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Selection and Inbreeding of Heterodera  glycines 
on Glycine m a x  1 

V. D.  LUEDDERS 2 

Abstract: Few soybean cyst nematodes (SCN), Heterodera glycines, of a diverse gene pool developed 
into females on soybeans PI 89772 or PI 209332. Nematodes surviving the selection pressure were 
then inbred for nine generations by single cyst transfers on the same selecting soybean line. These 
nematodes appeared to tolerate concurrent selection and inbreeding. Effects of selection-inbreed- 
ing, selection only, and secondary selection were evaluated by relative ability to produce cysts on 
11 soybean lines. The genetic differences of PI 89772 (also Peking and Pickett 71) and PI 209332 
were reaffirmed. The random effects of inbreeding indicated that Ilsoy and Williams may have 
genes for resistance different from those in PI 89772 or PI 209332. Egg inoculum obtained from 
soil resulted in very few cysts in some tests. Fresh egg inoculum (from cysts on 27-30-day-old plants) 
generally resulted in more cysts and more consistent results. Concurrent with the change in inoc- 
ulum, there was a large increase in relative numbers of cysts on several soybean lines but no change 
on other lines; the true cause of this large interaction is unknown. Secondary selection of two inbreds 
was effective and suppressed cyst numbers on the line on which one inbred was selected initially. 
These results are consistent with the allelism linkage of some SCN genes reported previously. 
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Selection has been used to increase the 
abilities of  certain populations of  soybean 
cyst nematodes (SCN, Heterodera glycines 
Ichinohe) to reproduce on some resistant 
soybean lines (2,4,5,7-9). Selection changes 
gene frequencies, but the approach to 
homozygosity may be slow. Inbreeding in- 
creases the homozygosity that is necessary 
for reliable genetic studies but is frequent- 
ly associated with inbreeding depression. 
SCN from one field survived nine cycles of 
inbreeding generated by single cyst trans- 
fers (Luedders, unpubl.). The  apparent ef- 
fects of  inbreeding were not severely det- 
rimental. Neither the base population nor 
20 inbreds developed on Williams soy- 
beans could form more than a few cysts on 
PI 89772. Numbers of cysts were some- 
what higher on PI 209332, but the maxi- 
mum (with one inbred) was only 0.35 as 
many as on Williams. High reproductive 
rates are necessary for genetic studies with 
SCN. The effects of inbreeding are ran- 
dom: frequencies of  homozygotes vary with 
the frequencies of those alleles. The di- 
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rected effects of selection will increase the 
frequencies of genes for parasitism. Thus 
concurrent selection and inbreeding should 
develop materials useful for genetic studies 
of both organisms. PI 89772 and PI 209332 
appear to have different genes for resis- 
tance to SCN (3,9). This paper reports the 
effects of selection and inbreeding of  SCN 
on PI 89772 and PI 209332. 

MATERIALS AND METHODS 

The SCN base population, the gene pool, 
was developed by mixing more than 20 
samples of  SCN obtained from various re- 
gions of the United States. These were put 
in fine sandy soil in a 91-cm-d culvert sec- 
tion in the greenhouse. The nematodes 
were allowed to intermate and reproduce 
on the genetically different soybean Glycine 
max (L.) Merr. cvs. Corsoy, Essex, and Wil- 
liams. The soil and cysts were mixed at 30- 
60-day intervals to encourage more exten- 
sive recombination of SCN genes. The  
SCN-resistant lines PI 209332 and PI 
89772 were the hosts for selection and in- 
breeding of gene pool SCN. Cysts re- 
covered from the PIs had survived selec- 
tion pressure but had no inbreeding. Single 
cysts that had developed on the PIs were 
transferred to seedlings of the same PI. 
Seedlings were grown for ca. 28 days in 
2.5 x 15-cm sections of plastic pipe in 
crocks in a water bath maintained at ca. 27 
C in the greenhouse. Subsequent single cyst 
transfers were performed in duplicate for 
each inbred. Selection preceded inbreed- 
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TABLE 1. Reproduction ofHeterodera glycines selected and inbred on PI 209332 (SI 209-) or on PI 89772 
(SI 89-) on 11 soybean lines. Values for Williams are numbers of  cysts, others are proportion of Williams, 
and zeros (0) indicate no cysts. 

H. CV LSD 
glycines Wins % (0.05) Ess Cor 209 89 Pic71 Pek Yam Kar To6 Ils 

SI 209- 
1 38 55 0.29 0.45 0.58 0.18 0 0.71 0.16 
2* 42 50 0.24 0.69 0.55 0.29 0 0.19 0.02 0.40 
3 117 49 0.19 0.33 0.26 0,15 0 0.03 0.01 0.12 
4 40 61 0.30 0.35 0.32 0.20 0 0.42 0.00 0.22 
5 32 45 0.16 0.53 0.69 0.41 0 0.09 0.00 0.38 
6 88 60 0.26 0.36 0.69 0.25 0 0.06 0 0.09 
7* 70 54 0.21 0.24 0.23 0.17 0 0.67 0.01 0.16 
8 69 75 0.21 0.28 0.20 0.10 0 0.32 0.02 0,17 
9 65 48 0.14 0.48 0.25 0.22 0 0.03 0 0.25 

10" 105 17 0.15 1.29 1.49 1.35 0 0.11 0.02 1.60 
11 116 20 0.17 0.89 0.97 0.76 0.01 0.66 0.17 0.90 
12 67 50 0.24 0.70 0.40 0.28 0 0.04 0 0.28 
13 126 17 0.17 1.24 1.29 1.32 0.01 0.13 0.03 1.39 
14 180 17 0.16 1.07 1.22 1.01 0.01 0.45 0.15 1.18 

SI 89- 
1 89 34 0.21 0.62 0.46 0.01 0.24 1.12 0.36 
2 34 43 0.21 0.47 0.38 0.06 0.32 0.82 0.21 0.26 
3* 124 14 0.10 0.73 0.85 0.04 0.23 0.96 0.36 0.73 
4* 104 38 0.20 0.51 0.52 0.01 0.22 0.83 0.24 0.38 
5 41 48 0.27 0.49 0.39 0.07 0.14 1.15 0.07 0.32 
6 91 13 0.14 1.08 1.15 0.04 0.68 1.20 0.93 1.26 
7 101 21 0.18 0.81 0.73 0.14 0.50 0.91 0.52 0.84 
8 188 20 0.15 0.69 0.63 0.01 0.37 0.86 0.37 0.70 
9 154 15 0.14 0.99 0.93 0.08 0.64 1.06 0.75 1.00 

10 112 16 0.17 1.14 1.08 0.10 0.63 1.22 0.86 1.10 
11 144 35 0.27 0.90 0.83 0.08 0.36 0.88 0.47 0.80 
12 104 21 0.28 1.55 1.61 0.05 0.79 1.35 1.07 1.40 
13 143 27 0.20 0.76 0.75 0.04 0.57 0.85 0.47 0.75 
14 114 33 0.25 0.87 0.79 0.09 0.51 1.03 0.53 0.70 

0.64 0.74 0.02 
0.88 0.61 0.27 
0.68 1.23 0.37 
0.21 0.09 0.06 
0.60 0.77 0.40 
0.54 0.60 0.09 
0.22 0.41 0 
0.17 0.18 0.08 
0.45 0.29 
0.83 1.05 0.81 
0.60 0.91 0.46 
0.94 1.02 1.24 
1.11 1.22 0.83 

0.50 0.47 0,21 
0.71 0.85 0,04 
0.37 0.58 0.35 
0.90 0.71 0.24 
1.13 1.14 0.70 
1.02 1.02 0.32 
0.84 0.77 
1.01 0.98 0.21 
1.23 1.14 0.38 
0.78 0.74 0.55 
1.38 1.33 1.27 
0.93 0.83 0.09 
0.70 0.69 0.51 

Identity of soybeans: 

Corsoy Ka__zurnai T__2ohoku No. 6 PI 89772 
Essex Pe._..k_king Williams PI 20..~9332 
Ilsoy Pickett 71 Yamashiratama 

* Repeated tests in Table 2. 

ing in each generation, so the 28 inbreds 
evaluated  are des ignated  SI 209 (PI 
209332) and SI 89 (PI 89772)--1  through 
14 indicating the chronological order  of  
successful (at least 30 cysts on Williams) 
evaluation. 

After nine generations of  inbreeding, the 
Sis were increased on the selecting host 
lines PI 209332 and PI 89772. Thus, there 
were several additional generations of  se- 
lection before their evaluation for ability 
to develop cysts on the 11 soybean lines 
Williams, Essex, Corsoy, PI 209332, PI 
89772, Pickett 71, Peking, Yamashiratama 
(PI 379556), Karumai (PI 423885), To- 
hoku No. 6, and Ilsoy. Yamashiratama, 
Karumai, and Tohoku No. 6, considered 

resistant to SCN in Japan, were obtained 
from H. Inagaki, Agricultural Center, 
Kannondai 3-1-1, Yatabe-cho, Tsukuba- 
gun, Ibaraki 305 Japan. R. L. Bernard, 
USDA, Department of  Agronomy, Uni- 
versity of  Illinois-Urbana, furnished the 
PI numbers since soybeans with the names 
Yamashiratama and Karumai had been 
added to the USDA germplasm collection. 

Populations developed by selection only 
are designated S 209 and S 89. Secondary 
selection on the other host line follow the 
custom; e.g., SI 209-1-89 means SI 209-1 
was selected for ability to reproduce on PI 
89772 (4,9). Evaluation was by SCN pop- 
ulation with soybean lines randomized in 
a complete block design with six replica- 
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TABLE 2. Repeatability of  results in Table 1, Dates are of  harvests. 

H. CV LSD 
glycines Date Wms % (0.05) Ess Cot 209 89 Pic71 Pek Yam Kar To6 Ils 

SI 209- 
2 

10 

SI 89- 
3 

9 / 1 5 / 8 2  42 50 0.24 0.69 0.55 0.29 0 0.19 0.02 0.40 0.64 0.74 0.02 
2 / 1 1 / 8 3  131 13 0.10 0.98 0.96 0.79 0 0.40 0.10 1.01 1.06 1.02 0.11 

11 /4 /82  70 54 0.21 0.24 0.23 0.17 0 0.67 0.01 0.16 0.54 0.60 0.09 
6 / 9 / 8 3  192 15 0.13 1.08 1.15 0.86 0.01 0.72 0.12 1.14 0.96 1.02 0.15 
6 / 1 7 / 8 3  155 20 0.13 0.82 0.86 0.54 0.01 0.46 0.10 0.79 0.73 0.64 0.12 
7 / 6 / 8 3  171 21 0.18 0.96 1.12 0.85 0.00 0.65 0.16 1.11 0.92 0.89 0.15 
2 / 7 / 8 3  105 17 0.15 1.29 1.49 1.35 0 0.11 0.02 1.60 0.45 0.29 
6 / 8 / 8 3  150 10 0.11 1.25 1.40 0.01 1.07 
7 / 7 / 8 3  139 25 0.25 1.23 2.03 1.96 0.00 0.17 0.02 0.37 1.21 

9 / 2 1 / 8 2  124 14 0.10 0.73 0.85 0.04 0.23 0.96 0.36 0.73 0.71 0.85 0.04 
3 / 3 / 8 3  124 30 0.19 0.66 0.02 0.72 0.28 
5 / 6 / 8 3  200 13 0.13 1.14 1.16 0.13 0.76 1.15 0.76 1.08 1.11 0.98 0.12 
6 / 8 / 8 3  326 11 0,10 1.10 1,02 0,16 0.77 1.05 0.79 1.13 1.10 1.07 0.07 
6 / 1 7 / 8 3  177 19 0.18 0.98 1.05 0.11 0.69 0.89 0.79 1.01 1.11 1.03 0.20 
9 / 2 9 / 8 2  104 38 0.20 0.51 0.52 0.01 0.22 0.83 0.24 0.38 0.37 0.58 0.35 
3 / 3 / 8 3  139 13 0.10 0.94 0.10 1.01 0.06 
5 / 6 / 8 3  116 19 0.16 0.94 0.97 0.04 0.52 0.86 0.77 1.02 0.78 0.91 0.43 
6 / 1 0 / 8 3  238 11 0.11 1.03 1.09 0.08 0.72 1.08 0.79 1.14 1.03 0.91 0.57 

tions. Eggs for inoculum (1,000/seedling) 
were obtained by the methods of Acedo 
and Dropkin (1). Plants were grown as de- 
scribed previously for selection-inbreed- 
ing (4,5); numbers of  cysts were recorded 
after 28 days. Data were analyzed by anal- 
ysis of  variance and expressed as propor- 
tions of the number on Williams (3). 

RESULTS AND DISCUSSION 

Nematodes from the gene pool tolerated 
concurrent selection and inbreeding on PI 
209332 and PI 89772; only a few Sis were 
lost during their development. Twenty- 
eight Sis were evaluated for their ability 
to produce cysts on 11 soybean lines (Table 
1). Numbers of cysts in the initial tests were 
lower than expected on Essex, Corsoy, and 
the selecting lines PI 209332 and PI 89772. 
The repeatability of  our results had been 
reasonably good in previous experiments 
and was here also, except for a few, rather 
large, deviations (Table 2). The greatest 
interaction was with SI 209-7, where the 
ratios of  Corsoy and Yamashi ra tama 
changed drastically but PI 89772 and Ilsoy 
ratios were remarkably constant. Pickett 
71 varied from 0.46 to 0.72, which may be 
a reasonable range of  variation for ratios. 
One factor that did change was the source 
of eggs used as inoculum. In the earlier 

tests, eggs were extracted from soil and 
roots. Tests of several SI 209s and SI 89s 
resulted in few cysts at 28 days. These fail- 
ures were considered to be due to inocu- 
lum quality rather than genetic incompe- 
tence. For inbreeding, single gravid females 
had been transferred, which resulted in 
moderate numbers of progeny after 28 
days. Thus, fresh eggs were functional and 
were used as inoculum in all tests harvested 
25 May 1983 (SI 209-14 and SI 89-12) and 
subsequently.  Fresh egg inoculum re- 
quired planting 27-30 days before tests 
were initiated, but these generally have 
given greater numbers of  cysts and no fail- 
ures. Several Sis that failed were tested 
again with good results. 

The SCN gene pool was the base pop- 
ulation; its success with I 1 soybeans is 
shown in Table 3. As expected, selection 
(S and SI, Tables 1, 3) increased the ability 
of  SCN to reproduce on the selecting line 
but with little change on the other genet- 
ically different line. Selection on PI 89772 
increased numbers also on Peking and 
Pickett 71, which are in the same geneti- 
cally similar group (3). Changes in ratios 
of  the other lines appeared to be random 
effects of  inbreeding. Ratios of Ilsoy with 
SI 209s and SI 89s vary from low to high, 
which may reflect the sampling o f  SCN 
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TABLE 3. Reproduction on 11 soybean lines by Heterodera glycines from a gene pool, selected only (S 209 
and S 89), and after secondary selection on PI 89772 (e.g., SI 209-1-89). O the r  designations etc. as in Ta- 
ble 1. 

H. CV LSD 
glycines Date Wms % (0.05) Ess Cot 209 89 Pic71 Pek Yam Kar To6 Ils 

Gene 1 1 / 1 / 8 2  153 23 0.14 0.93 0.74 0.15 0.02 0.18 0.05 0.67 1.04 0.92 0.47 
pool 8 / 2 3 / 8 3  96 27 0.22 1.26 1.29 0.11 0.02 0.10 0.07 1.21 1.18 1.04 0.39 

$ 2 0 9  5 / 3 0 / 8 3  281 15 0.13 1.05 1.10 0.78 0.01 0.45 0.17 1.03 0.96 1.03 0.53 
8 / 1 1 / 8 3  106 21 0.18 0.97 1.29 0.82 0.02 0.27 0.13 1.08 0.97 1.07 0.51 

$ 8 9  8 / 1 0 / 8 3  66 30 0.27 0.95 1.18 0.06 0.70 0.97 0.79 1.21 0.91 0.79 0.38 

SI209-1 2 / 1 6 / 8 4  182 20 0.20 1.20 1.16 0.64 0.01 0.93 0.50 1.16 1.00 1.00 0.67 

SI209-3  2 / 1 6 / 8 4  201 18 0.15 1.12 1.03 0.96 0.00 0.02 0.00 1.19 1.25 1.09 0.57 

SI209-1-89 2 / 2 3 / 8 4  132 17 0.20 0.98 1.32 0.43 0.64 1.04 0.86 1.28 1.26 1.22 0.57 

SI209-3-89 2 / 2 4 / 8 4  178 23 0.22 1.08 1.28 0.35 0.46 1.04 0.63 1.00 1.08 1.02 0,35 

genes (interacting with Ilsoy genes for re- 
sistance) to higher and lower frequencies. 
The high ratios of Corsoy and Yamashi- 
ratama (and other lines) with S1209-10 and 
SI 89-12 could be reflecting fewer cysts on 
Williams due to its genes. These putative 
genes for resistance in Ilsoy and Williams 
probably are different and not in PI 209332 
or in PI 89772 since their effects were with 
Sis of both. 

Tohoku No. 6 and Yamashiratama were 
the parents of Karumai, which was released 
in Japan as resistant to SCN (6). However, 
they were not highly resistant to SCN in, 
or selected from, our gene pool. Some ge- 
netic variation exists because Tohoku No. 
6 was the high parent with SI 209-4 but 
the low parent with SI 209-10. These large 
differences within tests are considered to 
be real, reflecting the effects of the bio- 
logical sys tems-envi ronments  sampled. 
The large interaction of  tests with the as- 
sociations of SI 209-7 with Essex, Corsoy, 
and Yamashiratama causes some concern. 
Unfortunately, the causal factor(s), inoc- 
ulum quality and (or) others, cannot be re- 
solved here. 

Secondary selection of  SI 209-3 on PI 
89772 increased reproduction (of SI 209- 
3-89, Table 3) on PI 89772, Peking, and 
Pickett 71 while decreasing it on PI 209332. 
Luedders and Dropkin (4) postulated that 
these SCN genes might be alleles. Young 
(9) obtained similar results in five of six 
cases with secondary selection of three dif- 
ferent field populations. Young (9) sug- 
gested that the SCN genes might be linked 

when secondary selection on Bedford re- 
sulted in little change on Forrest, Peking, 
PI 89772, or PI 90763. Secondary selec- 
tion of SI 209-1 on PI 89772 did not cause 
a large decrease in reproduction on PI 
209332 (Table 3). The  data can be ex- 
plained equally well by different frequen- 
cies of  the linkage phases or of  three alleles 
at one locus. The  two SI 89s being selected 
on PI 209332 were lost, which was unex- 
pected since initial reproduction was great- 
er than the SI 209s on PI 89772. Higher 
inoculum levels of  SI 209-1 and -3 were 
necessary to start secondary selection on 
PI 89772. The data in Table 3 were ob- 
tained after 12 generations of selection. 
Alternating selection on PI 209332 and PI 
89772 would increase the frequency of the 
linkage phase or of  the allele for repro- 
ductive ability on both lines. Thus rotating 
these genetically different sources of resis- 
tance may not be an effective long-term 
control of SCN populations. 
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Corn Response to Subsoiling and Nematicide Application 1 
J. R. RICH, J. T. JOHNSON, AND C. H. HODGE 2 

Abstract: A 2-year field study evaluated the influence of subsoiling and nematicide application, 
alone and in combination, on the growth and yield of  field corn in a sandy soil in north-central  
Florida. T he  field had a 25-30-cm-deep tillage pan (plowpan) and was infested with Belonolaimus 
longicaudatus, Hoplolaimus galeatus, Trichodorus christei, and Pratylenchus spp. Subsoiling increased 
corn yield both  years, and the residual effect of  subsoiling in the first year increased yields in the 
second year. Preplant  application of DD injected in-row increased yields and reduced nematode 
populations. At-planting applications of DD injected in-row and carbofuran in-furrow or in a band 
were less effective than subsoiling in increasing yields and reducing nematode numbers.  Interactions 
between subsoiling and nematicide t reatments  occurred in the second year. 

Key words: Belonolaimus longicaudatus (sting), Hoplolaimus galeatus (lance), Pratylenchus spp. (lesion), 
Trichodorus christei (stubby-root), carbofuran,  chemical control, DD, tillage pan. 

Tillage pans (plowpans) are frequently 
present in southeastern Coastal Plain soils, 
and these compaction layers restrict deep 
rooting and reduce the amount of nu- 
t r ients  and water  available to plants 
(2,6,8,13). Tillage pans limit corn (Zea mays 
L.) p roduc t ion  dur ing  per iods  of  dry 
weather and when other  stresses restrict 
functioning of  the plant root system (13). 
Deep tillage in soils with tillage pans has 
benefited corn production in the Southeast 
(2,13). 

Plant parasitic nematodes reduce nu- 
trient and water absorption by plant roots 
and depress corn yields in the southeastern 
Coastal Plain (3,11). Several important 
damaging plant parasitic nematodes, in- 
cluding Meloidogyne spp., Belonolaimus spp., 
Trichodorus spp., Pratylenchus spp., and 
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Hoplolaimus spp., are present in Coastal 
Plain soils (12,14), and nematode control 
strategies are important components of  
corn production schemes. 

The influence of  practices that alleviate 
soil compaction layers and reduce plant 
parasitic nematode damage has been stud- 
ied in cotton and soybeans (1,4,9,10); how- 
ever, little information is available for corn 
(14). Therefore,  a 2-year field study was 
initiated to determine 1) the influence of  
subsoil ing and nemat ic ide  applicat ion,  
alone and in combination, on yield of  field 
corn, 2) the residual effects of  subsoiling 
on a corn crop the second year, and 3) the 
efficacy of  rates and methods of  nematicide 
application to control plant parasitic nema- 
todes. 

MATERIALS AND METHODS 

The test site was a farmer's field in Ham- 
ilton County, Florida, that had been plant- 
ed to field corn for 5 consecutive years. 
The soil was a Blanton fine sand (92% sand, 
5% silt, 3% clay, < 1% O.M., pH 4.9) and 
was characterized by a compacted layer at 
25-30 cm deep caused by moldboard plow- 
ing. Corn grown in the field had a history 
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