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Abstract: Chemical control of the citrus nematode,  Tylenchulus semipenetrans Cobb, has 
consistently increased yield of grapefrui t  on sour orange rootstock in Texas. In  this study, data 
from chemical control tests conducted from 1973 to 1980 were analyzed to determine the relation- 
ship between nematode counts and grapefruit  yield and fruit  size. T h e  correlation between yiehl 
and nematode counts was negative (r = --0.47) and highly significant (P < 0.01). The  data best 
fit the exponential  decay curve: y = 160.3e -0.0000429~ where y = yield in kg/tree and x = 
nematodes/100 cm ~ of soil. The  correlation between fruit  size and nematode counts was not 
significant because yield and fruit  size were inversely related. Yield loss in an average untreated 
orchard was estimated to be 12.4 tons/ha.  Economic loss to citrus nematode in Texas grapefruit ,  
assuming no treatment  and an average on-tree price of S60/ton, was estimatetl to be S13.2 millitnt 
annually.  Key words: Tylenchulus sernipenetrans, control, economics. 
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Many studies have indicated that  nema- 
ticide t rea tment  reduces populat ions of the 
citrus nematode,  Tylenchulus semipene- 
trans Cobb, and increases citrus yields and 
fruit  size (1,2,3,4,5,6,8,9,10,11). However,  
no a t t empt  has been made to relate nema- 
tode numbers  to yield or fruit  size, to de- 
termine the threshold popula t ion  at which 
nematicide t rea tment  would provide eco- 
nomic benefit, or to estimate losses from 
citrus nematode.  Research on chemical 
control has been conducted over a n u m b e r  
of years in Texas  citrus orchards. In  this 
study, we assembled published (2,9,10,11) 
and unpubl ished data and a t tempted  to 
relate nematode counts to yield and fruit  
size of grapefrui t  in Texas.  

M A T E R I A L S  A N D  M E T H O D S  

All studies were conducted in 'Ruby  
Red '  grapefrui t  (Citrus paradisi Macf.) 
orchards on sour orange (C. aurantium L.) 
rootstock at the Texas  AkI  University 
Citrus Center  near  Weslaco, Texas.  Data  
were collected f rom plots t reated by soil 
appl icat ion of 1,2-dibromo-3-chloropropane 
(DBCP); aldicarb (2-methyl-[methylthio] 
propionaldehyde 0-[methylcarbamyl] ox- 
ime); phenamiphos  (ethyl 4-[methylthio- 
m-tolyl isopropylphosphoramidate]) ;  or 
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e thoprop  (0-etbyl S,S-dipropyl phosphoro- 
dithionate);  by foliar appl icat ion of oxamyl  
(methyl N' ,N' -dimethyl-N [methylcarbamyl] 
oxy-l- thiooxamimidate) ;  or f rom untreated 
control plots in a series of exper iments  con- 
ducted f rom 1973 to 1980. 

For the purposes of this study, each data 
point  represents the informat ion  collected 
in one year f rom a single t rea tment  which 
was replicated 3 or 4 times. Nematodes  were 
collected as described previously (2,9,10,11), 
extracted from soil samples using a modi- 
fied Baermann funnel technique (7), and 
expressed as the number  of larvae per 100 
cm ~ of soil. Several samples from each plot 
were composited, and a single determina-  
tion was made for each count  date. Each 
data point  represents the average of 3 or 4 
counts made from April  through October  
of each year. Frui t  were harvested from 
November  to February  each year and 
weighed and sized. Yields were expressed in 
kilograms per tree and size as the percentage 
of total fruit  weight of size 96 or larger; 
i.e., fruit  9.2-cm d or larger. Plots varied in 
size, bu t  each data poin t  represents the 
average yield from about  18 to 24 trees. 

Regression analyses of nematode  counts 
and yield and fruit  size were per formed to 
determine the relat ionship between these 
parameters.  Analyses of nematode  counts 
and yield were based on 48 data points and 
those involving fruit  size were based on 35 
data points. 

R E S U L T S  A N D  DISCUSSION 

The re  was a great deal of var ia t ion in 
yield and fruit  size since results were f rom 
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trees of different ages harvested in different 
years. Nevertheless, the correlat ion between 
yield and nematode counts was negative (r 
= -0.47) and highly significant (P < 0.01). 
T h e  data best fit the exponent ia l  decay 
curve: 

y = 160.3e -°.°''°°4~ (1) 

where y is yield in kg/ t ree  and x is nema- 
todes/100 cm 3 (Fig. 1). 

Linear  regression analysis indicated that  
there was no significant correlation (at P 
-- 0.05) between nematode  counts and fruit  
size (r = 0.10). Th is  would appear  to con- 
flict with reports that nematicide t rea tment  
increases fruit  size (9,10,11). However,  as 
fruit  load increases, fruit  size is reduced. In  
the data repor ted here, the correlation be- 
tween yield and fruit  size was negative and 
highly significant (r = -0.436, P < 0.01). 
Thus,  nematicide treatment,  by reducing 
nematode nunlbers, increases fruit  load and 
thereby negates any effect on frui t  size. 
Trees heavily infested with citrus nema- 
tode set few fruit, but  the fruit  grow to a 
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relatively large size. W h e n  fruit  set is equal, 
fruit  size is greater  on the trees with low 
popula t ions  than on trees with high popu- 
lations. 

T h e  equat ion derived in Fig. 1 was used 
to calculate yield losses at various nema- 
tode popula t ion  levels (Table  1). The re  
was no obvious threshold below which yield 
losses did not  occur (Fig. 1). Loss of yield 
in untreated orchards is substantial.  T h e  
average number  of larvae per 100 cm ~ of 
soil in untreated control plots th roughout  
the study was 8,600. T h e  predicted yield 
loss at this level would be 12.4 tons /ha  
(Table  1). Using the ra ther  conservative 
on-tree fruit  price estimate of $60 per 
metric ton, dollar  losses of $744/ha would 
be predicted in untreated orchards. Aldi- 
carb is presently the most  widely used ma- 
terial for postplant  control of citrus nema- 
tode. Present mater ia l  and appl icat ion costs 
with this nematicide are est imated at 
$185/ha at the lowest recommended  rate, 
which is usually effective for citrus nema- 
tode control in Texas  (3,11), and $350/ha 
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Fig. 1. Relationship of citrus nematode populations to yield of grapefruit  in Texas. 
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Table I. Predicted yield and economic losses in Texas grapefruit from citrus nematode. 

Nematode population Predicted Predicted yield 
(No. of larvae/' yield* loss* 

100 cm 3 soil) (kg/tree) kg/t ree tons/haF" 

Predicted 
dollar loss 

(ha~:) 

0 160.3 0.0 0.0 $ 0 
1,000 153.6 6.7 1.7 102 
2,000 147.1 13.2 3.3 198 
3,000 141.0 19.3 4.8 288 
4,000 ! 35.0 25.3 6.3 378 
6,000 123.9 36.4 9. I 546 
8,000 113.8 46.5 11.6 696 
8,600 § I 10.9 49.4 12.4 744 

10,000 104.4 55.9 14.0 840 
15,000 84.3 76.0 19.0 l, 140 
20,000 68.0 92.3 23.1 1,386 

*Calculated from equation (1). 
~'Assuming 250 trees/ha. 
:~Assuming $60 per metric ton of fruit. 
§Average population in all untreated control plots over all years. 

at  the m a x i m u m  r e c o m m e n d e d  rate.  T h u s ,  
t r e a t m e n t  costs w o u l d  be r e p a i d  if  nema-  
tode counts  r eached  2,000-4,000 l a rvae /100  
cm 3. A t  the average  n e m a t o d e  p o p u l a t i o n  
in u n t r e a t e d  orchards  of  8,600 l a rvae /100  
cm 3, benefits  above  t r e a t m e n t  costs cou ld  
easily a m o u n t  to $300-$500 per  ha. 

Ci t rus  n e m a t o d e  is of ten  cons idered  to 
he a m i n o r  pest because  large n u m b e r s  are 
r e q u i r e d  to have any subs tan t ia l  effect on 
ci trus yields. However ,  in the f ine- tex tured  
soils of  the Lower  R i o  G r a n d e  Val ley  of  
Texas ,  p o p u l a t i o n s  of ci trus n e m a t o d e  are 
h igh  and yield losses are subs tan t ia l  (9,10, 
11). In  the only  previous  a t t e m p t  to evalu- 
ate n e m a t o d e  losses on T e x a s  g rapef ru i t ,  
M. A. L u t t n e r  of the E n v i r o n m e n t a l  Pro- 
tec t ion Agency,  in t e s t imony  g iven  at the 
D B C P  cance l l a t ion  hea r i ng  in Sep tember  
1979, e s t ima ted  yield losses of  8.2 t o n s / h a  
in u n t r e a t e d  orchards.  O u r  loss es t imate  of  
12.4 t o n s / h a  in u n t r e a t e d  orchards  is some- 
wha t  h ighe r  bu t  of the  same order  of  mag- 
n i tude .  If  these yield loss figures for un- 
t rea ted  con t ro l  plots  are e x t r a p o l a t e d  to 
the  17,750 ha of  g r ape f ru i t  in Texas ,  then  
losses, p r e s u m i n g  no t r ea tmen t ,  w o u l d  be 
220,100 t ons /y r  or  $13,206,000 per  year, if  
an average  on- t ree  price of  $ 6 0 / t o n  is used. 

I t  is difficult  to e x t e n d  these results  to 
o the r  ci trus areas because  o the r  scion and 
roots tock  var ie t ies  are used and  soils may  
be q u i t e  dis t inct .  A single n e m a t o d e  ex- 
t r ac t ion  m e t h o d  was used t h r o u g h o u t  these 

studies, and  we do no t  k n o w  h o w  our  
p o p u l a t i o n  es t imates  re la te  to counts  m a d e  
by o the r  methods .  Howeve r ,  these resul ts  
give an  i n d i c a t i o n  of  the m a g n i t u d e  of  the  
yield losses tha t  m i g h t  occur  in  o the r  ci t rus  
areas where  ci trus n e m a t o d e  m u l t i p l i e s  
r ap id ly  and  reaches h igh  popu la t ions .  
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Effect of  Tylenchorhynchus robustoides on Growth 
of Buffalo Grass and Western Wheatgrass 1 

j .  D.  SMOLm '~ 

Abstract: Tylenchorhynchus robustoides reduced (P = 0.05) g rowth  of Agropyron smithii  
(western wbeatgrass)  at  soil t empera tu re s  of 20, 25, 30, a nd  35 C. Growth  reduc t ion  increased 
wi th  increas ing  soil t empera tures .  Highes t  popu la t i ons  of T. robustoides were recovered at 25 
and  30 C. C l ipp ing  weights  of  Buchloe dactyloides (buffalo grass) were reduced at  25 and  30 C; 
however,  r oo t / c rown  weights  were reduced  at  15, 20, 30, a nd  35 C in nema tode  infested vs. nott- 
infested soil. Reproduc t ion  of T. robustoides was greater  at 25, 30, and  35 C t h a n  at  20 C oll 
B. dactyloides. In  a g reenhouse  s tudy,  T. robustoides reduced  c l ipp ing  and  roo t / c rown  weights  
of  bo th  grasses 24-64%. Key words: s t u n t  nematode ,  soil t empera tu re .  

J o u r n a l  of  Nemato logy  14(4):585-588. 1982. 

Nematodes  are an impor t an t  componen t  
of native grasslands in the Great  Plains 
states (7,8,9,12,13), and  nematicide treat- 
ments increase growth of native range 
grasses 28-59% in western South Dakota  
(12). T w o  dominan t  grasses in the mixed  
prair ie of western South Dakota  are the 
cool-season mid  grass Agropyron smithii 
Rydb. and the warm-season short grass 
Buchloe dactyloides (Nutt.) Engelm. (10). 
The re  is little informat ion  concerning the 
effects of nematodes on growth of these 
grasses under  controlled conditions, al- 
though a species of .4nguina induces seed 
galls in A. smithii (6). Tylenchorhynchus 
robustoides T h o r n e  and Malek is repor ted 
to be the dominan t  m em ber  of the Tylen- 
chorhynchidae in a mixed prair ie (12). T h e  
objective of this study, therefore, was to 
determine the effects of T. robustoides on 
growth of A. smithii and B. dactyloides in 
the greenhouse and at various constant  soil 
temperatures.  

M A T E R I A L S  A N D  M E T H O D S  

Tylenchorhynchus robustoides was ob- 
tained from a mixed prair ie  site in Jackson 
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County, South Dakota,  and inoculum was 
increased on Triticum aestivum L. (winter 
wheat) in the greenhouse. T w o  studies were 
conducted in tempera ture  tanks (3) main-  
tained at 10, 15, 20, 25, 30, and 35 C (-4-1 C). 
In the first study, 200 cm 3 of sterile sand was 
placed at the bo t tom of 10-era-diameter × 
21-cm-long plastic tubes and covered with 
600 cm 3 of steam pasteurized soil (30% 
sand, 49% silt, 21% clay). A 2.5-cm-diam- 
eter × 5.5-cm-long vial was buried to a 
depth  of 4 cm in each tube. T h e  tubes were 
then seeded with 5 cc of .4. smithii seed 
and covered with an addi t ional  150 cm 3 of 
soil. After seedling emergence, the vials 
were removed and a 20-ml suspension of 
5,000 (-+- 200) T. robustoides or 20 ml  of 
supernatant  water  f rom a settled T. robus- 
toides suspension (control) was poured 
into the result ing depressions. T h e  inoc- 
u lum and control suspensions were each 
covered with 50 cm 3 of moist  soil. Each 
t rea tment  was replicated four times. T h e  
tubes were then placed in the tempera ture  
tanks and supplementa l  l ighting was sup- 
plied when necessary to increase the photo- 
period to 15 h; they were watered as needed 
and fertilized month ly  wi th  100 ml of 
20-20-20 fertilizer (10 g/li ter).  

One mon th  after p lacement  in the tanks, 
the grass was cl ipped to a height of 8 cm 
and oven dried at 60 C for 5 days before 
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