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Pdtchy ~tunting oj Wheat-' (pSW; 'has occurred in wheat at the Hanang .Wheat Complex-(HWC), in 
Jl!o.riJiem Tanzania:since early in,the 1970's. In studies conducted with the"objective ojiqentifying the' 
qause-of.PAJV, nine random plant and soil samples were taken from thr.ee sites in each oj the seven 
jarms comprlsingthe HWC: SClerotia-like structures (nodules) which mostly occurred at the roo{tips 
'ajinfeCted plqnts, l;Vere _counted onjive plants oj each sample. There w.ere.s~gllificantly more nQdules 
'of!: the 'roots ojplants collected jro,m the centre oj PSW patch?s.thq.n from .!he penphery OJ:,ffom the 
~dja"c(mt Healthy-looKing'plants in the, '1994 test (r=CX2:19; P=0.02).,and in,Jh~ 1995 test:(r'=0.41, 
p'== O. 01 f. 'Th~ nodules' invariably yielded Rhizocionia, s,Oiani 'oil jJot(lto dixtro~es agtfr. ' Wheat 
seedlings.o/ihe cultivator Viri developed'tYpical symptomS -oj PSW when seeds were planted in pots 
"OJ soil-iiijested With !lfJduiis frain P ~W i'TiJ~cted foots o.r wit~ fl. ~solalji frorrj culture m~dia., Rh;i;.octonirf 
solanfa/Wd)Fs ·resuited fro;n tlie'roots ojdiseased plan,ts. ·T]ie./so«zti.o1l oj R .. solani from psw injett~d 
plO.nts,dnd·subsequeht pathog-e~ic'positive te~tsWith this pathogen' suggest tkat this fungus is tlJe causal 
agef!i'ojPSWinTanzania."~· ;.' . . - .: ' ......... :.' .) "". 
~. '.- .. "" .. , ... .... . '. , ;' : I' .' 
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Introduction " 

Patc4Y stunting (PSW) on wheat (Triticum 
aestivum L.) has bee.n op~f?rve~.9.1). whe.at 

and barley at the farms of the Hanang Wheat 
'CompIeX"(Hwt):cit:'No;thern Tanzania since 
".+ ....... '~,..:-""\" ~ .. , .... ~~. '.~ ... 
the' early '1 970"s' (Tinline '1977 peis comm., 
Kuwite' ei'd(,-' 1995)'.' Over 30,000 ha of wheat 

'I • - • ) • ~ •• ~'t-. . . 

is grown aimuhlly of which 5 - 10 % is affected 
by' PS W. ':bise~~ed'wheatwas 0 bserv~d;~oh' :aii 
soil types at'the 'HWC nameiytVerticals;'OMolli~ 
sols, Inceptlsoi's and Alfis6ls: , .• f;,"...... . 

", I" , ~ . . , .', ,- , ,. -> , .' 

, S1mptoms ?f ~S'Y !irst appear'on wheat l!! 
the field 4 ~'5 weeks after sowing. Diseased 
plant~ beetlr ill Jregula'rly shaped patche~' of 
one ~t6)0'ofm~re metres m·dfum.erer. Infected 

-,./ . . -., 
plan~ are s~u:d and yell?~ ap.d as the. dis~s~ 
progresses;'the' yellbw leaves turn brown. ' 

. I ""., . - .. ', .. 
Where moistUre is sufficient; the stunted plants 
remaih 'alivd, with the youngest'-ieaves rerWtin:'. 
• ' .' I ." "' . 1 . '. . v _._ 

mg green;'Infected plants produce no tillers and' 
•• <~ • /.' • " '. ' 

.. I· .. • qj .~ . ;' 

*CorrespondiJ!g author 
'.' 

'ears and'generally die if moistll:re IS insuffi:' 
dent. The patches of stunted wheat tend' to' oc: 
cur 'ft tlie- same 'locatio'ti each year;"being 
slightly llifger in drier yeats and smaller in wet 
fears:, Roots of infected' plants are brown~: 
Small soil-cov'ered Sclerotia-like bodies (n6d­
u1esrare frequently observed at ·the root tips of 
infected plants. Previous research has shown 
that mitiient deficiencies 'or' ilUtri~nt imbalances 
in th!e soil, poor soil structure, nematodes; ter­
mites, soil-borne aphids and soil toxins 'were 
not associated with PSW (Tinline, 1977; Tin­
iine, i982 pers comm.)'. Siilce 1987, studies 
mto the·causes. of J>SWhave focused mainly on 
mycological agents: Rhizoctoida solani -is 
nearly always Isolated from infected 'roots and 
from the' noduies: Other fiingi such a;8ipolilris 
Sorok.rnlana, Fusiifium oX)'.spo~m,.:PJriconia 
spp"Ja~dFusa;"ium WP have 'been isola~ed less 
'comistentf{than R.::so·lani from plants s'howmg 
sxmp0ms'ofPSW:'~ .. 

. 
" , 

~ ... 
. --

I' !anzani~~. ~~ic"Sc. (1998).Volll'l'o I, 9;~~ 
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Isolation of causal agent The objective of this study was to identify 
the etiological agent of PSW by isolating and 
growing the causal agent on culture media and Imme'diately pr(orto,isolating tne call;saI 
to transmit the symptoms of the disea~e by in-I" ,agen~, roots and }:Wd"!J1es were ~ashed in run­
oculating healthy seedlings with Sclerotia from" niIi8 tap waterf<.>r5 ,minut~~ ,and rip,sfd f~ye 
PSW infected roots and the mycelium of the tillescm -s tenJ£' water. Root segments and nod-
Isolated causal agent from culture media. - -ules were dipped momentarily in 80'% eth~nol 

followed by a dip in'sodium hypochlorite (JIK 

Materials and Methods 
., -.: 

Sampling and isolati~n'_' 

Bleach,Reckitt Household Products) diluted 
1:2 (v:v) it?- water. 'RootsdippeciJor fiyimin:- ' 
utes and nodules for one minute. This was, fol-

, lowed by' 'fiy~dnses:in sterile' distille.d ~a~r at-:­
tei which the roots and nodules were p,lated mi 

'Randomly collect~d pl~~t'sJrom PSW af-: "Potato Dextrose ~gatCPDA),i.n 9 cm diaffiet~i' 
fected areas were obtained in 1994 and 1995 bYp.etri dishes: 'The',FDA was,prepared fro~,Q1e 
loosening !lie soil with a: fi?fk in ordir eto cOIi~~t, :broth of 200, g' of freshlypeaied, sliced, boiled 
plants with intact roots anil ,adh~ring nodules., "potatoes, 20' g dextrose~,18 g_BDH.agar in one 
Five plants were collected from each of th~ fol-' litre distilled water. Alternatively, theocommer­
lowing areas: the. 'cent,re aIi .. d,;t~e p~riphery o~'i':~' cial PD~ (Difc9.;. D,,~i.~oit) ~as ,~sed' aspre-
an affected (patchy) area and from healthy' scribed.' All cultures were incubated at room 
wlleat growing in an adjacent 'area about 1 -'2m' temperature in the dat:k:for. tJ:i~eedays .before 
away from the periphery of the patchy area. be~g exatI!ined for fungus growth ~ith a light 
Three randomly select,edPSW affected~~eas~j_":·. :or a_dissecting'~miGioscope,: ;Se,ctioris of hyphae 
were- sampled from each -of the seven farms at that grew out from the roots and nodules were 
the ,HW.S.,~odules ,weJe counte~ on wheat subcultured onto fresh plates 0tPDAto,serve 
roots, taken Jrgmthe HW.~ fa~s 4,- 6, we~ks as cultures for pathological tests. 
after planting. Comparison bet)V~~n ¢.e_n~_b_er /,::;1" \ _ 

of nodules per pla~t.from· !he ceI).tre; the pe- I ~ t·, t d· -. , nlec IOn'S u les~;i·. " . 
ripher~ and the adjflc~nt:I.lealthy ~ appe~rjp.g . ,- 'c-~~., ~'~, '.'_ .. "..':, '_ • " , 

area were done' :using P.~rson '?.orrel~tion: t,cr~t; 11rree isolates of R. ,solani· were':ilsed,to, m-
Th~ plants were'-washe~, drie~andstored inp'a- ocul~te',wheat '(TntiCu;;/~esti~~m i.) cuitiv~tor 
per bags before, examinatfon :for" a dur~!.ipn Vjfi. ht'thesc,rece~use:_ t,J?e s~~~s:~ere dipped 
varying between one mon~jUld ~o, y~~% momentarily ,in 80'% ,~thanol ~d!then placed in 

" . :' 'I' '. ' .r )0' %~~~~U# hyp~c~~i!t~ ~o~ution f~ron~ min; 
Nodule counts ,'" ':;., , ,'-.-:':" ;'~ . 1 ute~ ~ee~~ were·~e~:Lrinsc:d twicy in sterile ,'!is: 

" ", '~\'" ',:' ;~'l' ".,~~T tilled water. Inoculum was prepared from sev~n 
Samples for nodule <r0~ts were ta~en fr9Il}. day old cultures, of R.-'solfl1ii onPDA which 

the f~s 4 - 6 weeks a fieF'p ia'nttng .. FIve plants ,was ma'ce~ated in wit~r'ln a Waqi~g Blender 
- ," . ' .. ! t , .'. ~ '.. .• ~... • .~ .... ~.~ .. .,.:. I. j_' _ 

which were collected from ,each· of, the centre for one, minute at 10.w speed and ~hen for. one 
and thep~riphery of the P~S~,ar~as'and from mu't~te at high speed.Segmbnts'9{hypba'i.p~r 
adjacent,healthy .appearing,plan,t~ ,~er~ 'Y~~h,~~ ~1 of sol~tion we~e co'untl~d in a haemocy: / 
in running tap water. Nod~Jes were c<?Ullted on 'to~~ter ,and a~justed t9. 2 -1:3' x 1.o~ _~egm~nts 
the i'oots of each of 'th~,five plap.ts cone~~~dpe~ m1.of wat~t- S,eed~'w~rel d~pped int1:J.~, m~: 
from three sites, within' the':affecteAsites on ,celia soluti,on fqr 30' mmutes pnor to planungm 
each' of the seven' fa~s: Cqt:(~I~tion .. b~,t~~e~~O'~i.nfes_te~ s,?iii,n i5c~ dlam~ter.p?ts._-~he 
the number of nodules per plant at the centre, soil was watered to field capl;lcity. The soil and 
the periphery and the adjacent h~althy : appp.ar- wheat seeds were planted into the, soil. Water:-
ing area were' done using Person correlation ing was as described above. Control seeds were 
test. The study was conduced in 1994 and re- not inoculated and were planted into nonin-
peated in 1995. fested soil and watered as described above. Re­

cords of plant growth were, made eight weeks 
after planting. / 

,/ 
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Patch stnnting of wheat '11 

Random samples of soil were collected to a screen house were similar to those of wheat 
depth of l5cm from PSW locations at the HWC growing in areas of PSW in the field and that 
and-'placed in 15· cm diameter ppts: in:'the' .' ;R. solani ~as consistently isolated froin root le­
screenhouse in order to determine the presence' ';'sions'andno'dules suggest that R. s'olani is the 
of the pathogen'causing PSW.: Non-infested, . causal ageot' PSW. " - .., .. " 
Miii{sol soh-was collected-fro'ffilllifiops [n~ . . There were slglltkantly more no-dules from 
Northern Tanzania, .about 300 km from wh~re:. tlle roots of plants collected from the centre of 
PSW o~~urs. The non-Infested soil was,<JJso., PSWpat~hes tllanfrom qIe peripileryotfrom 
placed in l5cm diameter pots. Seeds ofwheat~c;, :'the adjacerit healthy-looking plants in the 1994 
cultivar. Viri- were planted'i.tithe pots. The ex~.~ ,tesnr';O~279,'P=0:02) and in the 1995 test (e-
periment was conducted in a completely ran- 0.41, P = 0.01) (Table 1). Shoot length and 
domised design. After emergence, the plants shoot weight were significantly reduced in 
were thinned, to eight plants per pot. Data re- PSW soihhan compared to those in non-PSW 
corded includ.ed root length, shoot height and soil (Table 2). 
shOot weight In two 'months' after phinting. The ' 

,study' was ~onducted inl994 iilld repeated in _ Discussion 
1995.' , 

Results 
... -

Rhizoctonia solani ~as consistently isolated: 
ffoin mfected roots and nodules of plants from· , 
the PSW patches from all the seven farms of 
fue-:aWC: Tikewise;-it was illso, isolated from ,­
nodules that had been stored,at room tempera­
ture in Petri dishes for two years. 

The nodules consisted of compact masses of 
hIycHla:: Tihline (1977 pers comm.) also iso­
lated Rhizoctonia spp. from wheat plants at the 
HWC but did not consider it as the cause of 
PSW. Kuwite and oqIers (J~95);a~so)solated 
Rhizoctonia spp. from wheat from the HWC 
farms but the' frequency of. isolation was low 

'when compared tothefrequency··in'the::present 
stUdies. The high frequency of isolation in ,these 
s tu4te~ was ~ ~o.ught ~. ~e. due to the change_ in 
sampillig'methods (Plenmg 1992 pers comm.). 
The!preVious:methods .involved pulling plants 

. from the. soil without loosening or with minitnal 
loosbniiig of the soil with a. fork and as a result, 

t 
most. of the. diseased roots .and.nodules re-
mai~ed in the soil. Loosening the soil resulted 

. in the collection of-more illtaet roots with nod­
uleslwhich were not detected in earlier work. , 

The three isolates of R. solani collected for 
tlus study were pathogenic to the wheat cultivar 
Viri growing in pots. Rhizoctoriia solahi was 
also isolated fron~.)esione~.r,oots of ~~ants 
. growing from ino.culated seeds and soil. Tbe 
symptoms of wheat irloculat~d witli'R. solam' or 
wheat growing in i~fested PSW soil in the 

Isolation of R. solani from the nodules of 
PSW illfected plants and subsequent pathogenic 

. positive tests with this pathogen suggest that 
this fungus is tlle. causal agent of PSW in Tan­
zania. There were significant reduction in shoot 
height and weight 'of plants growing in PSW 

-soil when compared to those growillg in non-in­
fested soil. 

PSW of wheat in Tanzania appears to be 
sitnilar to crater disease in South Africa which 
is also caused by R. solani (Smith and Wehner 
1986, Deacon and Scott 1985, Scott e't aL, 

'1979). However, whereas crater disease occurs 
6nly on very heavy black soils of the Springbok 
flats ill SOlitll Africa (Deacon and Scott, 1985), 
PSW'occurs on a variety of soil types' including 
Vertisols, Mollisofs, Inceptisols imil Alfisols. 
Tlie South African isolates foilln bead-like swel­
'lnlgs 'composed of hyphae' of R. solam" (Deacon 
and Scot~, 1985): TheTimzaniim isolates alSo 
form similar structures hereby known a!, nod-

'riie:-like str~ctures. The significant correlation 
-that was observed between the number of nod­
ules observed at the centre and periphery of 
'PSW spots and at near~by-healtlly-appearing 
plants agrees with Deacon and Scott's (1985) 
strong association between craters and beads 
formed by R. solani. Since compact mycelia of 
R. so/ani was observed in these nodule-like 
structures, most likely these are itnportant sur­
'vival structures f9r this pathogen. 

, Rhizoctonia solani also has been implicated 
in stunting diseases of cere<\ls in other coun­
tries. In Australii, R. solani c.auses bare patch 
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Table 1: Number of nodules on roots from plants from the ,centre, periphery and from healt ... y 
",p.l~ts adjacent to patches of ~tunted whe~t in 1~94;uid 1995 -

Sample location 
Centre', ',-:, 

'Periphery c ' 

Numoer of samples" .-
126 • 

126 ,-:' 

Total number o(Nod~lesb , -Average 'number'ofNodules:. 

2[6 

114 

--.j' ,~"'! i.71" , ,I 

... " 
Healthy looking _ .126 " -,; 1'" 47 " • 0:37- '.: ' 

aInclufles 63 sampl~s collected in 19.9:1 ,and ~3Jsa!nples c;:~lIected.:in 1995,; ~ , .', - ';1 

, hrotal number of nodules counted in 'all sites'at,flve plants per site_(126'~ites in two years), _ ,,', 
i' :' L.: I' : 

" -1 

. , ., , ' . --:"- ? ' 

• ~ \ I 

• .I~ 1.. :'" -. :' .' _.:. -.;" -<- ."- -

Table 2: Effect of soil (infested and non-infested) on root length and shoot _weight in J994 and 
1995a' .': --, ,.', , . 

Soil type 

~SW-affected 

Non-PSW affected 

Root length 

(cm), .. 
1Ll8, 

11.76 

Probability. , ns 
,'~v (%) • ,- 16.26 

_" "From coinbin~d analysis of 1994 and .1995 data; 
:'Significant at'p ='0.05, . -

,I 

, " 

of.wh~at'(Neate,-1987) ru\d in '~e U.S,A:, it 
causes bare patches of small grains. In. ~he 
USA, R. solani has also been reported (Weller 
et al., i 986) to have ~aused stUnting of -wheat in 
'irregular patches and formed lesions that orten 
girdled the roots of wheat plants. These lesions 
were f-01md on primary and secondary ~oots, on 
the subcrown 'interposed and' on .basiti 'ieaf 
~heaQl (Welle~ et ai.-: Y)86). The rootsymp­
to1!i~ caused by the American isolates of R .. so-' 
lani are different from those observed in Tanza­
J?ia. PSW~ affected roots iJi Tanz~. show gep.-

_eral browning without distinct lesions. In Aus-' 
tralia R. solani form Sclerotia in the root zone 
but nod~e-lik~ structures were ~otreporteqby 
Neate (1987). . 

Conclusions .. ' 
Our findings indicate that the patchy stunt­

ing of wheat caused by R. solani in Tanzania is 
siritilar to crater disease in South Africa and 
bare patch of wheat in USA and Australia in 
above ground symptoms. However, it·is differ-

.. . 't. 'f/"~ .; 

Shhot length 
, (cm) 

Shoot weight ,: L< 

(g) 

,', 26.73" 
'~ 0.77b 

0.92' 
1.43b ,~,,;~'< 

• • 
20.0·--..'"+ .:.; " 

.\ 

" \,- lr.- + 

~. , :. ~ ':r. 

} . 

~nt from the. USA an(fAustraii~n.isdiates in 
• .. .1 ~ '. .....!.," 

:root,sy,mptoms. :. 
.....T, ••••• 

.;..... . _ . ~ ! 1 • ! . I . 

.1...' . 'v 
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