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INTRUDt:CTIOX 

Within the past 10 to 15 yea rs a diseased 
or declining coudition has appeared in va.­
rious groves . This condition is iJeing 
called " sp reading decline" because of the 
m.,nner in \\'hich th e trouble g radually 
<,preads through a grove frum a focal point 
0.1 one or two trees that fi rst showed the 
,Ii sease. 

It ha:; heen reported (I) that there are 
til Inajor cauocs for tree d(!ciine in Florida. 
I) f the'.::: 10 ca u;es. "preading decline is 
third in importance. iJring surpassed in 
pre\'aicllce by foot rot and root rot. Since 
rhis t"l'e of decl ine is a comparatively re­
cent de\-eloplllent a nd is becomi!lg more 
r re\"aic llt each year. it is a seriolls threat 
to the gro\'es of Fl orida. " -hile IllOst of 
til e other causes of decline usuallv attack 
scatt er ed trees in a grove, the spreading 
decline h" ,; a potential possibilit:: of causing 
a \I'ho le grm"e to g-o out of production over 
a p~i' io(l of -e\'eral year s. 

[1l\"es~ig"ations were started in 1945 to 
determ ine the nature a nd cause of this type 
of dedirw and to develop measures for ito 
control. .-\lti1Ough the work has not been 
completer.], sllt1:icient results haye been ob­
tained to ind icate the nature and proba ble 
cause of the sp reading decline. 

Sy _\l PTO~[S 

-\ spn.'acting decline area in a gro;"e shows 
certain characteristics. All of the tree;; 
in the declining area show the symptom!; 
while there is a sharp contrast at the border 
of the area or margin with declining trees 
on one siJe and healthy appearing trees next 
to them on the other side. A map of a typi­
cal spreading decline area is shown in Fig. 

l. "-\ di , ea-;ed tree g-radualh" t:ecome, weak ­
ened by lo:,s of foli age coupl e.! with a lack 
uf ne\\' ~ro\\'th. :3uc!1 trees hear no frui: 
of C0 l11ll\erci«1 \'alue <In<l ,hu"'\" 'I",r'e [ul,­
a:e:e and Ill :.tlly dead t\\'ig..; and hraflChc-J , 
Data show that the fir st \'i,iIJle symptorm 
uf spreading decline "pi'e:!, in a health" 
tree adjacent to the 1l1argin () [ t he declin e: 
area at the time of ~he 'p r ing fll: sh c f 
growth. These S\'1l1[l!Unb are: :J \-ariatioll 
in the a1l10ltnt 01 ne\\" ,g'ro\\"th ;n \\'hich son1e 
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Figure 1. Map cf a portion of grove No. 1 
showing th~ typical localized distribution 
pattern for spreading decline. 

tree:> produce no "new gro\\·th at this time 
and others only a scattering; in otiJer s the 
flush is delayed 2 to 3 \\"t~cks; and in all 
cases there is a loss oi a large percenta~e 
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IIf th(' older Il'aH'~ causing tl1<" tree to have 
,,,ar"~ foliage. ' 

Thi, decline oi the tree is th~ effect of 
Ih.. condition IIi the roots. The root 'Y'­
11'111 ,1111\1" a ,carcity of fibrou s or iel"dt r 
ro"llet,; alld a certain proportion oi the 
'til,ron, rlllltiets that are pre,;ent hal'" an 
:tI"IIIrrl1al appearance, The,,, rOlltlets are 
dj,tort~d. ,;ttlllted. thickened and have soil 
I ,articl~" adherillg- to the!;l that can not eas­
il .. I,e ,hakt'n uff , "'hen snch rootlets arc 
examined the cortex readily come,; off leav­
ing- the \l'hite \I'oolly c.I·linder of xylem 
tissne. 

Tree,; II'hich ,hoI\' sprl:";ttling- tit-cline never 
di" hnt 11~nal1y maintain a weak type of 
~roll'th. .\, long a_ there is sufficienl' , 

("nrren,(' clrrill~ the past tll'O yean, The 
r:lte of "l'read of the decline in these blocks 
lur 194.-,-·j.(i alld 11!+1i--li is shown m Table 
1. The data ,how that tht rate spread for 
liH';-~" wa' ';4,;; percent greater than in 
Ul4"--lG. O'1e pos;;i I>le explanation for thi, 
,:itterence is the fact that the s]Jring of 
1!).4'-, was exceptionally dry while the spring 
of 1!J-lO was more nearly nor;1:al in the 
amuu nt of rainfall. There was considerable 
I'ariatioll ill the rate' of spread found in the 
l'ariol1s gro\'t:~ , Tho,e grol'es which har! 
received proper nutritional. ,;pray and irri­
gation program,; showed, ill general. the 
lowest rate of 't)fead. This cOllLlition wii1 
spread in any directi on regardless oi the 
elevation of the land. 

TABLE 1. 
j.(AT~ OF II'CREAl;J:: OF SPREADINt; DI' CLDiE IN (~ROVES UNI)!';\{ O"I:ISE\{V_\TION 

Increase ill number of di~eased trees 
l;rove X o. Fer tree 011 margin of declining area 

~!ay 19-1-,; to .\pril 1!:I4o .-'pm 19-1-() to -:lray 1947 

O,J(; 1.12 
2 
3 
-I­
;, 

6 
7 
8 
~ 

10 
.\\'t! ragt:" 

moistu re in the" soil the foliage appears to 
he in good condition except that it is sparse. 
" hen adverse moisture conditions prevail, 
the spreading declllle trees show a wilting 
condition while the healthy appearing trees 
adjacent to them show no wilting until the 
lack of moisture becomes critical. 

Another characteristic of this type of 
decline is the gradual spread of the con­
dition in the grove. A t otal of 10 blocks 
of trees ha"e been mapped for dec! ine oc­

().S21.00 
0.21 1.65 
Uk 1.10 
0.27 0.77 
U,47 1.06 
0.61 0,64' 
1.00 2.00 
1.22 1.38 
U.66 1.50 
0.79 1,20 

OCCURRENCE 

Spreading decline has been found on 
Hamlin, Parson Brown. Pineapple, Valencia 
and Temple va rieties of orange trees, on 
:'.Iar.,h and Duncan grapefruit trees and on 
tangerine trees. Grapefruit trees show a 
greater effect from the spreading decline 
than the other two kinds of citrus. The 
condition has been found on trees with 
rough lemon, grapefruit and ;our orange 
rootstock, To date, spreading decline has 

been found in iH blocks of citrus trees. Th(; 
trees have ranged in age from 0 to i,O vears. 
There were 2+ hlncks of grapefruit, 27 block:, 
of orangell and :3 hlocks of tangerines in 
1\ hich the condit ion WilS found. The loca­
tion of the hlock, in which the decline oc­
curred 1I'a..~ as follows: 44 in Polk Count)" 
3 in HilI .ooroLlgh County, 2 in Orange 

'ounty anti 1 each in De Soto, Highland" 
Lake, Pasco and Pinellas Counties. A s)',:­
tematic sUr\'ey of all citrus groves through­
out the citrus areas in the state has not been 
made to determine the actual situation, but 
the data a t hand gives a relative indication 
of the prevalence o f spreading decline. 

C,\USE 

Thl! peculiar condition of the rootlets 
found on the lrees showing spreading de­
dine might be ca used by a fungus disease, 
a virus d l ~(r,lse or by nematode infestation. 
in ,the exp...ril1lents to determine whethe. 
the Irollble \\'as a fungus disease, several 
fungi (FII.wri"1II SliP. , Di/,Iodia spp., Cepha­

JOSp1Jrir11ll spp., and a few unknown species) 
were isohlt.!d from the affected rootlets but 
none of them proved to be pathogenic. Also, 
there II'RS no significant difference in the 
microflora of the soil in the declining area 
compared to that of the soil in the healthy 
area in four groves where an intensive 
stlld~' \\'a..~ made. :-.rUlllerous experiments 
were conducted in which budding, grafting 
and leaf grafting tests were made to de­
termine if a virus could be transmitted. So 
far there has been no evidence obtained 
which would indicate that the spreading 
decline is a virus disease. 

Although it had been considered that "­
nematode might be associated with spread­
ing decline, it was not until in X ovember. 
194(j, that they were actnally found. Since 
that ti111e, examination of the abnormal 
rootlets from the ,;4 hlocks under observa­
tion has sllOll'n that a nematode was asso­
ciated with the concJition in all cases. In 
16 of the hlocks typical felltale nematodes 
were found that identified the nematode a, 

! 7J 

Tylclldlltl ll" ,>'Cllt i !'cllr1rtlll.f e,,;,h, th" citr ', . 
nematode. 

A sun'e), "i the "--ai l .•III,, lileratl,re 'JtI 

the citrus ntnl;lt()d,~ (1 ~. :;, +. .~. Ii. '. ~.I. 11) , 
gives the iOllvwing in ior Il:ttilltl t:(JIlt:cmin~ 
this pest. The only klllJl\ 11 h,,- t ()i T ylclldl. 
uills semi/,l!llelrall.( is citrlh and th i. nt'n:a­
tode was fir,t diScl)\'ered in C~lij()rnia i,l 
i912_ It \\'as first fOllnu in Fi'Jr i,h '!1 1!-'1:; 
and between 1VI-l and 1!ll: was iO'..1.:'1 at 
Glen St. ~Iary, G"i11l'sl'ille an<l Bro()k,,-i iJe , 
Today the nematode ha " been iound in 
most of the citrus producing areas lhrnugh­
out the \\'orld. [n Argentina. .:'IIr. E. P. 
Dn Cltarme who is on lea I'e iro111 the Citrus 
Experiment Station and \I-ho is lI'orking' 011 
the Tristeza Project at the Experi ;11ent Sta­
tion, Concordia. reported that the citru> 
nematode was pre$ellt in 1110"t grol-es an t! 
that the POllcirlts tnfoliala rout"tock showed 
sC'l1le resistance to nematode inje~tation 
(unpublished data). 

The male and lan-al stages oj the nema­
todes are worm-like and less than one-hali 
millimeter long. The:;e iorms are usually 
free-living in the soil adjacent to the root­
lets although they may feed Oil the outer 
layer of cells of the rootlet. The iema!e 
penetrates the cortex of the rootlet \\'ith 
the anterior ]lortion lI'hile the posterior 
part swells n]l and remains olltside oi the 
rootlet. Once the female penetrates the 
root it becomes ti xt:'d in that position ior, it.; 
life. The eggs are laid in the soil adjacent 
to the rootlet and hatch within t\l'O or three 
days. It requires about Ij to S \I'eek" for :l 

complete life cycle. The feeding ni thp 
nematode in the COrtex res nits in a di:,inte ­
gration of the cambiulll region which can,e$ 
the rootlets to become di;torted . ;:tunted 
and tllickened. The infe>ted rootlets eyent ­
ually die, It is reported th~t the appeJrance 
of the tree is an indication ui the amonnt oi 
infe>tation of the roots. The citnt; nema­
tode has been found to exist ill the "oil iOi 
as long as three years \I';thout citn,:; being 
present and has ""ClI f" ulld ill the ;oil to :;. 
depth of 6 feet ill Cdiiornia. The lllil!atod~ 
is nsually introduced into a grO\'e by platlt ­
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lng' ill ie::-ted trc-t";-. and (lJ:.··o may he ~prca(I 

In' ,'llltil'ati0n "p"ration,; a, lI'ell a~ irriga­
lir'n lI'aler and rain, In Caliiornia the effeCt 
() i the l'ltru, nemarude ,on citrus is knoll'n 
a, ",lUll' decline," 

,-\ ra11U0111 ,;urn::; ()i ,O1lll' g-ro l'es in Flor­
ida indicate that the c itflb ncmatode i, quite 
widell' d i,tribllled, ,\, , hOIl'll in Table ~, 

til(' llemalOlk has beell fOlilld in 10 o i the 
Ii> cfllllllie, wherc>ample-; hal'e been ob­
tained, '\emato<ll> wer.~ foulld in all area, 
Ot spreading declin e oh,cTH'u and T. ,'''mi­
/,~lI cl mlls female=- lI'ere prt';;ellt in 31.1 pC;' ­

il1nher tt'st , lI'ill ,how the nematodes to be 
pH'sent throughout a grol'e which has a 
···· iJrt'ading dc l'line area in one corner. It is 
;~I,,, "h0\\'u in Table :2 that nematode, have 
I'een f()ull(1 in 2;) gro\'es thal do not have 
' i,reading decline. Of these :2:J gT0I'es thcrc 
were n in which T. Si'l!Iipcllc tralls females 
wen' fOllnd while ill the other 1-! groves 
the nematode connt W:IS ITry lOll', It is pos­
sihle that, where nematode, are iound in 
healthy g ro\'cs, the inie,t:nion has not de ­
I'eloped , ufticil'ntly to cau,e the spreadin; 
dedine. Ther e appear , t() he f lO definite ti 1'l1~ 

Conntl' 

.Polk 
Highlands 
Lake 
Orange 
Hillsborough 
Sarasota 
Osceola 
J~" " ." 
1)(: ,')Oto 

Pinellas 
:\lanatee 
[ndian River 

T otal 

TABLE ~, 

( )cC I'RRE-': CE OF TIIE' CITRUS :\'E\l,HI1DE, J ~ 1;\{OI' F.'; [ ': :\,\'II~EI) 

'\ Uill he r of ,~ r O\'e, 

\ \'jlh S preading I)echne I [c;llt ll\ 

),' elllatocie5 

:\bsent 


0 

0 

0 

0 

0 

0 

(l 

II 

" 
(l 

0 

0 

\; ematode" 
Present 

H 
1 
1 
2 
.J " 

0 
(l 

:;;1 

i 
0 
0 

54'* 

.'\ematn(\e, 
A,bsent 

26 
11 
9 

4 

0 
6 

;;6 

\':e lllarode, 
P resent 

11 
~ 

u 
1 

I} 

0 

6 
:3 

23** 

'" I'''sitive identification of T. semipentralls in 111 o f the groves, 
** Positive identification o f T. semipelltrans in 9 of the groves. 

\'ent of Ule areas. In the other location th~ 
nematodes fou nd appeared to be male or 
lar\';\1 stage$. oi the citrus nelllatode, The 
healthy appea r ing trees around the sp read­
ing decline area al50 had nematode infesta­
tion, The ne matodes have been found on 

, healthy appea r ing lrce, in the same block 
as far as 500 feet iroll! the area showing 
the decline but a stud\' of the relationship 
lias not been completed. It is possible that 

limit on the occurrence of :ip re.arliug de­
cline. As previously mentioned the condi­
tion has been found in groves from 9 to i)() 

years of age, In one gro\'e it is known 
that the trees have been infe~tecl with nema­
tode fo]' at least 11 years but show no 
decline symptoms in the above ground parts, 
Thomas (9) obtained decline symptoms in 
-,"oung trees that had heen growing in pots 
of infested soil for -1 years. In another case 
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f ·J) tield tests I\'ith -,Ol illg trce~ !iro\\,1l ior 
+ years in old c ltrn, ~oil ,boil ed flO decli ne 
.s\" ptollls hut har! grOt', P onil' ha li a~ 
1l~IlICh as ~irlJilar trees plillited in ;'irgi 11 ,oil. 
Thb lack of gl'OlVth h" , aL,o heen ob,er\,ed 
in yOtUlg trees planted in an ,lrea whe re 
<lJre.1ulng decline trees had heen removed 
here in Florida, 

There are a n11111her of facl, '-"hidl indi .. 
,'at<: that T SCllli!,c llc lralis i~ l' rohabh' ;" , 
,ot'i,tieel \I ith tite s preading ,t1ech nc, :t!­
ti1ulIgli it n:ay be that there a l'e "~l1e iactor, 
which hale an e ttect , 

l. 	Th" llCllI;ltode , i: :r l e ""l' ll fll llnd in 
;111 ;I rea, t h:lt ,It",\, ,prt::td ing rle­
e! illl.!. 

~ , 	 III tilt' " ,i/ ('xtraction le'l' about ,... 0 
pern:nr 1)[ thc' nem atode, are the 
c i(rL!; nelll;t tode. which i, approx i­
I!latch the ,a nl e relation as found 
II ith 'the nem;ltrJd .. , from the sloll' 
decl ine in '.'ali iOflll a ( + J 

:J , 	 Th e all11o r ;)lal appearance of the in­
;e~[ell rootlet, I.'; identical lI'jth the 
iflu,trat ion, and descriptions of cit ­
rus -n elnatode r uotlet inj ury gi\'en in 
the lite ratttre, 

4, 	 ,\ FI/r.,·aril!)" spp, lias isolated most 
ir"(l lielltly rnn Jl rill' allll()nnal rl!ot­
I"t s and thi, fung-u ., has al"u been re­
portcd .IS a~,()ci.tt\~ r1 lI'itlt s10\\' de ­
cline in California (:L +. 9 ), 

~. Trees which "how the spreading de­
cline nel'LT die !!!lb" foot rAt o r 
' Ollle uther di sease i< presenr, If the 
cond it ion was camerl by a [ungus or 
a v irus di sea,;c, it i" p rol:la ble that the 
tree would die. It appear, that the 

! rt:e is able to Illaint.1in ;j fell' healthy 
roots even thollgh a hrge proportion 
of them ma}' be infe,ted with the 
nematode. 

One characteri s tic of this t-"pe of decl ine 
which has not heen reported in cOllnect ion 
lI'i th citrus ncmatode in festation in othe r 
regions "'here c itrus is grown is the grad­
ual Spread of the condition in a grove, Gen­

2 : 

erally ~ he d("dine i ., lir'! " h,t'n cd i'l I " r 
:! tr ee' anr! then g-ra<!ualh' ' I'rnd , In 1[1 

uirectiolb ironl thi" i()c ~tI p" im attecti n:.; 
ever." trce ,'\;; it goe:;, Th,I1.' it wOl1l d <ip­
pear that th t> C'a~ltal :l.g~nt l1r .q:.rents is pn­
Illarily ~pread hy (,O()t t:untac t Irnlll 'Hle 

tree to a J)OTiter. Ikea tl',' 1)1 thi, pecl1[iar 
hellal' io r 'of the rlCC /illt' it I, I>o"ible that 
the rt' are fa c tor:; in a<!r1it io~1 to the citl'l" 
nematode tll;lt h ,l\ 'I' all ..!'i·l'CI. 

Cn:-,TIWL 1'::>( I'gl"" E:>TS 

Before tI le p roba ble ca ll , e . ni the ,u,eaoj ­
ing deci in~ wa, deter ,l!in l:'d eXJlerill J~ n ts on 
c()ntro l ot th .. condition '.I'a:; o f three types: 
severe pruning. tree· injection nnd ,'o.il. treal ­
nlcnt in an efforr to incillce rCll('\\',er.i groll'(h, 
:\pprnxil1'atc'" ;jlll) tre~, ha I'e be'en treated 
ill '.·arious ways. Some tree" lI'e re cut back 
to 3 i -!- inc h \I 'ood lI'hich rem oved all of the 
ioliage, while uther t rees \I'e re bllckhorned, . 
During the seaSOn ioll o l"ing pruning. the 
treated tree, made ex'cell ent" g rowth but 
during the second season the growth wa. 

'retarded and the tre'es again started to ;;how 
the ·. typical , spreading decline appea rance, 
[n .;orne experiments 50lll!ions of different 
concentrations of oS-hydroxyquinoline 5111­
fate , sulfanilamide and other ,<illlililr ma­
rerials were inJected into the decl ining trees 
through the root" '\0 heneticial effect \I'a' 
obtained, Treatments hill:e been made to rile 
soil around dccl ining tree, to try to indu ce 
recovery and to the ~o il '!round health\' 
ap pearing trees adjacent to the dec line 'I re'! 
in an attempt to kee p them from becoming 
diseased. Copper slllfate at ;) to 20 pounds. 
sulfur at 50 to 100 pOl1nds , ammonium 
s ulfate at 20 to 60 pounds. sonium chloride 
at 10 to -10 pounds. all1minul1l sulfate at 13 
pounels. hydrated lime at :,1' PO!ll1rls and 
Dithane at 3 ponnd, per tree ha\'c been tried 
at various time:, and ill different ~rOI'es, 
:\one of the treat ment" ca!!"cd . ~l1l' bene- ' 
tidal cffects to the decl inin g tr('~", 'Typi cal 
reSltlts irolll the trea tmen ts ou the Iwalthl' 
trees adj acent to the " l'r~nt! ing declinc are~ 
are shown in Taule 3 \I' hi.:h is ::le data ob­
tained from one experiIllt'llt . "one of the 



22 

lre~ lll:CI11.- 1" 
'('. , I th , 
~",, :, 1 withl 
trlvrl a t .t,, ) 

',l'llled the In:nhhy trees .lJj:.­
, lin e afL) {rom heeO!, ng cli> ­

(lllC t .., l ","0 year .. , f'i10111a~ 1,8) 

o' I ; lat" 1'1 ,,)' 'I> 5011 tre3t -
111(,11' a!l I , ,1 'T:1II1ed no colltrCll ui the citrus 
tlellia rnd '. 

\ 1ln II lIa - "5111tJl1,II ...,,! tllat the CH"us 
n" i11at nrl" '1';" .. '>oci<l leJ \\ itl: spreading 
dl'dille, lX}J<.' ri ment s \\ er~ conduc\('<, (0 ue­
'l' rnl111t' til, o:.ltecl o j certaill sui I ll11t1it?ant' 
on lli" c itr u:, nelllat" c\t and on the trees, 
1n.it'l" ,,1\1 .j IJ -D 1cqu ;t1 par ts (If 1,:.1 tlichl(J­
ropr"I'c'n,' aW) 1 :!-rli chlor<,plopane I illlO 

lakn;.\ 

(' nIIJ'ri" 

0...;, ljuT 

. \1ll11l0ni lll1 

~ulfal' 

Xrm-lrl'l1 rc,rI 

¥ 

; he ,,(H l \\l'r", I' lade- lI' a depi II of () iuche:, :H 

nlte,< (.If :!. ~. . J and :. cCo per square foot 
' )\ ",,·faCt' ;,r e" [:-;;ltJ1 in ;,lioll D{ t ire root­

I!"l­ ;nl ' " the t""L, lnl l1e(', ·showed rl ,at all 
"f 1ht .\"'dg", had g" en coutre,1 (. t be 
cilr\1 ' 11cI)t:l lL.de ;, f It'''' t in the top t\', () 
t~"1 ' ,j ' "II. Sill" 1111 ' I1cmawcie i~ )mOl'"n 
VI exi" t" Ilqllh.,. II' I' ,,-' f of. ;L t lIl'Je r l a' 
iqrT,ln ,·UI1.1;l il.ll l.' :\1' i I ...l del'll oj ;" lea,' 
:': int ill 11, rilla, lilt" jlll!l:cr d()~~f!(' (11 r J) 
lotI' -11" ;;" jovt \\" uull rt'~Ull In mort 
{"('11'"(' ('(tlllrul /f "",. ,t'r. IIO':<j!tf of 
~ , ! :'11(~ :, c,', I,lr ,,, n;Ire i ool re~,'lted it' 
tb ., oil ;,1 i1 01 tilt' trct'­ \\" lIel1 the \' 11f)k HIU; 

. ~r\.; 'fi:'.:. -"n:H c :k~i ,\ a ~ 1r~alt·l. ' It her 
II J'l \'Tuar .1 to, \l'ril ' 1"10<. tr('C' - ITt <l ICu if' 
I'l'i .!:,.. i I fllr' ."I,l i,li, tlc,,11 l il'''t Ir t .,1< j 

! " I, ,,:' ;~;;~ r~ . 17 '-!nl~ "l:ti .I he r l '(l l ;dG~ 

',·as ITt:'al~d , 
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