienli. 

Distribution 

Tie geographical distribution of' BND covers all majorZroludnut-growinig areas. BND was a minor groundrut 

disease in ldia until the mid-196(0s; since then it has 
occurred in epidemic proportions. Similarly, BND be-
came severe in Ausir.lia in the nt id-1970s aid was thhe 
considered to be econiomically inportatit. [ri the 
nlitl-19 80s tile disease assui)ted economic imporlatice ill 
[lie southern groundnlut-growing states of the USA. Fac
tors that conitributed to these sudden and dranatic in
creascs inllinceidnce and severity oI'TSWV aic ;.irrretnly 
unknown. b3ecause BND has changed from b,. ii c a I 
nmin)r ito a rmajor disease over wide areas in three pa rts of 
the woild, it is noW cotisidered to be a plctilial Iiroat to 
otlier n-oundnut-rowinog countriis. There is thus a need 
to itlcrease tihe awareness of all groundnut workers and 
to encourage tlieni to collect inforniation on the distribu
tion and intensity of BND outbreaks wherever they ap
pear. This Infforrnation Bulleti:i will, in fact, Iacilitaite this 
desirable activit." 

TSWV in groundnui produces a wide variation of symp
toms. As a result, in India alone different workers have 
called it rosette, mosaic, bunchy top, chlorosis, ring mot
tie, ring mosaic, and bud blight. This caused much con
fusion anong specialists and general readers. We 
describe all known variations of the symptoms of TSWV 
on groundnut 'lants. Although bud necrosis and tile char
acteristic ring spots on leaflets arc comnmonly produced
by TSWV, they should not be used exclusively for diag
nosis of the disease. 

Primary symptoms 

Symptoms first appear oil young leaflets as faint clilorotic 
spots or mottling Ifiat niay develop into chlorotic and 
necrotic rings and streaks (Figs. 1, 2, 3, 4). Occasionally, 
tile leaflets may show a general clilo;osis with green 
islands. Petioles bearing fully expanded leaflets with ini
tial synptoms usually become flaccid and droop. Nec
rosis of Ihe termnal bud soon follows (Fig. 5). 

TFhe bud necrosis sytiptom is common oti crops 
growi inl tile dry (suninier) and rain'* seasons in India, 
indicating that this symptom is probably associated with 
high temperatures. If bud necrosis occurs on plants less 
than I nlionth old, total necrosis of tlie plant may follow. 

Figure 1. Groundnut leaflets showing primary symp
tons or chlorotic spots and necrosis produccd by a 
TSWVV isolate occurring iti India. 
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Necrosis on older plants usually spreads only to the pe
tiole. oir ito tile portion of the stern immediately below the 
necrotic Icrminual bud. In lale-infecled runner type 
groulldnuts, a few branches may show mild ring spots or 
necrosis olft he bud and then the whole plant turns yellow, 
wills, and souet imcs dies. 

Secondary symptoms 

The stunting (Fig. 6) and proliferation of axillary shoots 
are coinion secondary sylnplonis of BND (Fig. 7). Leaf
lets formed on these axillary shoots stnow awide range of 
Symlnptomns including reduction in size, distortion oif tle 
laina, miosaic nottling, and general chlorosis. Rarely, 

A 1-. the lami na is reduced to the midrib, giving t le leaflet a 
he string" appearance. These secondary symptomis 

are Miost com u oiolnearly-infected plants, giving them a 
stunted and bushy appearance. Oniy a I'ew branches oil 
lale-infected plants maily show these symptoms. 

Symptoms on seeds 

Seeds from early-infected plants are small and shriveled,
Figure 5. Groundnut plants showing characteristio and their testae show red, brown, or purple mottling (Fig.
terminal bud necrosis produced by a TSWV isolate in 8). Late-infected plants may produce seed of normal size, 
India. but the testae on such seeds are often mottled. 

Figure 6. An early TSWV (Indian isolate)-infected (on the right) and apparently healthy groundnut plant. Note 
severe stunting and axillary shoot proliferation. 
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Figure 7. Secondar snmptoms )roduecd 1) a 'ISWN' 
axillar shoot prolife ration ani el]defomed leaflets (oal 

ligtire N. Seed Irom ed':rly-infected )lants. Note 
shikeling and iurl)ple or red testa. 

isolate in India. Note terminal)Ibud necrosis ontil lie Ilt) and 
ile righl). 

Causal virus 

The SIrucIui2C 01 TSWV is unique aM1tig plant viruses,. 
The painliic', are 70-)() nin ill liaieter and are sur
lointLided a dhit iti'eibramcproteili and lipid t I,g.c , 
Q). illc\ seliment at 520-53) s. L Virus prOtcin Coll
,,isis of linl maior pkpcplides of Iolecular "'cihts 27. 
52, 58. and 78 *.. l) dalltti.S. lS,,V incleic acid 
compisedl o threc siin-le-stritded RNA ittlcculCs 01
,8300(, 5200,) anld 3l-100 nIuclctondes (\'crkleij and] Peters 

l';tilllitalltttl tf ihiill .,etttitns oI ilfected leaf Iissu 
ith the electroll 1iTct lsctpe rcvea ,lsthat le ills p.irli-

ChCS are as,0ciaiCd \ kilt Cedtll)hasnliic reticlihiun (Fig. h0). 
Sevcl virus, i are o1ltt seMel Itoell 
the ciSICtt o!thle til(Onpllistiic recluitIIh . ('ilutlC ptltl 
c>,,acls ald )uriliCd I)rCIpMritiOin shitiulul he fiCd ill 
l.5"(' ilutaitaldch, e. N yeealve staitttttn ith I'l; tirmtsl 

i es W cltelrtLCd ill 

a.clate is prefciahle u.e2 o phitllhttill!statC tit) the i 
;+llllll Illo)I
tlinl dalc.
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'" " .. "l _Virus purification and antiserum 
~ ~ production 

N . ' 2 Since the virus is unstable, it is necessary that all puri
--... ication steps should be perbrrned at 4-6C. 

Purification procedure
" '" "
; Since tile methods adopted for Indian and U.S. isolates of' 

eTSWV 
 are slightly diferent, both are described Tile
' 
 procedure for the Indian isolate was developed in ICRI
. ,.SAT and that for tile U.S. isolate at tile University of 

- .'. .. : Georgia at Griflin. 

Figure 9.Purified TSWV particles stained with ura
nyl acetate. Bar represents 145 nm. 

Figure 10. Electron micrograph of a thin section of' groundnut leaflet showing TSWV particles. Bar re 
presents 180 nmn. 

, %7 , ....t,: , 7 

r 
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Purification procedure for Indian TSWV isolate 

I. 	 Collect young quadrifoliates (groundnut leaves)
showing primary symptoms. 

2. 	 Triturate in chilled 0.1 M potassium phosphate
buffer (pH 7.5) containing 0.01 M Na,S03 at the 
rate of 3 or 4 mL buffer for each grain of tissue. 

3. Filter through two thicknesses of cheese-cloth. 
4. 	 Clarify at 5000 rev min-' (rpm) for 5 min in a 

refrigerated centrifuge at 4"C. 
5. 	 To the supernatant, add NaCI to give 0.2 molarity 

and polyethylene glycol [(PEG) tool. 	wt. 6000 
8000] to give 4%. 

6. 	 After dissolving NaCI and PEG, leave the mixture
for 1.5 - 2 h at 4"C. 

7. 	 Collect the precipitate by centrifuging at 10 000 rev 
min-' for 10 min in a refrigerated centrifuge at 4'C. 

8. 	 Resuspend the precipitate in 0.01 M potassium
phosphate buffer, pH 7.5, containing 0.01 M so-
dium sultite (0.01 PPBS). 

9. 	 Clarify at 5000 rev min - ' for 10 min in a refrige-
rated centrifuge at 4"C. 

10. 	 Prepare sucrose columns containing 8 mL of 20%,
8 mL of 30%, and 12 mL of 60% sucrose (W/V) in 
0.01 PPBS, in a Beckman SW 27 rotor tube, and 
layer 10 mL of supernatant obtained from step 9. 
Centrifuge for 45 min at 23 000 rev min. 

I1. 	 Remove a diffused light-scattering zone between 
2.6 and 3.1 cm from the bottom of the tube. Resus-
pend 	pellets in 0.01 PPBS at a rate of 2.0 mL for 
each 	 pellet. Mixpelltssucrose"C orndzonestirat and resuspendedh.at 
pellets and stir at 4 C for I .i 

12. 	 Prepare sucrose gradients by layering 7 mL of each 
of 30%, 40%, 50%, and 60% sucrose in 0.01 PPBS,
in a Beckman SW 27 rotor tube. Allow sucrose 
solutions to form a gradient by leaving them in a 
refrigerator at 4-6*C for 15-18 h. 

13. 	 Layer 10 mL of supernatant from step 11 on each 
sucrose gradient and centrifuge at 4"C at 23 000 rev 
min-' for 2.5 h. 

14. 	 Draw zones (usually 6 mL from each tube) at a 
depth of 2.5-3.1 cm from the bottom of the tube. 

15. 	 Perform another cycle of sucrose gradient centrifu
gation as described in steps 12 and 13.

16. 	 Draw asingle clear light-scattering zone at adepth 
of 2.6-3.0 cm from the bottom of the tube. 

17. 	 Dilute the zone in 0.01 PPBS and centrifuge in a 
Beckman R 40 rotor at 30 000 rev rin- I for 2 h to 
pellet the virus. 

Purification for a U.S. (Texas) isolate of TSWV 

I. 	 Harvest leaves from a systemically infected tobacco 
plant (Nicotiana tabacun cv Burley 21), derib the 
]caves, and weigh them. 

2. 	 Grind the leaves in a Waring blender using cold 0.1 
M potassium phosphate buffer, pH 7.0, containing
0.01 M Na,SO 3 (0.1 PPBS) at I g :3 mL ratio. This,
and all subsequent purification steps, should be car
ried out in a cold room (4C).

3. 	 Squeeze the extract through four layers of cheese
cloth and discard the debris. 

4. 	 Centrifuge the extract at 4500 rev rin- for 15 mi; 
at 4"C. 

5. To the superntant, add polyethylene glycol (mol. 
wt 6000, Fisher Product) to 4% and NaCI to 0.2 M 
while stirring. Dissolve the chemicals and leave the 
preparation at 4"C for 1.5-2.0 h. 

6. 	 Centrifuge at 10 000 rev min-' for 20 min at 4"C. 
7. 	 Resuspend th' "ellets in cold 0.1 PPBS. Use a mini

mal volume depending on the number of sucrose 
gradient tubes to be used in step 9. 

8. 	 Centrifuge at 8000 rev min- for 20 min at 4'C. 
9. 	 Layer the supernatant on preformed 10-40% (3 mL 

each concentration) linear sucrose gradients pre
pared in 0.1 PPBS, and centrifuge at 25 000 1ev 
rin-' for I h at 5C (SW 28 rotor).

10. 	 Observe the tubes in a dark room for light-scatter
ing zones. 

11. 	 Collect the zones (use a syringe with a bent needle) 
a height of 3.8-4.2 cm, dilute with 0.1 PPBS, pH

7.0, and pellet the virus at 35 000 rev min-' for I h 
at 5"C. Resuspend pellets and layer onto 25-50% 
preformed linear sucrose gradients (8 mL each con
centration) prepared in 0.1 PPBS, and centrifuge at 
25 000 rcv min-Ifor 6 Ii at 5C (SW 28 rotor).

12. 	 Collect the virus zone at a height of 4.6-5.0 cm. 
13. 	 Dilute in 0.1 PPBS, and pellet the virus at 30 000 

rev min-' for 2 h in a R 40 rotor. 
14. 	 Use the final preparation for infectivity assay, se

rology, electron microscopy, and for biochemical
 
studies.
 

Btuffer Composition 
0.1 	 M potassium phosphate buffer, pH 7.0, contain

ing 0.01 M Na,S0 3 (0.1 PPBS) 
KH,PO4 (M.W. 136.1) - 10.61 g 
KIHPO4 (M.W. 174.2) - 21.23 g 
NaSO3 (M.W. 126.0) - 2.25 g 
Dissolve in 1.8 L distilled water, adjust the pH to 7.0

(if necessary) and make up to 2.0 L with distilled 
water. 
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Production of antiserum 

Use a purified virus preparation from 100 g infected 
tissue for each injection. Resuspend purified virus in 0.5 
mL of' 0.01 .M potassium phosphate buffer, pH 7.5, and 
mix with 0.5 mL of Freund's incomplete adjuvant. Make 
a thick emulsion by repeatedly drawing into a syringe 
and ejecting with force. Inject a New Zealand White 
inbred rabbit intramuscularly in the hind leg at two to 
three sites. Give live injections at weekly intervals fol-
lowed by a booster injection 2 weeks after the fifth injec-
tion. Bleed the rabbit 2 weeks af'ter the booster injection 
and subsequently at weekly intervals. Test the titre of the 
antiserum using the enzyme-linked immunosorbent assay 
(ELISA). Six bleedings from a single rabbit can yield 
more than 80 mL of' antiserum. 

Disease diagnosis 

Diagnostic hosts 

Several methods can be used for the detection of TSWV. 
Scrological methods and electron microscopy are rapid 
and give precise results, but, if expertise and facilities 
are not available, reaction on diagnostic hosts, such as 

cowpea (Vigna unguiculata) and petunia (Petunia hy
brida), can be used for TSWV identilication because 
TSWV is mechanically transmissible. Both of these hosts 
produce characteristic local !esions as described below. 
The test needs only minimal laboratory facilities and 
expertise. It can be carried out as a partial or preliminary 
diagnostic test. The Ibilowing precautions are essential to 
achieve mechanical transmission: 

0 	 Use only young infected leaflets showing primary 
disease symptomis for preparing extracts. 

* 	 Prepare extracts in 0.05 M phosphate buffer, pH 7.0, 
containing 0.2% mercaptoethanol or thioglycerol. 

* 	 Indicator plants, including cowpea, should be kept in 
the dark for a day prior to inoculation of' fully ex
panded primary leaves. 

* 	 Keel) inoculum chilled (at 4'C) throughout the inoc
ulation procedure. 

o 	 Inoculate in tie early morning when temperatures are 
likely io be low. 

Onl cowpea (Vigna unguiculata) cv C-152 and cv 
Calilornia Black Eye, TSWV produces concentric necro
tic and chlorotic lesions on leaves 4 or 5 days after inoc
ulation (Fig. I1). On petunia, TSWV produces necrotic 
lesions on leaves 3 or 4 days after inoculation. 

Figure 11. Concentric chlorotic or necrotic or both types of lesions produced by a TSWV isolate in India on 
inoculated leaves of Vigna unguiculata(cowpea, cv. C-152). 
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Serology 

Gel diffusion has been used for tile diagnosis of TSWV, 
but it is not very sensitive and requires large quantities of 
antiserum. The ELISA test is much more sensitive than 
gel diffusion, and is currently being used for 	 routine 
TSWV detection. Several ELISA procedures for TSWV 
detection have been standardized at ICRISAT. The sir-
plest is tie direct antigen coating (DAC) procedure 
(Hobbs et al. 1987) and details of this procedure are 
given below. 

Prepare the following solutions 

I. 	 0.05 M sodium carbonate buffer (carbonate coating 
buffer), pH 9.6. Add 1.59 g NaIC0 3 and 2.93 g 
Nal-C0 3 to I L of distilled water. If it is necessary 
to store this buffer for a lengthy period, add 0.2 g of 
NaN 3 (sodium azide) L-1 of buffer to prevent ni-
crobial growth. 

2. 	 Phosphate buffer saline Tween (PBS-Tween), pH 
7.4: mix 8.0 g NaCI, 0.2 g KH.,P0 4, 2.9 g 
Na,HPO4 , and 0.2 g KCI in 800 mL of distilled 
water and, after dissolving all tile salts, make up the 
volume to I L. 

3. Conjugate buffer: T, PBS-Tween add polyvinyl py-rrolidotie (PVP) to givec a 2% concentration (e.g., 2
i I1 a02/0concentration(e.2bufe),dalui to giveg in 	100 nl- buffer) ad albumin to give 0.2% 

concentration (e.g., 0.2 g in 100 niL buffer).
4. 	 Substrate buffer: Dissolve 20 tmg bromothymol 

blue (BTB) itt 50 ml. of 0.2 M NaOH. Neutralize 
the alkali by adding concentrated HCI in drops. 
Make up the volume to 100 tuL. Incorporate so-
dium penicillin-G (potassium penicillin-G and pro-
caine penicillin call also be used) at 0.5 mg nL-i 
and adjust the pHi to 7.2 using either HCI or NaOH 
(0.01-0.1 M). Store tile mixture at 4°C. It is abso-
lutely essential to adjust the pH to 7.2 before use. 

Note: BTB solution alone is stable for several months at 
4°C but, with penicillin added, it is stable for onily 2-3 
weeks, 

Test procedure 

1. 	 Collect young leaflets showing primary symptons

of BND and grind them itt a pestle and mortar with 

tie sodium carbonate buffer, using a dilution of I 
part leaflets to 50 parts of buffer. 

2. 	 Follow tle same procedure with leaflets froni 

healthy p)lImIits. 


3. 	 Using a ,micropipette, add 0.2 niL of plant extract to 
each well of a mnicrotilre ELISA plate. Leave at
least two wells for adding healthy plant extracts and 
two vells to serve as buffer controls. 

4. 	 Incubatc the ELISA plates containing the plant ex
tracts for I Ihat 37°C. 

5. 	 Pour off the suspension and rinse the ELISA plates 
in PBS-Tween. Follow this by washing the plates in 
three changes ofPBS-Tween, taking 3 min for each 
wash. 

6. 	 Grind healthy groundnut leaflets in conjugate
buffer to give a 1:20 dilution (each gram of healthy
leaflets requires 20 mL buffer). Then filter the dilu
tion through two layers of cheese-cloth. 

7. 	 Prepare a 1:1000 dilution of TSWV antiserum in 
conjugate buffer containing healthy groundnut leaf
let extract and incubate it for 45 min at 37"C. Add 
0.2 mL to each well of the ELISA plate. 

8. 	 lncubale the ELISA plates for I h at 37°C. 
9. 	 Wash tile plates in PBS-Tween as in step 5. 

10. 	 Dilute penicillinase-labeled antirabbit lgG or Fc to 
1:5000 or 1:10 000t) in antibody buffer. Dispense 200 
.tL into each well and incubate at 37°C for I I. 

11. 	 Wash the plate in 0.05% Tween-20 in distilled 
water. 

Caution: Ifplates are washd in PBS-Twcen as in seps 5

iim fpae r ahdi B-we si tp


and 9, traces of buffer left in wells are adequate to buffer
the reaction between penicillin and penicillinase and pre

vent 	 the color change from occurring. 

12. 	 Dispense 200 pL of substrate mixture (penicillin + 
BTB) to each well and incubate at room tempera
ture. Observe the reaction for 30 min to 2 h and 
record tile results. It is not advisable to read results 
after overnight incubation (either at rooml tempera
ture or in a refrigerator). 

13. 	 Results: The blue color of brornothytnol blue (at pH 
7.2) first turns to light green, and then light orange
yellow to orange yellow. Green indicates a weak 
positive, and orange yellow a strong positive. Re
suits can be quantified by measuring loss in absor
bance of BTB at 620 til. Normally 0.2 tmg nlL-1 
BTB gives an optical density (O.D.) of over 2 units 
and a positive reaction (orange yellow) gives less 
than 0.1 O.D. unit. 

Serological tests using direct antigei coating (DAC)
ELISA have recently been conducted to compare a 
TSWV isolate from India with those from elsewhere. 
The Indian TSWV isolate cross-reacted with tile hIomolo
gous antiserun but failed to react with tile antisera of two 
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U.S., one Japanese, one Netherlands and one Australian 
isolates. The U.S. isolates cross-reacted strongly with 
their homologous sera, with antisera to another U.S. and 
an Australian isolate but not with the Indian isolate. Thus 
it appears that the Indian isolate is scrologically distinct. 

Transmission 

TSWV is unusual among plant viruses in that its vectors 
arc thrips (Thysanoptera). The seven involved are Thrips 
tab 	 i,Frwnkliniella schldtzei, F. occid'entalis, F.filsca, 
Sciriothrips driwalis, Thrips pahni, and T. setosus. F. 
schultzcei appears to be the principal vector for TSWV 
transmission in groundnut in Australia, and F. occiden-

talis 	and F. ]iisca arc the primary suspect vectors of 
TSWV in the southern USA. Tile principal thrips vectors 
in other regions where BND is economically important 
are currently not known, 

Since thrips transmission is important both for diag-

nosis and in devising control me;sures for BND, in the 
following section detailed instructiorns or handling thrips
intrasissionstudies are described 


Only nymphs should be used intests on acquisition 

access period. It is preferable to allow a 2-4 h acquisition 
access period. Since the latent period varies from 3 to 12 
days, it is preferable to use adults in inoculation tests. An 
inoculation access period of 1-2 iis adequate. TSWV is 
transmitted in a persistent manner by the vector thrips 
which, under optimum conditions, retains the virus 
throughott its fife. 

Electron microscopy 
Early- or late-infected tissues can be used for thin see-


tionng.Howverhowng ecrois r etenive
tisue
tioning. However, tissue showingtecrosis or extensive 
chlorosis will riot give satisfactory results. 

Cut leallets into 2 x 3 mm portions. Immediately add 

3% glutaraldehyde prepared in 0.1 M phosphate buffer of 

pH 7.2, and leave overnight for infiltration of glu-
taraldehyde. Wash the specimens in the same buffer sev-
eral times and post-fix in2% aqueous osmiurn tetroxide 
for 5 Ii. Wash the tissue in distilled water and dehydrate 
in a graded series of acetone. Inliltrate dehydrated tissue 
with a 1:1 mixture of Spurr® resin and acetone for 2 h, 
then leave in pure Spurr® resin for I (lay. Prepare tissue 
blocks by incubating Spurr®-soaked tis:i'ues inmolds at 
65-70"C for 18 I. Trim the blocks, prepare ultra-thin 
sections (60-90 tim thick) using an ultramicrotone, stain 
sections with uranyl acetale and lead citrate, wa:;h thor-
oughly, dry, and observc under a transmission electron 
microscope. 

Virus particles in thin sections arc associated with 
endoplasnic reticulun and are enclosed in membranous 
bags in the cytoplasm. 

Thermal inactivation 

The 	 low thermal inactivation point (TIP) (45"C) of 

TSWV is a diagnostic aid. Itis emphasized that the deter
minatioti of the TIP alone is insuflicient for full diag
nosis. Proceed as follows to determine the TIP: 

I. 	 Select young infected leaflets showing primary 
symptoms. Grind I g in 9 mL of 0.05 M phosphate 
buffer, p-1 7.0, containing 0.2% ruercaptoethanol or 
(.2% thioglycerol. 

2. 	 Transfer a I nl aliquot of the extract to each of 
several 5 mL-capacity Pyrex glass tubes and heat in 
a water bath lor 10 miniat the selected test tempera
ture (35, 4(1, 50 or 55'C) and then chill quickly in 
an ice bath. 

3. 	 Assay each aliquot on cowpea by mechanical sap
inoculation. Aliqvtits exposed to temperatures 

above 45"C will rapidly lose their infectivity. 

Identification and handling
of vectors 
Identification of adult vector thrips 
(Descriptions are provided by R.J. Beshear and drawings 
by Tong-Xian Liu of the University of Georgia, Griffin, 
GA, USA). Several thrips genera, including CaliothripsanMeao/iparfudongunut.Hwv,
and Megahitrothrips,are found on groundnuts. However,
the key applies only to adult thrips TSWV vectors or 
upce etr.I smdle rmAnnadPle
 

suspected vectors. It is modified from Amin and Palmer 
(1985)'. 

I. 	 Head and pronotum with closely striate, transverse 
sculpture (Plate IA); tergites and sternites each 
with a contrasting dark anterior margin covered 
with rows of microtrichia, tergite VIII with a com
plete comb on posterior margin; antennae eight 
segmented ...................Scirtothrips dorsalis Hood.
 

Head and pronotal sculpture not closely striate;
 
abdominal tergites and sternites not densely cov
ered with microtrichia; comb on tergite Vill com-


I. Key niodilied frein identitication of Groundnut Thysanoptera 
by P.W. Amin and J.M. Palmer, Tropical Pest Management, 
1985, 31 (4): 286-291. 
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Plate 1. 

A. Scirtothrips dorsalis: pronotlun.
B. Thrips tabaci: head showing two 

pairs of' ocellar selae and pro. 
notun).,"C. Frankliniellaschtlizei: head showinghree pairs of ocellar setae. 

-'"...: " .

14
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d /3(2). 

I A 

// ________ _-__ 

7 	 QTT.Zbrownish 
F -'setac; 

Diagram 1.Frankliniella fusca: A. anterior margin of 
pronotun, and B. tergite VIII. 

plete (Diag 3B) or incomplete (Diags. I B and 2B); 
antennae seven or eight segmented... 

2(1). 	Head with two pairs of ocellar setac (Plate I B): 
antennae seven-segmented: pronotum with two 
pairs of well-developed posteroangular setae (Plate 
1B): comb or tergite VIII complete ........................ 3 


Head with three pairs ofocellar setae (Plate IC); 
antennae eght-segmented: pronotum with two 
pairs of well-developed anteroangular (Diag. IA) 

Diagram 2. Frankliniella schlitzei: A. anterior margin 
of lironotum, and L.tergite VIII. 

2A 

well as posteroangular setae (Plate ID); comb on 
tergite VIii complete or 4incomplete............... 


Abdomen yclls'w except blotches on thlorax and 
median portions of abdominal tcrgites; sometimes 
appearin, entirely brown; ocellar crescent grey
brown; forewings pale, usually with four (5-6) 
setae on first vein in distal half (Plate IE) 
...........................................
Thrips tabaci Lindem an 

Abdomen brown; ocellar crescent red; fore
wings dark, pale basally, usually with three setac 
onl first vein in distal hal. (known only from 
Japan and Korea) ...............Thrips setosus Moulten. 

Abdomen clear yellow wihout an5 greyish er 

blotch, but with blackish and thick body 
usually with ti~rcc setae on lii st vein in distal 

half: abdominal tergite 11with fou" lateral setac
(Plate I F) interocellar setae outside of ocellar trian

glz (Plate IG) .........................
Thrips pahmi Karny 
(TIlar'us, a ,ellow nrinvector species that is often 
confised with T.palmi can be distinguishe,! by the 
inici :liarsetac within the ocellar trir;agle). 

4(2). 	 Postocular setae shorter than and much more slen
dcr than the interocellar pair; comb incomplete 
(Diag. IB); color generally dark brown to lighter 
brown especially on the thorax and head 
.....................................
Frankliniellafitsca (Hinds) 

Postocular setae as long and as stout as the in
terocellar setae; comb complete or incomplete; 
color variable, almost entirely yellow (light form) 
or abdom,;n with dark blotching on the meson, 

Diagram 3. I'ran! iniella occidentalis: A. anterior 
margin of'pronotumn, and B. tergite VIII. 

3MA
 

3 B 
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Plate i. 

D. Irankliniellaoccidenlialis:head and pronoltuim.E. Thrips labaci: foreming. 
F. Thrips pami: head and thorax. 
(. Thrips palmni: abdominal tergite II slowiig Four 

lateral setac. 

N.
 

I6
 



sometimes appearing entirely brown (dark form) TSWV and no evidence presently exists to show that they 
..............................................................................
5 serve as sources of inoculum for agricultural plants. 

5(4). 	 Comb on tcrgite VIII incomplete, usually repre-
sented by only a few small teeth laterally (Diag. 
2B); anteroangular setae usually longer than ante-
romarginal setae on pronotum (Diag. 2A) 
............................
Frankliniella schultei (Tryboa) 


Comb onl abdominal tergite VilI complete (er 
3B); anteromarginal and anteroangular setae on 
pronotun of similar length (Diag. 3A) .......Frank-
liniella occidentalis (Pergande) 

Handling thrips in the laboratory 

Thrips are relatively simple to maintain under laboratory 
conditions once the constraints imposed by their small 
size are overcome. Many authors refer to the need for 
using the moistened tip of a fine artist's brush for han-
dling individual insects. They can be deactivated by 
chilling, exposure to carbon dioxide, or gentle pressure 
from a pad of cotion wool (Sakimura 1961). Sakimura 
(1961) found that Emilia sonchifolia, Callistephus chi-
nensis, and Stellariamedia were suitable hosts on which 
to rear F.fwsca in the laboratory. Any container used for 
enclosing thrips on living plants must permit the ex-
change of water vapor (to prevent the accumulation of 
condensation), without allowing the insects to escape and 
without interfering unduly with the metabolism of the 
plant. Lamp glasses have been used to enclose colonies 
of virus-free thrips breeding on detached groundnut fo-
liage (Amin et al. 1981). This and other techniques, in-
cluding clip-on sandwich cages, are illustrated by Lewis 
(1973). 

Disease cycle 

Both TSWV and the vector thrips have wide host ranges 

that include crop plants, ornamentals, and weeds. The 
virus may survive in these hosts and so provide an inoc-
ulum source for vector thrips. In India, for example, to
iato (Lycopersicon esculenturn), egg plant (Solanium 
inelongenun), mung bean (Vigna radiata) and urd bean 
(Vigna inun go) are grown under irrigated conditions dur-
ing dry-season (summer) months; ornamentals such as 
zinnia and chrysanthemum are widely grown, and weeds 
such as Ageratun con*:zoides and Cassia tora are fre-
quently present in and near groundnut fields. In southern 
Texas Verbesina encelioides (golden crown beard), 
Ipomoea trichocarpa (cotton morning glory), Lactuca 
serriola (prickly lettuce), and Solanrin aniericanus 
(American black nightshade) are often found near 
groundnut fields. These plants are rarely infected with 

Several olher hosts that are either raised as crop plants
(e.g., spinach - Spinacia oleracea) or survive during 
dry-season (summer) or postrainy-season (winter) 
months may act as TSWV reservoirs.
 

Vector thrips are mainly carried by the wind. The
 

incidence of TSWV in groundnut crops at ICRISAT Cen
has been related to immigratory flights of thrips by 

means of suction traps and by counting thrips in young
quadrifoliates before they unfold (Reddy et al. 1983). 
Plants that are reservoirs of TSWV and are the hosts of 

the thrips play a major part in the spread of the virus. In 
southern Texas, F.fnsca reproduces freely on groundnut, 

and primary TSWV infections occur at varying levels 
throughout the season. It is believed that much of the 
incidence of this disease in Texas is due to subsequent 
spread (secondary infection) within crops. 

Climatic factors that favor multiplication and spread 
of the vector thrips are likely to result in the spread of the 
disease. Reddy et al. (1983) found that a wind velocity of 
10 kmii-I at 3 in above the crop canopy was more 
conducive to mass flights of thrips than higher wind ve
locities (10-15 kin lirt ). Most migration occurred when 
air temperatures were in the range of 20-35"C, and there 
were no flights when the temperature exceeded 40"C. 
Relative humidity was thought to be of less importance 
than wind speed or air temperature in deter mining thrips 
migration because flights were detected when the relative 
humidiy varied between 13 and 86%. 

Evidence is overwhelming that TSWV is not seed
transmitted either in groundnut (Reddy et al. 1983; P. 
Sreenivasulu and J.W. Demski, University of Georgia, 
Griffin, GA, 30224, personal communication) or in other 

legumes (Reddy and Wightman 1988). Thus, seed is not 
likely to provide a primary source of inoculum, and the 
virus has little, if any, quarantine significance. 

Disease management 

BND can reduce yields of groundnut grown under high
or lo%,-input conditions. There are methods of limiting 
the losses caused by BND that are suited to marginal 
farmers. The key lies in developing an understanding of 
the vector and in sound crop management. 

Contemporary pest management depends on the in
tegration of four areas of activity - insecticide applica
tion, crop management (cultural practices), biological 
control, and host-plant resistance. Since the disease is not 
seedborne, legislation in the form of quarantine regula
tions will not help in preventing its spread to BND-free 
areas. 
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The most economical way to control BND, as for 
most other virus diseases, is to provide the farmer with 
resistant cultivars. 

Use of insecticides 

As the feeding activities of the vector thrips cause con-
spicuous damage to the foliage of tle host, they have had 
pest status designated to them independently of their abil-ity to transmit TSWV. This means that they have re-
ceived the attention of entomologists who have 
established chemical control procedures for them. This is
especially so in the case of F.fitsca on groundnut in the 
USA. Successful control using synthetic insecticides has
been practiced For more than 40 years. Many, but not all,
will kill thrips. 

A common feature of the recommendations for the
chemical control of these insects is that though thrips are 
small insects, the amount of pesticide applied per appli-

cation is not greater than the amount applied for most 
other insects.This is presumably because their cryptic
habit allows them to avoid direct contact with insec
ticides, unless they are moving between feeding sites at 
the time of application. Their high potential for mass
immigration also implies that the insecticide treatment 
needs to nave a strong residual effect to avoid reinfesta
tion (Lewis 1973). 

Amin (in Wightman and Amin 1988) provided cvi
dence that iligh and frequent doses of dimethoate have tobe applid to groundnuts in India before there is any
reductioo in the incidence of BND. 'Low' raLes (100 	 g
a.i. ha-I a, 7- or 10-day intervals) induced higher levels of 
BND incidence than the control (no spray) or 400 g a.i. 
ha-' at 3 or 5-day intervals. 

However, preliminary observations from trials con
ducted in Texas indicate that the control of thrips using
systemic insecticides reduced BND incidence. Granular 
formulations of thiofanox, aldicarb, acephate, and dis
ulfoton gave significant thrips control; they are usually 

Table 1. Insecticide recommendations to reduce BND in 3outh Texas groundnuts. 

Insecticide Time to apply 

Granulate Insecticide Soil Application
Di-Syston 	15G At sowing, and at 

21 days after sowing 

Also at 42 days after 

sowing (if BND has been 

observed)
 

Temik 15G 
 At sowing, and at 21 

days after sowing 

Temik 15G At sowing, and at 21 

days after sowing 

Di-Syston 15G 42 days after sowing 
(if BND has been observed) 

Foliar Insecticide Application
Orthene 10-day intervals (being at 21 

days after at-plant application 
of granular insecticide) 

Rate 
(kg ha-') Comments 

10 	 Apply in a band and incorporate. 
10 	 Apply over top of row in band 

and irrigate lightly afterwards. 

10 	 Apply over top of row in a band and 
irrigate lightly afterwards. 

8 Apply in aband and incorporate. 

8-11 	 Apply over top of row in aband and 
irrigate lightly afterwards. 

8 Apply in a band and incorporate. 

10 	 Apply over top of row in a band and 
irrigate lightly afterwards. 

0.85 	 Three to four applications will 
be required. 



applied at sowing. Thereafter, the application of systemic 
insecticides at fixed time-intervals is recommended (Ta
ble 1). It is worth noting that insecticides failed to avert 
severe losses to groundnut crops in Texas during the 
1986 epidemic, presumably because the insecticides 
were not applied when required. Additionally, leaf-feed-
ing caterpillars and spider r tes became problems in 
some insecticide-sprayed fields. 

Cultural practices 

Adjustment of sowing dates 

Thrips characteristically engage in mass migratory 
flights. These flights have more or less the same patterh 
cvery year in locations where the weather events are 
temporally consistent. This means that if a farmer can 

sow well before thrips ar. expected to invade, his crop 
will be well advanced when infestation by immigratory 

vectors occurs. 
For instance, at ICRISAT Center, groundnut crops 

sown at the onset of the rains in mid- to late-June have a 
much lower rate ond intensity of attack than crops sown I 
or 2 months later. The main vector flights usually occur 
in July and August in this part of Andhra Pradesh. Early- 
sown plants are sufficiently developed to withstand the 
infestation by migratory thrips (Reddy et al. 1933). 
Clearly, extension officers should be in a position to 
advise on the best time to sow with reference to vector 
flights in groundnut-growing areas that are prone to 
BND. 

Plant density 

Groundnut crops produce the best yields when they are 
sown at !he correct density - one that gives canopy 
closure in the shortest tinie. This involves sowing good-
quality seed that has been treated to avoid stand thinning 
by endemic pests and diseases. It was found at ICRISAT 
that the incidence of BND in crops that were sown at low 
densities was proportionately higher than in those sown 
at high densities. 

Intercropping 

intercropping one row of a fast-growing cereal, such as 
sorghum or pearl millet, with three rows of groundnut 
can reduce the incidence of BND. 

Elimination of alternative hosts 

The elimination of weeds that are the primary source of 
TSWV inoculum from the vicinity of groundnut fields 
will reduce BND incidence. This was achieved in Aus
tralia where Tagetes sp and Bidens pillosa were the pri
mary hosts concerned (Saint-Smith et al. 1972). 
Destroying alternative weed hosts in the context of a 
small-scale farm in the tropics is not a practical measure, 
because TSWV can infect several species of crop, and 
ornamental and weed plants (Reddy and Wightman 

1988). Thus this option should be given low priority. 

Roguing 

The removal of infested plants from the field is not rec
ommended as this would reduce the stand density and 
may lead to increase in percentage of infected plants. 
Furthermore, if infested plants are carried out of the 
field, viruliferous thrips are likely to drop onto healthy 
plants. 

Host-plant resistance 

If farmers in BND-prone areas could be supplied with 
agronomically acceptable cultivars that are resistant to 
TSWV, this disease would no longer be a problem. Un
fortunately, despite intensive efforts over a number of 
years to detect resistance, none of the 7000 Arachis hy
pogaeagenotypes tested has proved to be resistant. How
ever, tolerance to the virus has been detected and is 
currently being evaluated in India and the USA. 

The screening procedure at ICRISAT is to sow rows 
of the test material late and at low density to maximize 
disease incidence. This has lkd to the identification of a 

number of genotypes with consistently lower BND inci
dence (Amin 1985) than those of susceptible control cul
tivars. This would be termed 'field resistance' by Cooper 
and Jones (1983) and is a result of resistance to the 
vector (P.W. Amin and K.N. Singh, ICRISAT, personal 
communication). Nevertheless some tolerance to TSWV 
might also be involved (E. Scholberg, A.S. Reddy, S.L. 
Dwivedi, D.V.R. Reddy, and S.N. Nigam, ICRISAT, per-

Table 2. ICRISAT groundnut cultivars with field

resistance to TSWV and good agronomic character
istics. 
ICGV 86029 ICGV 86031 ICGV 86033 
ICGV 86030 ICGV 86032 ICGV 86538 
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sonal communication). In 1990, this was ICRISAT's best 
offer to farniers of the semi-arid tropics whose ground-
nut plants were affected by BND. Our breeders have a 
number of varieties with field resistance to TSWV 
(Table 2). 

Biological control 

The slow-moving, soft-bodied thrips larvae are easy prey 
for many predators, including anthocorid bugs (e.g., 
Orius spp), mirids, wasps, ladybirds, syrphids spiders, 
and predatory thrips. Thrips larvae are parasitized by 
minute wasps of the family Eulophidac, and the eggs by 
the even smaller Trichogrammatidae and Mymaridae 
(Lewis 1973). 

At ICRISAT at least one vector species, Scirtothrips 
dorsalis, is parasitized. It is suspected that the apparent 
inefliciency of insecticides For the control of thrips and of 
BND may be due to !he elimination of the natural ene-
mies of the vector thrips by the insecticides. However 
this aspect requires further study. 

Conclusions 

Precise identification of the causal agent is essential prior 
to embarking on a program to control any virus disease. 
Fortunately, the precise and rapid methods that are avail-
able for detecting TSWV can be utilized by research 
workers who do not have access to advanced virology 
laboratories. Considerable progress has also been made 
in providing information for control packages that can be 
integrated with the needs of a wide range of farming
'styles'. Although the research is not complete, it pro-
vides the background needed for extension workers to 
help their clients and to act as a stimulus to national 
programs to solve the specific problems created by local 
conditions. 
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