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Effects of Chicken-excrement Amendments on
Meloidogyne arenaria’

M. KapLaN AND J. P. Nog?

Abstract: The effects of chicken litter on Meloidogyne arenaria in tomato plants cv. Rutgers were
determined in the greenhouse. Tomato seedlings were transplanted into a sandy soil amended with
five rates of chicken litter and inoculated with 2,000 M. arenaria eggs. After 10 days, total numbers
of nematodes in the roots decreased with increasing rates of chicken litter. After 46 days, egg
numbers also decreased with increasing litter rates. In another experiment, soil was amended with
two litter types, N-P-K fertilizer, and the two primary constituents of chicken litter (manure and
pine-shaving bedding). After 10 days, numbers of nematodes in roots were smaller in chicken-
excrement treatments as compared to nonexcrement treatments. At 46 days, there were fewer
nematode eggs in chicken-excrement treatments compared to nonexcrement treatments. Egg num-
bers also were smaller for fertilizer and pine-shaving amendments as compared to nonamended
controls. Chicken litter and manure amendments suppressed plant growth by 10 days after inocu-
lation but enhanced root weights at 46 days after inoculation. Amendment of soil with chicken litter
suppressed M. arenaria and may provide practical control of root-knot nematodes as part of an
integrated management system.
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Root-knot nematodes (Meloidogyne spp.)
are ranked among the most damaging
plant pathogens, causing an estimated av-
erage annual crop loss of more than 5%
worldwide (9). In recent years, many effec-
tive and relatively inexpensive nematicides
have been withdrawn from the market be-
cause of health hazards to production
workers or because of their detection at
unacceptable levels in ground water (3).
Without cost-effective, environmentally
acceptable nematicidal compounds, nema-
tode management must change. The addi-
tion of many organic soil amendments, in
particular those with high nitrogen con-
tents, may be effective alternatives for con-
trol of M. arenaria (Neal) Chitwood and
other plant-parasitic nematodes (4,7). The
addition of chicken litter to soils sup-
pressed Meloidogyne spp., restricted root
galling caused by the nematode, and stim-
ulated plant growth (5).

Previous investigators have limited their
research to recording the suppressive ef-
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fects of chicken litter on Meloidogyne spp.,
based on total numbers of nematode-
induced galls per root, and by the use of
various root-galling indices (4). It is un-
known if any specific growth stage or func-
tion in the M. arenaria life cycle is dis-
rupted by the addition of chicken-litter
amendment. The purpose of this green-
house study was to determine the effects of
chicken-litter amendments and several lit-
ter constituents on penetration and growth
of M. arenaria.

MATERIALS AND METHODS

Chicken litter was collected at the Uni-
versity of Georgia 4-Towers Agricultural
Cooperative Extension Service (4T) and
Poultry Research Center (PR). The PR lit-
ter was from layer hen pens, which were
cleaned weekly. The 4T litter was from
broiler hen pens, which were cleaned ap-
proximately once a month. The primary
constituents of the chicken litter were
chicken excrement and a pine-shaving
bedding. Each batch of chicken litter was
prepared so that samples were homoge-
nous by grinding through a soil shredder,
passing through a 2-cm sieve, and mixing
in a cement mixer. Chicken manure
(chicken excrement without bedding) also
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was collected from the Poultry Research
Center.

Elemental analysis was done for each lit-
ter by the Georgia Cooperative Extension
Service Soil Testing and Plant Analysis
Laboratory (6). Extractable P and K were
determined by the Mehlich-1 extraction
method (6). The NO3—N and NH,—N
analyses were performed using the Kjeltic
water and HCI titration method. Total N
analysis was performed by potassium chlo-
ride extraction and steam distillation after
the addition of Devarda’s Alloy (6). Total
N analysis was also performed by the
Chemical Analysis Laboratory (Institute of
Ecology, Athens, GA) using a Perkin-El-
mer 240C Elemental Analyzer for C-H-N.

Nematode response to increasing rates of
chicken litter: A sandy soil (82% sand, 10%
silt, 8% clay; pH 6.8) was amended with
five levels of chicken litter (0.5, 1.0, 1.5,
2.0, and 2.5% w/w) by thoroughly mixing
the soil and litter together in a cement
mixer. Nonamended soil was used as a
control. Three-week-old tomato seedlings,
Lycopersicon esculentum Mill. cv. Rutgers,
were transplanted into the amended and
nonamended soils in 15-cm-d pots. To-
mato seedlings were inoculated with 2,000
M. arenaria eggs (2) by pipetting 1 ml of a
calibrated egg suspension into each of
three small holes in the soil near the base
of each plant. Control pots receiving no
nematodes were treated with 3 ml water in
the same manner. Pots were arranged on
greenhouse benches in a randomized com-
plete block design with four replicates for
each of two sampling dates. The experi-
ment was done twice. PR-chicken litter was
used for the first experiment, and 4T-
chicken litter was used for the second.

Nematode response to different soil amend-
ments: A sandy soil was amended with in-
organic fertilizers, unused chicken pen
pine shaving bedding, chicken manure,
PR-chicken litter, and 4T-chicken litter.
Both the PR litter and the manure were
amended to soil at rates of total N equiva-
lent to the total N measured in each of four
rates (0.5, 1.0, 1.5, and 2.0% w/w) of the
4T litter. Inorganic N, P, and K, in the

form of ammonium nitrate, sodium phos-
phate, and potassium nitrate, was added to
soil at rates equivalent to the N, P, and K
found in the 4T-litter treatments. Bed-
ding, consisting of fresh pine shavings, was
added to soils in volumes that were equiv-
alent to the volume of each of the four
rates of 4T-litter treatments. The bedding
and chicken manure treatments were in-
cluded so that the two constituents of
chicken litter could be evaluated sepa-
rately. The fertilizer treatment was in-
cluded to determine the effects of equiva-
lent rates of mineral plant nutrients, and
most importantly, nitrogen compounds.

Amendments were mixed thoroughly
with soil in a cement mixer. Nonamended
soil was used as a control. Three-week-old
Rutgers tomato seedlings were trans-
planted into amended and non-amended
soils in 15-cm-d pots. Plants were inocu-
lated and arranged as previously de-
scribed. The experiment was done twice.

Collection of data and data analysis: Ten
days after inoculation, tomato stems were
cut at the soil line, and root systems were
removed from the pots and washed free of
soil. Fresh root and oven-dried shoot
weights (48 hours at 60 C) were recorded.
Roots were cut into 1-2-cm-long pieces,
and nematodes in the roots were stained
with acid fuchsin (1). Nematodes in the
roots were counted and distinguished by
growth stages as vermiform or swollen.

At 46 days after inoculation, fresh root
and oven dried shoot weights were re-
corded for the remaining plants. Nema-
tode eggs were collected from each root
system with a 1.0% sodium hypochlorite
(NaOCl) solution and counted (2).

Data were analyzed by ANOVA and
means separated by Duncan’s multiple-
range test (8). Preplanned single-degree-
of-freedom contrasts were used for se-
lected comparisons (P < 0.05). Data from
repeated experiments were combined for
presentation where there were no signifi-
cant interactions among main effects and
experimental run. All differences re-
ported in the results were significant at the
P < 0.05 level. Regression analysis was
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used to determine plant growth and nema-
tode responses to increasing rates of
amendments.

RESULTS

Response to increasing rates of chicken litter:
Analysis of the litter indicated that the PR
litter contained 3.92% total nitrogen,
1.33% phosphorus, and 1.84% potassium,
with 2,748 ppm NH,—N, and 956 ppm
NO;—N. The 4T litter contained 1.36%
total nitrogen, 0.45% phosphorus, and
0.74% potassium, with 742 ppm NH,—N,
and 161 ppm NO3;— N. No interaction was
observed between experimental run and
chicken litter-rate effects, although the
chicken litter for the two experiments was
collected from different sources. Because
there was no interaction, data were com-
bined from the experimental runs.

Ten days after inoculation, total num-
bers of nematodes per gram fresh root
weight decreased in a linear response to
increasing litter rates (Fig. 1A). The two
growth stages (vermiform and swollen) re-
sponded differently to increasing amend-
ment rates. The number of swollen nema-
todes decreased in a linear response to in-
creasing litter rates (Fig. 1B), whereas a
quadratic model best described the rela-
tionship between the number of vermi-
form nematodes per gram fresh root and
rate of chicken litter. Numbers of nema-
todes remaining in the vermiform stage at
10 days were quite small.

After 46 days, numbers of eggs per
gram root weight decreased in a linear re-
sponse to increasing litter rates (Fig. 1C).
Decreased numbers of eggs would result
from fewer swollen nematodes (females) at
the 10-day sampling. The regression equa-
tion indicated that after 46 days, the num-
bers of M. arenaria eggs decreased 32.6%
for each unit increase in percentage of
chicken litter.

Ten days after transplanting Rutgers to-
mato seedlings in chicken litter and non-
amended soils, dry shoot weights and fresh
root weights decreased in a linear response
to increasing rates of amendment (¥ =
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Fic. 1. Effects of increasing rates of chicken litter
on Meloidogyne arenaria per gram fresh root weight of
Rutgers tomato. A) Total nematode numbers 10 days
after inoculation. Linear regression indicated a re-
sponse of Y = 102.8 — 34.1X, R* = 0.55, P = 0.0001.
B) Nematode numbers by growth stage 10 days after
inoculation. A linear regression model, ¥ = 96.7 —
34.9X, R?2 = 057, P = 0.0001, best described the
response of swollen nematodes to rates of chicken
litter, whereas the quadratic model Y = 2.7 + 104X
— 4.1X% R? = 0.26, P = 0.001] best fit the vermiform
data. C) Eggs collected 46 days after inoculation. Lin-
ear regression indicated a response of ¥ = 7,844 —
2,558X, R2 = 0.42, P = 0.0001. Data are means of
eight replicates.

1.52 — 0.17X, R* = 0.09, P = 0.01, and ¥
= 12.37 — 1.26X, R* = 0.05, P = 0.05,
respectively; data not shown). By 46 days,
fresh root weights increased in a linear re-

sponse to increasing rates of litter amend-
ment (Y = 56.2 + 5.5X, R®> = 0.08, P =
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0.01; data not shown), and no differences
were observed among dry shoot weights.
No difference was observed in plant
growth between nematode infected and
healthy plants on either date.

Nematode response to multiple soil amend-
ments: Analysis of litter and manure indi-
cated that the PR litter contained 4.5% to-
tal nitrogen with 1,925 ppm NH,—N and
310 ppm NOg — N in the first experimental
run, and 3.2% nitrogen with 1,043 ppm
NH,4—N and 105 ppm NOg — N in the sec-
ond experiment; in contrast, the 4T litter
contained 3.3% nitrogen with 2.328 ppm
NH,—N and 75 ppm NO; —N in the first
experiment, and 2.7% nitrogen with 1,666
ppm NH,~N and 455 ppm NO3z—N in
the second experiment. The manure con-
tained 2.6% total nitrogen with 2,499 ppm
NH4—N and 42 ppm NO3z—N in the first
experimental run, and 4.1% nitrogen with
1,757 ppm NH,—N and 63 ppm NO3—N
in the second experiment. '

Ten days after inoculation, the numbers
of nematodes per gram fresh root weight
were greater in nonamended than in
chicken-manure-amended soil (Table
1). Contrasts indicated that there were
fewer total numbers of nematodes pene-
trating roots from chicken-excrement
treatments (PR, 4T, and manure) than

TaBLE 1.

from non-chicken-excrement amended
treatments (fertilizer, and pine-shaving
bedding). Treatment with 4T-litter re-
duced the number of nematodes in roots
by 67%.

After 46 days, there were fewer eggs per
gram fresh root collected from plants
grown in litter and manure-amended soils
than from plants grown in nonamended
soil (Table 1). Corroborating what was ob-
served for the number of nematodes in
roots at 10 days, contrasts indicated that
fewer eggs per gram root were observed in
plants grown in chicken-excrement-
amended soil than in those grown in non-
chicken-excrement amended soil (Table
1). At 46 days, the pine-shaving bedding
and the fertilizer amendment also de-
creased the number of M. arenaria eggs
compared to nonamended controls.

Ten days after inoculation, dry shoot
weights were less for plants grown in
chicken manure and 4T-litter-amended
soil than in nonamended controls or in fer-
tilizer-amended treatments (Table 2). Root
weights were lower for plants grown in 4T-
litter-amended soil than for plants grown
in soil amended only with the pine-shaving
bedding. Contrasts indicated that both
root and shoot weights were lower for
chicken-excrement-amended treatments

Effects of soil amendment on numbers of Meloidogyne arenaria in roots of Rutgers tomato 10 days

after inoculation, and on numbers of eggs 46 days after inoculation.

Number of nematodes 10 days

after inoculation Eggs per gram
tresh root
Per gram 46 days after
Amendment fresh root Total/plant inoculation
Nonamended 31 ab 397 ab 13,241 a
Pine shavings 47 a 446 a 8,888 b
Fertilizert 37 a 355 ab 8,626 b
PR littert 20 be 212 be 5,815 ¢
4T litter$ 10c 102 ¢ 5,513 ¢
Chicken manure 11c 125 ¢ 5,045 ¢
Contrast:
Chicken excrement vs. non-chicken excrement 0.0001 0.0001 0.0001

Values followed by the same letter within a column are not different (P < 0.05). Data are means of eight replications for

nonamended, 32 replications for amended.

1 Inorganic N, P, and K in the form of ammonium nitrate, sodium phosphate, and potassium nitrate.
§ Chicken litter from University of Georgia Poultry Research Center.
§ Chicken litter from University of Georgia 4-Towers Agricultural Cooperative Extension Service.
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TaBLE 2.
46 days after inoculation with Meloidogyne arenaria.

Influence of soil amendment on dry shoot and fresh root weights (g) of Rutgers tomato, 10 and

10 days after inoculation

46 days -after inoculation

Amendment Shoot weight Root weight Shoot weight Root weight
Nonamended 1.7a 10.6 ab 17.9 ab 49.0 ab
Pine shavings 1.6 ab 124 a 15.7 ab 49.1 ab
Fertilizert 1.7a 10.3 ab 18.7a 52,4 ab
PR littert 1.6 ab 9.7 ab 14.8 be 54.4 a
4T licter§ 1.1b 74b 11.7 cd 41.0b
Chicken manure 1.2b 8.2 ab 11.2d 43.9 ab
Contrast:

Chicken excrement vs. non-chicken
excrement 0.05 0.05 0.0001 NS

Values followed by the same letter within a column are not different (P < 0.05). Data are means of eight replications for

nonamended, 32 replications for amended.

t Inorganic N, P, and K in the form of ammonium nitrate, sodium phosphate, and potassium nitrate.
 Chicken litter from University of Georgia Poultry Research Center.
§ Chicken litter from University of Georgia 4-Towers Agricultural Cooperative Extension Service.

than for non-chicken-excrement treat-
ments.

Forty-six days after inoculation, plants
grown in soil amended only with fertilizer
had greater dry shoot weights than plants
grown in either litter or manure-amended
soils (Table 2). The 4T-litter and chicken
manure treatments also had lower shoot
weights than nonamended controls. Root
weights were lower in 4T-litter treatments
than in PR-litter treatments. Contrasts in-
dicated that shoot weights were lower for
chicken-excrement-amended treatments
than for non-chicken-excrement treat-
ments, but this difference was not detected
in root weights, since root growth was
greatest in PR-litter-amended soils. No dif-
ference was observed in plant growth be-
tween nematode-infected and healthy
plants at either 10 or 46 days after inocu-
lation.

Total numbers of nematodes in roots 10
days after inoculation decreased in a linear
response to increasing rates of amendment
for 4T-litter and chicken manure, but not
for the other amendments (Table 3). By 46
days after inoculation, however, numbers
of nematode eggs per gram fresh root
weight decreased in response to increasing
rates of all amendments. The rate of de-
crease in nematode eggs observed for the
non-nitrogenous pine-shaving bedding

was essentially the same as for the 4T-
litter. Regression slopes indicated that the
organic amendments caused decreases of
5-6,000 eggs per unit increase in amend-
ment rate.

Discussion

The results of these experiments
showed that both the total number of

TaBLE 3. Regression models for effects of in-
creasing rates of soil amendments on total numbers
of Meloidogyne arenaria per gram fresh root weight -
from Rutgers tomato 10 days after inoculation, and
on numbers of eggs per gram fresh root weight 46
days after inoculation.

Amendment Intercept  Slope  R? P

Numbers of nematodes

Pine shavings — — — NS
Fertilizert — — — NS
PR litters — — — NS
4T litter$ 28.5 -17.1 0.38 0.0001
Chicken manure 25.8 —-14.3 0.35 0.001
Numbers of eggs (in 1,000s)

Pine shavings 14.0 —5.5 0.31 0.001
Fertilizer 13.1 -39 023 0.01
PR litter 123 -6.1 0.39 0.0001
4T litter 12.4 —-5.8 0.33 0.0001
Chicken manure 12.0 —-6.0 0.35 0.001

t Inorganic N, P, and K in the form of ammonium nitrate,
sodium phosphate, and potassium nitrate.

¥ Chicken litter from University of Georgia Poultry Re-
search Center.

§ Chicken litter from University of Georgia 4-Towers Ag-
ricuitural Cooperative Extension Service.
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nematodes penetrating the roots and those
in the swollen growth stage were inversely
related to increasing rates of chicken litter.
Similarly, the addition of farmyard ma-
nure to soil is known to delay the develop-
ment of Globodera rostochiensis (Wollenwe-
ber) Behrens in potato roots, compared to
fertilizer amended and nonamended soil
(10).

Because chicken litter decreased the
numbers of M. arenaria ]2 in tomato roots,
associated damage could be restricted in
the first growing season after litter appli-
cation. Egg production also decreased as a
result of chicken litter soil amendment, in-
dicating that the final population of M. are-
naria would be smaller than in non-
amended soil, resulting in a smaller Pi for
the next season. In this manner, chicken-
litter amendment would be useful in com-
bination with crop rotation programs by
increasing the efficiency or reducing the
length of required rotations.

The nematode suppressive effects of
chicken litter have been attributed to nitro-
gen content, and most importantly to the
release of ammoniacal nitrogen from the
soil amendment (7). Our study indicated
that various chicken-excrement amend-
ments with different percentages of nitro-
gen and varying ratios of NH,—N to
NO;—N had similar levels of nematode
suppression.

It has also been suggested that organic
soil amendments enhance microbial popu-
lations that have deleterious affects on
plant-parasitic nematodes (7). At 10 days
after inoculation, negative effects on M.
arenaria were observed only for the litter
and manure treatments, but by 46 days af-
ter inoculation, suppression of egg devel-
opment also was observed for the pine-
shaving bedding. The role of microbes in
chicken-litter-amended soil should be in-
vestigated further. A dual mechanism of
suppression may be operating for chicken
litter, with an immediate effect from NH,
and other toxic compounds, followed by
long-term suppression due to the micro-
bial activity associated with organic amend-
ments. A lowering of pH in amended soils

due to addition of ammonia may also have
contributed to observed decreases in
nematode activity. Soil pH levels were not
measured for individual treatments in this
study.

Chicken litter and manure caused an ini-
tial suppression in plant growth. Phyto-
toxic effects were not evident after 46 days
in the rate-response experiments, but in
the multiple-amendment experiments
shoot growth (weights) was inhibited at 46
days by litter and manure. There was evi-
dence of enhanced root growth at 46 days
in both experiments. A previous study in-
dicated that chicken litter promotes plant
growth and yield (5). However, before
chicken litter can be used safely and effec-
tively, field trials are necessary to better
understand the effects of rates and types
of chicken litter on crops. Hopefully, fu-
ture research will provide a basis from
which to make chicken-litter-rate recom-
mendations to optimize yield and to avoid
phytotoxicity.

Nonphytotoxic rates of the chicken-litter
amendments used in this study were equiv-
alent to 10-45 MT/ha (4.4-19.8 tons/acre)
mixed to a depth of 15 cm. These large
quantities may prevent large-scale field ap-
plications. However, the use of chicken-
litter amendments by home gardeners, for
whom there are no registered chemical ne-
maticides, may provide practical control of
root-knot nematodes. The use of early
preplant or postharvest applications of
chicken litter should aid in minimizing the
risk of phytotoxicity.
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