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Screening Soybeans for Resistance to 
Reniform Nematode Disease in the Philippines ~ 

B. K. LIM 2 ond M. B. CASTILLO '~ 

Abstract: Sixty-five soybean varieties were tested in the field for resistance to Rotylenchulus 
reniIormis. Criteria for resistance or  susceptibility were root necrosis, nematode recovery from 
roots and soil, and egg production.  Nine varieties were resistant, 13 moderately resistant, 26 
moderately susceptible, and 17 susceptible. Linear correlations between resistance rat ing and each 
assessment parameter  were highly significantly positive, suggesting that  any of the parameters  
could be used to identify resistance. There  were also highly significant positive linear correlations 
between any two combinations of parameters,  indicating that they were reciprocally related. Key 
Words: soybean resistance, screening, Rotylenehuhts reni[ormis, reniform nematode, assessment 
parameters,  statistical correlations. 

Soybean [Glycine max (L.) Merr.] is 
becoming an important  crop in the Philip- 
pines because demand, particularly for 
livestock feed, exceeds production, and feed 
millers import  soybean meal at an annual 
cost of $70 million in foreign exchange (3). 

A potentially important  pest of soybean 
is the reniform nematode, Rotylenchulus 
reni/ormis Linford 8c Oliveira (2, 14). 
Rotylenchulus spp. are the most widely dis- 
tr ibuted and abundant  nematodes in the 
Philippines, in soils growing soybean and 
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other nongraminaceous annual  upland 
crops (4, 5, 10). In a field experiment,  yield 
reduction in soybean clue to R. reni[ormis 
was as high as 45% during the dry season 
(8). This  nematode is believed to be as im- 
portant  as Meloidogyne spp. on soybean. 

Several soybean breeding lines and 
varities showed resistance to R. reni[ormis 
in pot experiments conducted in the United 
States (1, 2, 13, 15). This  study was de- 
signed to screen soybean varieties for re- 
sistance to R. reni[ormis under  Phil ippine 
conditions, and to identify the most efficient 
parameters for determining varietal re- 
sistance. 

MATERIALS AND M E T H O D S  

T h e  exper iment  was conducted on an 
area of 17 × 40 in on Maahas clay loam soil 
at the Internat ional  Rice Research Insti tute 
(IRRI)  Exper iment  Station, College, 



276 Journal of Nematology, Volume 11, No. 3, 

Laguna,  Philippines.  T h e  field had been 
planted to three successive crops of m u n g  
bean, cowpea, soybean, and peanut.  T h e  
land was cultivated with a small rototiller,  
and three blocks were prepared,  each 5.3 × 
40 m, separated by 0.50-m bunds. Each 
block was subdivided into two 2.4 × 40-m 
plots, each surrounded by a 0.50-m drainage 
ditch. Forty 0.75 × 2.4-m beds, 0.25 m apart,  
were constructed per plot, making  80 beds 
per block. 

T h e  test plants were 80 soybean varieties 
obta ined from the Asian Vegetable Research 
and Development  Center  (AVRDC), 
Ta inan ,  Taiwan;  Bureau of Plant  Indust ry  
(BPI), Los Banos, Laguna,  Philippines; and 
Depar tment  of Agronomy, UPLBCA, Col- 
lege, Lagtma,  Philippil~es. Seeds of each 
variety were planted in single rows, with 20 
cm between hills, in an l l -hi l l  row. Three  
seeds were sown per hill at a depth  of 3 to 
4 cm. A randomized complete block design 
with three replications (blocks) was used. 
Only 65 varieties germinated.  T h e  cropping 
period was 30 June  to 15 September 1977. 

Split appl icat ion of an inorganic fertil- 
izer containing 14% N, 14% P, and 14% K 
was done on a bedwise basis at 60-60-60 
kg /ha .  T h e  first appl icat ion was dur ing 
land preparat ion,  and the second and the 
third 1 and 2 months  after planting. Hand-  
weeding was done whenever necessary. In- 
sects and fungal diseases were controlled by 
foliar spraying, as needed, respectively with 
monocrotophos  16.8% EC at 1.0 kg a i / h a  
and with a coordinat ion product  (80% 
manganese and 20 % zinc ethylene bisdithio- 
carbamate)  at 1.5 kg a i /ha .  Plants were 
watered by natural  rainfall. 

Ini t ial  popula t ion  densities of plant- 
parasitic nematodes in the exper imenta l  
area were determined alter the beds were 
prepared.  Each of tile three blocks was 
divided crosswise into seven sections. Col- 
lected from each section were 60 randomly 
obta ined 50-cc soil samples at a dep th  of 6 
to 20 cm from the top of the bed. These  
samples were pooled, and nematodes were 
extracted f rom 300-cc composite sample by 
the combinat ion of sieving and Baermann  
funnel techniques and quantified with a 
dissecting microscope. T o  account for nema- 
tode eggs, which could not  be isolated from 
the soil by the extract ion procedure used, 
the sieved soil samples were fur ther  assayed 
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on the reni form nematode-susceptible m u n g  
bean (MG 50-10A) by a procedure described 
by Castillo et al. (7). 

Nematode  popula t ion  densities were 
also determined at the last harvest, 11 weeks 
after planting.  Sampling for nematodes was 
done by collecting about  100-cc soil samples 
containing feeder roots from each of five 
al ternate hills along the p lant  row of each 
bed. T h e  first and last hills of each bed were 
not sampled. T h e  samples were pooled, and 
a composite 300-cc soil sample and a 1-g root  
sample were obtained. Soil samples were 
processed and examined for nematodes as 
in determinat ion of initial densities except 
that  no bioassay was made of the sieved soil. 
Root  samples were stained in acid fuchsin- 
lactophenol and cleared in ]actophenol 
(12). T h e  presence and number  of nema- 
todes in or on the roots were de termined by 
crushing a few root pieces at a time between 
two glass slides and examining them under  
a dissecting microscope. Data were also col- 
lected on numbers  of egg masses/g of roots 
and eggs/egg mass. 

Plants from the hills of each bed sam- 
pled for nematodes were carefully uprooted  
with a trowel, and the roots were washed 
and examined for disease symptoms with a 
magnifying glass (3X). T h e  only symptom 
observed was necrotic discoloration, which 
was rated on a severity scale of 1 to 5 based 
on relative percentages of necrotic portions 
of root systems. Browning of the roots was 
interpreted as indication of root necrosis. 

Data collected at the end of the experi- 
ment  were analyzed statistically, and dif- 
ferences were determined among  means of 
the varieties wi thin  each criterion. For ob- 
jective comparison of the resistance of tile 
varieties, indices were computed  for 
necrosis, nematode recoveries (from roots, 
from soil, f rom both  soil and roots), num- 
bers of egg masses observed in roots, and 
eggs/egg mass. T h a t  was done by assigning 
arbi t rary  but  standardized values to the 
statistical means of the varieties wi thin  each 
parameter  and considering the average of 
the indices as the resistance ra t ing of the 
variety concerned. On the basis of resistance 
ratings, four host categories were assigned 
to the varieties: resistant, moderate ly  re- 
sistant, moderate ly  susceptible, and suscep- 
tible. 

T o  select the parameter  that  would be 
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' / 'ABLE I. Root  necrosis r a t ing  of soybean varieties grown in field infested wi th  Rotylenchulus reniformis 
and  n e m a t o d e  recovery and  reproduc t ion  11 weeks af ter  seeding.* 

N u m b e r  of N u m b e r  N u m b e r  
Source nema todes  recovered f rom:  of egg of  

o f  Necrosis 1 g 300 cc masses /g  eggs]egg 
Variety seeds ra t ing  ~ roots soil To t a l  of  roots mass  ° 

T K  5 U P L B C A  1.2 a 
Strain 99 BPI  1.3 a-b 
Strain 12 BPI 1.5 a-c 
PI  200451 U P L B C A  1.3 a-b 
GC 40078-40 A V R D C  1.5 a-c 
EGSY 12 BPI  1.5 a-c 
GC 40142-0-66 AVR DC  1.5 a-c 
EGSY 6 BPI  1.6 b-c 
UPL-SY 2 U P L B C A  1.6 b-c 
K.E. 32 U P L B C A  1.8 c-d 
Ross  U P L B C A  2.0 d-e 
GC 40176-1-12 A V R D C  1.7 c-d 
EGSY 78 BPI 2.0 d-e 
T a i n u n g  4 x Ross U P L B C A  2.0 d-e 
CES XVI-23 P U P L B C A  2.5 f-g 
GC 40142-0-I58 A V R D C  2.5 f-g 
GC 40142-0-32 AVR DC  2.3 e-f 
Sankuo U P L B C A  2.5 f-g 
T a i n u n g  4 x 

Gi lber t  U P L B C A  2.7 g-h 
CES XVI-24 PIN UP L B C A 2.7 g-h 
K 475 BPI 3.0 h-i 
EGSY 15 BPI  3.2 i-j 
Ogden  UP L B C A 2.7 g-h 
GC 40142-0-159 A V R D C  2.7 g-h 
S-13 U P L B C A  3.0 h-i 
Mul t iva r  80 U P L B C A  3.0 h-i 
W o o d w o r t h  UP L B C A 3.0 h-i 
Clark 63 UP L B C A 3.5 j-I 
Cobb UI 'LBCA 3.1 i 
Wi l l i ams  UI 'LBCA 3.0 h-i 
T-8  U P L B C A  3.0 h-i 
Strain 78 BPI  3.2 i-j 
T a i w a n  BPI  3.1 i 
UPSL 85 UPLBCA 3.3 i-k 
GC 40081-0-27 AVR DC  3.1 i 
PI  400490 UPLBCA 3.5 j-1 
VLCS 16 BPI  3.3 i-k 
VLCS 12-A BPI  3.3 i-k 
BPI  Sel. 1 BPI 3.5 j-1 
GC 40142-0-87 AVR DC  3.6 k-1 
T a i n u n g  3 UPLBCA 3.5 j-1 
PI  371609 U P L B C A  3.5 j-1 
GC 40142-0-74 A V R D C  4.0 m - n  
VLCS 12-B BPI  3.6 k-1 
T a i n u n g  4 U P L B C A  3.5 j-1 
CES XVI-38 P UP L B C A 3.5 j-1 
GC 40089-2-8 AVR DC  4.1 n 
L inco ln  U P L B C A  4.5 o-p 
GC 40085-2-10 A V R D C  4.0 m - n  
I 346 BPI 4.5 o-p 
CES XVI-112 PIN U P L B C A  3.7 1-m 
S-4 U P L B C A  4.0 m - n  
CES 434 BPI  4.0 m-n  
CES XVI-103 P UP L B C A 3.7 1-m 
PI  62204 U P L B C A  3.7 1-m 
GC 40142-0-17 A V R D C  4.9 q 

8.3 a 10.3 a 18.6 a 0.3 a 34.0 a-b 
12.7 a-b 37.3 a-d 50.0 a-d 0.3 a 29.0 a 
14.0 a-c 18.0 a-b 32.0 a-b 1.0 a-b 30.7 a 
14.0 a-c 28.0 a-c 42.0 a-c 1.0 a-b 34.5 a-b 
13.0 a-b 20.0 a-b 33.0 a-b 1.7 a-c 39.6 a-d 
14.0 a-c 41.7 a-e 55.7 a-e 2.3 a-d 36.8 a-b 
11.3 a-b 52.3 a-f 63.6 a-g 2.3 a-d 42.3 a-e 
20.0 a-f 68.0 a-g 88.0 a -h  2.0 a-c 45.2 a-g 
19.3 a-e 39.3 a-d 58.6 a-f 2.7 a-e 49.5 b -h  
21.7 a-g 70.0 a-g 91.7 a-i 4.3 a -h  38.3 a-c 
21.7 a-g 81.7 a-h 103.4 a-j 1.7 a-c 49.2 b-h  
31.0 a-k 72.7 a-g 103.7 a-j 3.0 a-e 45.3 a-g 
18.7 a-d 86.3 a-i 105.0 a-j 2.7 a-e 55.3 d-j 
20.0 a-f 88.0 b-j 108.0 b-k 6.7 b-i 42.9 a-f 
23.0 a-g 98.7 c-1 121.7 c-m 1.7 a-c 53.4 c-1 
24.7 a-h 89.3 b-j 114.0 b-1 1.7 a-c 62.0 g-k 
19.3 a-e 120.0 e-n 139.3 e-p 3.3 a-f 48.1 b-h  
23.0 a-g 101.3 c-m 124.3 c-n 3.0 a-e 58.9 e-k 

29.3 a-j 119.7 e-n 149.0 g-r 3.0 a-e 55.1 d-j 
28.7 a-i 125.0 f-o 153.7 h-s 3.0 a-e 54.5 c-j 
33.0 a-k 98.0 c-1 131.0 d-o 4.3 a-h 57.6 e-k 
33.0 a-k 102.3 can  135.3 d-o 3.3 a-f 62.0 g-k 
32.7 a-k 108.0 d-n 140.7 e-q 4.0 a -h  57.3 e-k 
39.0 b-n 127.0 f-o 166.0 h-s 3.3 a-f 53.5 c-i 
35.0 a-k 120.0 e-n 155.0 h-s 6.7 b-i 54~8 c-j 
33.0 a-k 122.3 f-o 155.3 h-s 3.7 a-g 56.7 e-k 
35.0 a-k 129.7 f-o 164.7 h-s 4.3 a -h  56.9 e-k 
48.0 e-n 119.5 e-n 167.5 h-s 3.7 a-g 54.8 c-j 
34.3 a-k 125.7 f-o 160.0 h-s 4.0 a -h  61.8 g-k 
34.3 a-k 138.3 g-o 172.6 h- t  5.0 a-i 59.6 f-k 
34.3 a-k 133.7 g-o 168.0 h-s 5.3 a-i 62.1 g-k 
38.7 b-n 123.0 f-o 161.7 h-s 5.3 a-i 62.5 g-k 
37.0 a -m 116.0 d-n  153.0 j-s 8.3 e-i 61.2 g-k 
37.0 a -m 152.0 h -p  189.0 j -u  5.0 a-i 57.6 e-k 
36.3 a-1 134.7 g-o 171.0 h-s 8.0 d-i 62.3 g-k 
40.3 b-n 140.3 g-o 180.6 i-t 6.0 a-i 60.4 g-k 
39.0 b-n 163.3 i-p 202.3 1-v 5.3 a-i 59.9 f-k 
46.3 d-n  161.0 h -p  207.3 m-v  4.0 a -h  62.7 g-k 
43.7 c-n 169.0 j-p 212.7 m-v  5.0 a-i 56.8 e-k 
46.3 d-n 155.3 h -p  201.6 l-v 6.0 a-i 61.5 g-k 
49.3 f-o 165.0 i-p 214.3 n-v 4.7 a-i 58.3 e-k 
45.7 d-n  175.0 k-p 220.7 o-v 6.7 b-i 58.1 e-k 
58.3 j-s 139.7 g-o 198.0 l-u 3.7 a-g 57.9 e-k 
46.3 d-n  187.7 m-p  229.0 p-v 4.0 a-h 62.8 g-k 
49.3 f-o 178.7 1-p 228.0 p-v 5.7 a-i 60,4 g-k 
44.7 d-n  167.3 j-p 212.0 m-v  10.3 i 54.3 e-k 
53.7 h -q  136.7 g-o 190.4 j -u  8.3 e-i 61.6 g-k 
66.0 m-u  129.7 f-o 195.7 k-u 4.3 a -h  65.0 h -k  
50.3 g-p 129.7 f-o 180.0 i-t 9.7 h- i  67.6 i-k 
77.0 o-u 132.0 g-o 209.0 m-v  6.0 a-i 57.7 e-k 
50.3 g-p 169.0 j-p 219.3 o-v 9.0 f-i 60.8 g-k 
59.0 k-t 172.3 k-p 231.3 q-w 4.3 a-h 61.7 g-k 
54.7 i-r 154.0 h -p  208.7 m-v  9.3 g-i 58.8 e-k 
57.3 i-r 170.3 k-p 227.6 p-v 8.0 d-i 60.0 g-k 
48.7 e-n 186.0 n -p  234.7 r-w 8.3 e-i 60.1 g-k 
78.3 p - u  101.3 c-m 179.6 i-t 8.0 d-i 69.3 i-k 

(cont inued)  
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TABLE 1. (Continued) 

Number of 
Source nematodes recovered from: 

of Necrosis 1 g 300 cc 
Variety seeds rating b roots soil Total 

Number Number 
of egg of 

masses/g eggs/egg 
of roots m a s s  e 

CES XVI-26 P UPLBCA 4.3 n-o 58.3 j-s 171.3 k.p 229.6 p-v 9.0 f-i 58.9 e-k 
PI 60273 UPLBCA 4.3 n-o 65.7 1-u 178.01-p 243.7 s-w 7.3 c-i 65.5 h-k 
GC 40057-I-12 AVRDC 4.7 p-q 67.0 n-u 158.0 h-p 225.0 p-v 10.3 i 64.0 h-k 
GC 40081-0-17 AVRDG 5.0 q 86.3 s-u 186.0 n-p 272.3 u-w 6.7 b-i 63.6 h-k 
EGSY 99 BPI 4.9 q 82.0 r-u 133.0 g-o 215.0 o-v 9.7 h-i 74.1 k 
L 114 UPLBCA 4.7 p-q 79.7 q-u 182.0 m-p 261.7 t-w 9.3 g-i 62.5 g-k 
GC 40177-0-11 AVRDC 4.8 p-q 87.0 t-u 201.7 o-p 288.7 v-w 9.0 f-i 59.8 f-k 
PI 200492 UPLBCA 5.0 q 93.3 u 343.0 q 436.3 x 8.0 d-i 67.2 i-k 
Improved pelican BPI 5.0 q 89.0 u 222.7 p 311.7 w 10.3 i 71.7 j-k 

• Data are means of three replicates. Means followed by the same letter do not differ at the 5% level by 
Duncan's multiple-range test. 
bBased on a severity scale of 1 to 5 determined from relative percentages of necrotic portions of root systems 
as follows: 1 = 0tTo (no necrosis); 2 = 1-25% (light necrosis); 3 = 26-50% (moderate necrosis); 4 = 51-75% 
(severe necrosis); and 5 = over 75% (very severe necrosis). 
CMeans of counts from all egg masses found. 

mos t  ref lect ive of  res is tance,  s ta t i s t ica l  
analyses  were  m a d e  of  c o r r e l a t i o n  of resist- 
ance  r a t i n g  a n d  necrosis  r a t ing ,  n e m a t o d e  
recover ies  f rom 1 g roots,  300 cc soil,  a n d  
b o t h  1 g roo ts  a n d  300 cc soil ,  and  n u m b e r s  
of egg m a s s e s / g  of roots  a n d  eggs / egg  mass, 
based  on  r values  ( co r re l a t ion  coefficients). 
T h e  r values  of  the  d i f fe ren t  assessment  
p a r a m e t e r s  for d e t e r m i n i n g  res is tance  were  
also ana lyzed  to d e t e r m i n e  the  co r re l a t ions  
of  these pa ramete r s .  

R E S U L T S  A N D  D I S C U S S I O N  

Rotylenchulus p r e d o m i n a t e d  over  the  
o t h e r  p l a n t - p a r a s i t i c  n e m a t o d e  gene ra  be- 
fore the  e x p e r i m e n t .  T h e  average  i n i t i a l  
p o p u l a t i o n  dens i ty /300-cc  soil  s amp le  of  
this  n e m a t o d e  was 41 c o m p a r e d  w i t h  an  
average  to ta l  of  on ly  7 for al l  o t h e r  gene ra  
e n c o u n t e r e d :  Helicotylenchus, Meloidogyne, 
Tylenchorhynchus, Hoplolaimus, Hemicri- 
conemoides, Pratylenchus, a n d  Cri- 
conemoides. 

A t  the  e n d  of  the  e x p e r i m e n t ,  r o o t  
necrosis  ra t ings ,  R. reniformis recover ies  
f rom 1 g roots ,  300 cc soil ,  a n d  b o t h  1 g 
roots  a n d  300 cc soil,  a n d  n u m b e r s  of  egg 
m a s s e s / g  of  roo ts  a n d  eggs / egg  mass d i f fered  
s ign i f ican t ly  a m o n g  var ie t i es  ( T a b l e  1). 
R e l a t i o n s  were  gene ra l ly  pos i t ive  for  necro-  
sis, n e m a t o d e  recovery,  a n d  n e m a t o d e  
r e p r o d u c t i o n .  T h e  dev i a t i ons  f rom this  
t r e n d  obse rved  in  ce r t a in  var ie t i es  m a y  in- 

d ica te  a v a r i a b i l i t y  in  to l e rance  to t i le  
n e m a t o d e  in  these var ie t ies .  T h e r e  were  no  
a p p a r e n t  increases  in  p o p u l a t i o n  dens i t ies  
of o t h e r  n e m a t o d e  gene ra  over  the  i n i t i a l  
densi t ies .  

Res i s tance  r a t i ngs  d i f fered  g rea t ly  a m o n g  
the  var ie t ies  ( T a b l e  2). N i n e  var ie t ies  ( T K  
5, S t r a in  99, S t r a in  12, P I  200451, G C  
40078-2-40, EGSY 12, GC 40142-0-66, EGSY 
6, a n d  UPL-SY 2) were  res i s t an t  a n d  13 
were  m o d e r a t e l y  res is tant .  Twen ty - s ix  a n d  
17 var ie t ies  respec t ive ly  showed m o d e r a t e l y  
suscep t ib le  a n d  suscep t ib le  reac t ions .  

T K  5, S t r a in  99, a n d  S t r a in  12 were  also 
r ecen t ly  f o u n d  (6) r e s i s t an t  to the  r o o t - k n o t  
n e m a t o d e s  Meloidogyne incognita, M. 
arenaria, a n d  M. javanica in  pots.  T h o s e  
var ie t ies  a re  the re fo re  p o t e n t i a l l y  usefu l  in  
n e m a t o d e  con t ro l  a n d  b r e e d i n g  p rog rams .  

T h r e e  successive c ropp ings  of  T K  5 
resu l ted  in inc reased  p o p u l a t i o n s  of  R.  
reniformis, a l t h o u g h  the  increase  was less 
t han  tha t  on  m u n g  b e a n  (9). I n  a subse- 
q u e n t  field e x p e r i m e n t  i n v o l v i n g  this var i-  
ety, no  s igni f icant  y ie ld  r e d u c t i o n s  occu r r ed  
in  soil  in fes ted  p r e d o m i n a n t l y  b y  R. reni- 
1ormis d u r i n g  two successive wet-season 
p lan t ings ,  a l t h o u g h  y ie ld  loss was as h igh  as 
4 5 %  in  the  succeed ing  dry-season p l a n t i n g  
(8). I n  m u n g  bean ,  y ie ld  r e d u c t i o n s  h a d  
been  s igni f icant  s ince the  first wet-season 
p l a n t i n g  a n d  were m u c h  h i g h e r  (as h igh  as 
7 5 % )  t h a n  in  T K  5 d u r i n g  the  dry-season 
p l an t i ng .  W h i l e  those  obse rva t ions  suggest  
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TABLE 2. Resistance rating and host category o1 soybean varieties to Rotylenchulus reni[orruis, based 
on indices of root necrosis, nematode recovery, egg mass production, and egg production." 

Nematode recovery indices Egg mass Egg Resist- 

produc- product- ance 
Necrosis Roots and tion tion rat ing Host 

Variety index Roots Soil soil index index (Av.) categox~] b 

TK 5 0.71 0.57 0.71 0.50 1.33 1.64 0.91 R 
Strain 99 1.07 0.86 1.78 1.25 1.33 1.09 1.23 R 
Strain 12 1.42 1.14 1.07 0.75 2.00 1.09 1.25 R 
PI 200451 1.07 1.14 1.42 1.00 2.00 1.64 1.38 R 
GC 40078-2-40 1.42 0.86 1.07 0.75 2.67 2.73 1.58 R 
EGSY 12 1.42 1.14 2.13 1.50 3.33 1.64 1.86 R 
GC 40142-066 1.42 0.86 2.49 2.00 3.33 3.27 2.23 R 
EGSY 6 1.78 2.00 2.84 2.25 2.67 4.36 2.65 R 
UPL-SY 2 1.78 1.71 1.78 1.75 4.00 5.45 2.75 R 
K.E. 32 2.49 2.28 2.84 2.50 6.00 2.18 3.05 MR 
Ross 3.20 2.28 3.20 2.75 2.67 5.45 3.26 MR 
GC 40176-1-12 2.49 3.42 2.84 2.75 4.00 4.36 3.31 MR 
EGSY 78 3.20 1.43 3.55 2.75 4.00 7.63 3.76 MR 
Ta in u n g  4 x Ross 3.20 2.00 4.26 3.25 7.33 3.82 3.98 MR 
CES XVI-23 P 4.62 2.28 5.33 4.00 2.67 6.54 4.24 MR 
GC 40142-0-158 4.62 2.54 4.26 3.50 2.67 9.81 4.57 MR 
GC 40142-0-32 3.91 1.71 6.75 5.25 4.67 5.45 4.62 MR 
Sankuo 4.62 2.28 5.68 4.25 4.00 8.72 4.93 MR 
T a i n u n g  4 x 

Gilbert 5.33 3.14 6.75 6.25 4.00 7.63 5.52 MR 
CES XVI-24 PIN 5.33 2.85 7.46 6.75 4.00 7.09 5.58 MR 
K 475 6.04 3.42 5.33 4.75 6.00 8.72 5.71 MR 
EGSY 15 6.75 3.42 5.68 4.75 4.67 9.81 5.85 MR 
Ogden 5.33 3.42 6.39 5.50 6.00 8.72 5.89 MS 
GC 40142-0-159 5.33 4.56 7.46 6.75 4.67 6.54 5.89 MS 
S-13 6.04 3.42 6.75 6.75 7.33 7.09 6.23 MS 
Multivar 80 6.04 3.42 7.46 6.75 5.33 8.72 6.29 MS 
Woodworth 6.04 3.42 7.46 6.75 6.00 8.72 6.40 MS 
Clark 63 7.81 5.42 6.75 6.75 5.33 7.09 6.53 MS 
Cobb 6.39 3.42 7.46 6.75 6.00 9.81 6.64 MS 
Williams 6.04 3.42 7.81 7.00 6.67 9.27 6.70 MS 
T-8 6.04 3.42 7.81 6.75 6.67 9.81 6.75 MS 
Strain 78 6.75 4.56 7.46 6.75 6.67 9.81 7.00 MS 
Taiwan 6.39 3.99 6.39 6.75 9.33 9.81 7.11 MS 
UPSL 85 7.10 3.99 8.52 7.75 6.67 8.72 7.13 MS 
GC 40081-0-27 6.39 3.71 7.81 6.75 8.67 9.81 7.19 MS 
PI 400490 7.81 4.56 7.81 7.25 6.67 9.81 7.32 MS 
¥LCS 16 7.10 4.56 8.88 8.50 6.67 9.27 7.50 MS 
VLCS 12-A 7.10 5.13 8.52 8.75 6.00 9.81 7.55 MS 
BPI Sel. 1 7.81 4.85 9.23 8.75 6.67 8.72 7.67 MS 
GC 40142-0-87 8.17 5.13 8.52 8.50 6.67 9.81 7.80 MS 
T a i n u n g  3 7.81 5.99 8.88 9.00 6.67 8.72 7.85 MS 
PI 371609 7.8l 5.13 9.59 9.25 7.33 8.72 7.97 MS 
GC 40142-0-74 9.59 8.27 7.81 8.25 5.33 8.72 8.00 MS 
VLCS 12-B 8.17 5.13 10.30 9.50 6.00 9.81 8.15 MS 
Ta in u n g  4 7.81 5.99 9.94 9.50 6.67 9.81 8.29 MS 
CES XVI-38 P 7.81 5.13 9.23 8.75 12.00 8.72 8.61 MS 
GC 40089-2-8 9.94 7.13 7.81 7.75 9.33 9.81 8.63 MS 
Lincoln 11.01 9.69 7.46 8.00 6.00 10.36 8.75 MS 
GC 40085-2-10 9.59 6.56 7.46 7.25 11.34 10.90 8.85 S 
I 346 11.01 10.26 7.81 8.75 6.67 8.72 8.87 S 
CES XVI-112 PIN 8.88 6.56 9.23 9.25 10.00 9.81 8.96 S 
S-4 9.59 8.84 9.59 10.00 6.00 9.81 8.97 S 
CES 434 9.59 7.70 8.52 8.75 10.67 8.72 8.99 S 
CES XVI-103 P 8.88 7.70 9.59 9.50 8.67 9.81 9.03 S 
PI 62204 8.88 5.42 10.65 10.25 9.33 9.81 9.06 S 

(continued) 
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T A B L E  2. (Cont inued)  

Nema t ode  recovery indices Egg mass  Egg Resist-  

p roduc-  p roduc t -  ance 
Necrosis Roots  and  t ion t ion ra t ing  

Variety index  Roots  Soil soil index  i ndex  (Av.) 
Hos t  

category b 

GC 40142-0-17 12.00 10.55 5.68 7.25 8.67 10.90 9.18 S 
CES XVI-26 P 10.34 8.27 9.59 9.50 10.00 8.72 9.40 S 
PI  60273 10.34 9.41 9.94 10.50 8.00 10.36 9.76 S 
GC 40057-1-12 11.72 9.98 8.52 9.50 12.00 10.36 10.35 S 
GC 40081-0-17 12.00 11.40 10.65 11.00 7.33 10.36 10.46 S 
EGSY 99 12.00 11.12 7.81 9.25 11.34 12.00 10.59 S 
L 114 11.72 10.83 10.30 10.75 10.67 9.81 10.68 S 
GC 40177-0-11 11.72 11.69 11.01 11.25 10.00 9.27 10.82 S 
PI  200492 12.00 12.00 12.00 12.00 8.67 10.90 11.26 S 
Improve d  pel ican 12.00 12.00 11.36 11.50 12.00 ] 1.45 11.72 S 

alndices for necrosis, nema tode  recoveries f rom roots, soil, and  bo th  soil and  roots, egg mass  product ion ,  and  
egg p roduc t ion  were de t e rmi ned  f rom the statist ical  m e a n s  (differentiated by letters) in Tab l e  1 for  necrosis 
ra t ing,  n u m b e r s  of nematodes  recovered f rom 1 g roots,  300 cc soil, and  bo th  1 g roots and  300 cc soil, n u m -  
ber  of  egg masses /g  of roots, and  n u m b e r  of  eggs /egg mass,  respectively, by ass igning  an  arb i t rary  va lue  of 
12 to the  h ighes t  m e a n  a n d  equal ly  divided lower va lues  (de te rmined  by the  n u m b e r  of  statistically differ- 
en t  m e a n s  involved) to the  succeeding different  means .  Indices of m e a n s  des ignated  by two or  more  letters 
were d e t e r m i n e d  by d iv id ing  the  s u m  of the  co r respond ing  values by the  n u m b e r  of  let ters  involved. 
bBased on  the  resistance ra t ings  us ing  the  fol lowing scale: 0-2.93 = R (resistant); 2.94-5.86 = M R  (mod- 
erately resistant);  5.87-8.79 = MS (moderate ly  susceptible);  and  8.80-11.72 = S (susceptible). T h e  ranges  
were based on  the  quo t i en t  (2.93) ob ta ined  by d iv id ing  11.72 (h ighes t  resistance rat ing)  by 4 ( n u m b e r  of  
categories). 

that T K  5 may possess greater tolerance 
than resistance to R. reni[ormis, according 
to the categorization of Dropkin and Nelson 
(11), they were not  supported by the results 
of the present experiment.  

T h e  use of resistance ratings, based on 
indices of the assessment parameters used in 
this study, appears to be potential ly useful 
in determining the relative host categories, 
other than tolerance, of crop varieties to 
R. reni]ormis. Tlfis method compares va- 
rietal resistance based on several criteria. 
Comparisons of crops' resistance to 
nematodes are usually limited to single 
parameters, and it is sometimes difficult to 
determine which parameter  should be as- 
signed most importance. Basing indices for 
the different parameters on statistical means 
reduced the chances of assigning different 
values to statistically similar means. Ob- 
jectivity was enhanced by the determinat ion 
of the ranges of resistance ratings to which 
the host categories were assigned, based on 
a value derived from the data. The  use of 
indices instead of actual values in deter- 
mining resistance ratings, however, has the 
disadvantage of favoring the parameter  
concerning which lower numbers of statis- 
tically different means are involved. 

Highly significant positive linear corre- 
lations existed between resistance rat ing 
and any of the assessment parameters (Fig. 
1). This  suggests that, under  the conditions 
of the experiment,  any of the parameters 
could be used to identify resistance. From 
the analyses of significance of differences 
between correlation coefficients, nematode 
recovery from 1 g roots, total recoveries from 
1 g roots and 300 cc soil, and necrosis rating 
were equally the most efficient parameters. 
Among these, use of necrosis rat ing is ap- 
parently the simplest and least time- 
consuming. However, since necrosis could 
be caused by various other factors (sec- 
ondary invading organisms such as fungi 
and bacteria), it is necessary to supplement 
necrosis rating with nematode recovery from 
1 g roots. T h e  high efficiency of nematode 
recovery from 1 g roots as a parameter  
could probably be at t r ibuted to the fact 
that  this criterion is the most indicative of 
the relative degree of nematode infection. 
Number  of egg masses/g of roots was the 
least efficient parameter.  This  was perhaps 
partly related to the differences in the rates 
of nematode development  in the different 
varieties. 

Highly significant positive linear cot- 
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r e l a t i o n s  w e r e  a l so  o b s e r v e d  b e t w e e n  a n y  
t w o  c o m b i n a t i o n s  o f  p a r a m e t e r s .  T h i s  ob -  
s e r v a t i o n  a g r e e s  w i t h  t h e  g e n e r a l  t r e n d  o f  
r e l a t i o n s h i p s  i n  T a b l e  1. 
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Mode of Parasitism of Meloidogyne and Other 
Nematode Eggs by Dactylella oviparasitica 

G. R. STIRLING and R. MANKAU ~ 

Abstract: H y p h a e  of Dactylella oviparasitica prol i fera ted rapidly t h r o u g h  MeIoidogyne egg masses ,  

and  appressoria  fo rmed  when  they contacted eggs. T h e  fungus  probably  pene t r a t ed  egg shells 
mechanical ly ,  a l t h o u g h  chi t inase p roduc t ion  detected in cu l ture  suggested tha t  enzymat ic  pene-  
t ra t ion  was also possible. Ill soil, D. oviparasitica invaded egg masses soon af ter  they were 
deposi ted on  the root  surface and  eventua l ly  parasi t ized most  of the  first eggs laid. Occasionally 
the  f u n g u s  grew into Meloidogyne females,  ha l t i ng  egg p roduc t ion  p remature ly .  T h e  f u n g u s  
parasi t ized eggs in the  gela t inous  ma t r i x  or  eggs freed from the  ma t r i x  and  placed on  agar  or  in 
soil. Specificity in nema tode  egg paras i t i sm was not  displayed, for D. oviparasitica parasi t ized eggs 
of four  Meloidogyne spp., Acrobeloides sp., Heterodera schachtii, and  Tylenchulus semipenetrans. 
I n  tests in a growth chamber ,  paras i t i sm by D. oviparasitica suppressed  gal l ing on M. incognita- 
infected tomato  plants .  Key Words: biological control,  appressor ium,  chit inase,  Heterodera 
schachtii, Tylenchulus semipenetrans, 

Dactylella oviparasitica Stifling and 
Mankau was first isolated from Meloidogyne 
egg masses collected from peach orchards in 
the San Joaquin Valley, California (12). 
Laboratory studies indicated (13) that the 
fungus was parasitic on Meloidogyne eggs, 
and suggested that it contr ibuted to the 
biological control of root-knot nematodes 
in the field. I t  was not  known how D. 
oviparasitica invaded egg masses and pene- 
trated eggs, or whether parasitism was 
limited to eggs of Meloidogyne. It  seemed 
possible that the aggregation of eggs in a 
gelatinous matr ix  allowed more active 
parasitism of Meloidogyne eggs than of eggs 
of other  nematodes. T h e  objectives of this 
study were: 1) to follow the invasion and 
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proliferation of D. oviparasitica in egg 
masses, and its penetrat ion into eggs; and 2) 
to determine whether the parasitism was 
restricted to a single species or group of 
nematodes. 

MATERIALS AND M E T H O D S  

T h e  invasion of Meloidogyne egg masses 
by D. oviparasitica was studied on agar 
plates and in soil. Egg masses of M. incog- 
nita (Kofoid and White) Chitwood were 
added to macerated mycelium of D. ovi- 
parasitica (isolates C, K and S) on water-agar 
plates by techniques described earlier (13). 
Plates were incubated at 24 C, and egg 
masses were examined periodically by dis- 
solving the gelatinous matr ix  in 1% NaOC1 
and observing them under  a microscope. 
Egg masses partially dissolved with 1% 
NaOC1 were also fixed in 5% formalin, 
placed in 2% glycerin, and allowed to de- 
hydrate for 5 weeks. T h e y  were then coated 
with a 10-nm-thick gold coating and ex- 
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