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Abstract: A replicated field s tudy  was conducted  f rom 1972 to 1980 involving soybeans grown 
in 2-, 3-, and  4-year ro ta t ions  with maize in soil infested wi th  Meloidogyne incognita. Mono- 
cu l tu red  soybeans were m a i n t a i n e d  as controls.  C ropp ing  regimes involved root -knot  nema tode  
suscept ible  and  resis tant  soybean cult ivars  and  soybeans t reated and  not  treated wi th  nematicides.  
Yields of suscept ible  cuh iva r s  decl ined wi th  reduced  l eng th  of rota t ion.  Nemat ic ide  t r ea tmen t  
significantly increased yields of susceptil)le cult ivars when  monocu l t u r ed ,  bu t  bad litt le inf luence 
on yield when  suscept ible  cult ivars were grown in rota t ion.  Yields of  m o n o c u l t u r e d  resis tant  
cult ivars were significantly lower t han  yields of  res is tant  eult ivars grown in rota t ion.  However ,  
yields of  res is tant  cnh ivars  grown in ro ta t ion  were not  inf luenced by the  l eng th  of the  rota t ion.  
Nemat ic ide  t r e a t men t  significantly increased yields of m o n o c u h u r e d  res is tant  cult ivars over  the 
lat ter  years of  the  study.  Key words: Glycine max, Zea mays, root-knot ,  nemat ic ides .  
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Soybean, Glycine max (L.) Merr., has 
become a major  source of agricultural in- 
come in the southeastern USA. Many patho- 
genic nematodes can limit product ion of 
the crop in this region. A widespread path- 
ogen is the southern root-knot nematode, 
Meloidogyne incognita (Kofoid and White) 
Chitwood. Its influence on soybean produc- 
tion stimulated the development of resistant 
soybean cultivars (8). Several resistant cul- 
tivars adapted to product ion in the south- 
eastern states have been released over the 
last decade (7). These cultivars have re- 
ceived increasing acceptance among growers. 
However, their resistance is horizontal in 
nature (17), and some yield reduct ion can 
be expected where soil infestation levels of 
M. incognita are high. In these areas, re- 
sistant cultivar yields have responded sig- 
nificantly to nematicidal t reatment (6). 
Prior to the introduct ion of resistant cul- 
tivars and the use of nematicides, crop 
rotat ion with maize (Zea mays L.) was 
traditionally recommended for the manage- 
ment  of root-knot nematode on soybean. 
T h o u g h  widely used in rotat ion with soy- 
bean for the control of the soybean cyst 
nematode (Heterodera glycines lchinohe) 
to which it is a nonhost  (10,14), maize never 
has been generally accepted as an alternative 
rotat ion crop for managing M. incognita. 
This  has been due, in part, to the develop- 
ment  of the resistant cultivars and also to an 
awareness among agricultural specialists 
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that maize may be a sufficiently good host 
for M. incognita to render  it useless for con- 
trol of this nematode by rotation. In some 
studies, root-knot nematodes did not de- 
velop significantly on maize (3,15) while in 
others, maize cultivars varied in their abil- 
ities to support  populat ions of the nema- 
tode (1,11). i t  has been suggested that fre- 
quent  maize plantings may select popula- 
tions of M. incognita with abilities to thrive 
on this crop (13) and that there is need for 
caution when maize is used frequently in 
rotations (1). Consequently, a rotat ion 
study was designed to determine the in- 
fluence of various maize rotations on soy- 
hean yield when grown in soil infested with 
M. incognita (Race 1.). 

MA TERIA LS  AND M E T H O D S  

A rotation study was established at the 
University of Florida, Agricultural Re- 
search Center, Jay, Florida, in the spring of 
1972. Tlle site was chosen for its soil uni- 
formity (loamy sand ultisol-typic paleudult  
- - 7 0 3  sand, 15% silt, 15% c l a y ) a n d  low 
infestation of M. incognita (<  1 infective 
juvenile per 10 cm 3 soil). T h e  site was 
divided into 160 plots, each measuring 15 m 
long and 3.6 m wide and designed to accom- 
modate four crop rows set 0.9 m apart. A 
preplanting sampling determined no signifi- 
cant (P < 0.05) differences in the level of 
infestation of M. incognita juveniles among 
the plots. Cropping regimes included soy- 
bean grown in 2-, 3-, and 4-year rotations 
with maize. T o  accommodate seasonal in- 
fluences on yield, the cropping sequences 
were planted in mult iple series such that all 
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"Fable 1. Rotation regimes tff soybean (S) and maize (M) grown in multiple series, 1972-80. Each regime 
series was replicated four times. 

Year 72 73 74 75 76 77 78 79 80 

Monoculture S S S S S S S S S 

2-yr. rotation S M S M S M S M S 
(two series) M S M S M S M S M 

3-yr. rotation S M M S M M S M M 
(three series) M S M M S M M S M 

M M S M M S M M S 

4-yr. rotation S M M M S M M M S 
(four series) M S M M M S M M M 

M M S M M M S ~{ M 
M M M S M M M S M 

crops in  a given sequence were p l a n t e d  
every year (Tab le  1). M o n o c u l t u r e d  soy- 
bean  plots were n m i n t a i n e d  as controls.  

T h e  s tudy consisted of four  exper iments ,  
each repl ica ted  four t imes and  r andomized  
in  a complete  block design. These  were rota- 
t ion  regimes invo lv ing :  

SO--M. incognita susceptible  soybean 
cult ivars grown wi thou t  nemat i -  
c idal  t r e a t m e n t  

SN--M. incognita susceptible soybean 
cul t ivars  t rea ted a n n u a l l y  wi th  a 
nema t i c ide  

R O - - M .  incognita res is tant  soybean cul- 
tivars grown w i t h o u t  nema t i c ida l  
t r e a t m e n t  

R N - - M .  incognita res is tant  soybean cul- 
t ivars t reated a n n u a l l y  wi th  a 
nerna t ic ide  

Each year the exper iments  were p l a n t e d  
wi th  the same cu l t ivar  of maize, a nd  s imi la r  
nemat ic ides  were app l ied  to the soybean 
plots i n  exper imen t s  SN a nd  RN.  Plots 
p l an t ed  wi th  maize were no t  t reated wi th  a 
nemat ic ide .  Crop  cul t ivar  selections were 
d e t e r m i n e d  by the choice of growers in  the 
vicini ty,  a nd  nemat ic ides  were selected on  
the r e c o m m e n d a t i o n s  of the F lor ida  Co- 
operat ive  Ex tens ion  Service (2) ( T a b l e  2). 

S t anda rd  practices of ferti l izing, p lan t -  
ing, a nd  weed a n d  insect  cont ro l  were em- 
ployed u n i f o r m l y  in  each r o t a t i o n  experi-  
m e n t  (5). A p a r t  f rom the expe r imen ta l  
t rea tments ,  pesticides w i th  k n o w n  nema-  
t icidal propert ies  were never  employed  in  
this study. A l t h o u g h  p l a n t i n g  and  harvest- 
i ng  dates var ied from year to year, the maize 
crop was n o r m a l l y  m a i n t a i n e d  from March  
th rough  September,  whi le  the soybean crop 

Table 2. Maize and soybean (susceptible or resistant to Meloidogyne incognita) cultivars and nemati- 
cides employed in rotations conducted, 1972-80. 

Soybean 
Year Maize Susceptible Resistant Nematicide # 

72 Pioneer 3369A Ransom Bragg ethoprop 
73 Pioneer 3369A Ransom Bragg dibromochloropropane 
74 McNair 508 Ransom Hutton dibromochlor~propane 
75 McNair 508 Ransom Cobb dibromochloropropane 
76 DeKalb XL80 Pickett 71 Centennial dibromochloropropane 
77 DeKalb XL80 Pickett 71 Centennial dibromochloropropane 
78 DeKalb XL80 Pickett 71 Centennial dibromochloropropane 
79 DeKalb XL80 Davis Centennial dibromochloropropane 
80 DeKalb XL80 Pickett 71 Centennial dibromoethane 

*Nematicides were applied at planting at rates per 100-m row as follows: 20.5 g ethoprop in 16-cm band. 
soil incorporated to 8-cm depth; 75 ml dibromochloropropane single chisel injected at 23-cm depth; 95 ml 
dibromoethane single chisel injected at 23-crn depth. 
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was maintained from May to October or 
November. The  entire area was left as un- 
cultivated fallow during the winter months. 

In late August of each year, the roots ot 
plants from the border rows of each plot 
were inspected for galls. Four groups of 
plants, averaging four plants per group, 
from the soybean plots and four single 
plants from the maize plots were subjec- 
tively rated as follows: 0 -- roots free of 
galls; 1 - < 5 %  (trace);2 = 5-25%; 3 -- 
26-50%; 4 = 51-75%; 5 -- > 75% root 
surface galled. 

Yield data were collected from the two 
middle rows of each plot, adjusted to 14% 
seed moisture content, and converted to 
kg/ha.  

Following soybean harvest, all plots were 
assayed for nematodes. This consisted of 
taking a soil core (2.5 × 20 cm deep) from 
each 2 m of the harvested rows. The  cores 
from each plot were bulked and mixed 
manually and a subsample of 100 cm 8 was 
subjected to sugar-centrifuge flotation for 
nematode extraction (4). The  extracted 
nematodes were dispersed in water in a 
gridded dish and their numbers per 10 cm ~ 
soil were counted. 

The  study was terminated following the 
nematode assay in 1980. 

3, July 1983 

RESULTS 

Galls were never observed on maize 
roots throughout the course of this study. 
Galling sufficient for statistical comparison 
was found only on M. incognita susceptible 
soybean cultivars (Fig. 1). In experiment 
SO, trace amounts of galling were recorded 
for the first 5 years. Thereafter,  galling 
steadily increased such that by the end of 
the study almost 50% of the roots in mono- 
cultured soybean plots were galled. In the 
last 4 years of the study, soybeans in the 
monoculture regime were significantly (P < 
0.05) more galled than soybeans grown fol- 
lowing 2 or 3 years of maize (3. and 4-year 
rotations, respectively). Galling on soybean 
following one year of maize (2-year rota- 
tion) was intermediate, being significantly 
less than the monocultured crop in only 1 
year. 

In experiment SN, the use of nema- 
ticides suppressed root galls on susceptible 
soybeans to trace amounts in all soybeans in 

monocu l t u re  / a  

. . . . .  2 yea r  rotatior'~ a / a -  

/ • . . . .  • - 3 year ab  

, . . . . . . . . ,  4 year a ab S" 

/ 

/ ?b-'" ...:/ 
. . ' "  . b ......... b " /  

7 ' " - ' . ' : 7 . . . - = . . - " ' ,  , , , , , 

" i l  

a / \  
b . .~  

s . . _  j "  , ; "  b . . . . . . . .  b.:,.'o ~ / 
. / . . . ~  . . . . . .  b ' / : . '  . . . . . .  ,~..X / 

I " . * . d . . . " "  i 1 f ! i /  

72  73 74 75 76 77 78 79 80 

Years  

Fig. 1. Indices of root-knot galling on susceptible 
soybean cultivars. A) Cultivars not  treated with 
nematicides. B) Cultivars treated with nematicides. 
Rated as follows: 0 = roots free of galls, ! = < 5%, 
2 = 5-25%, 3 = 26-50%, 4 = 51-75%, 5 = > 
75% root  surface galled. Data points for a given 
year within each figure having similar  letters are 
not  significantly different according to Duncan 's  
mult iple-range test (P < 0.05). 

rotation throughout  the study. However, 
galling in the monoculture regime increased 
annually until  the final year when applica- 
tion of dibromoethane suppressed galling to 
trace amounts. Nematicidal treatment sig- 
nificantly reduced galling in comparable 
cropping regimes only in the final year and 
only in the monoculture and in the 2-year 
rotat ion regimes. 

Galling never exceeded trace levels in 
resistant soybean (experiments RO and 
RN) and was never found in the longer 
rotations where soybean was treated with a 
nematicide. 

Yields of maize varied greatly among 
years (Table 3) and, except in 1979, were 
not significantly influenced by any of the 
rotational regimes. In 1979, a year of low 
maize yields, significantly higher yields were 
obtained from crops grown in the 3rd and 
2nd year following soybean (Table 4). In- 
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Table 3. Annual maize yields, averaged across 
treatments, 1972-80.* 

Year Kg/hat 

72 6,262c 
73 4,914d 
7.t 3,158f 
75 9,220b 
76 11,545a 
77 545g 
78 6,122c 
79 3,159f 
80 4,157e 

*Averages of 24 replicates. 
tNumbers followed by the same letter are not 

significantly different according to Duncan's mul- 
tiple-range test (P < 0.01). 

Table 4. Yields of maize grown in various rota- 
tions with soybean in 1979.* 

Rotation Years following 
(years) mybean Kg/hat 

4 3 3,626a 
3 2 3,579a 
4 2 3,506a 
4 1 3,315ab 
2 1 2,553b 
3 l 2,552b 

*Averages of 16 replicates. 
~'Numbers followed by the same letter are not 

significantly different according to Duncan's mul- 
tiple-range test (P < 0.05). 

t e r ac t ion  te rms f rom the  analys is  of  va r i ance  
i n d i c a t e d  t l tat  r o t a t i n g  w i th  suscep t ib le  o r  
res i s tan t  soybean  cul t ivars ,  w h e t h e r  or  no t  
they were t r e a t e d  w i t h  a n e m a t i c i d e ,  h a d  no  
in f luence  o n  maize  yields.  

Yields of  soybean  va r i ed  wi th  eaclt  yea r  
( T a b l e  5). I n  the  ear ly  years of  the  s tudy,  
M. incognita suscep t ib le  cu l t iva rs  g e n e r a l l y  
o u t y i e l d e d  res i s tan t  cu l t ivars ,  i r respec t ive  of  
r o t a t i o n a l  or  n e m a t i c i d a l  t r e a tme n t .  T h i s  
was due  to the i r  b e t t e r  a g r o n o m i c  t ra i t s  in  
the  absence  of n e m a t o d e  i n d u c e d  stress. T h e  
reverse  was t rue  in t i le  l a t t e r  ha l f  of  the  
s tudy,  w i th  the  e x c e p t i o n  of  the  las t  yea r  
when  there  was no  s igni f icant  d i f ference  in  
overa l l  y ie ld  be tween  suscep t ib le  a n d  re- 
s i s tan t  cul t ivars .  However ,  in  tha t  year,  re- 
s is tant  cu l t iva rs  s ign i f ican t ly  o u t y i e l d e d  
suscep t ib le  cu l t iva rs  w h e n  m o n o c u l t u r e d  o r  
g r o w n  fo l lowing  on ly  1 year  of  maize.  

N e m a t i c i d e  t r e a t e d  soybeans  cons i s tan t ly  
o u t y i e l d e d  those no t  r ece iv ing  t r e a t m e n t .  
S igni f icant  increases  in  y ie ld  were  m o r e  pre-  
va l en t  in  the  l a t t e r  years o f  the  s tudy.  

M o n o c u l t u r e d  soybeans,  i r r espec t ive  of 
cu l t i va r  or  n e m a t i c i d a l  t r ea tmen t s ,  con- 
s is tent ly  y i e lded  less t h a n  those  g r o w n  in  
r o t a t i o n  w i th  maize.  A l t h o u g h  there  were  
no  s igni f icant  di f ferences  a m o n g  the ro ta-  
t i ona l  t r e a t m e n t s  in  the  first 2 years  of the  
s tudy,  yields  gene ra l l y  inc reased  wi th  the  
l eng th  of  the  ro t a t i on .  A n  a n o m a l o u s  r e su l t  
was r e c o r d e d  in  1977 w h e n  soybeans  g r o w n  
in the  3-year r o t a t i o n  y i e l d e d  s igni f icant ly  

Table 5. Influence of sources of variation on soybean yield (kg/ha) grown in monoculture and in rota- 
tion with maize, averaged across other treatments, 1972-80. 

Year 
Treatment 72 73 74 75 76 77 78 79 80 

Cultivar:* 
Susceptible 2,009at 1 ,520a 3,3I)6a 2,269a 2 ,175a  2 ,153b 2 ,054b 2 ,116b  1,814a 
Resistant 1,794b 1 ,561a  2.999b 1 ,664b 2 ,235a  2 ,579a  2 ,744a  2 ,512a  1,967a 

Nematicide:* 
Nontreated 1,900a 1 ,469a  3,039b 1 ,874a 2 ,130a  2 ,233b 2,190b 2 ,219b 1,729b 
Treated 1,903a 1 ,612a  3,266a 2 ,059a  2 .280a  2 ,499a  2 ,608a  2A09a 2,052a 

Rotation::~ 
Monoculture 1,762a IA24a 2,845b 1 ,603b 1 ,946b 1,947c 1,758c 1 ,820b 1,541b 
2-yr. 1,868a 1 ,601a  3,085b 2,047ab 2,225a 2,557a 2,476b 2 ,372a 1,754b 
3-yr. 1,942a 1 ,523a  3,338a 2 ,117a  2 ,274a  2,291b 2A87b 2,535a 2,049a 
4-yr. 2,036a 1 ,612a  3,338a 2,096a 2 ,374a  2 ,670a  2 ,875a  2 ,529a  2,218a 

*Averages of 32 observations. 
~-Numbers followed by the same letter within source columns are not significantly different according to 

Duncan's multiple-range test (P < 0.05). 
~Averages of 16 observations. 
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less than  those g rown  in ei ther  the 2- or  4- 
year rota t ions .  

Average yield da ta  f rom all t reatments  
for all years are presented in T a b l e  6. Sig- 
nif icant  differences a m o n g  t rea tments  were 
no t  recorded  unt i l  the 3rd year. A m o n g  
regimes involving  susceptible soybeans no t  
t reated with nematic ides  (SO), the 4-year 
ro t a t ion  consis tant ly yielded the most  soy- 
beans, a l t hough  the 3-year ro ta t ion  yielded 
signif icantly less in only  1 year. Monocul-  
tured soybeans yielded significantly less 
than  those in the 2-year ro ta t ion  for the last 
5 years of  the study. A m o n g  regimes involv- 
ing susceptible cult ivars t reated wi th  nema- 
ticides (SN), significant differences in yield 
were no t  recorded  unt i l  the 6th year. F rom 
that  time, m o n o c u l t u r e d  plots yielded sig- 
nificantly fewer soybeans than  those in the 
4-year ro ta t ion.  Yields f rom the 2- and  3- 
year roat ions  were in te rmedia te  du r ing  the 
last 4 years of  the study, A l t h o u g h  nemati -  
cide t rea tment  of  susceptible cult ivars con- 
sistantly increased yields, significant in- 
creases between comparab le  regimes were 
recorded in the m o n o c u l t u r e d  cult ivars only  
in 1976 and 1980, and  only  in 1978 f rom 
cult ivars g rown  in the longer  rotat ions .  

, July 1983 

A m o n g  regimes involv ing  resis tant  cult ivars 
no t  t reated wi th  nematic ides  (RO),  there 
were no significant differences a m o n g  soy- 
beans g rown in ro ta t ion  wi th  maize. T h e  
m o n o c u l t u r e d  soybeans yielded significantly 
less t han  those g rown in the  longer  ro ta t ions  
in 3 separate years. Fewer differences in  
yields were recorded  when  resistant  cult ivars 
were t reated wi th  nematic ides  (RN).  Sig- 
nif icant  yield increases between compara t ive  
regimes due to nemat ic ida l  t r ea tment  oc- 
curred  only  in the m o n o c u l t u r e d  soybeans 
in 1978. These  data  are compared ,  averaged 
across the years, and  t ransformed to per- 
centages relat ive to the yields of  the re- 
sistant cult ivars g rown  in 4-year ro ta t ions  
and  t reated wi th  nemat ic ides  (Table  7). 
M onocu l t u r ed  soybeans, irrespective of  cul- 
tivar or  nemat ic ida l  t reatment ,  yielded sig- 
nif icantly less than  those g rown in ro ta t ion.  
Monocu l tu r ed  susceptible cult ivars bene- 
fitted f rom nemat ic ida l  t r ea tmen t  when 
data  was averaged across the 9 years. Bene- 
ficial nemat ic ida l  t r ea tment  of the mono-  
cu l tu red  resistant  cult ivars was a p p a r e n t  
only  across the last 3 years. Beneficial nema- 
ticidal t reatments  of  ro ta ted  soybean were 
a p p a r e n t  only t rom da ta  averaged across the 

Table 6. Yields (kg/ha) of Meloidogyne incognita susceptible and resistant soybean grown with or with- 
out nematicide treatment in various rotations with maize, 1972-80.* 

Treatment 
and Year 

rotationt 72 73 74 75 76 77 78 79 80 

SOl 1,998 1,410 2,898b-d, 1,681b.e 1,652c 1,516e 1,249i  1,242e 932f 
SO2 1,892 1,333 3,036a-d 2,312a-c 2.067ab 2,267a-c 1,988fg 2,055d 1,433e 
SO3 1,925 1,579 3,281a-c 2,198a-d 2,242a 1,734c-e 1,910gh 2,307a-d 1,996a-d 
SO4 2,177 1,621 3,41lab 2,413a-c 2,417a 2,532ab 2,294e-g 2,341a-d 2,184a-c 
SNI 1,831 1,436 3,354a-c 2,141a-d 2,331a 1,645de 1,487hi 1,620e 1,707b-e 
SN2 2,043 1,717 3,338a-c 2A30a-c 2,169a 2,637ab 2,144e-g 2,232b-d 1,751b-e 
SN3 1,983 i,555 3 ,556a  2 ,458ab 2,169a 2,182b-d 2A83d-f 2,611a-c 2,058a-d 
SN4 2,226 1,507 3 ,570a  2 , 5 1 9 a  2 ,348a 2,715ab 2,883a-d 2,596a-c 2,450a 
RO1 1,583 1,412 2 ,548d  1 ,156e  1,760bc 2,216a-c 1,765gh 2,149cd 1,645c-e 
RO2 1,827 1,558 2,803cd 1,640c-e 2,246a 2,483ab 2,635b-e 2,457a-d 1,660c-e 
RO3 1,929 1,373 3,179a-c 1,856a-e 2,283a 2,471ab 2,639b-e 2,592a-c 1,958a-d 
RO4 1.872 1,462 3,154a,c 1,733a-e 2,368a 2,646ab 3,038a-c 2,595a-c 2,028a-d 
RNI 1636 1.439 2 ,584d  IA36de 2,040ab 2,410ab 2,532c-f 2,270b-d 1,881b-e 
RN2 1,709 1,798 3,167a-c 1,811a-e 2,471a 2,841a 3,138ab 2,744a 2,174a-d 
RN3 1,929 1,586 3,337a-c 1,957a-d 2,401a 2,776ab 2,916a-d 2,620ab 2,183a-c 
RN4 1,873 1,860 3,220a-c 1,721a-e 2,361~. 2,788ab 3,284a 2,651ab 2,210ab 

NSD NSD 

*Averages of four replicates. 
tS = susceptible soybean; R = resistant soybean; O = not treated with nematicide; N = treated with 

nematicide. 1, 2, 3, 4 = monoculture and soybean every 2, 3, and 4 years, respectively. 
:~Numbers followed by the same letter in each column are not significantly different according to Dun- 

can's multiple-range test (P < 0.0,5). 
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Table  7. Yields of Meloidogyne incognita suscep- 
tible and resistant soybean grown with or  wi thout  
nematicide t reatment  in various rotations with 
maize expressed as percentage of yield from nema- 
tieide treated resistant soybean grown in the longest 
rotation. Data averaged across years. 

T rea tmen t  
and Years 

rotation* 1972-80 1975-80 1978-80 

SOl 69gt 58f 42h 
SO2 86de 84cde 67fg 
SO3 90bcde 87hcd 78def 
SO4 100ab 98abc 86bode 
SNI 83el 76de 61g 
SN2 96abcd 93abc 76el 
SN3 98abc 97abc 89abcd 
SN4 105a 107a 99a 
ROI 75fg 72e 70fg 
RO2 88cde 88bcd 83cde 
RO3 93bcde 94abc 89abcd 
RO4 95abcd 96abc 94abc 
RN1 83el 84cde 82de 
RN2 99abc 10lab 99a 
RN3 99abe 100ab 96ab 
RN4 100ab 100ab 100a 

100 = 2,441 2,503 2,715kg/ha 

*S = susceptible soybean; R = resistant soybean; 
O = not treated with nematicide; N ~ treated with 
nematicide. 1, 2, 3, 4 = monocul ture  and soybean 
every 2, 3, and 4 years, respectively. 

"~Numbers followed by the same letter in each 
column are not significantly different according to 
Duncan's  mult iple-range test (P < 0.05). 

last 3 years. These were in the 4-year rota- 
tion of susceptible cultivars and in the 2- 
year rota t ion of resistant cultivars. 

Other  plant parasitic nematodes con- 
comitant  with M. incognita in the soil were 
Helicotylenchus dihystera (Cobb) Sher, 
Pratylenchus scribneri Steiner, P. zeae 
Graham, Criconemella sphaerocephala 
(Taylor) Luc and Raski, and Paratricho- 
dorus christiei Allen. T h e  spiral nematode 
was the most abundant  and was more pre- 
valent following soybean than maize. None 
of these species, which were found in num- 
bers lower than normally recovered for the 
area (9), were considered to be factors in 
influencing the yields of either soybean or 
maize. 

T h e  numbers of M. incognita juveniles 
recovered from soil following maize were 
extremely variable and were not  signifi- 
cantly influenced by the rotat ion regimes. 

Maximum numbers recovered were approxi- 
mately 30 per 10 cm ~ soil. ]t  is notable that 
in rotations with resistant soybean cultivars, 
greater numbers were usually recovered fol- 
lowing maize than soybean. 

T h e  numbers of M. incognita juveniles 
recovered fi'om soil following soybean re- 
mained low for the first 5 years of the study. 
Significant increases, specifically among the 
susceptible cultivars, were not  obtained 
nntil  1976. T h e  numbers recovered from 
soil following the various regimes are pre- 
sented averaged over the years (Table  8). 
No significant differences occurred among 
tile treatments when the data were averaged 
over the 9 years of the study. This  was due 
to the low numbers of juveniles recovered 
from all treatments through the first 5 years. 
Among regimes planted with susceptible 
cultivars, significantly more juveniles were 
recovered following monocul tured  soybean 
than following those planted in 4-year rota- 
tions with maize. T h e  2- and 3-year rota- 
tions were intermediate in their influence 
on populat ions of the nematode. In mono- 

"Fable 8. Numbers  of Meloidogyne incognita in- 
fective juveniles per 10 cm 3 soil following harvest of 
soybeans grown in monocul ture  and in various rota- 
tions with maize. Numbe r s  averaged across years. 

T rea tmen t  
and Years 

rot ation * 1975-80 1978-80 

SOl 123at 210a 
SO2 94ab 14lab 
SO3 44cde 80bc 
SO4 58bcd 73bc 
SN 1 76bc 142ab 
SN2 59bcd 99bc 
SN3 33cde 59bc 
SN4 21de 33c 
RO 1 44cde 86be 
RO2 17de 30c 
RO3 9de 16c 
RO4 17de 31 c 
RN 1 11 de 22c 
RN2 5e 9c 
RN3 2e 4c 
RN4 3e 2c 

*S = susceptible soybean; R = resistant soybean; 
O = not  treated with nematicide; N = treated with 
nematicide. 1, 2, 3, 4 = monocul tu re  and soybean 
every 2, 3, and 4 years, respectively. 

"~Numbers within each column followed by the 
same letter ale not significantly different according 
to Duncan 's  mult iple-range test (P < 0.05). 
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cultured and 2-year rotated soybean, signifi- 
cantly fewer juveniles were recovered fol- 
lowing resistant than susceptible cultivars. 
Significant differences in influencing juve- 
nile populat ions were not so apparen t  be- 
tween resistant and susceptible cultivars 
among the 3- and 4-year rotations. However,  
populat ions of M. incognita juveniles fol- 
lowing nematicide treated resistant cultivars 
grown in these longer rotat ions remained 
very low, even in the latter years of the 
study. 

DISCUSSION 

Soybeans in the southeastern Uni ted 
States are generally monocul tured,  and un- 
til recently, this has involved cultivars 
susceptible to M. incognita. This  led to 
widespread damage caused by this pathogen.  
T h e  introduct ion of resistant cultivars dur- 
ing the last decade has relieved the problem 
considerably, and numerous growers have 
been satisfied with main ta in ing  monocul- 
tures of the resistant cultivars and resorting 
to complementary  t reatment  with nema- 
ticides in severe root-knot nematode infes- 
tations. Yields from these monocul ture  
regimes have remained stable over the years, 
and the author  is unaware of any instance 
where the cont inuous culture of M. incog- 
nita resistant cultivars has resulted in less 
than profitable yields a t t r ibutable  to this 
nematode.  

Data  from this study demonstrate  that  
significantly higher yields of resistant cul- 
tivars, irrespective of nematicide treatment,  
can be achieved when they are grown in 
rota t ion with maize. Crop rotation, and any 
other nematode management  strategy, is 
utilized to preserve ra ther  than enhance the 
inherent  yield capabil i ty of a crop. Conse- 
quent ly there is a l imit  beyond which ex- 
tended rotat ions do not enhance yield re- 
sponses. Data from this study show that  a 
2-year ro ta t ion  with maize, coupled with 
nematicide t rea tment  of the soybean crop 
(RN2), is adequate  to achieve o p t i m u m  
yields of resistant cultivars and to main ta in  
low numbers  of M. incognita residual in the 
soil. T h e  2-year ro ta t ion  wi thout  nema- 
ticide t rea tment  (RO2) produced yields 
equivalent  to the nematicide treated mono- 
culture (RN1) but  less than the compara-  

3, July 19a3 

t i re  nematicide treated ro ta t ion  (RN2) over 
the last 2 years of the study. 

T h e  success of a ro ta t ion  program de- 
pends pr imari ly  on its economic merits 
compared with monoculture.  T h e  2-year 
rotat ion with resistant cultivars increased 
soybean yields approximate ly  20 percent 
above that  achieved by monocul tur ing.  A 
similar increase was achieved between com- 
parat ive regimes when nematicides were 
employed. This  addi t ional  increase from a 
reduced soybean hectarage, together with a 
grower's abili ty to produce maize with a 
profit margin  competi t ive with monocul- 
tured soybean, will be an impor tan t  factor 
in deciding the justification of a 2-year rota- 
tion. Maize product ion in the southeastern 
USA has been ltistorically erratic. However,  
recent technological advances designed to 
increase and stabilize yield should favor the 
adopt ion of soybean-maize rotat ions (12,16). 

These data demonstra te  the deleterious 
effects on yield of monocul tur ing  suscepti- 
ble soybean cultivars in soil infested with 
M. incognita. Although the greatest re- 
sponse to nematicides occurred by treat ing 
these cultivars, there was a progressive de- 
cline in yields from this cropping regime 
through the course of the study. Longer  
rotat ions are required to main ta in  o p t i m u m  
yields of susceptible cultivars. T h e  3-year 
rotations with nentaticide t rea tment  (SN3) 
main ta ined  yields through the course of 
this study as did the 4-year rota t ion wi thout  
nematicide (SO4). However,  the long-term 
benefits of p lant ing susceptible cultivars 
wi thout  nematicides, even in long rotations, 
is quest ionable since yield data collected 
dur ing the last 3 years indicate a decline in 
the relative yields of these cropping regimes. 
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Resistance of Some Vitis Rootstocks to Xiphinema index 
A. R.  HARRIS t 

Abstract: Thirty-eight grapevine (Vitis spp.) rootstocks were screened in pots for resistance 
to the dagger nematode, Xiphinema index, from 1979 to 1981. Resistance ratings were based on 
visible root symptoms and on changes in the nematode populations over 16 months. Nineteen 
of the 23 Californian hybrid rootstocks tested were resistant, as were 'Harmon)', ' 'Freedom,' 
"Schwarzmann,' and '3309." Two hybrids of V. rufotomentosa, '!71-52' and '176-9,' were possihly 
immune to X. ir~dex. The rootstocks 'ARG l,' ' l l 0  R,' 'i202,' and '1616,' which are used com- 
mercially for phylloxera resistance were susceptible. Key words: grapevine, dagger nematode, 
hybrid, symptoms, populations. Journal of Nematology 15(3):405-409. 1983. 

T h e  d a g g e r  n e m a t o d e ,  Xiph inema  index 
T h o r n e  & A l l e n ,  is o n e  o f  t h e  w o r l d ' s  m o s t  
d a m a g i n g  pests  o f  g r a p e v i n e s ,  b o t h  d i r e c t l y  
(12, 14) a n d  as a v e c t o r  of  g r a p e v i n e  f a n l e a f  
v i ru s  (GFV)(5 ,10) .  P r e p l a n t  f u m i g a t i o n  of  
v i n e y a r d  soi l  does  n o t  e r a d i c a t e  X.  index, 
n o r  is i t  s a t i s f ac to ry  in  deep ,  wet ,  o r  c layey  
soils (4,9). E v e n  w h e n  f u m i g a t i o n  gives  g o o d  
i n i t i a l  r e d u c t i o n  o f  n e m a t o d e  n u m b e r s ,  t he  
r e s i d u a l  p o p u l a t i o n  m a y  be  suff ic ient  to  
t r a n s m i t  G F V  to n e w l y  p l a n t e d  v ines ,  a n d  
the  n e m a t o d e s  o f t e n  i nc r ea se  to  d a m a g i n g  
leve ls  w i t h i n  a few years  (9). T h e r e  is, 
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t h e r e f o r e ,  a n e e d  fo r  a b e t t e r  c o n t r o l  
m e t h o d  for  X.  index in  r e p l a n t  v i n e y a r d s .  
R e s i s t a n t  r o o t s t o c k s  w o u l d  p r o v i d e  p ro tec -  
t i o n  f r o m  n e m a t o d e  d a m a g e  fo r  t h e  l i f e  o f  
t he  c rop .  R e s i s t a n c e  r a t i n g s  of  s o m e  Vitis 
spec ies  a n d  c u l t i v a r s  h a v e  b e e n  r e p o r t e d  
(1,8,11) a c c o r d i n g  to b o t h  v i s ib l e  r o o t  

s y m p t o m s  ant l  to  c h a n g e s  in  n u m b e r s  o f  
X.  index in  pots .  

T h i s  p a p e r  r e p o r t s  t he  r e su l t s  o f  screen-  
i n g  38 r o o t s t o c k s  fo r  r e s i s t ance  to  X.  index,  
based  Oll these  t w o  p a r a m e t e r s .  T h e  e x p e r i -  
m e n t  w a s  c o n d u c t e d  i n  po t s  in  a g r e e n h o u s e  
a t  W a h g u n y a h ,  V i c t o r i a ,  A u s t r a l i a ,  f r o m  
1979 to 1981. 

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

T w e n t y - t h r e e  C a l i f o r n i a n  h y b r i d  roo t -  
stocks,  i m p o r t e d  to  A u s t r a l i a  in  1974, 
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