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Early Growth of Soybean as Altered by 
Heterodera glycines, Phenamiphos and/or Alachlor 1 

A. L. BOSTIAN, D. P. SCHMITT, AND K. R. BARKER 2 

Abstract: Greenhouse and field experiments were conducted to determine the effects of phenami- 
phos and /o r  alachlor on early growth of soybean, root morphology, and infection and resurgence 
ofHeterodera glycines (race 1). All tests were planted to 'Ransom' soybeans. In greenhouse experiments 
without nematodes, root growth was inhibited at 5 days by alachlor treatments and at 10 days by 
phenamiphos treatments; with nematodes, phenamiphos treatments enhanced root growth. Phen- 
amiphos also suppressed early penetration of soybean roots by H. glycines in the greenhouse. Early 
soybean growth parameters among treatments were generally similar in the field. Nematode pen- 
etration was limited with treatments containing phenamiphos at one location. Plants treated with 
only alachlor had less nematode infection than did the control; however, plants treated with her- 
bicide/nematicide combinations had more nematode penetration than did plants treated with phen- 
amiphos alone. Alterations of  root growth and interference with the efficacy of phenamiphos are 
two processes by which alachlor may enhance soybean susceptibility or suitability to H. glycines. 

Key words: pesticide interaction, soybean cyst nematode, Glycine max, herbicide, nematicide. 

Pesticides are often applied in combi- 
nation by growers and commercial appli- 
cators. Research on the interaction of  pes- 
ticides has been limited primarily to the 
effects on crop plants (24) and on soilborne 
fungi (11,27). The  relative lack of pesticide 
specificity may cause numerous effects on 
nontarget organisms (3,15,24). 

Herbicides may affect nematodes in four 
general ways. Some have a negligible effect 
(13,14); others indirectly reduce nematode 
populations through control of  various 
weed hosts (9,16,19); a few are somewhat 
nematicidal (10,21,22,25); and some her- 
bicides enhance nematode reproduction 
(2,9,10,17,25,26). Herbicide application in 
combination with another pesticide can 
have a major impact on the activity of  one 
or both compounds and effects on the tar- 
get organism (24). 

Herbicides applied in combination with 
nematicides may (5,17,23,28) or may not 
(1,20) alter the efficacy of the nematicide. 
The herbicide cycloate applied with aldi- 
carb to Heterodera schachtii Schmidt infest- 
ed fields of Beta spp. had no impact on the 
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nematicide or the nematode (1). Sodium 
azide applied alone was slightly nematicidal 
but when applied with carbofuran reduced 
the efficacy of the nematicide (23). Appli- 
cations of  the herbicides vernolate, triflu- 
ralin, and metribuzin with aldicarb en- 
hanced control  of  Heterodera glycines 
Ichinohe (17). Alachlor used in combina- 
tion with several nematicides resulted in 
greater numbers of nematodes than did 
the nematicides alone (5,28). 

The objective of  this research was to de- 
termine the effects of alachlor and phen- 
amiphos, applied alone and in combina- 
tion, on early growth of  soybean, root 
morphology, and early infection of soy- 
bean roots by H. glycines. 

MATERIALS AND METHODS 

Studies were conducted in the green- 
house and in two naturally infested H. gly- 
cines (race 1) field sites in North Carolina. 
All experiments were factorial and includ- 
ed the following treatments: untreated 
control, alachlor, phenamiphos, and phen- 
amiphos + alachlor. Separate greenhouse 
tests were conducted with and without H. 
glycines to characterize soybean response to 
the pesticides alone and to pesticide/nem- 
atode interactions. 

Greenhouse experiments: Two experi- 
ments were conducted to determine the 
effects ofphenamiphos and /o r  alachlor on 
soybean root morphology with and with- 
out H. glycines. Phenamiphos a n d / o r  ala- 
chlor (20 ml of a 25 #g/ml  aqueous solu- 
tion) were added to 500 cm s steam sterilized 
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loamy sand soil (85% sand, 3% clay, 12% 
silt, and 1% organic matter) to give final 
soil concentrations of 1.0 #g/cmL The soil 
and nematicide solution were vigorously 
mixed in a polyethylene bag for 30 seconds 
and then placed in 10-cm-d clay pots. 

The first experiment was conducted 
without nematodes. Following nematicide 
incorporation, one Glycine max (L.) Merr. 
'Ransom' seed was planted 2 cm deep. Af- 
ter planting, 20 ml of 25 #g/ml  alachlor 
solution were  pipetted over the soil sur- 
face. Water (20 ml) was applied to the soil 
in the same manner as the pesticides in 
treatments not receiving the compound(s). 

The treatments were replicated 16 times 
and randomized in complete blocks. At 5 
and 10 days after planting, eight replicates 
were harvested and plant growth data col- 
lected. Fresh weights of shoots and roots 
(primary and secondary) were determined. 
Number of secondary roots, primary root 
length, and primary root diameter were 
measured at each harvest. Primary root di- 
ameter was determined with a micrometer 
at the mid-length of the root. Ratios and 
percentages were computed from these ba- 
sic measurements. 

Heterodera glycines was included in the 
second experiment to assess the influence 
of  nematode/pesticide interaction on root 
morphology. Mature cysts of  H. glycines 
(race 1) cultured in the greenhouse on 'Lee 
68' soybean were collected and then  
crushed with a glass tissue homogenizer to 
release the eggs. Inoculum of 3,000 eggs 
per pot was placed via 10-ml volumes of 
water into a 2-cm deep hole in the soil and 
seeded as in the first experiment. The  four 
treatments were randomized in 32 com- 
plete blocks. Eight replicates were har- 
vested 3, 6, 9, and 12 days after planting. 
In addition to growth parameters listed for 
the first test, primary and secondary roots 
were stained using a modification of the 
NaOCl-acid fuchsin staining technique (7) 
and the number of infections determined. 

Field experiments: Experiments were con- 
ducted in fields of  the coastal plains natu- 
rally infested with H. glyclnes (race 1) near 
Smithfield, Johnston County, and the Up- 
per Coastal Plains Research Station near 
Rocky Mount, Edgecombe County, North 
Carolina. Initial densities ofH. glycines were 
385 and 455 eggs/500 cm ~ soil at Smith- 

field and Rocky Mount ,  respectively. 
Treatments were the same as those used 
in the greenhouse experiments. 

Phenamiphos (2.24 kg a.i./ha) was ap- 
plied in a 30-cm wide band and incorpo- 
rated with a rolling fine attached to the 
front of  the planter. The nematicide was 
applied and Ransom soybeans planted on 
26 May 1982 in Smithfield and 24 June 
1982 in Rocky Mount. The herbicide 
alachlor was sprayed broadcast onto des- 
ignated plots (2.24 kg a.i./ha) on 27 May 
1982 in Smithfield and immediately after 
planting in Rocky Mount. 

Plots were four rows wide (0.92-m row 
spacing) and 12 m long. Treatments were 
replicated six times and data collected from 
the two center rows. Preplant soil samples 
were taken by compositing 10-12 soil cores 
(2.5-cm-d) taken to a depth of 15-20 cm. 
Aliquants of  500-cm 3 soil were processed 
by elutriation (8) and centrifugal-flotation 
(12). Plant samples were taken at 4 or 5, 
8, and 12 days after planting. Four plants 
were removed from each plot and fresh 
shoot and root weights determined; roots 
were stained and nematodes counted as de- 
scribed for the greenhouse experiment. 
Analysis of variance was performed on all 
data. Orthogonal contrasts were calculated 
for the comparisons: phenamiphos vs. no 
phenamiphos, phenamiphos vs. phenami- 
phos + alachlor, and alachlor vs. the un- 
treated control. 

RESULTS 

Effects of phenamiphos and alachlor on soy- 
bean growth and root morpholog3'--greenhouse 
experiment: The herbicide alachlor alone 
and in combination with phenamiphos lim- 
ited root growth at 5 days. Root weight 
(P = 0.10), primary root length (P = 0.05), 
secondary root  weight (P = 0.05), and 
number of secondary roots (P = 0.05), were 
lower in treatments having alachlor (Table 
1). Shoot / root  ratio was higher with ala- 
chlor than with the untreated control. 
Phenamiphos alone and in combination 
with alachlor limited primary root weight; 
shoot / root  ratios were greater with these 
treatments. 

Shoot weight, primary root length, and 
secondary root weight at 10 days were less 
(P = 0.05) in treatments having phenami- 
phos (Table 1). Shoot weight was higher 
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TABLE 1. Effects of  alachlor a n d / o r  phenamiphos  on early growth  of  soybean in the greenhouse.  

Soybean growth parameters* 

Second- Second- 
Days Primary Primary ary ary 
after Shoot Root root root root root Shoot/ 
plant- wt wt wt length wt hum- root 

ing Treatment (g) (g) (g) (mm) (g) bert  ratio 

10 

Untrea ted  control  0.74 0.42 0.30 165 0.12 47 1.8 
Alachlor 0.76 0.31 0.26 104 0.05 26 2.4 
Phenamiphos  0.88 0.38 0.26 144 0.12 44 2.3 
Phenamiphos  + alachlor 0.73 0.28 0.22 102 0.06 28 2.7 

Or thogona l  contrasts~ NS b,c a B,C B,C B,C A,B 

Untrea ted  control  0.78 0.47 0.22 328 0.25 1.7 
Alachlor 0.88 0.52 0.28 148 0.24 1.7 
Phenamiphos  0.61 0,39 0.21 186 0.18 1.5 
Phenamiphos  + alachlor 0.78 0.46 0.31 154 0.16 1.7 

Or thogona l  contrasts~ A,C NS B,C A,B A NS 

* All data are means of eight replicates; pesticides were applied at the rate of 1.0 ug/cm ~ soil each. 
t Secondary roots were too numerous to count at 10 days. 
:~ Letters are used to designate differences as determined by orthogonal contrasts: A = presence vs. absence ofphenamiphos, 

B = alachlor alone vs. untreated control, and C = phenamiphos vs. phenamiphos + alachlor; capital letters indicate significance 
at P = 0.05, lower case at P = 0.10; NS = no significant difference. 

(P = 0.05) with phenamiphos + alachlor 
treatments than with the nematicide alone. 
Primary root weight was more (P = 0,05) 
in treatments containing alachlor; primary 
root length, however, was less (P = 0.05) 
with alachlor alone treatments than with 
the untreated control. Generally, all pes- 
ticide treatments restricted soybean growth 
at 10 days compared to the untreated con- 
trol. 

Influence of phenamiphos and~or alachlor 
and H. glycines on soybean growth and root 
morphology--greenhouse experiment: At 3 
days af ter  planting,  the  radicals had 
emerged slightly, but the shoots had not 
emerged above the soil. Root weight was 
g rea te r  (P = 0.10) with a lachlor  a lone 
treatments than with the untreated con- 
trol. At 6 days, phenamiphos + alachlor 
treatments had greater shoot (P = 0.10) 
and primary root weights (P = 0.05) than 
did the nematicide alone treatment (Table 
2). Plants grown in soil treated with phen- 
amiphos had greater shoot weight (P = 
0.05), root  weight (P = 0.05), primary root  
length (P = 0.05), secondary root weight 
(P = 0.05), and number of  secondary roots 
(P = 0.10). Primary root weight at 9 days 
was higher (P = 0.10) in the combination 
treatment than with phenamiphos alone 
(Table 2). All treatments having phenami- 

phos showed greater shoot weights (P = 
0.10), root  weights (P = 0.05), and second- 
ary root weights (P = 0.05). At 12 days, all 
pesticide treatments had higher (P = 0.10) 
root weights than did the untreated con- 
trol. 

Total soybean cyst nematode (SCN) pen- 
etration and S C N / g  root were lower (P = 
0.01) in treatments having phenamiphos at 
3 days (Table 3). Phenamiphos alone and 
in combination with alachlor limited (P = 
0.01) primary, secondary, and total root 
penetration and penet ra t ion/g  root by 
SCN at 6, 9, and 12 days. 

Effects of phenamiphos, alachlor, and 14. gly- 
cines on soybean growth--field experiments: 
Treatments containing phenamiphos had 
lower root weights (P = 0.05; phenami- 
phosw0 .47  g, no phenamiphos--0 .55 g) 
at Smithfield at 5 days. Differences at 
Smithfield were not significant at 8 days; 
however, phenamiphos alone and in com- 
bination with alachlor limited shoot weights 
( P =  0.01; p h e n a m i p h o s - - l . 3 3  g, no 
phenamiphos - - l . 60  g) at 12 days. No sig- 
nificant differences were present at any of  
the sampling dates at Rocky Mount. 

SCN infection of  soybean was similar for 
all treatments on all sampling dates at 
Smithfield (Table 4). At Rocky Mount, 
secondary root penetration (P = 0.05), to- 
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TABLE 2. Early growth  of  soybean as affected by alachlor, phenamiphos ,  and Heterodera glycines in the 
greenhouse .  

Soybean growth parameters* 

Second- 
Days Primary Primary ary Second- 
after Shoot Root root root root ary Shoot/ 
plant- wt wt wt length wt root root 

ing Treatment (g) (g) (g) (mm) (g) number]" ratio 

Unt rea ted  control  0.85 0.39 0.25 160 0.14 47 2.3 
Alachlor 0.80 0.38 0.28 161 0.10 38 2.1 
Phenamiphos  0.87 0.46 0.25 183 0.21 53 1.9 
Phenamiphos  + alachlor 1.02 0.46 0.30 184 0.16 51 2.3 

Or thogona l  contrasts~ A,c A C A A a NS 

Untrea ted  control  1.12 1.01 0.32 236 0.69 1.1 
Alachlor 1.11 1.10 0.32 216 0.78 1.0 
Phenamiphos  1.27 1.16 0.31 259 0.85 1.1 
Phenamiphos  + alachlor 1.24 1.25 0.36 253 0.89 1.0 

Or thogona l  contrasts{ a A c NS A NS 

* All data are means of eight replicates; pesticides were applied at the rate of 1.0 ~g/cm ~ soil each; 3,000 H. glycines eggs/ 
10-cm-d clay pot were used as inoculum. 

"]" Secondary roots were too numerous to count at 9 days. 
:~ Letters are used to designate differences as determined by orthogonal contrasts: A = presence vs. absence ofphenamiphos 

and C = phenamiphos vs. phenamiphos + alachlor; capital letters indicate significance at P = 0.05, lower case at P = 0.10; 
NS = no significant differences. 

tal penetration (P = 0.10), and penetra- 
t ions/g root (P = 0.10) were lower with 
treatments containing phenamiphos at 4 
days. Total SCN root  penetration (P = 
0.05) and S C N / g  root (P = 0.10) were also 
suppressed by phenamiphos at 8 days. 
Phenamiphos + alachlor treatments had 
higher total SCN penetration (P -- 0.10) at 
8 days than did phenamiphos alone. At 12 
days, t r ea tments  having phenamiphos  
showed suppressed SCN penetration of  
primary and secondary roots (P = 0.01). 
Alachlor alone treatments had lower SCN 
penetration of primary and secondary roots 
(P = 0.01) than did the untreated control. 

DISCUSSION 

The  effects of  the herbicide alachlor on 
soybeans were readily apparent in the ab- 
sence of  H. glyines. Root-growth parame- 
ters were lower at 5 days in the greenhouse 
with alachlor. Alachlor is an anilide her- 
bicide applied preemergence for grass and 
small seeded broadleaf  weed control. The  
herbicide is absorbed by the emerging co- 
leoptile and interferes with protein syn- 
thesis (6). The  principle effects may be seen 
through suppressed root growth and sub- 
sequent disruption of nutrient uptake (6). 

These effects account for the observed in- 
hibition of growth present in soybeans ex- 
posed to this herbicide. Alachlor-treated 
plants appeared to be 1 or 2 days behind 
in growth when compared with plants not 
receiving the pesticide. 

Phenamiphos, in the absence of  SCN, 
seemed primarily responsible for the sup- 
pressed growth of  soybean observed at 10 
days; however, plant growth responses in 
the phenamiphos + alachlor t reatments  
showed similar trends to those of  alachlor 
alone in the absence of nematodes. 

With the introduction of H. glycines into 
t h e  pesticide/plant interaction, main ef- 

fects were associated with the presence or 
absence of  the nematicide. Enhanced soy- 
bean growth was consistently observed in 
the greenhouse with phenamiphos treat- 
ments. This response reflects the protec- 
tion from nematodes afforded the plant by 
phenamiphos and the resulting suppres- 
sion of  SCN infection. When H. glycines was 
present, the plants treated with phenami- 
phos + alachlor tended to respond like 
those receiving only phenamiphos, partic- 
ularly at days 9 and 12. Numbers of  SCN 
penetrating the roots were negatively cor- 
related with plant growth. 
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TABLE 3. Effects o f  alachlor a n d / o r  phenamiphos  on early penetra t ion of  soybean roots by Heterodera 
glycines in the greenhouse,  

Number of H. glycines penetrating roots* 

Pri- Second- Pri- Second- 
mary ary Per g mary ary Per g 

Treatment root roott Total root root root Total root 

3 days 6 days 

Unt rea ted  control  4 4 31 13 33 45 112 
Alachlor 5 5 23 15 33 48 134 
Phenamiphos  0 0 1 1 6 7 14 
Phenamiphos  + alachlor 0 0 1 2 7 8 18 

Or thogona l  contrasts:~ A A A A A A A 

9 days 12 days 

Unt rea ted  control  12 86 98 102 20 111 131 111 
Alachlor 16 92 108 101 21 118 138 92 
Phenamiphos  2 27 29 25 3 32 35 22 
Phenamiphos  + alachlor 4 29 33 27 2 31 33 21 

Or thogona l  contrasts~: A A A A A A A A 

* All data are means of eight replicates; pesticides were applied at the rate of 1.0 ~tg/cm 3 soil each; 3,000 H. glycines eggs/ 
10-cm-d clay pot were used as inoculum. 

t No secondary roots were present at 3 days, 
:1: The letter indicates differences as determined by orthogonal contrasts: A = presence vs. absence of phenamiphos, P = 

0.01. 

Plant weights from the two field sites 
demons t r a t ed  few dif ferences  among  
treatments. The  results from Smithfield 
conflicted with those of  the greenhouse ex- 
periments. Plant weights were greater with 
treatments having no phenamiphos. Plant- 
growth parameters at Rocky Mount showed 
trends similar to the greenhouse experi- 
ment but lacked statistical significance. The  
late planting date could have played a role 
in this plant-response suppression. 

In greenhouse studies, treatments con- 
taining phenamiphos restricted SCN pen- 
etration at all sampling dates. Although the 
precise mode of  action of  this compound 
is not clearly understood, phenamiphos 
disrupts nematode behavior, possibly by 
impairing nervous-system coordinat ion  
(29). Other research indicates phenami- 
phos tends to affect physiological systems 
other than the neuromuscular coordinat- 
ing system (18). The  nematicide apparent- 
ly interferes with the nematode's ability to 
locate host roots. Nematode penetration 
differences began to decline by 12 days af- 
ter inoculation, perhaps indicative of  ne- 
maticide dissipation and a resultant de- 
crease in plant protection. 

Nematode penetration of roots was ap- 
parently unaffected by phenamiphos at 
Smithfield. Suppressed SCN penetration 
of  the host was consistently associated with 
treatments having phenamiphos at Rocky 
Mount, however. Nematode penetration at 
Rocky Mount was lower with alachlor alone 
than with the untreated control. Alachlor 
may be somewhat nematicidal as reported 
for several herbicides (10,21,22,25). These 
nematicidal effects may be associated with 
altered soybean g.rowth and root mor- 
phology, as in vitro experiments with 
alachlor and SCN eggs have failed to dem- 
onstrate any toxic effects (4). The  reduced 
penetration of  roots by SCN may be the 
result ofalachlor's inhibition of root growth 
(6) and simply a product of  fewer available 
sites for nematode penetration. Alachlor, 
however, had no impact on H. glycines in 
Illinois (17). 

N e m a t o d e  pene t ra t ion  in phenami-  
phos + alachlor t rea tments  was consis- 
tently higher than with the nematicide 
alone. Although alachlor alone can appar- 
ently limit SCN penetration, the addition 
of the herbicide to phenamiphos may re- 
sult in an antagonistic interaction, decreas- 



TABLE 4. Early season penetrat ion of  soybean roots by Heterodera glycines as affected by alachlor a n d / o r  phenamiphos  at two field sites in Nor th  Carolina. 

Location 

,,.w 

Number ofH. gl)'ch~esjuveniles penetrating roots* ~'~"~ ~ 

4 days~ 8 days 12 days 

Pri- Second- Pri- Second- Pri- Second- 
mary ary Per g mary ary Per g mary ary Per g 

Treatment root root Total root root root Total root root root Total root 

Smithfield 

Rocky Mount 

Untreated control 66 15 81 39 93 83 176 275 145 183 328 457 
Alachlor 53 7 61 28 94 100 193 284 113 163 276 348 . 
Phenamiphos 48 9 57 31 151 97 248 . 392 153 139 291 462 
Phenamiphos  + alachlor 62 11 73 41 105 88 193 295 172 144 316 515 

Or thogonal  contrasts~ NS NS NS NS NS NS NS NS NS NS NS NS 

Untreated control 105 11 117 333 184 70 253 323 729 932 1,660 2,162 
Alachlor 101 11 112 310 165 54 219 271 353 387 740 959 
Phenamiphos 53 5 58 158 71 32 103 141 193 237 430 545 ,~ 
Phenamiphos + alachlor 78 7 85 239 138 63 201 240 241 299 540 759 

Or thogonal  contrasts:]: NS A a a NS NS A,c a A,B A,B A,B A,B 

* All data are means of six replicates; pesticides were applied at recommended rates. 
t Samples were collected at 5 days at Smithfield. 

The letters are used to designate differences as determined by orthogonal contrasts: A = presence vs. absence of phenamiphos, B = alachlor alone vs. untreated control, and C = phenamiphos 
vs. phenamiphos + alachlor; capital letters indicate sigifificance at P = 0.05, lower case at P = 0.10; NS = no significant difference. 
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ing  the  efficacy o f  the  n e m a t i c i d e .  A s imi la r  
s i t ua t i on  has b e e n  r e p o r t e d  for  s o d i u m  
azide a n d  c a r b o f u r a n  (23). O t h e r  n e m a t i -  
c i d e / h e r b i c i d e  c o m b i n a t i o n s  have  b e e n  
m o r e  effect ive in  c o n t r o l  o f  S C N  t h a n  the  
n e m a t i c i d e  a l o n e  (17). A n  inc r ea se  in  SCN  
p e n e t r a t i o n  wi th  p h e n a m i p h o s  + a l ach lo r  
t r e a t m e n t s  cou ld  play a key ro le  in the  en-  
h a n c e d  mid -  to  l a te - season  r e s u r g e n c e  phe-  
n o m e n o n  p rev ious ly  n o t e d  wi th  use o f  this  
pes t ic ide  c o m b i n a t i o n  (5,28). G r e a t e r  ea r ly  
season SCN i n f e c t i o n  s h o u l d  t r a n s l a t e  i n to  
h i g h e r  n u m b e r s  o f  this  pes t  at  harves t .  A n  
u n d e r s t a n d i n g  o f  the  m e c h a n i s m  o f  a lach-  
lor ' s  effects o n  p h e n a m i p h o s  a n d / o r  SCN 
is necessa ry  to  avo id  any  p o t e n t i a l  p r o b -  
lems tha t  may  ar ise  f r o m  this  h e r b i c i d e ' s  
use in  i n fe s t ed  fields. 
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