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Meloidogyne incognita Infested Soil Amended With
Chicken Litter 1 SAKE Project

C. RIEGEL, F. A. FERNANDEZ, AND J. P. NoE2

Abstract: The effects of chicken litter on Meloidogyne incognita in cotton, Gossvpium hirsutum cv. 
DPL50 were determined in field microplots. Litters (manure and pine-shaving bedding) from a 
research facility and a commercial broiler house were used. Treatments consisted of 0.25%, 0.5%, 
and 1% litter by dry weight of soil for each kind of litter. Three control treatments consisted of soil 
not amended with litter, with and without nematodes, and one treatment to which mineral fertilizer 
was added at a nitrogen rate equivalent to that of the 0.5% litter rate, with nematodes. Microplots 
were inoculated at planting with 200 eggs/100 cm 3 soil in 1993 and 1,000 eggs/100 cm 3 soil in 1994. 
At 92 and 184 days after planting, nematode population densities decreased linearly with increasing 
rates of litter. Nematode numbers at midseason were larger in plots treated with mineral fertilizer 
than in plots treated with a rate of litter equivalent to the 0.5% rate. Fungal and bacterial population 
densities fluctuated throughout the growing season. Bacterial numbers had a positive linear rela­ 
tionship, with increasing rates of litter only in October 1993; however, significant positive relation­ 
ships were observed throughout the 1994 growing season. In 1994, nematode population density at 
92 days after planting decreased linearly with increasing bacterial numbers 30 days after planting. 
No other significant relationships between nematode densities and microbial densities were ob­ 
served. Fungi and bacteria isolated from the litter and litter-amended soil were identified. Fungal 
genera isolated included Acremomum, Aspergillus, Eurotium, Paecilomyces, Pctnella, and Scopulanopsts, 
whereas bacteria genera included Arthrobacter, Bacillus, and Pseudomonas.

Key words: bacteria, chicken litter, control, cotton, fungi, Gossypium hirsutum, management, ma­ 
nure, Meloidogyne incognita, organic amendment, root-knot nematode.
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The suspension of several of our most 
important nematicides has prompted in­ 
vestigation into alternatives for the man­ 
agement of plant-parasitic nematodes. 
The incorporation of manure into nema- 
tode-infested soil suppressed Globodera pal- 
lida numbers by 96% and Meloidogyne in­ 
cognita numbers by 80% (19,22). Chicken 
litter previously has been shown to sup­ 
press population densities of plant- 
parasitic nematodes (1,19,22). In addition, 
chicken litter is a valuable source of plant 
nutrient because it contains significant 
quantities of N, P, K, Ca, Mg, and micro- 
nutrients (39,41,45). The poultry industry 
in the southeastern United States accounts 
for nearly 25% of all agricultural income 
(31), but a major concern for this industry 
is the disposal of large quantities of litter

Received for publication 2 February 1996.
1 This research was supported by state and Hatch funds 

allocated to the Georgia Agricultural Experiment Station and 
Southern Region Sustainable Agricultural Research and Ed­ 
ucation Program Contract No. SC145-G120-13-5414.

2 Graduate Student, Research Associate, and Associate 
Professor, Department of Plant Pathology, University of 
Georgia, Athens, GA 30602-7274.

The authors thank T. Holladay, O. Finlay, and P. Hartel 
for their assistance.

E-mail: jpnoe@uga.cc.uga.edu

and manure. Replacement of inorganic 
fertilizer with chicken litter would save the 
farming community $42 million per year 
(31) and would be an effective method of 
litter disposal.

Control of plant-parasitic nematodes by 
soil amendments may result from direct 
toxic effects and (or) from decomposition 
of organic matter, resulting in the forma­ 
tion of toxic products (28,29). Changes in 
microbial populations resulting from the 
addition of amendments also may impact 
plant-parasitic nematodes by several possi­ 
ble mechanisms (23,37,38). Many fungi 
have been reported to parasitize various 
life stages of plant-parasitic nematodes (9). 
Heterodera glycines females, eggs, and cysts 
isolated from soil are colonized by a variety 
of opportunistic fungi (9,10,17), and Pae­ 
cilomyces lilaanus and Verticillium chlamydo- 
sponum have been shown to parasitize spe­ 
cies of Meloidogyne (24). Chicken litter also 
may contain fungi that have the ability to 
produce metabolites that adversely affect 
nematodes (26,27,30).

Suppression of plant-parasitic nema­ 
todes by chicken litter may result from a 
combination of microbial effects and con-
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stituent toxicity. Chicken litter contains 
significant quantities of organic and inor­ 
ganic nitrogen, which is released from the 
litter after incorporation into soil and 
throughout a growing season (4). Nitrogen 
released in the form of ammonia perme­ 
ates cell membranes of nematodes and 
causes death (16,44). In litter, which also 
contains pine-shaving bedding, the pres­ 
ence of an organic carbon source reduces 
phytotoxicity caused by accumulation of 
ammonia and nitrates (21). These nonphy- 
totoxic, but nematode-suppressive constit­ 
uents stimulate the development of other 
microbial populations (28,37).

Identification of the fungi and bacteria 
associated with chicken litter and with lit­ 
ter-amended soil may aid in determining 
the mode of action of litter on plant- 
parasitic nematodes. The objectives of this 
study were to investigate the effects of 
chicken litter soil amendments on popula­ 
tion densities of M. incognita race 3 in cot­ 
ton; monitor fungal, bacterial, and M. in­ 
cognita population changes in relation to 
applications of chicken litter to soil; and 
survey and identify fungi and bacteria in 
the litter and litter-amended soil.

MATERIALS AND METHODS

Chicken litter was collected from the 
University of Georgia Poultry Research 
Facility (LI) and from a commercial 
broiler house in Oconee County, Georgia 
(L2). Both litters (chicken excrement and 
pine-shaving bedding) were collected from 
pens that were cleaned monthly. Elemen­ 
tal analysis was performed on the litter by 
the University of Georgia Cooperative Ex­ 
tension Service and the Agricultural Ser­ 
vices Laboratories Soil Testing and Plant 
Analysis Laboratory. Total N and P were 
extracted by persulfate digestion, and 
NH4-N, and NO3 -N levels were deter­ 
mined by water extraction and colorimet- 
ric analysis (35).

Microplots were established at the Plant 
Sciences Farm in Oconee County, Georgia. 
Thirty-six 90-cm fiberglass-enclosed plots

containing sandy-loam field soil (76% 
sand, 10% silt, 14% clay) were fumigated 
with methyl bromide (1.7 kg a.i./m 3 ) ap­ 
plied under 6-ml polyethylene sheeting. 
Treatments consisted of two kinds of litter 
(LI, L2) applied at three rates (0.25%, 
0.5%, 1%) based on dry weight of soil 
(% w/w). Three controls included non- 
amended soil with and without M. incognita 
and soil amended with mineral fertilizer 
(KNO3 ) equivalent to the rate of N in the 
0.5% litter treatment with M. incognita. 
The M. incognita population was obtained 
from a cotton field in Johnson County, 
Georgia, and was maintained on tomato, 
Lycopersicon esculentum Mill. cv. Marglobe, 
in the greenhouse. Treatments were ar­ 
ranged in a randomized complete-block 
design with four replications. Each mi- 
croplot also received 14-7-14 fertilizer at 
the recommended rate of 560 kg/ha at 
planting (11). ^_  

Cotton, Gossypium hirsutum L. cv. DPL50, 
seeds were planted and microplots were 
inoculated with M. incognita race 3 at 200 
eggs/100 cm3 soil on 20 May 1993 and 
1,000 eggs/100 cm 3 soil on 10 May 1994. 
One week after planting, seedlings were 
thinned to six per microplot. Nematode 
population densities were assayed at 92 
and 184 days after planting by collecting 
10 2.5-cm-diam., 25-cm-deep soil cores 
from around the root zones within mi­ 
croplots. Second-stage juveniles (J2) of M. 
incognita were extracted from 500 cm 3 soil 
by elutriation and sucrose centrifugation 
(2,7). Roots extracted from the soil sam­ 
ples were placed in an intermittent-mist 
chamber (2), and nematodes were col­ 
lected after 48 hours and counted. Popu­ 
lation densities of M. incognita were ex­ 
pressed as the sum of J2 collected from soil 
and roots per 100 cm3 soil. Soil samples for 
pH measurements, and fungal and bacte­ 
rial counts were collected 17, 51, 89, 114, 
and 146 days after planting in 1993 and 0, 
31, 63, 93, 128, 154, and 185 days after 
planting in 1994. Soil pH was determined 
in a 50-g soil/50-ml deionized water sus­ 
pension (5).
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Counts of fungi and bacteria were deter­ 
mined by serially plating the soil-litter sus­ 
pensions and controls onto selective media 
in 9-cm-diam. petri dishes with a Spiral 
Plater (Spiral Systems, Bethesda, MD). 
Two grams of soil were weighed and 
placed into a whirlpac blender bag with 18 
ml of deionized sterile water for the first 
dilution. Each sample was then placed in a 
Stomacher blender (Seward Medical, Lon­ 
don, England) and agitated for 30 seconds. 
Further dilutions were made in a laminar 
flow hood, and the suspensions were 
plated onto selective media for microbial 
enumeration.

For fungal isolation, potato dextrose 
agar (PDA) (Difco, Detroit, MI) amended 
with streptomycin (0.1 g/liter) and tetracy- 
cline (0.01 g liter) and PDA amended with 
streptomycin (0.1 g/liter) and chioram- 
phenicol (0.01 g/liter) were used. Nutrient 
agar with nystatin (0.05 g/liter) was used 
for isolating bacteria. Serial dilutions were 
made to 10~ 3 for fungi and 10~ D for bac­ 
teria. Fungal colony forming units (CPU) 
were counted 4 to 5 days after incubation, 
and bacterial CFU were counted 3 days af­ 
ter incubation at 25°C in the dark.

Fungi isolated from the litter and 
amended soil serial dilutions were stored 
on PDA until identified. Approximately 
0.1 g of commercial chicken litter from the 
1994 season and fresh liter from 1995 
were sprinkled evenly onto PDA amended 
with 0.1 g/liter streptomycin and 0.01 g/Ii- 
ter tetracycline in order to suppress bacte­ 
rial growth. These plates were incubated at 
room temperature on a laboratory bench. 
Six days after plating, fungi were observed 
and transferred to various media for iden­ 
tification to species (3,6,15,32,33,36,40,42, 
43).

After isolation, bacteria were stored at 
  80 °C for identification of fatty acid me­ 
thyl-esters (FAME) (14,18,25). Before stor­ 
ing, the bacteria were placed on a shaker at 
room temperature in 2-ml cryovials with 
0.75 ml of trypticase soy broth (TSB) for 
24 to 48 hours. Each vial received 0.25 ml 
of sterilized glycerol and was placed at

-80 °C. Bacteria selected for identifica­ 
tion based on morphological differences 
were transferred to a 5% trypticase soy 
agar (Difco, Detroit, MI) for purification.

Seed cotton was collected from the mi- 
croplots and weighed at maturity in both 
years as an estimate of yield. Cotton boll 
number and shoot height were recorded in 
the second year.

All differences reported in the results 
were significant at P < 0.05. Regression 
analysis was used to determine nematode 
responses to litter application, microbial 
population dynamics throughout the sea­ 
son, and yield in response to the nematode 
and to litter amendments. Data were ana­ 
lyzed by ANOVA and means separated by 
Duncan's multiple-range test (SAS Insti­ 
tute, Gary, NC). Fungal and bacterial 
counts were transformed with loge (x + 1) 
before analysis.

RESULTS

Litter LI contained 5.8% total nitrogen, 
0.9% P, with 189 ppm NO3-N and 4,452 
ppm of NH 4-N, in 1993, and 3.2% total 
nitrogen, 0.1% P, 1,828 ppm NO3-N, and 
2,585 ppm of NH 4 -N in 1994. Litter L2 
contained 3.6% total nitrogen, 1.8% P in 
1993 (NH 4 -N and NO3 -N not done) and 
5.3% total nitrogen, 0.1% P, 1.3 ppm NO3 - 
N, and 1,456 ppm NH4 -N in 1994. Al­ 
though LI and L2 litters were from differ­ 
ent sources, no interactions were observed 
between litter source and experimental 
main effects; therefore, the data were 
combined. Data were combined across 
years where no significant interaction with 
main effects was observed. Phytotoxicity 
was observed in plots receiving the 1% rate 
of amendment, and replanting was neces­ 
sary 1 week after the original planting 
date.

Population densities of M. incognita re­ 
mained low during the 1993 growing sea­ 
son, so inoculum rates were increased 
5-fold in 1994. In both 1993 and in 1994, 
the J2/100 cm 3 soil decreased linearly in 
response to increasing rates of chicken lit-
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FIG. 1. A) Effects of chicken litter on Meloidogyne 
incognita (J2) population density 92 (Pm) days after 
planting. Linear regression models, Y = 4.2 - 3.4X, 
tf 2 = 0.37, P = 0.0001, and Y = 6.9 - 3.8X, R- = 
0.57, P = 0.001, described the A/, incognita numbers 
in relation to quantity of litter in 1993 and 1994, re­ 
spectively. Data for the control are means of four 
replicates, and data for the litter treatments are 
means of eight replicates. B) Effects of chicken litter 
on population densities of A/, mcognita 184 days after 
planting (Pf) in 1993. Melc,;.dos?me inco<r<.iui density de­ 
creased linearly as litter rates increased, Y = 731.9   
751.4X, Rz = 0.55, P = 0.0001. Data for the control 
are means of four replicates, and data for the litter 
treatments are means of eight replicates.

ter 92 days after nematode inoculation 
(Fig. 1A). Slopes of the regression lines dif­ 
fered by year, with a 20% decrease in the 
numbers of M. incognita at the 0.5% litter 
rate compared to controls in 1993 and a 
29% decrease at the same rate in 1994. Fi­ 
nal nematode numbers (Pf) declined with 
increasing litter rates for data combined 
over years (Fig. IB). Total numbers of J2 
extracted from the soil and roots at harvest 
in 1993 decreased from a mean of 732/100 
cm3 soil in the nonamended control to only 
6/100 cm3 in the 1% litter treatment, and 
decreased from a mean of 174 J2/100 cm3 
soil in the nonamended control to 78/100 
cm3 soil in the 1% treatment in 1994. Re­ 
gression analysis for combined data indi­

cated that the reproduction rate at midsea- 
son and at the end of the season decreased 
as the litter rate increased (Fig. 2).

In 1994, cotton boll numbers at 184 days 
after planting increased as litter rate in­ 
creased (Fig. 3). Boll numbers increased 
79% and 102%, respectively, in the 0.5% 
and 1% litter amendment rates, respec­ 
tively, compared to the nonamended con­ 
trol. Also in 1994, shoot height and litter 
rate as well as yield and litter rate (Fig. 3) 
were described best by quadratic models. 
Shoot height increased 27% and yield in­ 
creased 393% from the nonamended con­ 
trol with nematodes to the 1 % litter rate.

When data at 92 days after planting 
were combined for both years, the mineral 
fertilizer control (F + N + ) had larger 
numbers of J2 (726/100 cm 3 ) compared to 
the equivalent 0.5% litter rate (166/100 
cm 3). Meloidogyne incognita reduced cotton 
yields in 1994. However, shoot height and 
boll numbers in the nonamended control 
without nematodes (F-N-) were not sig­ 
nificantly different from the nonamended 
control with M. incognita (F - N +). Yield in 
F  N- was greater than the F N+ con­ 
trol (101 g vs. 48 g). In control plots re­ 
ceiving mineral fertilizer equivalent to the

1.5

0.5

Rm Rf

0 0.25 0.5 0.75 
Litter rate (% w/w)

FIG. 2. Response of Meloidogyne incognita repro­ 
ductive rates at 92 days (Rm) and 184 days (Rf) after 
planting to increasing litter rates. The Rm response 
to litter was described by the quadratic model, Y = 
0.6 - l.OX + 0.5X2 , Rz = 0.20, P = 0.01, and the 
response of Rf to litter rate is described by the line, 
Y = 1.9 - 1.9X, R- = 0.20, P = 0.001. Midseason 
reproductive rate and Rf for the control are means of 
eight replicates, and data for the litter treatments are 
means of 16 replicates. Data combined for both years.
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FIG. 3. Effects of increasing rates of chicken litter amendments on cotton boll number in 1994 Meloidogyne 
incognita'-infested soil. Regression model. Y = 31.9 + 28. 6X, R~ = 0.36, P ~ 0.001, indicated a positive 
response between boll number and quantity of chicken litter. The response of cotton shoot height to litter in 
M. incognita-infested soil was Y = 62.6 + 57.OX - 31. IX 2 , R z = 0.38, P = 0.01. The response of seed cotton 
(yield) to litter was described by the quadratic model, Y = 56.6 + 299.0X - 169.4X2 , R 2 = 0.33, P = 0.01. 
Data for the control are means of four replicates, and data for the litter treatments are means of eight 
replicates.

nitrogen found in the 0.5% litter rate, 
plants were taller, boll counts were greater, 
and yields were greater than in plots re­ 
ceiving only the recommended rate of fer­ 
tilizer regardless of the M. incognita infes­ 
tation level. Shoots in F   N   were shorter 
than in F + N + (74 cm vs. 86 cm), and 62% 
fewer bolls were produced in F   N   than 
in the F + N + control (46 vs. 75). Yield 
increased by 99% in F + N+ when com­ 
pared to the yield in the F N  control 
(201 g vs. 101 g). Shoot height was greater 
in F+N+ than in F-N+ (87 cm vs. 64 
cm), and boll number production in­ 
creased 2.6-fold in the F + N+ control 
when compared to the F- N + control (75 
vs. 28). More seed cotton was produced in 
the F + N + control than in the F - N + (48 
gvs. 20 Ig).

The soil pH in the 2 years differed 
slightly throughout the season; however, 
the trends for both years were similar and 
stabilized near 6.0 by the end of both sea­

sons (Fig. 4). In both years a consistently 
higher pH was observed in plots with the 
1% litter treatment. Rainfall during the 2 
years in which the studies were conducted 
differed. In 1993, cumulative rainfall dur­ 
ing the growing season totaled 19 mm, 2.3- 
fold less than the rainfall in 1994.

6.5

5.5

1993 1994

June July AJQ Sept Oct Ncv 
Sample dates

FIG. 4. Average soil pH in microplots during 1993 
and 1994 growing seasons.
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Bacterial population densities had a pos­ 
itive linear relationship with litter rate at 
different times throughout the season (Ta­ 
ble 1). No relationships between fungal 
counts and litter rate were observed. 
Nematode density had a negative linear re­ 
lationship to bacterial counts only in June 
1994 (Fig. 5). No significant relationships 
between nematode numbers and fungal 
population densities were observed. Fun­ 
gal counts were affected only by date of 
assay and year (Table 2), whereas bacterial 
counts were affected by rates of litter ap­ 
plication, date of assay, and experimental 
year. There was a significant interaction 
between rate of litter application and time 
of assay for bacterial population densities. 

Forty-three species of fungi were recov­ 
ered from the litter and litter-amended 
soil (Table 3). Fungi isolated from the lit­ 
ter-amended soil consisted primarily of 
Deuteromycetes, although a few Asco- 
mycetes and Zygomycetes also were iden­ 
tified. Higher numbers of Ascomycetes 
were isolated from direct plating of the lit­ 
ter (Tables 4,5) as compared to the dilu­ 
tion plating from amended soil. In 1994, 
Petriella setifera was the most common fun­ 
gus and was found in 95% of the plates. 
Eupenicillium brefeldianum and Eurotium 
chevalieri also were found in 38% and 40% 
of the replicates, respectively (Table 4). 
The diversity of isolated fungi was lower in 
1995, with only seven species recovered 
(Table 5). The most common fungal spe­ 
cies isolated in 1995 was Polypaecilum inso- 
litum, with an incidence of 100%. Bacterial 
genera identified from the litter-amended

OE+O 5E+7 2E+81E+8 1.5E+8 
Bacterial CFU/g soil

FIG. 5. Response of Meloidogyne incognita popula­ 
tion density to increasing bacterial colony forming 
units per gram soil for assay done in June 1994, Y = 
6.5 - 3.1xlO" 8 X, R- = 0'.35, P = 0.001.

soil included Arthrobacter, Bacillus, and 
Pseudomonas (Table 6).

DISCUSSION

The numbers of M. incognita present at 
the end of the season were lower in the 
litter-amended plots when compared to 
the control, and this lower Pf value could 
translate into a lower Pi value for the next 
growing season. However, even though lit­ 
ter amendment effects on M. incognita 
were observed in both years, effects on 
other soil microbes were not consistent 
from year to year. Differences in rainfall 
between 1993 and 1994 may have influ­ 
enced decomposition rate and nutrient re­ 
lease from the litter (39), thus affecting the 
comparison of treatment effects across

TABLE 2. Analysis of variance for effects of litter 
application, time of assay, and experimental year on 
bacterial and fungal counts from soil.

Source F value P>F

TABLE 1. Regression models for relationships of 
bacterial colony forming units per gram soil to rates 
of chicken litter amendment in microplots.

Month and year

October 1993
May 1994
June 1994
July 1994
September 1994

Intercept

3.88X107
1.95X107
2.30xl07
3.89X107
2.57X107

Slope3

3.61X107
l.OOxlO8
5.41 xlO 7
3.18X107
2.08X107

R 2

0.17
0.37
0.31
0.17
0.21

P

0.05
0.05
0.01
0.05
0.05

. a Litter was incorporated into microplot soil at rates of 0%, 
0.25%, 0.5%, and 1% by dry weight of soil.

Bacterial counts
Rate of litter application 8.57 
Month of assay 4.78 
Year 12.47 
Rate x year 0.80 
Rate x month 1.77

Fungal counts
Rate of litter application 0.86 
Month of assay 4.49 
Year 23.62 
Rate x year 1.24 
Rate x month 0.68

0.0001
0.001
0.001

NS 
0.05

NS
0.001
0.01

NS 
NS
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TABLE 3. Fungal genera and species identified from chicken litter and litter-amended soil.

Fungal genera and species Litter-amended soil Litter 1994 Litter 1995

Acremonium kilinisc Griitz + •' + _
Alternarin alternala (Fr.) Keissler + — _
Arthrinium phaeospcrmum (Corda) M. B. Ellis + — _
Aspergillus caiididus Link ex Link + — _
Aspergillus flavus Link ex Gray + — _
Aspergillus fumigatus Fres. 4- + —
Aspergillus niger van Tieghem + — _
Aspergillus u<entii Wehmer — + _
Cladosporiiim cladosporioides (Fres.) cle \'ries + — -
Cunmlaria inaequalis (Shear) Boedijn — + _
Emericella rugulosa (Thorn & Raper) C. R. Benjamin + — —
Epicoccum purpurascens Ehreb. ex Schleclit — + _
Eupenicilhum brefeldianum (Dodge) Stolk & Scott — + —
Eurotium chevalicn Mangin + + +
Fmarium monilijorme Sheld. + — _
Fusarium ox\spurum Schlecht + — _
Fusanum semitectum Berk & Rav. + — _
Glnicladmm roscum Bain. + _ _
GUocladium rircm Miller. Giddens & Foster + — _
Gongronella butlrri (Lender) Peyronel & Dal Vesco + — —
Humicola fuscoatra Traaen + — _
MOJIOSCUS rubcr an Tiegh. — + 4. 
Mtrotlieciuni verrucarria (Alb. &: Schvv.) Ditm. ex Steudel + — —
Paenlom^rcs hi flat its (Burnside) Carmichael 4- _ _
I'afriio'-rit'cx lilaninis (Tiiom) Samson + + _
I'micilliutn (iraiicola Clhalabuda + — _
Penicillinm chrysognmni Tiiom + — _
Pmicillium crusloxutn Thorn • + — _
Penicillinm citriuum Thorn + — _
Pcmcilliinn drannbms Thorn + — _
Pnnrilhum livuium VV'estling + — _
Penicilliuni miczinskii Zaleski + — _
Pmicillium simplicissimum (Oudem.) Thorn + — 4.
Petrirlla .set if era (Schmidt) Curzi - + +
Pkoma spp. + — —
Pohjtaecilinn hu>olitum (j. Smith — — +
Rhizopus sp. _ + — _
Scopulanopsis brevicauhs (Sacc.) Bain. + — _
Scpedonmm sp. + — _
Trichoderma harzianum Raif'ai + — _
Trichoderma kunmgii Oudem. + — _
Trichoderma vinde Pers. ex Gray + + 4.
Verticillium albo-atrum Reinke & Bertold — + +

a + = Species identified from at least one replicate plating, - = species not recovered from any assav.

years. The higher inoculum rate used in 45) when incorporated into the soil. The 
1994 resulted in higher numbers of nema- 0.25%, 0.5%, and 1% amendment rates 
todes recovered at Pf and caused more translate to 10, 21, and 42 tons metric/ha, 
damage to the cotton plants. Also, litter respectively. If litter is applied at an exces- 
mineral constituents differed from year to sive rate, reduction in germination or 
year and between litters. emergence can occur because of the corn- 

Plant growth was enhanced by the addi- bination of high salt, NH4 -N, and nitrite-N 
tion of litter, as compared to nonamended (39). Replanting of plots receiving the 1% 
controls. Chicken litter contains significant rate was necessary, but no differences in 
quantities of essential nutrients other than yield would be expected for planting dates 
NPK that are available to the plant (39,41, falling between 1 April and 25 May (12).
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TABLE 4. Incidence and average colony number TABLE 6. Bacterial genera and species identified 
of fungi isolated from chicken litter in 1994. from litter-amended soil.

Fungal species

Petriella setifera 
E upenicillium brefeldia num. 
Eurotium chevalien
Monascus ruber
Unknown species
Aspergillus fumigatus 
Trichoderma viride
Acremonium kiliense
Aspergillus wentii 
Curvularia inaequalis 
Epicoccum purpurascens 
Paecilomyces lilacinus
Verticillium albo-atrurn

Incidence
%

95.0 
40.0 
37.5
17.5
7.5 
5.0 
5.0
2.5
2.5 
2.5 
2.5 
2.5
2.5

Average 
number

of colonies
per plate

4.7 
0.425 
0.4
0.2
0.075 
0.05 
0.05
0.025
0.025 
0.025 
0.025 
0.025
0.025

Forty replicates consisted of 0.1 g of chicken litter sprin­ 
kled evenly on PDA amended with 0.1 g/liter streptomycin 
and 0.01 g/liter tetracyciine.

The environmental impacts of applying 
high rates of chicken litter are not yet fully 
understood, but effects on water quality 
are of concern. Also, long-range transport 
costs may exceed the nutrient value of the 
litter, making transport of litter economi­ 
cally impractical based only on its value as 
fertilizer (31). However, if the value of 
nematode control is added as well as the 
costs of alternative methods for disposing 
of the litter, transport of the litter from 
production areas may be an economical al­ 
ternative.

The numbers of nematodes were larger

TABLE 5. Incidence and average colony number 
of fungi isolated from chicken litter in 1995.

Fungal genera and species

Average number 
Incidence of colonies 

% per plate

Polypaecilium insolitum
Eurotium herbariorum
Petriella setifera
Verticillium albo-atrum
Monascus ruber
Penicillium simplicissimurn
Trichoderma viride

100
40
20
20
10
5
5

18.5
0.45
0.5
0.3
0.1
0.6
0.05

Arthrobacter sp.
A. aurescens
A. crystallopoietes
A. globiformis
A. ilicis
A. oxydaris
A. pose ens
Bacillus sp.
B. brevis
B. cere us
B. laterosporus
B. lentils

B. megaterium 
B. sphaericus 
B. subtilis 
Cytophaga sp. 
Cytophaga johnsonae 
Micrococcus knstmae 
Pseudomonas sp. 
P. chlororaphis 
P. vesicularis 
Rhodococcus equi 
Xanthomonas sp. 
X. campestris

Twenty replicates consisted of 0.1 g of chicken litter sprin­ 
kled evenly on PDA amended with 0.1 g/liter streptomycin 
and 0.01 g/liter tetracyciine.

in the treatment with mineral fertilizer 
than in the treatments with litter at an 
equivalent percentage nitrogen content. 
Addition of an organic amendment to the 
soil stimulates the activity of bacteria and 
fungi (37), which was consistent with re­ 
sults obtained in this study. The microbe 
densities in the litter-amended treatments 
were consistently higher than in the non- 
amended treatments.

Bacterial numbers increased rapidly af­ 
ter the incorporation of the litter, and 
these rate-dependent increases lasted 
throughout the growing season. Numbers 
of nematodes at midseason were lower in 
plots with higher bacterial densities. This 
trend may result from the initial release of 
N in the form of ammonia decreasing the 
nematode population, whereas other fac­ 
tors increased bacterial densities. Also, in­ 
corporation of the litter into the soil may 
have introduced new bacteria and pro­ 
vided a food source for existing and in­ 
coming organisms, hence stimulating the 
bacterial population (37).

Isolation methods for fungi appeared to 
influence which species were recovered 
(8). Most fungi isolated by dilution plating 
from litter-amended soil were common 
asexual-stage soil inhabitants. However, all 
but one of the Ascomycetes were isolated 
directly from litter. Isolations from the lit­ 
ter-amended soil yielded some of the same 
genera and species of fungi reported pre­ 
viously from chicken litter (26,27). Genera 
and species in common with previous re­ 
ports include Aspergillus sp., A. fumigatus,
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Cladosporium sp., Fusarium sp., Penici Ilium 
sp., Scopulariopsis sp., and Sepcdonium sp. 
Many of the other fungi identified in these 
studies are commonly associated with 
feathers, droppings, or pellets of free- 
living birds (13). These include Arthnnium 
phaeospermum, Aspergillus candidus, A. fla- 
viis, Humicola fuscoatra, Penicillium ckrysoge- 
num, P. citrinum, P. decumbens, P. lividum, 
and Scopulariopsis breincaulis (13). Emericclla 
rugulosa, Epicoccum purpurasccns, Paecilomy- 
ces lilacinus, and Scopulariopsis brevicaulis 
have been reported to increase in fre­ 
quency when NPK or urea fertilizers have 
been applied to soil (13). Chicken litter is a 
high-salt medium (39), and the occurrence 
of Polypai'tilium insol.iturn from litter is con­ 
sistent with its halophilic nature (34).

The bacterial genera Bacillus and 
Pscudomonas are ubiquitous in soil and 
many other habitats. Species of Bacillus 
have the ability to form endospores, which 
allow long-term survival under adverse 
conditions (20) and also survival in litter. 
Bacteria have diverse nutritional require­ 
ments and are able to use many different 
substrates. Bacillus megaterium, which was 
identified from the litter-amended soil, 
has the ability to use nitrate as a nitrogen 
source (20) that is found in the litter and 
also is produced as a result of nitrification. 

Further studies are needed to examine 
the population dynamics of specific micro­ 
organisms in response to litter amend­ 
ments. In addition, these organisms must 
be screened for possible nematode antag­ 
onism. Once antagonistic microorganisms 
have been identified, they can be tested as 
a seed treatment or as litter inocula. Inves­ 
tigation of litter rates, which maximize 
yields and minimize detrimental effects to 
the environment, are necessary. The prac­ 
tice of incorporation of litter into soil as a 
riematode-controlled tactic would best be 
optimized if combined with other manage­ 
ment practices. With the addition of litter 
to nematode-infested soil, smaller quanti­ 
ties of nematicides could be used. Any 
amount of litter added would aid in soil 
fertility and enhance root-knot nematode 
control.
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