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Effect of Compost and Maize Cultivars on 
Plant-parasitic Nematodes 1 

R. McSORLEY AND R. N. G A L L A H E R  2 

Abstract: Effects o f  yard waste compos t  and  maize (Zea mays) culfivar on  popula t ion  densities of  
plant-parasitic nema t odes  were exami ned  in four  exper iments  in no r th  Florida. In one  exper iment ,  
e ight  maize cultivars were evaluated; the  o the r  three  exper iments  involved split-plot designs with com- 
post  t rea tments  as main  plots and  maize cultivars as subplots. The  three  compos t  t rea tments  used  in 
these exper imen t s  were: 269 m t / h a  o f  a yard-waste compos t  applied to the  soil surface as a mulch ,  269 
m t / h a  of  compos t  incolpora ted  into the  soil, and  an  u n a m e n d e d  control.  No interact ions between 
compos t  t r ea tment  and  cultivar occurred  in any exper iment .  Effects o f  compos t  t r ea tment  on Mesocri- 
conema spp., Meloidogyne incognita, and Pratylenchus spp. were inconsistent ,  whereas  significant effects o f  
compos t  on  popula t ion  densities o f  Paratrichodorus minorwere f ound  on four  o f  six sampl ing  occasions. 
Cultivar affected final popula t ion  densities (Pf) of  M. incognita. In two tests, Pf  o f  M. incognita on  a 
Florida subtropical  exper imenta l  hybrid (Howard III) were only 36% and  23% of  Pf on  the  s tandard  
tropical hybrid (Pioneer  Brand  X304C). In  an  in tegrated approach  to m a n a g e m e n t  o f  nematodes  in 
maize, the  effects o f  compos t  a m e n d m e n t  and  culfivar choice acted independent ly .  Apparently,  cultivar 
choice is more  impor tan t  than  a m e n d m e n t  with yard waste compos t  for  m a n a g e m e n t  o f  M. incognita 
popula t ion  levels in a maize rotat ion crop. 

Key words: compost ,  cultural practice, hos t  p lan t  resistance, in tegrated pest m a n a g e m e n t ,  Meloidogyne 
incognita, mulch ,  nematode ,  organic a m e n d m e n t ,  Paratrichodorus minor, sustainable agriculture,  Zea 
mays. 

Various nonchemical  alternatives are 
available for the management  of plant- 
parasitic nematodes (McSorley and Duncan, 
1995; Noling and Becker, 1994; Trivedi and 
Barker, 1986). However, some nonchemical 
methods may not be particularly effective 
when used alone, making integration of 
methods necessary to achieve optimal nema- 
tode management, particularly in sustain- 
able systems (McSorley and Duncan, 1995; 
Noling and Becker, 1994; Roberts, 1993). 
Applications of organic amendments have 
been evaluated for use in nematode man- 
agement (Muller and Gooch, 1982; Rod- 
riguez-K~bana, 1986), although results have 
been inconsistent (McSorley and Gallaher, 
1995a, 1995b; Stirling, 1991). Crop rotation 
has been a successful method for suppress- 
ing plant-parasitic nematodes (Johnson, 
1982; McSorley and Duncan, 1995; Trivedi 
and Barker, 1986), and recently emphasis 
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has been placed on the development of can- 
didate crops for rotations in the southeast- 
ern United States (McSorley and Dickson, 
1995; Rodrlguez-I~bana et al., 1988, 1989). 
Maize (Zea mays) is a particularly useful ro- 
tation crop for the southeastern United 
States (Stanley and Gallaher, 1997; Teare, 
1991), and rotation with maize has been 
beneficial in managing some nematode 
problems as well (Kinloch, 1983; Schmitt, 
1991). However, some tropical maize culti- 
vars tend to increase populations of root- 
knot nematodes (McSorley and Gallaher, 
1991, 1992). Recently, work in Mississippi 
has resulted in maize germplasm with some 
resistance to root-knot nematodes (Wind- 
ham and Williams, 1988), and two of these 
genotypes reduced soil population levels of 
Meloidogyne incognita below that of a tropical 
hybrid in a microplot test in Florida (McSor- 
ley and Dickson, 1995). Thus, it may be pos- 
sible to find some level of root-knot nema- 
tode resistance in other maize germplasm 
and cultivars that may be adapted for tropi- 
cal and subtropical growing conditions. The 
objective of this study was to examine the 
effects of integrating compost amendment 
and selected maize cultivars on population 
levels of root-knot and other plant-parasitic 
nematodes on maize. 
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MATERIALS AND METHODS 

Four experiments were conducted at four  
sites, all located within 5 km of  each other  in 
Alachua County, Florida, near  29°40'N and 
82°30'W. The  soil types in these fields were 
Arredondo  and Bonneau  fine sands, consist- 
ing of  92% sand, 2-4% silt, 4-6% clay, and 
pH = 5.2-5.4, with <2.0% organic matter. 
Each of  these sites contained M. incognita, 
Paratrichodorus minor, Mesocriconema spp. (M. 
sphaerocephalum, M. ornatum), and  Prat- 
ylenchus spp. (P. scribneri, P. brach~urus). In 
each of  these sites, the M. incognita popula- 
tion was confi rmed to be race 1 by a differ- 
ential host test (Taylor and Sasser, 1978). 

Experiment 1 (Haufler silage site): This ex- 
per iment  was conducted  in a commercial  si- 
lage product ion  site. Treatments  consisted 
of  8 maize cultivars arranged in a random- 
ized complete block design with 10 replica- 
tions. Th e  cultivars were Howard  III, a 
Florida exper imen ta l  subtropical  hybrid; 
FLASTOP, a Florida experimental  subtropi- 
cal population; a tropical hybrid, Pioneer  
Brand X304C; and 5 temperate  hybrids: As- 
grow RX949W, DeKalb 706, ICI 8100, ICI 
8105, and Pioneer  Brand 3154. 

The site was plowed in spring 1995, and 
the maize cultivars were planted on 22-23 
March in two-row plots, 30 m long with 0.75 
m between rows. Anhydrous ammonia  was 
injected unde r  the row during planting at a 
rate of  71 kg N/ha .  On 30 March, 16 kg 
N /ha ,  39 kg P2Os/ha,  and 94 kg K 2 0 / h a  
were applied together  with o the r  macro- 
and micronutrients.  Plots were side-dressed 
with 89 kg I~220/ha on 22 April and 178 kg 
N / h a  on 28 April. Cultivations on 14 April 
and 1 May aided in fertilizer incoi-poration 
and weed management .  Plots were watered 
as needed  f rom a center-pivot irrigation sys- 
tem. On 26June,  a plant biomass sample was 
collected f rom each plot by cutting stalks at 
a 6-to-7-cm height  (just above prop roots) 
and removing all plants f rom a 3-m 2 area. 
Samples were dried at 70 °C in an oven to 
determine plant dry weight. 

Soil samples for nematode  analysis were 
collected on 26 April and 28 June.  Each 
sample consisted of  6 soil cores (2.5-cm 

diam. x 20 cm deep)  collected f rom each 
plot. The  cores were composited and mixed, 
and a 100-cm 3 subsample was removed for 
nematode  extraction using a modified siev- 
ing-and-centrifugation procedure  (Jenkins, 
1964). 

Experiment 2 (Agronomy Farm): This experi- 
men t  was conduc ted  at the University of  
Florida Green  Acres Agronomy Research 
Farm in Alachua County. Treatments  con- 
sisted of  3 compost  treatments as main plots 
and 4 maize cultivars as subplots. The design 
was a split-plot with 8 replications. The  cul- 
tivars used in this test were FLASTOP, How- 
ard III, Pioneer  Brand X304C, and Howard 
II (Florida exper imen ta l  subtropical  hy- 
brid). Compost  treatments were 269 ro t /ha  
of  yard waste compost  applied in early Feb- 
ruary 1996 and incorporated into the top 20 
cm of  soil by rotofilling; 269 m t / h a  of  yard 
waste compost  applied in early February and 
maintained on the soil surface as a mulch; 
and an unamended  control, which was roto- 
tilled. The  yard waste compost,  obta ined  
f rom Enviro-Comp Services of Jacksonville, 
Florida, consisted mainly of  fragments of  
pine bark and wood chips <3 cm in length 
(Table 1). 

Maize cultivars were planted on  13 March 
in subplots consisting of  two rows, 3.5 m 
long and 0.75 m apart. Plots were fertilized 
with 233 kg N, 9 kg P, and 158 kg K/ha ,  and 
were hand-weeded and irrigated from over- 
head sprinklers as needed.  Soil samples for 
n e m a t o d e  analysis were col lected on  13 

TABLE 1. Analysis of yard waste compost obtained 
from Jacksonville, Florida. 

Year of application 

Property analyzed 1995 1996 

Organic matter (% of dry wt.) 37.5 52.2 
Ca (% of dry wt.) 1.13 1.47 
Mg (% of dry wt.) 0.07 0.17 
K (% of dry wt.) 0.14 0.31 
N (% of dry wt.) 0.98 0.62 
P (% of dry wt.) 0.08 0.15 
Cu (ppm) 18 22 
Fe (ppm) 2,608 2,615 
Mn (ppm) 75 97 
Zn (ppm) 138 107 
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March and 11 July, using the methods  de- 
scribed above. 

Experiment 3 (Haufler amended site): The  
site for this exper iment  had been  amended  
with 269 m t / h a  of  a yard waste compost  in 
1992 and was the site of  o ther  experiments  
involving compost  amendments  f rom 1993 
to 1995 (McSorley and Gallaher, 1996). The  
site was plowed and disked in fall 1995 to 
redistribute any remaining compost  over the 
site. Soil organic matter  content  averaged 
3-4%, about  twice as much  as in the o ther  
experiments.  In early 1996, a split-plot ex- 
per iment  with 5 replications was initiated, 
involving 3 compos t  t rea tments  as main  
plots and 2 maize cultivars (Howard II, How- 
ard III) as subplots. The  compos t  treat- 
ments, timing of  applications, and nature  of  
the compost  were identical to those of  Ex- 
per iment  2. 

Maize was planted on 25 April 1996 in 
subplots consisting of  two rows, 0.75 m apart 
and 30 m long. Plots were fertilized with 296 

TABLE 2. Effect of cultivar on Meloidogyne incognita 
popu la t ion  densi t ies  and  maize silage yield. Experi- 
m e n t  1, Hauf ler  silage site, Alachua County, 1995. 

Nematodes per 100 cm s soil 

Cultivar 26 April 28 June 

Top dry 
weight 

(g/plant) 

Asgrow RX949W 4 132 ab 1,109 bc 
DeKalb 706 2 126 ab 1,262 ab 
FLASTOP 1 99 b 1,387 a 
Howard III 3 75 b 865 d 
ICI 8100 2 148 ab 923 d 
ICI 8105 3 86 b 1,153 b 
Pioneer  Brand 

3154 2 72 b 975 cd 
Pioneer  Brand 

X304C 2 208 a 935 d 

Data are means of 10 replications. Means in columns fol- 
lowed by file same letter do not differ at P ~ 0.05 according to 
Duncan's multiple-range test. No letters in columns indicate no 
differences at P ~ 0.10. 

kg N/ha .  Soil smnples for  nematode  analysis 
were collected on 25 April and 24July, using 
the methods  described above. 

Experiment 4 ( Haufler unamended site): 

TABLE 3. Effect of yard waste compost  and  four maize cultivars on nematode  popula t ion  densit ies dur ing  the 
1996 maize crop. Exper imen t  2, University of  Florida agronomy farm, Alachua County. 

Nematodes per 100 cm s soil 

Compost l I July 
Compost amount 
treatment (rot/ha) 13 March FLASTOP Howard II Howard III X304C Mean 

Mesocriconema spp. 
Incorpora ted  269 30 b 73 63 18 96 62 
Mulch 269 17 b 98 ] 3 57 28 49 
Control  0 161 a 42 36 40 63 45 
Mean - -  70 71 37 38 62 52 

Meloidog3ne incognita 
Incorpora ted  269 8 b 322 234 72 444 268 
Mulch 269 4 b 269 341 61 577 312 
Control  0 18 a 443 192 194 390 305 
Mean - -  10 345 AB 256 BC 109 C 470 A 295 

Paratrichodorus minor 
Incorpora ted  269 2 b 2 4 1 2 2 b 
Mulch 269 1 b 3 3 1 4 3 b 
Control  0 6 a 8 4 9 9 8 a 
Mean - -  3 4 4 4 5 4 

Pratylenchus spp. 
Incorpora ted  269 8 b 97 118 106 118 110 
Mulch 269 7 b 76 118 67 136 100 
Control  0 16 a 73 112 89 86 90 
Mean - -  10 82 116 88 113 100 

Data are means of eight replications. For each nematode, main-effect means in columns (a,b) or in rows (A,B,C) followed by the 
same letter do not differ at P ~< 0.01 according to Duncan's multiple-range test. No letters in a colmnn or row indicate no 
differences at P ~< 0.10. No interactions were significant at P ~< 0.10. 
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This expe r imen t  was adjacent  to Experi- 
ment  3, in a site that had not  been  amended  
with compost  in 1992 (McSorley and Galla- 
her,  1996). Organic mat ter  content  in win- 
ter 1995 averaged 2.5%. All o ther  features of  
this exper iment  (treatments, timing, sam- 
pling, etc.) were identical to Exper iment  3. 

Data analysis: Data f rom each exper iment  
were examined by analysis of  variance for 
the appropriate  experimental  design using 
MSTAT-C software (Michigan State Univer- 
sity, East Lansing, MI). Nematode  coun t  
data were t ransformed by log10 (x + 1) prior  
to analysis, but  only unt ransformed arithme- 
tic means are presented.  When a significant 
(P ~< 0.10) effect (compost, cuhivar) was de- 
tected, main-effect means were separated 
with Duncan's  multiple-range test. 

RESULTS 

Experiment 1: Population densities of  Meso- 
criconema spp., Paratrichodorus minor, and  

Pratylenchus spp. were not  affected (P> 0.10) 
by the maize cultivars grown, but  final levels 
of  Meloidogyne incognita in soil were lower (P 
< 0.05) on four  cultivars than on Pioneer  
Brand X304C, a commonly grown tropical 
hybrid (Table 2). One of  the subtropical- 
tropical entries, FLASTOP, had a high bio- 
mass yield, but  Howard III and P ionee r  
Brand  X304C did n o t  p e r f o r m  as well 
(Table 2). These cultivars typically are bet ter  
adapted to summer  rather  than spring grow- 
ing conditions. 

Experiment 2: At planting, numbers  of  all 
plant-parasitic nematodes were lower (P < 
0.01) in compos t -amended  plots than in 
u n am en d ed  control  plots (Table 3). How- 
ever, this effect did not  persist through the 
growing season, except  with Paratrichodorus 
minor. As in Exper iment  1, only M. incognita 
was affected by maize cultivar, with final 
popu la t ion  densities highest  on P ionee r  
Brand X304C and lowest on Howard III 

TABLE 4. Effect of  yard waste compost  and  maize cultivars Howard II and  H~ward III on nematode  popula t ion  
densit ies du r ing  the 1996 maize crop in a site a m e n d e d  with 269 r o t / h a  of  compost  in 1992. Exper imen t  3, Hanf ler  
a m e n d e d  site, Alachua County. 

Compost 
Compost amount 
treatment (mr/ha) 25 April 

Nematodes per 100 cm 3 soil 

24july 

Howard II Howard nI Mean 

Mesocriconema spp. 
Incorpora ted  269 2 b 9 1 
Mulch 269 1 b 2 6 
Control  0 61 a 10 25 
Mean - -  21 7 11 

Meloidogyne incognita 
Incorpora ted  269 7 b 124 46 
Mulch 269 19 a 87 42 
Control  0 10 ab 150 60 
Mean - -  12 121 50* 

Paratrichodorus minor 
Incorpora ted  269 12 2 2 
Mulch 269 10 1 3 
Control  0 30 9 6 
Mean - -  18 4 4 

Pratylvnchus spp. 
Incorpora ted  269 15 b 73 16 
Mulch 269 10 b 30 37 
Control  0 50 a 76 45 
Mean - -  25 60 32(*) 

5 
4 

18 

85 
65 

105 
85 

2 b  
2 b  
7 a  
4 

44 
34 
60 
46 

Data are means of five replications. For each nematode, main-effect means in columns followed by the same letter do not differ 
at P ~< 0.05 according to Duncaa's multiple-range test. No letters in a column indicate no differer~ces at P <~ 0.10. 

* (*) indicates significant differences from Howard II at P ~< 0.05 and P ~< 0.10, respectively. No interactions were significant at 
P~< 0.10. 
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(Table 3). No compost  x cultivar interac- 
tions were observed in this or  in any of  the 
o ther  split-plot experiments.  

Experiment 3: Although several nematodes  
were affected initially by compost  treatment,  
only P. minor had lower numbers  in com- 
post-amended plots at the end  of  the maize 
crop (Table 4). Final populat ion densities of  
M. incognita and Pratylenchus spp. (mostly P. 
scribneri and some P. brachyurus) were lower 
(P ~< 0.10) on Howard HI than on Howard II. 

Experiment 4: Although P. minor and Prat~ 
lenchus spp. numbers  at planting were re- 
duced (P < 0.05) by compost  treatments,  
these differences persisted to the end  of  the 
season only with Pratylenchus spp. (Table 5). 
None  of  the nematodes  present  were af- 
fected by cultivar in this test. 

DISCUSSION 

Exper iments  indicated that  the perfor-  
mance of  yard waste compost  against plant- 
parasitic nematodes  was inconsistent, as in 
previous tests with this a m e n d m e n t  (McSor- 
ley and Gallaher, 1995a, 1995b). Some in- 
consistency was expec ted  since the com- 
pos i t i on  o f  ya rd  waste c o m p o s t  va r ied  

somewha t  f r o m  year  to year .  However ,  
a m e n d m e n t  with yard waste compost  appar- 
ently benefits crop per formance  more  by in- 
creasing soil organic mat ter  and waterhold- 
ing capacity of  soil, ra ther  than by lowering 
nema tode  numbers  (McSorley and Galla- 
her ,  1995a). More  cons is tent  effects on  
nematode  levels were observed where this 
compost  had been  applied for several years 
(McSorley and Gallaher, 1996). However, 
the cur ren t  exper iments  conf i rmed previ- 
ous observations (McSorley and Gallaher, 
1996) of  a more  rapid response of  Parat- 
richodorus minor to a m e n d m e n t  with yard 
waste compost.  It is not  clear whether  reduc- 
tion of  P. minor populat ion levels with com- 
post a m e n d m e n t  is a result of  habitat  modi- 
fication or  o ther  factors (McSorley and Gal- 
laher, 1996). 

No interaction between compost  amend- 
men t  and cultivar was observed on popula- 
tion density of  any nematode  in these ex- 
periments.  Thus, in integrating use of  yard 
waste compos t  a m e n d m e n t  and  cult ivar 
choice in nematode  management ,  the ef- 
fects of each me thod  must  be considered 
independent ly  in this maize system. 

Populat ion levels of  M. incognita race 1 

TABLE 5. Effect  o f  y a r d  waste  c o m p o s t  a n d  m a i z e  cul t ivars  H o w a r d  II  a n d  H o w a r d  I I I  o n  n e m a t o d e  p o p u l a t i o n  
dens i t i e s  d u r i n g  the  1996 ma ize  c r o p  in  a si te n o t  a m e n d e d  wi th  c o m p o s t  in  1992. E x p e r i m e n t  4, H a u f l e r  
u n a m e n d e d  site, A l a c h u a  County .  

Compost 
Compost amount  
treatment (rot/ha) 25 April 

Nematodes per  100 cm 3 soil 

24 July 

Howard II Howard III Mean 

Meloidogyne incognita 
I n c o r p o r a t e d  269 11 168 198 183 
M u l c h  269 13 298 154 226 
C o n t r o l  0 13 223 204 214 
M e a n  - -  12 230 185 208 

Paratrichodorus minor 
I n c o r p o r a t e d  269 6 b 4 3 4 
M u l c h  269 8 b 4 2 3 
C o n t r o l  0 20 a 5 6 6 
M e a n  - -  11 4 4 4 

Pratylenchus spp.  
I n c o r p o r a t e d  269 6 b 39 41 40 b 
M u l c h  269 16 ab  115 122 118 b 
C o n t r o l  0 34 a 203 242 223 a 
M e a n  - -  19 119 135 127 

Data are means of five replications. For each nematode, main-effect means in colmnns followed by the same letter do not differ 
at P ~  0.05 according to Duncan's multiple-range test. No letters in a column indicate no differences at P ~  0.10. No cultivar effects 
or interactions were significant at P ~ 0.10. 
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were lower on the new Florida subtropical 
hybrids than on the widely grown tropical 
hybrid, P ioneer  Brand X304C. In the two 
tests in which the cultivars were com pa red  
directly, final popula t ion  densities (Pf) o f  M. 
incognita on Howard  III  were only 36% and 
23% of  the Pf on Pioneer  Brand X304C. In 
one  test, Pf  of  M. incognita following Howard  
II  was 54% of  the  Pf  on P ionee r  Brand  
X304C. 

An impor tan t  concern  with maize as a ro- 
ta t ion  c r o p  is the  b u i l d u p  o f  roo t -kno t  
nematodes  (McSorley and  Gallaher, 1991, 
1992). I t  is no t  clear if the M. incognita popu-  
lation levels after Howard  III  are low enough  
to result in reduced  damage  to susceptible 
crops following this maize cultivar in rota- 
tion. However, it is encouraging  that  some 
resistance to M. incognita has been  found  in 
maize germplasm developed independent ly  
in Mississippi ( W i n d h a m  a n d  Will iams,  
1988) and  in Florida. Perhaps  future work 
wi th  t he se  a n d  (or )  o t h e r  g e r m p l a s m  
sources will improve the utility of  maize as a 
ro ta t ion  c rop  in tropical  and  subtropical  
c ropp ing  systems. 
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