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Abstract: Eleven citrus groves of diverse varieties and ages infected with Tylenchulus semipenetrans growing in 
differing soils in Florida were treated with three rates of 1,2-dibromo-3-chloropropane (DBCP) applied by various 
means. Yield, fruit size, and T. semipenetrans populat ions in the roots were compared between DBCP-treated and 
untreated trees over a period of I-3 yr. Maximum fruit size and yield were obtained by applying DBCP at 38-58 
kg/hectare (ha) (34-52 lb/acre); whereas best nematode control was with a rate of 77 kg ;ha  (69 [b'acre). 
Application of chemical emulsion with a special, drilled, low-profile sprinkler irrigation ground pipe was the most 
suitable method. Effect of DBCP treatment generally lasted for 3 yr. A mean annual  I. 1% increase in fruit diameter, 
15.2% increase in fruit yield and a 55.7% decrease inci trus nematode populations was found for D BC P-treated trees 
in contrast  to untreated trees. K<v Words: postplant control, d ibromochloropropane,  citrus nematode. 

Tylenchulus semipenetrans Cobb, 1913 
was first recorded in Florida and California in 
1913 (5). In 1947, the species was reported to 
be widely distributed in Florida (21). Hannon 
(8) reported that 20% of Florida citrus groves 
were infested with T. semipenetrans; Tarjan 
(22) later revised this estimate to 53%. 

Control of the citrus nematode on living 
citrus was first practiced in the U.S. in 
California (I, 2, 3) and Arizona (15, 20). In 
Florida, control of the citrus nematode was 
initiated by Hannon (9). Later, experiments 
by O'Bannon and Tarjan (16) showed the 
importance of citrus nematode control in 
established citrus groves in Florida. More 
recently, Heald (10) reported increased yields 
of 'Valencia' oranges in Texas after control of 
the citrus nematode. 

Investigations on citrus nematode control 
and tree response have also been reported 
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from other areas of the world (7, 1 l, 13, 17, 18, 
25, 28, 29). 

Tylenchulus semipenetrans causes the 
disease of citrus known as "slow decline". 
Root, and above-ground, symptoms of 
infected trees have been described (6, 8, 20, 
24). Severity of the disease can vary from no 
above-ground symptoms to severe decline of 
infected trees. Symptom expression is 
influenced by several physical and chemical 
factors, as shown by various investigations 
(14, 20, 27). 

At present, the most effective chemical for 
control of T. semipenetrans on living citrus 
trees is 1 , 2 - d i b r o m o - 3 - c h l o r o p r o p a n e  
(DBCP), a volatile chemical with short 
residual activity in the soil. Populations are 
reduced by initial contact with DBCP (3) but 
at least 50 days (4) are required for maximum 
(99%) kill of nematodes. 

Citrus nematode control generally results 
in improved tree growth and fruit production, 
las t ing 2-4 yr. Var ious  m e th o d s  for  
application of DBCP have been investigated 
in an attempt to develop maximum control. 
The two most effective practical methods 
reported are chisel injection and flood 
irrigation (2, 3, 20). 

Investigations to develop practical field 
control of the citrus nematode in Florida were 
initiated in 1966. Since then, DBCP has been 
applied as postplant treatments to 27.3 ha 
(67.4 acres) in l l groves throughout the 
Florida citrus belt. This paper reports the 
results from these field tests of 1-3 yr duration. 

MATERIALS AND M E T H O D S  

Experiments were conducted in citrus- 
growing areas in the southern Florida 
flatwoods region, the central Florida ridge 
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TABLE 1. Physical characteristics of the experimental areas and analysis of treatments applied. 

Experiment no. Citrus scion/ Rows/trees per row. Rates of application 
(hectares/acres rootslock Soil Tree spacing in No. active ingredient 

inw)lved) (age in yr) series reelers (feel) reps. [kg/ha (Ib/acre)] 

I PS/SW a Bkmton 2/7 3 48.2 143.0) 
(1.8/4.5t (12) 9 x 9 130 x 310 

2 PO/RI. Leon 3/8 3 57.9 151.6) 
(2,5/6.2) (10) 7.5 x 7.5 125 x 25) 

3 MS/SO Pompano 2/30 4 I ) 77.1 (68.8) 
(5.4/13,41 (38) 6 x 9 1211 × 3111 2) 57.9 (51.61 

3) 38.6 134.4) 

4 MS/SO Pompano 2/20 2 1) 57.9 (51.61 
(2.2/5.5) (40) 6 x 9 (20 × 3(}/ 

2) 38,6 (34.4) 

Expt. 
Method of durat ion 
application (yr) 

Chisel 85 b 3 
Soil spray c 

Chisel 85 3 
Chisel 65 d 
Irrig-Stan e 

Irrig-Slan 3 

lrrig-Stan 3 
lrrig-Spec 
lrrig-Stan 
lrrig-Spec 

5 T A / R L  Orlando 2/14 4 II 57.9 (51.6) Irrig-Stan 2 
(4.7/11.71 (35) 7.5 x 7.5 125 x 25) lrrig-Spec 

21 38.6 (34.4) Irrig-Spec f 

6 PO/RL Astatula 218 4 I) 50,4 t45.01 Chisel 65 2 
(1.1/2.8) (48) 7.5 x 7.5 (25 x 25} 2) 57.9 (51.6) Irrig-Spec 

7 D(;/RL hmnokalee 4/8 4 1) 77.1 (68.81 Irrig-Spec 2 
(2.9/7.1) (52) 6 X 9 120 × 311) 2) 57.9 (51.61 

3) 38.6 (34.4) 

8 VO/RL Immokalee 2/12 4 1) 77.1 (68.8) Pressure-lnjg 2 
(2.3/5.7) (10) 7.5 X 7.5 (25 X 25) 2) 57.9 (51.6) 

3) 38.6 (34.4) 

9 PO/RL Leon 4/7 4 77.1 (68.8) lrrig-Spec 2 
(2.5/6.2) (12) 7.5 x 7.5 (25 x 25) Pressure-lnj 

10 PS/SO Manatee 1/10 4 1) 57.9 (51.6) lrrig-Stan 1 
(0.7/1.8) (22) 6 x 9 (20 X 30) 2) 19.4 (17.3) 

11 PS/SO Manatee 2/10 3 1) 70.7 (63.1) Soil spray 1 
(1.0/2.5) (23) 6 x 9 (20 x 30) 2) 64.3 (57.4) 

3) 53.2 (47.5) 

aDG : Duncan grapefruit (Citrus paradisi Macf.), MS = Marsh seedless grapefruit (C paradisi Macf.), PO = Pineapple orange (C. 
sinensis [L.] Osbeck), PS = Pope Summer orange (£~ sinensis [L.] Osbeck), RL = Rough lemon (C. limon [L.] Bruin. f.), SO = 
Sour orange (C. aurantium L.), SW = Sweet orange (C. sinensis [L.] Osbeck), TA = Tangerine ((.2 reticulata Blanco), VO = 
Valencia orange (C. sinensis I L. ] Osbeck). 

bTrees treated on all sides; approximately 85% of  surface area treated around each tree site. 
CChemical sprayed directly on soil followed by irrigation. 
dTrees treated on opposite sides; approximately 65% of  surface area treated around each tree site. 
eStandard "ABCX" sprinkler irrigation pipe. 
fSpecial-drilled sprinkler irrigation pipe. 
g High-pressure injector. 

and the Gulf Coast flatwoods region. All 
groves selected were infested with T. 
semipenetrans. The soils ranged from well- 
drained acid sands to shallow, poorly drained 
acid or alkaline sands. Organic matter content 
varied from 0.25-5.0%. Details concerning 
groves and treatments are shown in Table 1. 

Soils were disked prior to treatment. 
DBCP (l ,2-dibromo-3-chloropropane) was 
applied at rates of 38.1-77.3 kg/ha (34-69 
lb/acre) by: (i) chisel, using a tractor-drawn 
conventional chisel-type applicator; (ii) 
irrigation, using two types of perforated 
sprinkler irrigation ground pipe; (iii) soil 
spray, usinga boom sprayer suspended from a 
spray tank; or (iv) by means of a high pressure 

injector. Control plots for each test were given 
chisel and/or  irrigation treatment without 
chemical. 

The chisel applicator was equipped with 
five chisels, spaced 41 cm (16 inches) apart, 
that penetrated 25 cm (I0 inches) into the soil. 
The chemical was metered using a wheel- 
driven pump. After treatment, the areas were 
sealed with a cultipacker. 

Irrigation applications were made with 
either standard sprinkler irrigation ground 
pipe, 10.2 and 12.7 cm (4 and 5 inches) diam or 
a special-drilled, low-profile pipe, specifically 
designed to place the chemical emulsion 
directly on the soil, especially under tree 
canopies (Fig. 1). The special pipe was 12.7 cm 



Postplant Fumigation for Citrus Nematode: Tarjan, O'Bannon 43 

FIG. 1. DBCP emulsion application using special-drilled, low-profile, perforated irrigation ground pipe in a citrus 
orchard. 

(5 inches) diam aluminum pipe with 1.98-mm 
(5/64-inch) diam holes spaced 152 cm (6 
inches) apart  and positioned 5 °, 10 °, 15 ° and 
20 ° above the horizontal axis. Additional 
holes were bored 85 ° above the horizontal 
axis, alternately spaced 30.5 cm (12 inches) 
apart  to treat row middles (16). All sprinkler 
pipe applications were made at a line pressure 
of 1.4 ! kg/sq  cm (20 psi). The treatment  sites 
were pre-wet with 2.5-5 cm (1-2 inches) of 
water before application of chemicals. DBCP 
was injected into the irrigation stream during 
the first 15 rain of  treatment by air pressure 
injection systems, by a small power sprayer or 
by use of a venturi, followed by additional 
application of water to deliver 5 cm (2 inches) 
of water. This required 2 h or longer when 
using standard pipe, but only 20-30 min when 
using the special drilled pipe, because of the 
greater number  of  holes. 

Soil spray applications were made using a 
boom sprayer suspended 13 cm (5 inches) 
above the ground. The emulsion was sprayed 
on the soil surface and followed by 5 cm (2 
inches) of water applied by overhead 
irrigation. 

The high pressure injector applied the 

chemical in solid streams behind chisels which 
cut furrows 10 cm (4 inches) deep in the soil. 
Jets of chemical emulsion were delivered at 
the base of the furrows at a pressure of 28.2 
kg/sq cm (400 psi) to soil depths of 15-20 cm 
(6-8 inches) (23). The furrow openings were 
sealed with a cultipacker. 

Response to treatments was determined by 
measuring root nematode populations, fruit 
diam, and annual yields. 

About  2 mo preceding harvest, standard 
fruit calipers were used to measure 10 fruit at 
random, on each of two adjacent trees, in 
three areas within each plot. All data were 
computed to represent the mean fruit 
measurement per treatment for each test. 

Root  samples were taken from the upper  
30 cm (12 inches) of soil from two-to-four 
places around the drip line of each tree. 
Samples were combined and placed in plastic 
bags. A modification of the Young incubation 
technique (30) was used for extracting T. 
semipenetrans juveniles f rom root samples. 
Five g of  roots per sample were placed in 
individual 473-ml ( l -pint) jars  or polyethylene 
plastic bags of 0.025-mm (l-rail) thickness. 
Three to 10 ml of water or 3% hydrogen 
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peroxide were added,  and  then the samples 
were incubated at 21-23 C for 3-4 days. The 
roots were flushed with water, and the 

extracted nematodes  counted.  Data  were 
reported as the n u m b e r  of citrus nematodes  
per gram of moist  root  for each sample. 
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FIG. 2-3. Size and yield increases of fruit and nematode control as affected by: 2. DBCP rate. 3. Application 
methods (numbers in parentheses represent number of trials). 
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F r u i t  yield f rom t rea ted  groves  was 
ob ta ined  annua l ly .  The  to ta l  yield in boxes  of  
frui t  per  p lo t  was ad jus ted  to represent  the 
mean  yield per  tree for  each p lo t  and ,  
u l t imate ly ,  the mean  yield per  tree for  each  
t r ea tmen t  wi th in  the test. 

R E S U L T S  

The  d a t a  f rom the I 1 sepa ra te  expe r imen t s  
were summar i zed  and are  presented  in Fig.  2- 
5. Percent  increase  in frui t  size and  yield and  
decrease  in n e m a t o d e  p o p u l a t i o n s  wi th in  
roo ts  of  t rea ted  vs. un t r ea t ed  trees were the  
best  p a r a m e t e r s  to  show the effects of  soil  
t r ea tment .  A m o n g  the va r ious  expe r imen t a l  
fac tors  eva lua ted ,  the  effect of: (a) D B C P  rate,  
(b) app l i ca t ion  me thod ,  (c) tree age and  (d) 
t r ea tmen t  af ter  1-3 yr were cons idered  to be 
the most  impor t an t .  S o m e  of  the frui t  d i a m  
a n d  n e m a t o d e  p o p u l a t i o n  d a t a  w e r e  
s ta t i s t ica l ly  significant .  F ru i t  yields f rom 
t rea ted  trees were genera l ly  grea te r  than  yields 
f rom un t rea ted  trees,  as ind ica ted  by  
percentage  increases  shown in Fig.  2-5, and  
were s ta t i s t ica l ly  s ignif icant  in four  of  the nine 
tests ana lyzed .  

A n  inspec t ion  o f  d a t a  for  D B C P  rate  (Fig.  
2) revealed tha t  a p p l i c a t i o n  of  38.1 kg 
D B C P / h a  resulted in the greates t  f rui t  size 
increase  (2.2%) and  the 77.3 k g / h a  rate  the 
smal les t  (0.7%). The  58.3 k g / h a  ra te  gave the 
greates t  percent  increase  in yield (19.7%) with 

the o ther  two rates near ly  equa l  in p r o m o t i n g  
f rui t  yield,  in con t r a s t  to tha t  f rom un t r ea t ed  
controls .  N e m a t o d e  con t ro l  over  a !-3 y r  
per iod  was greates t  (84.2%) for  the 77.3 k g / h a  
rate.  

Of  the four  a p p l i c a t i o n  me thods ,  i r r iga t ion  
with spr ink le r  p ipe  in 18 tr ials  resul ted in the 
greates t  increase  in frui t  size (1.6%), a 15% 
increase in frui t  yield,  and  a 56% decrease  in 
roo t  n e m a t o d e  p o p u l a t i o n  in con t ras t  to 
con t ro l s  (Fig.  3). The  o ther  three  me thods  
were each used for  only  four  trials;  the soil 
spray  me thod  p r o d u c e d  the greates t  increase 
in yield of  f rui t  while the pressure  in jec tor  was 
best  for reducing  n e m a t o d e  popu la t ions .  

The  greates t  increase  in size of  frui t  (1.6%) 
as a result  of  t r ea tmen t  occur red  on 35- to 38- 
yr -o ld  trees (Fig.  4); trees 22-25 yr  old had  the 
greates t  yield increase  (25.4%); and  trees 10-12 
yr  old showed the highest  percent  n e m a t o d e  
con t ro l  (67.7%). 

Al l  11 expe r imen t s  were ma in t a ine d  for  a t  
least  1 yr af ter  t r ea tmen t ,  while  nine of the  
tests ran for  2 yr  and  four  of  t hem for 3 yr  (Fig.  
5). C o m p a r e d  to cont ro ls ,  the percen t  increase 
in size of  frui t  f rom t rea ted  trees decreased  
f rom i .6% to 0.6% over  the 3-yr pe r iod  
fo l lowing  t rea tment .  A l t h o u g h  percent  yield 
increase was cons is ten t ly  good  for  the first 2 yr  
(15%), it d r o p p e d  to  7% for the  th i rd  yr. 
N e m a t o d e  con t ro l  was best  the first yr  a f te r  
t r ea tmen t  (66% decrease)  but  decreased  to 38 

TABLE 2. Mean yearly yields in boxes of fruit per tree for 10 tests with DBCP. 

Application DBCP rate Experimenta 
method (kg/ha) 1 2 3 4 5 6 7 9 10 11 

Chisel 85 a 

Chisel 65 

Pressure-injection 
Soil spray 

Special-drilled 
irrigation pipe 

Standard 
irrigation 
pipe 

Controls 

57.9 . . . . . . . . . .  2.19 
48.2 . . . . .  1.69 
57.9 . . . . . . . . . .  2.87 
50.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.85 
77.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.05 
70.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.25 
64.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.60 
53.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.28 
48.2 . . . . .  2.16 
77.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.42 - - 35 
57.9 . . . . . . . . . . . . . . . . . . . . . . . .  4.84*- - -3.42- - 6.60*- - 11.07 
38.6 . . . . . . . . . . . . . . . . . . . . . . . .  5.07*---2.94 . . . . . . . . .  10.88 
77.1 . . . . . . . . . . . . . . . .  4.59** 
57.9 . . . . . . . . . .  2.83 - -4.34*- - - -4.80 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.27" 
38.6 . . . . . . . . . . . . . . . .  4.39*- ---4.64 ---3.11 
19.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.17 

. . . . .  1.89-- 2.09- -4.06 . . . .  4.36 - - 2.77- - 5.44 . . . .  9.32 -- 3.10- - 0.89-- - 1.85 

acf Table 1. Yields from Experiment 8 were not obtained. 
*Significant at .05 level. 

**Significant at .01 level. 
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and 48% respectively the second and third 
years after treatment. 

Mean annua l  resul ts  f rom D B C P  
treatment, disregarding all variables, were a 
1.1% increase in fruit diam, 15.2% increase in 
fruit yield, and a 55.6% decrease in root 
nematode populations. 

DISCUSSION AND CONCLUSIONS 
Sprinkler pipe application of DBCP was 

more effective than application by methods 
which use shanks or chisels that break roots. 
Many of Florida's citrus trees have roots 
above an impermeable clay or "stain" layer 
situated only 30-90 cm below the surface of 
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FIG. 4-5. Size and yield increases of  fruit and nematode control in relation to: 4, Age of trees. 5. Effect of  treatment 
after I, 2, and 3 yr. 
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the soil. Accord ing ly ,  such trees may  suffer 
ser iously if their  roo t  sys tems are extens ively  
damaged .  However ,  chisel a p p l i c a t i o n  on two 
sides (oppos i t e  sides) of  trees was less 
d a m a g i n g  to  the  roo t s  than  t rea t ing  all four  
sides. This  me thod  of  a p p l i c a t i o n  can be 
successfully used when spr ink le r  i r r iga t ion  is 
not  feasible.  S p r a y  a p p l i c a t i o n  of  D B C P  was 
not  suff icient ly eva lua ted  because  of  the 
inadequacy  of  ava i lab le  i r r iga t ion  equ ipment .  
In subsequen t  tests, not  r epor ted  here, 
app l i ca t ion  of  D B C P  f rom spray  b o o m s  was 
feasible and  effective, when fol lowed by 
vo lume  guns del iver ing s t rong  ove rhead  je ts  
of  water.  

D B C P  was successful ly app l i ed  by g r o u n d  
pipe spr ink le r  i r r iga t ion  to grapevines  
paras i t ized  by Xiphinema index Thorne  and 
Allen,  1950 and  Pratylenchus neglectus 
(Rensch,  1924) by Rask i  (19) with resul t ing 
increases in yield f rom vines t rea ted  with 23.37 
liters a . i . / hec t a r e  (2-½ gal lons  a . i . / ac re ) .  
Cohn  and Minz  (7) used the same me thod  but  
found  that  it resul ted in i nadequa t e  n e m a t o d e  
cont ro l .  Van G u n d y  et al. (26) app l ied  D B C P  
by ove rhead  sp r ink le r  i r r iga t ion  and  found  
that  the area  under  the tree (p ro tec ted  by the 
canopy)  was not  pene t ra t ed  by the D B C P  
emuls ion.  A l t h o u g h  we used a s t a n d a r d - t y p e  
g round  spr ink le r  pipe,  the same result  was 
genera l ly  appa ren t .  A d o p t i o n  of  special-  
dr i l led pipe solved the p r o b l e m  by a p p l y i n g  
the emuls ion  to the g r o u n d  a rea  below the tree 
c a n o p y  and  also faci l i ta ted rap id  t ransfer  o f  
the D B C P  f rom the p ipe  to the soil ,  wi thou t  
excessive and unnecessary  aera t ion .  

The  results genera l ly  show that  38-58 
k g / h a  of  D B C P  was a d e q u a t e  for  g o o d  
nema tode  con t ro l  and  subsequent  frui t  yield 
and  size increases.  In some tests, where  77.3 
k g / h a  was used, there seemed to be a resul t ing 
suppress ion  of  tree g rowth  and  yield response.  
S imi la r  obse rva t ions  were m a d e  by Mende l  et 
al, (12) who found  that  when D B C P  was used 
in basin i r r iga t ion  at  a rate  equ iva len t  to 104 
k g / h a ,  it had  a t rans ien t  depress ing  effect on 
g rowth  and  yield. 

The  responses  that  were measured ,  those  
of  paras i te  con t ro l  and  yield improvemen t ,  
were indicat ive of  the relat ive immed ia t e  
benefi ts  of  fumiga t ion .  One very i m p o r t a n t  
result  of  t r ea tmen t  which could  not  easi ly be 
eva lua ted  was the subsequen t  effect on tree 
g rowth  and vital i ty.  In some tests,  t rea ted  
trees had  more  fol iage with greener  co lo r a t i on  
a b o u t  a year  af ter  t r ea tment .  In one grove  

which exper ienced  severe d r o u g h t  cond i t ions  
1 yr  af ter  t r ea tmen t ,  t rees which  received 
D B C P  appl ied  by sp r ink le r  i r r iga t ion  showed 
little d a m a g e  due  to d r o u g h t  (10% leaf  loss but  
no loss of  fruit)  whereas  un t r ea t ed  trees were 
no t iceab ly  affected (50% leaf  absc i s s ion  and  
extens ive  frui t  d rop) .  Ear l ier  in the spring,  it 
had  been noted  tha t  D B C P - t r e a t e d  trees had  
an ear l ier  and  more  extens ive  p r o d u c t i o n  of  
new shoots  than  un t rea ted  trees. 

Eva lua t ion  of  yield da t a  showed increases  
of 0.5-1.0 box  of  f rui t  per  tree in mos t  tests  
and,  we believe, e conomica l ly  jus t i f ied  
app l i ca t i on  o f  t rea tments .  The  fo rego ing  
account  has shown that  a p p l i c a t i o n  of  D B C P  
to  F l o r i d a  c i t r u s  t r e e s  i n f e c t e d  w i t h  
Tylenchulus semipenetrans has been effective 
in improv ing  frui t  yield and size, and  
decreas ing  n e m a t o d e  popu la t ions .  
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Biochemical Changes in Terminal Root Galls Caused 
by an Ectoparasitic Nematode, Longidorus 

africanus: Nucleic Acids I 

E. E P S T E I N  ~ 

Abstract: Changes in DNA and RNA in roots of bur marigold fed upon by Longidorusafricanus were studied 
using analytical methods, radioactive precursors, and analytical CsC1 density-gradient centrifugation. The 
analyses showed that almost twice as much RNA and DNA was present in parasitized root tips as in those of 
nonparasitized control plants. Studies on the rates of incorporation of labeled thymidine and uridine 
confirmed the DNA levels determined by analytical methods, but  revealed a much higher incorporation rate 
of RNA in healthy root tips than in those attacked by L. africanus. However, s 2 p. incorporation followed by 
DNase and RNase digestion showed that the seemingly greater amount of RNA in healthy root tips was due 
to a rapid formation of a pool of unlabeled uridine following infection. 

The possibility that L. africanus injected DNA into roots during feeding was examined by the 
density-gradient centrifugation method, with negative results. However, the rapid increase of RNA precursors 
in the parasitized roots might have been caused by injection of plant virus particles during nematode feeding. 
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P r e v i o u s  inves t iga t ions  on  b i o c h e m i c a l  
a l t e ra t ions  in t e rmina l  r oo t  galls i n d u c e d  b y  
Longidorus africanus M e m y  (5,  6) s h o w e d  tha t  
some  m a j o r  changes  take place fo l lowing  
in fec t ion .  Such  a l t e r a t ions  were  e x p e c t e d  in 
view o f  the  great  h is to logica l  changes  w h i c h  
occur  in the  infected roo t  t ips;  i.e., r e t a r d a t i o n  
o f  m e r i s t e m a t i c  ac t iv i ty  and  hype rp la s i a  o f  the  
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