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Pinto Bean Yield Increased by Chemical Control of 
Pratylenchus spp. 1 

R. T. ROBBINS, O. J. DICKERSON, and J. H. KYLE 2 

Abstract: Pinto bean yields and Pmtylenchus spp. (nematode) population densities are reported for field 
plots pro-plant treated with nematicides in 1966 and 1968. Vidden-D (1,3-dichloropropene, 1,2-dichloro- 
propane and related chlorinated hydrocarbons), Vortex (20% methyl isothioeyanate plus 80% chlorinated 
Ca-hydrocarbons), Telone PBC (80% dichloropropenes, 15% chloropicrin, and 5% propargyl bromide), 
Dasardt (0,0-Diethyl 0-[p-(methylsulfmyl)phenyl] phosphorothioate, and Dowfume MC-2 (98% methyl 
bromide plus 2% chloropierin) were used in 1966. Vorlex, Dasanit, and D-D (1,3-dichloropropene, 
1,2-dichloropropane and related chlorinated hydrocarbons) were each used at two rates in 1968. 

Fumigated plot yields ranged 32-56% higher than control plots in 1966 and 11-80% higher in 1968. 
Significant yield increases were obtained for all fumigants except Telone PBC in 1966. In 1968 significant 
increases were obtained from use of the high rate (374 liters/ha) of Vorlex and low rate (8.4 liters/ha) of 
Dasanit. There was an inverse relationship between yield and numbers of Pratylenchus spp.]g root on four 
sampling dates in 1968. A correlation coefficient of - .39 ( / ~ . 0 5 )  was obtained for samples taken 36 days 
after planting and -.52 (Pff~0.01) for samples taken 30 days later. There was no significant correlation 
between yield and numbers of Pvatylenchus spp. recovered from the soil. Key Words: Pathogenicity, 
Nematicides, Population dynamies, Fumigation. 
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High population densities of Pratylenchus 
spp. nematodes are often associated with 
reduced yield of pinto beans (Phaseolus vulgaris 
L.) in western Kansas. It is known that some 
species of plants are tolerant to these pests 
(9 ,10) .  The purposes of  the experiments 
reported here were to determine pinto bean 
yield loss due to Pratylenchus spp. and to 
evaluate the efficacy of several nematicides 
against a field population of Pratylenchus spp. 

MATERIALS AND METHODS 

Plots were established in 1966 and 1968 at 
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the Kansas Agricultural Experiment Station, 
Garden City Branch on deep Keith silt loam 
wi th  0 to 1% slope (6). A randomized, 
complete-block design with either six or seven 
treatments and four replicates was used. All 
plots were 2.8-m wide and 15-m long with a 
3-m alley between plots. Each plot contained 
four rows, two on each of two beds on 1.4-m 
centers. The two rows of each bed were spaced 
0.6-m apart. Irrigation furrows were located on 
both sides of all beds. 

At the time of nematicide application in 
1966, the mean Pratylenchus spp. population 
was 117/473 cc of soft with no significant 
differences detected between plots. The species 
present were identified as P. neglectus, P. 
hexincisus, P. scribneri, and P. allenL The 
proportion of the total population for each 
species was not determined. An average of 28 
Tylenchorhynchus acutus/473 cc of soil was 
also present. 

T r e a t m e n t s  in  1 9 6 6  i n c l u d e d  
1,3-dichloropropene, 1,2-dichloropropane and 
related chlorinated hydrocarbons (Vidden-D®); 
methyl isothiocyanate 20% plus chlorinated 
C 3 - h y d r o c a r b o n s  8 0 %  ( V o r l e x ® ) ;  
dichloropropenes 80%, chloropicrin 15%, and 
propargyl bromide 5% (Telone PBC®). The 
application rate of these liquid nematicides was 
350 liters/ha on a broadcast basis. 0,0-Diethyl 
0- [p-(methylsulfinyl)phenyl] phosphorothioate 
(Dasanlt.10G®) was applied at 19.9 kg active 
ingredient/ha (ai/ha) on a broadcast basis. 
Other treatments were methyl bromide 98% 
plus chloropicrin 2% (Dowfume MC-2®) at 
50g/m 2 and the control. 

Liquid fumigants were applied 20-cm deep 
with three chisels on 30-cm centers/bed with a 
drag to seal the surface. Dasanit was broadcast 
on the bed surface with a fertilizer applicator 
and rototllled 10-cm deep. The actual treated 
area for the liquid fumigants and Dasanit was 
the 0.9-m strip between irrigation furrows. 
Dowfume MC-2 was applied to the entire plot 
under polyethylene tarp. Soil temperature was 
18 C at 20-cm. Plots were planted on May 26 
(21 days after treatment) to 'Idaho 111' pinto 
beans. 

Representative soil and root samples were 
taken from the outer rows of each plot 62 and 
104 days after seeding. Each sample contained 
four sets of roots and adjacent soil. Roots were 
removed, washed, weighed, and placed in a mist 
chamber. Nematodes were collected daily for 7 
days, and the number of Pratylenchus spp./g 

root (fresh wt) calculated. One composite soil 
sample / rep l ica t ion  was processed by the 
sieving-Baermann funnel method of extraction 
and the nematodes counted. The middle 9-m of 
the  two middle rows of each plot were 
harvested 109 days after seeding. To minimize 
variation in numbers of nematodes recovered, 
data were transformed by the formula N' = x/N 
+ 1 in the statistical analysis (8). 

In 1968 the plot design, host variety, 
sampling,  n e m a t o d e  recovery and data 
processing were the same as in 1966. In 1968 
the mean nematode numbers/473 cc of soil at 
the time of nematicide treatment were 89 
Pratylenchus spp. and 15 T. acutus with no 
significant differences detected between plots. 
Xiphinema americanum, Helicotylenchus sp., 
and Heterodera schachtii were found 
sporadically in small numbers both in 1966 and 
1968. Treatments were: 1,3-dichloropropene, 
1,2-dichloropropane and related hydrocarbons 
(D-D®); and Vorlex applied at 187 and 38'4 
liters/ha on a broadcast basis; Dasanit applied at 
8.4 and 16.8 kg ai/ha on a broadcast basis; and 
the control. Application was the same as in 
1966 except that liquids were applied through 
only two chisels, one 25-cm to the left and one 
25-cm to the right of center of the beds. At 
time of application, soil temperature was 16 C 
at 20-cm deep; 25 days later, May 27, the pinto 
beans were planted. Samples were taken 7, 36, 
66, and 93 days after seeding. At maturity, 107 
days after seeding, the center 6-m of the two 
middle rows were harvested for yields. 

RESULTS 

In 1966 all nematicides t e s ted  except 
Telone PBC resulted in significantly greater 
pinto bean yields (Table 1). No significant yield 
differences among nematicide treatments and 
no differences in the number of pods or total 
dry wt were found. Population densities of 
Pratylenchus spp. in soil treated with Dowfume 
MC-2, Vor lex ,  and Te lo n e  PBC were 
significantly lower (P<~0.05) than for the 
control at both sampling dates (Table 1). 
P o p u l a t i o n  densities in soil treated with 
Dasanit-10G and Vidden-D were not different 
from the controls at 62 days after seeding but 
were significantly lower (P<~O.05) at 104 days 
after seeding (5 days prior to harvest). On both 
sampling dates  t he re  were significant 
differences in the mean number of Pratylenchus 
spp. recovered[lO g fresh wt of pinto bean 
roo t s  (Table 1); significantly fewer were 
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TABLE 1. Effect of  nematicide treatments on population densities ofPratylenchus spp. and resulting yields 
of  pinto beans. 

Pratylenchus spp. Pinto Bean 

Treatmentt and dosage per 10 g fresh roots per 473 ee soil 
on a broadcast basis July 27 Sept. 7 July 27 Sept. 7 

Yield % yield 
(kg/ha) increase 

Vidden-D 350 liters/ha 9,775 ab:~ § 24,888 a~ 181 ab§ 393 b § 2,310.9 a§ 39.7 
Dowfume MC-2, 50g/m 2 10 c 15b Ob 0 d 2,574.6 a 55.7 
Vorlex 350 liters/ha 2,997 abc 13,513 a 57 ab 95 cd 2,536.5 a 53.4 
Dasanit 19.9 kg ai/ha 2,450 bc 16,350 a 81 ab 207 be 2,541.0 a 53.7 
Telone PBC 350 fiters/ha 3,783 abc 13,163 ab 40 b 137 cd 2,180.0 ab 31.9 
Control - untreated 10,191 a 21,687 a 288 a 636 a 1,653.2 b 
LSD .05 8,417 13,470 214 193 625.2 

T E a c h  t r e a t m e n t  was  r e p l i c a t e d  f o u r  t imes .  E n t i r e  plo t s  w e r e  t rea ted  w i t h  MC-2.  Fo r  the  o t h e r  n e m a t i c i d e s  a 
0 . 9 - m  strip,  conta in ing  t w o  r o w s ,  b e t w e e n  irr igat ion furro ws  on  1 . 4 - m  cen ter s  was  ta~ated .  
S i g n i f i c a n t  d i f f e r e n c e s  i n d i c a t e d  w e r e  ca l cu la ted  f r o m  data  t r a n s f o r m e d  b y  the  f o r m u l a  N '  = ~ / N  + 1. 

§ U n l i k e  l e t t e r s  w i t h i n  a c o l u m n  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  at  the  95% c o n f i d e n c e  level .  

recovered from the Dowfume MC-2 treated 
plots than from all others. On both dates root 
population densities from Vorlex and Telone 
PBC treated plots were significantly (P<£0.05) 
lower than those from the Vidden-D and the 
control plots. Dasanit resulted in a population 
density significantly lower than that recorded 
for control and Vidden-D for the first sampling 
period; but for the second, the population 
dens i ty  was significantly lower than that 
recorded for Vidden-D only. 

In 1968, yields from plots treated with 
Dasanit at 8.4 kg ai/ha and Vorlex at 374 
liters/ha were significantly higher (P<~O.05) 
than those from the control (Table 2). No 
significant yield differences were detected 
among Dasanit at 16.8 kg ai/ha, Vorlex at 187, 
D-D at 187 and 374 liters/ha, and the control. 

All 1968 treatments had significantly fewer 
Pratylenchus spp./g dry wt of pinto bean roots 
than did the control 7 days after seeding (Table 
2). The control had the highest nematode 
numbers/g dry wt of roots for the first three 
samplings; D-D at 187 liters/ha had a slightly 
larger number than the control on the last. 
There was a negative relationship between pinto 
bean yield and the number of Pratylenchus 
spp./g dry wt of  roots for each of the sampling 
da tes .  This is shown by the correlation 
coefficients (r) between yield and nematode 
numbers in the roots at the different sampling 
dates. The four values obtained were -0.36, 
-0.39, -0.52, and -0.34 at 7, 36, 66, and 93 
days after planting, respectively (for rg-0.37,  
P<~0.05). 

Correlation coefficients of  0.44, 0.44 and 
0.54 were found for nematode population 
densities in the roots at the first sampling 

compared with the second, third, and fourth, 
respectively (for r2+0.37, P<ZO.05). Correlation 
coefficients of the nematode numbers of the 
second and third samplings compared to the 
final sampling were not significant at the above 
level. 

Average  numbers of Pratylenchus spp. 
recovered/473 cc of soil for all treatments were 
30, 35, 151, and 2,000 at 7, 36, 66, and 93 
days after treatment, respectively. Numbers 
recovered did not differ among treatments at 
any sampling date nor was there a significant 
correlation between pinto bean yield and 
numbers of Pratylenchus spp. recovered from 
the soil. 

All treatments except Dasanit at 8.4 kg 
a i / h a  r e su l t ed  in s i gn i f i c an t l y  fewer  
Tylenchorhynchus acutus than in the controls 
at 7 days after seeding. Like Pratylenchus slap., 
fewer were recovered in the middle of the 
season than either at pre-treatment or near 
maturity. Average numbers recovered/473 cc of 
soil were 4, 5, 32, and 109 at 7, 36, 66,and 93 
days after treatment, respectively. Yields did 
not have a negative relationship with the 
numbers of  this nematode. No differences were 
found in the numbers of specimens among the 
o t h e r  genera of plant-parasitic nematodes 
observed. 

DISCUSSION 

Dowfume MC-2 (9), Vorlex and other 
fumigants containing propargyl bromide (7), 
and 1-3 dichloropropene, 1-2 dichloropropane 
m i x t u r e  (1)  r e p o r t e d l y  have fungicidal 
p r o p e r t i e s .  Because the effects of these 
chemicals on yield were not significantly 
different from that of  Dasanit (not reported to 
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TABLE 2. Effects of two rates of selected nematicides on population densities of Pratylenchus spp. and 
resulting yield of pinto bean. 

31 

Pratylenchus spp./g dry wt roots Pinto Bean 
Treatment1" and dosage Yield % yield 
on a broadcast basis June 3 July 2 Aug. 1 Aug. 28 (kg]ha) increase 

Dasanit 8.4 kg ai/ha 174 b~ § 3,544 a§ 12,406 a§ 9,383 bc§ 1,311.9 ab§ 72.7 
Dasanit 16.8 kg ai]ha 187 b 3,432 a 13,590 a 3,950 d 909.5 bc 19.7 
Vorlex 374 liters]ha 158 b 914 a 6,036 a 8,094 bc 1,364.5 a 79.6 
Vorlex 187 liters/ha 327 b 968 a 10,104 a 7,822 bed 1,171.7 abc 54.2 
D-D 374 liters/ha 304 b 1,438 a 8,935 a 6,288 cd 937.9 bc 23.4 
D-D 187 liters/ha 448 b 1,377 a 8,240 a 14,331 a 842.6 c 10.9 
Control  - untreated 1,088 a 4,562 a 15,201 a 12,521 ab 759.5 c 
LSD .05 442 4,016 10,313 4,853 419.3 

1" E a c h  t r e a t m e n t  w a s  r e p l i c a t e d  f o u r  t imes .  Dasani t  w a s  appl ied  to  the  b e d  surface  ( 0 . 9 - m  w i d t h )  b e t w e e n  
i r r i g a t i o n  f u r r o w s  t h a t  w e r e  o n  1 . 4 - m  cen te r s .  Th e r e  w e r e  t w o  r o w s  p e r  b e d ,  L i q u i d  f u m i g a n t s  w e r e  appl i ed  
in  e a c h  r o w  b y  a s ingle  ch i se l  ( f o u r  3 0 - c m  s t r i p s  t r e a t e d  i n  e a c h  2 . 8 - m  p lo t ) .  
Signi f icant  d i f f e r e n c e s  in d i c a te d  w e r e  c a l c u l a t e d  f r o m  d a t a  t r a n s f o r m e d  b y  t h e  f o r m u l a  N '  = ~ + 1. 

§ U n l i k e  l e t ters  w i t h i n  a c o l u m n  i n d i c a t e  s igni f icant  d i f f e r e n c e s  at  the  9 5 %  c o n f i d e n c e  level.  

be fungicidal),  it was assumed that soil 
pathogens other than nematodes were not a 
major factor in this test. 

In 1966, no differences in Pratylenchus spp. 
populations were detected between Vidden-D 
and control plots, even though bean yield was 
g rea t e r  on Vidden-D treated plots. That 
indicated that ff differences in numbers did 
exist, samples were probably taken too long 
after planting (62 days) to detect the lowest 
popu la t ion  density/unit that would cause 
damage. 

In both 1966 and 1968, the Pratylenchus 
spp. population densities/g of roots were higher 
at or near host maturity in some treatments 
than in control, even though yields from some 
t r e a t e d  p lo t s  were  significantly higher. 
According to Steiner (11) that phenomenon is 
common. Presumably, the population density 
of Pratylenchus spp. in the soil drops in the 
middle of the growing season and then builds 
up rapidly at the end (3,4,5). Chang and Rohde 
(2) reported that the necrotic effect produced 
by P. penetrans repelled rather than attracted 
individual nematodes, and Young (12) reported 
that Pratylenchus spp. left decaying roots. 
Thus, a greater population density would be 
expected in the soft at or near the end of the 
growing season in those treatments with the 
earliest infection by relatively large numbers. 
That happened in the 1966 and 1968 pinto 
bean experiments. 

The four sampling periods in 1968 revealed 
more about Pratylenchus spp. control on pinto 
beans than did the two periods in 1966. The 
first samples, taken 7 days after planting, 

showed a negative relationship between the 
resulting yields and the number of Pratylenchus 
spp./g root dry wt at that time for the three 
s ign i f i can t ly  d i f fe ren t  population levels. 
Control plots, with the highest nematode 
populations, gave the lowest yields. D-D at 187 
liters/ha resulted in lower populations and 
higher yields than did the control. Vorlex at 
374 liters/ha resulted in the lowest populations 
and the highest yields. No significant difference 
between numbers of nematodes recovered after 
36 or 66 days was detected. This supports the 
hypothesis that nematode counts taken early in 
the growing season more reliably indicate 
nematicidal control effectiveness in increasing 
yield than those taken later in the season. The 
16.8 kg ai/ha rate of Dasanit, which resulted in 
a lower yield than did the 8.4 kg ai/ha rate, 
seemed to be phytotoxic. 

The positive r values between the number of 
nematodes in the roots at the first sampling 
compared to subsequent samplings suggests that 
roots with high nematode populations did not 
deteriorate sufficiently to cause nematode 
migration from the roots until near the end of 
the growing season. 

Although T. acutus numbers were not 
shown to be associated with yield losses, their 
even distribution in the field would suggest that 
there could have been an additive effect on 
yield losses. 
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Histopathology of Pea Roots Axenically Infected by 
Pratylenchus penetrans I 

PETER O. OYEKAN 2, C. D. BLAKE 3, and J. E. MITCHELL 4 

Abstract: The histological changes in pea roots axenically infected by Pratylenchus penetrans were studied 
and described. Roots of pea seedlings growing aseptically on the surface of nutrient agar slants were 
inoculated with axenized nematodes. Six hours after inoculation most of the nematodes introduced were 
probing the root epidermis, but none had completely entered though a few were observed with their anterior 
section already in the root. Most of the nematodes penetrated the roots after 12 hr inoculation. From 18 to 
24 hr after inoculation the nematodes were mostly in the mid-cortex. Invaded regions of the cortex often 
showed orange discoloration. As incubation continued, the number of nematodes in these roots increased, 
and feeding and reproductive activities extended deeper into the cortex. These activities resulted in extensive 
breakdown of the cortex. No nematodes were observed within the stele of infected roots; however, the 
endodermis of infected roots stained dark-brown. Gravid female nematodes probed the root endodermis and 
some endodermal cells appeared to collapse after prolonged probing by the nematode. All stages in the life 
cycle of the nematode were observed in infected roots; the female to male ratio inside the root was about 
5:1. Key Words: Pisum sativum L. 
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Histopathology of roots of several major 
crops infected under sterile conditions by 
Pratylenchus penetrans (1, 2, 6, 8, 9, 10, 11) 
has shown that changes induced in the roots of 
various species of plants differ. In roots of 
apple (8), celery (10), alfalfa (2), and carrot 
(9), the root lesion nematode was found only in 
the cortex. Browning of the cortical and 
endodermal cells occurred and was associated 
with presence of high concentration of phenolic 
compounds in the affected tissues. In peach (6), 
specimens of P. penetrans were also only in the 
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