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ABSTRACT

Mian, I.H., and R. Rodriguez-Kdbana. 1982. A survey of the nematicidal
properties of some organic materials available in Alabama as amend-
ments to soil for control of Meloidogyne arenaria. Nematropica
12:235-246.

The nematicidal properties of 15 materials of plant origin was studied
in greenhouse experiments with a soil infested with Meloidogyne arenaria
(Neal) Chitwood. Amendments to soil with spent coffee (Coffea arabica
L.) grinds, or with crotalaria (Crotalaria spectabilis Roth), kudzu [ Puera-
ria lobata (Willd.) Ohwi), or ramie [ Boehmeria nivea (L.) Gaud] hays
applied at 1% (w/w) were the most effective to reduce root galling caused
by the nematode on summer crookneck squash (Cucurbita pepo L.). The
nematicidal efficacy of all the amendments in the study was directly
correlated with their nitrogen content and inversely related to their C/N
ratios. Amendments with materials having C/N rations in the range of
15-20 were the most efficacious against the nematode when all the
amendments were applied at 1.0%; application of materials with nar-
rower C/N ratios resulted in severe phytotoxicity.

Additional key words: biological control, waste management, root-knot
nematodes, cultural practices, organic manures.

RESUMEN

Mian, I.H., y R. Rodriguez-K4bana. 1982. Evaluaci6n de las propiedades
nematicidas de enmiendas al suelo con algunas materias organicas dis-
ponibles en Alabama para combatir Meloidogyne arenaria. Nematrépica
12:235-246.

Se estudio con experimentos de invernadero con un suelo infestado con
Meloidogyne arenaria (Neal) Chitwood las propiedades nematicidas de
15 materias organicas de origen vegetal. Las enmiendas al suelo a razén
del 1.0% (p/p) con borras de café (Coffea arabica L.), o con henos de
crotalaria (Crotalaria spectabilis Roth), kudzu [ Pueraria lobata (Willd.)
Ohwi], o de ramié [ Boehmeria nivea (L.) Gaud] fueron las mas eficaces
para disminuir el agallamiento de las raices de calabacin (Cucurbita pepo
L.) causado por el nematodo. La eficacia nematicida de las enmiendas
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estudiadas estuvo correlacionada directamente con el contenido de ni-
trogeno de las mismas e inversamente con el valor de la proporcién de
C/N. Las enmiendas con materias con valores de C/N entre 15-20 fueron
las mas eficaces contra el nematodo, sin embargo las enmiendas con
materias con C/N mds baja causaron fitotoxicidad.

Palabras claves adicionales: combate bioldgico, manejo de desperdicios,
nematodos noduladores (de las agalias), prdcticas de cultivo, estiércoles.

INTRODUCTION

Plant parasitic nematodes are a limiting factor in agricultural production in
many parts of the world. Although the use of modern nematicidal chemicals
provides effective control of the parasites, their use is confined to industrial-
ized nations, or to high value crops in other countries. In many developing
nations, the use of nematicides is impractical because of unavailability or the
relatively high cost of the chemicals. The addition of organic matter to soil has
been explored as an alternative method to control nematodes. Research on
the use of amendments to soil with organic matter has been conducted
principally in developing nations. Results indicate that materials such as
plant and crop debris, hay (4,8,10,11,15,16,20,22,23,26,28) and various oil
cakes (1,4,13,15,19,26) can be used effectively to conirol many species of
economically important phytonematodes. The sources and types of organic
matter for use as amendments are thus varied. In addition there is evidence
that nematicidal compounds occur in many plant species. Desai et a/ (5)
found that organic matter from several of 26 species of plants could be used as
amendments to suppress root-knot nematodes (Meloidogyne Goeldi).

Information on the use and effectiveness of organic materials available in
the U.S.A. as amendments to control nematodes is limited, despite the fact
that large amounts of inexpensive crop residues and other materials of plant
and animal origin are available every year. This paper presents results of a
survey on the nematicidal properties of 15 types of plant residues that may be
used as amendments to control nematodes in Alabama soils.

MATERIALS AND METHODS

The nematicidal properties of 15 organic materials available in Alabama
were studied in greenhouse experimenis with soil infested with Meloidogyne
arenaria (Nealy Chitwood. The materials chosen for the study were: spent
coffee (Coffea arabica 1..) grinds, corn (Zea mays L.) shucks, corn stubble,
cotton (Gossypium hirsutum L.) oil-cake, cotion stubble, crotalaria (Crotala-
ria spectabilis Roth) hay, kudzu [ Pueraria lobata (Willd.) Ohwi.] hay, les-
pedesa [ Lespedeza angustifolia (Pursh) Ell.] hay, peanut (Arachis hypogaea
L.) oil-cake, peanut hay, peanut hulls, ramie [ Boehmeria nivea (L.) Gaud.]
hay, rye (Secale cereale L.) stubble, soybean [ Glycine max (L.) Merr.] stub-
ble, and vetch (Vicia villosa Roth) hay. All materials were air dried (25+£2C),



237

NEMATROPICA VOL. 12, No. 2, 1982

1819 A1 Jo wig /8

1yS1op A1 Jo 3udIdg

4] vL 8L9 [4 0I'0 11'0 €90 800 LOO LEIF €960 66€ Aey Yoo\
01 8¢ 0s [4 10 210 6¥'0  S00 SO0 OEvL €090 08P 31qqnis ueaqhog
vl v6 or L4 ¢1I'0 01'0  ¥CT0 681 o 00se  1ST'1  8THY 3lqqmis 2AY
vl 091 [43 L4 0I'0 TS0 oL€ 0T¢E 6T0 96Vl Lev'T 9tLE ey sruey
(44 [44 29 01 1Z4Y 1€0 600  8¥°I 990 SO°L Iere 90ty 9)Bo-{10 Jnuedd
8 [43 ¥9 01 L0 SO0 1T0 160  LOO 9P'8S S9LO TLYVY S[iny 1nuead
8 88 98 4 bi'0 9T0 850 60T €1'0 TS6C STV 90°TY -Aey 1nuead
4 0s (4] 8 PI'0 LI'0O 0SO 060 81'0 TLTT 6l10CT TLSY Aey ezapadsa]
[44 (4] [4%3 9 910 1€0  8L°1 6S°1 o LTLL LSYT vy Aey nzpny
14! vL 9 9 P10 €TO0 TTI 9¢°1 00 ¢€S0C 801I'T ey Aey euefelon)
x4 9w 14! [4 PI'0 €1°0 650 1L PI'0 L69L SSS0  TLTY a|qqnis uoil0)
8¢ [44 (114 8 sv0 0SS0  11'0  9S°I 660 90°L 1€€°9  TLVY 3yed J10 UONRO)
91 (44 43 [4 90°0 10 L1'0 8I'I 90°0 LS'LL 61S0 9TOV 3lqqnis uio0)
vl 1 <4 9C 0 $00  SI'0  TI'0 €1l 600 96'9L €LS0 OI'tP syonys ulon
o1 9¢ 14 01 1o v1o €10 0v0 OI'0 T8¥T I€1'T 067TS spuiig a3jj0)
uz upN 3] no S 3N €D A d N/O N )

"10S P21Saul Ul DLIDUIID JUAZ0PIOJIpy [01IU0D 01 Pasn sjudWpUdWE d1uesio jo uonisodwod A1gjusuwdfg  °| d|qel



238 NEMATROPICA Vol. 12., No. 2, 1982

ground and screened (2 mm mesh) before use. The elemental composition of
these materials was determined following standard analytical procedures (8)
and is presented in Table 1. All hays, except that of peanut, were prepared by
air drying shoots of plants collected at or near the blooming stage; peanut hay
consisted of vines collected at harvest after combining. Corn, cotton, soybean
and rye stubbles were the dried material left on the field soon after harvest.

Two experiments were conducted simultaneously with all the materials. In
one experiment the materials were mixed with soil to have 10% (w/w) in the
soil and in the other experiment the concentration was 1%. The same set of
control pots was used for both experiments.

Soil for the experiments was collected from a peanut field infested with M.
arenaria. The field had been in peanut for the preceeding 5 years. The soil was
a silt loam with a pH 6.0 and organic matter content of less than 1% (w/w).
The moist [60% field capacity (F.C.)] soil was screened (2 mm mesh) and
apportioned in 500 gm quantities into 4-L polyethylene bags. The appropriate
amount of material was added to the bags with soil and after thorough mixing
the mixtures were transferred to 1-L cylindrical plastic pots. The pots were
then placed in a greenhouse (2713C) where they were maintained moist (60%
F.C.) to allow decomposition of the amendments. After 3 weeks, 5 seeds of
summer crookneck squash (Cucurbita pepo L.) were planted in each pot. The
number of plants that emerged from each pot was determined 5 and 10 days
after planting. After 6 weeks of growth the plants were removed and the roots
washed. The number of galls per root system was determined and the roots
were examined to assign values for the gall and root condition indices; the
height of shoots and fresh weights of shoots and roots were also recorded. The
root condition index was based on a subjective scale of 1-5, where | repres-
ented poor root development with extensive necrosis and S root systems
showing excellent development with no apparent damage. The gall index was
according to a scale of 0-10, where 0 represented roots with no galls and 10
indicated severely galled roots (29).

Each treatment in both experiments was represented by 5 replications
(pots) arranged in a randomized complete block design. All data were ana-
lyzed following standard procedures for analysis of variance (27). Differences
between means were evaluated for significance according to a modified
Duncan’s multiple range test (27). Except where otherwise stated all differen-
ces referred to in the text were significant at the 5% or lower level of
probability. Linear correlation coefficients and regression equations were
also calculated following standard statistical methods (27).

RESULTS
First Experiment-10% level. Data from this experiment are presented in
Table 2. No plants emerged from soils amended with cotton or peanut oil
cakes, or with kudzu or peanut hays. Seedlings in soils treated coffee grinds,
cotton, rye or soybean stubbles; crotalaria or ramie hays; or with peanut hulls
died soon after emergence. Amendments with corn shucks, corn stubble, and



239

NEMATROPICA VOL. 12, No. 2, 1982

"(67) Pa11e8 1213435 1001 0] pue s[[e8 ou Yiim $1001 P2jusaidal ( JO AN|EA B 319YM (]- JO 3[BIS © UO paseq ,

-a8ewep juatedde ou pue Juswdo[aasp
JUS[[30X3 Y3IM SWIISAS JOOI ¢ PUE SJ00J O110103U Y1M JudWdO[AIP 1001 100d Pajudsaidal | aIdyM ‘G- JO 3[eIS ® UO paseq N

"UdY B} 19M SIUSWAINSBIW 3Y) 310Jaq PAIP slueld =  "(S0°0=d)
JUIOIJIP A[[BO1IS11RIS 10U JIIM 13139] UOWWIOD B YIIM ULIN|OD SWES Y3 UIYIIm 3soy) ‘suonjedrjdal § Jo safeioae oY) aJe sanjep ¥

400 400 a4t av vi’o VvV iyl \ A X4 av vy Aey yorop
* * * * * * \A 24 3[qqnis ueaqAos

* * * * * * av ey Aey aky

* * * * * * 2401 Aey osrwey

* * * * * * D200 9yed-[lo Inuesd

* * * * * * av 't sliny nuead

* * * * * * 200 Key nuesy
420 407 vV pEe ga€10 VLTl Vo o8V 9T Aey ezopadsa]
* * * * * * 200 Aey nzpny

* * * * * * av 87 Aey euefei01)

* * * * * * 24V ¢ 31qqnis uoneyd

* * * * * * 200 Iyeod-jlo uonon
a10 q467 av ol'e VvV 810 V e£E'] VvV L'0T VS d1qqnis ulop
410 460 V9t a110 VvV LT vV 0TC av vy syonys wi0pn
* * * * * * qav vt spuug 23300
Ve Vv 86§ av cle qa010 VSl vV 9IT av vy juswipuswe ON
ZX3pu] 100y ws (Xpuj (ws) (ws) (wo) 104 12d (m/m %0°01)
nen Jad uonipuo) ySrom wy3om WyS1oH sjugld ‘ON sjudWpUIW Y

sjjen 100y 100y Ysalj  J00YyS Ysalg j00YS

- Tios pajsajur ui

DLIDUUD JULBop1ojajy JO W dOoRAdp pue (0dad vi1qunon)) syueld ysenbs Jo yimoid uo sjuswpuswe suedio Jo 1) 7 AqeL



NEMATROPICA Vol. 12., No. 2, 1982

240

"(67) Paj[e8 A[219A3s 51001 (] pue s|je8 ou Yim $1001 pajuasaidal ( JO anjeA © 13YM (]-( JO 3[edS © UO paseg 2

‘a8ewep juaredde ou pue juswdojaAsp
JUD[[30X3 YIIM SWIAISAS JOOI ¢ PUE $JO0J D110I03U YIIM JuawdOjIAIP 1001 100d Pajudsaidal | 219Ym ‘G-| JO 9]eds © uo paseg ¢

"UINE) AI9M SIUSWIAINSBIUI 3} 210J2q PIIP sIueld = 4 (S0°0=d)

1U2123J1p AJ[BO1ISIIEIS JOU 1M 13313] UOWWOD B Y}IM UWN[OD SWIES YY) UIYIIM 3s0Y) ‘suonedtjdal ¢ Jo safeliae ay) aie sanjep ¥

Ve av ¢'l¢ av v0°¢ adselo 4 €071 1dd el \A XY Aey yoroA
1a vl 4do 1'TC avLC asiio 490°1 4qd s'ee v ey 3|qqnis ueaqhog
o4V 8T o4V v'0s 4V 96°C aosg si'o 30D L'l aVv 1'st VoS Aey oAy
410 L0 J06°1 Vo av 8l 01 A 74 \ A2 4 Aey suuey

* * * * * * ace ayeo-[10 Inuedd
o4V 9T av 6’l¢ 4197 24V 00 o4 v9°1 o8V Sttt adve s[Iny jnuedd
Clejo aosg 1'Le 4197 adero Voi'c Vv 8°6C ER N Aey muesyg
4dD 6’1  gOgv L'ty av v0't asiio 43 arl aogyv L'et VoS Aey ezapadsa]
41°0 106 498°¢C asxdgvio av 68’1 o4V £9¢ aosd ot Aey nzpny
400 490 4V 00°¢ aond L1'0 qaVv ¢£8'1 aongyv 6'tt oav Ty Aey euejelos)
3a00¢ V 8'86 av v0'¢ adiio 43a 67’1 36°0C A B 31qqnis uo310)
* * * * * * aoe 9yed-]10 UON0D
av ¢ V 6°6S aVv $0'¢t aoro 4001 angyv 9'¢t Vv alqqnis uloy
aosd ce o8V £y aLt aosd sio ajnes’t V 9°sT Vo sjonys wion
4360 44 0°¢l Vv 8¢'¢ asero 4 ¢80 Id L'IT Vo spuuig asjjo)y
av ¢'¢ Vv 8'S¢ av it aoro 43211 19°1C av v’y juswpuswe oN
ZXopu] 100y W (Xopuj (ws) (ws) (wd) j0d Jod M/m%01)
Ien 1ad uonpuo) wSom ySom JUTE]S sjuejd ‘ON SjUdWpUIW Y

x 1'0s paisajut ut
DLIDUIID SUL30p10]oJy J0 JudwdojaAap pue (odad pirginon)) syueld ysenbs Jo Yyimoas uo syuswpuswe S1uesio Jo 193))7 € dqeL



NEMATROPICA VOL. 12, No. 2, 1982 241

lespedeza or vetch hays, resulted in lower number of galls per gm of roots and
lower gall index values than untreated soils. The vetch hay amendment
caused deterioration of the roots but the other 3 amendments did not affect
root condition, Heaviest roots were those from soils treated with corn stubble
and there were no differences in root weight between plants from soils treated
with the other 3 amendments or between those from soil with corn stubble
and those from vetch-hay-treated soil. The height and weight of shoots was
not affected by any of the 4 treatments with surviving plants at the end of the
experiment.

Second Experiment-19 level. Results from this experiment are presented
in Table 3. Seedlings from soils treated with either cotton or peanut oil-cakes
died soon after germination. Lowest numbers of galls per gm of root and
lowest gall index values were recorded for plants from soils amended with
coffee grinds, crotalaria, kudzu or ramie hays, or with soybean stubble.
Amendments with corn shucks, corn stubble, rye or cotton stubble, lespedeza
or vetch hays, or with peanut hulls, did not reduce the number of galls in the
roots; however, treatments with corn shucks, cotton stubble or with lespedeza
hay lowered gall index values. The ramie hay amendment was the only
amendment that reduced values for the root condition index. No treatment
caused reductions in weight of roots and the peanut hull and ramie amend-
ments resulted in plants with significantly heavier roots than those of plants
from unamended soil. Addition of corn shucks, crotalaria, kudzu, peanut or
ramie hays, or of peanut hulls resulted in plants with heavier shoots than
those from control plots; shoots of plants from soils treated with the other
amendments did not differ in weight from those of plants from untreated soil.
All amendments except those with coffee grinds, cotton stubble or with
soybean stubble or vetch hays, increased shoot height; no amendment
resulted in plants with smaller shoots than those of plants from control soils.
Treatments with peanut hulls or with peanut hays reduced the number of
surviving plants per pot; all other amendments had no effect on the number of
plants.

Numbers of galls per gm of fresh root (Y) were positively correlated
(r=0.93) with gall index values (Xg) accordingto Y = 2.35+ 17.40Xg. Numbers
of galls were also significantly correlated (r=-0.80) with percent nitrogen
content (Xn) of the amendments; the equation that described the relation was:
Y = 64.67 - 23.18Xn (Fig. 1). Gall numbers were not correlated with carbon
content of the amendments but were positively correlated (r=0.67) with their
C/N ratios (Xr); the function that described this relation was: Y = 6.53 +
0.60Xr.

DISCUSSION

Results from this study indicate that several organic materials commonly
available in Alabama are effective for suppression of M. arenaria when used
as soil amendments, which agree with reports of a great variety of organic
amendments being effective in controlling many species of plant parasitic
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Fig. 1. Relation between nitrogen content of organic amendments and
number of galls per gm of root, caused by Meloidogyne arenaria, in squash
(Cucurbita pepo) plants grown in soil treated with 1.0% (w/w) of the
amendments.

nematodes (1,4,9,10,11,12,13,14,15,16,17,18,19,20,22,23,25,26,28). The data
also indicate that the relative efficy of the amendments depends on their
nitrogen content and C/N ratio. Materials with narrow C/N ratios (high N
content) were more effective than those with broad C/N ratios. It was
possible to suppress the nematode using some amendments low in N content
(e.g., corn shucks and corn stubble) when these materials were added to soil at
the 10% rate but not at the 19 level. This suggests that the total amount of
nitrogen added to soil determines the success or failure of an amendment to
control M. arenaria. The 109 treatments of corn shucks or corn stubble
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introduced the equivalent of over 100 kg N/ha on a broadcast basis. The most
successful amendments of the study were those with coffee grinds, crotalaria,
kudzu and ramie hays; these materials when applied at the 1.0% level added
nitrogen to the soil in excess of 470 kg/ ha. There is thus apparently a minimal
amount of nitrogen required to obtain good control of the nematode through
the use of organic amendments. This concept is in agreement with results
from other studies. Rodriguez-Kabana er al (21) determined that anhydrous
ammonia was nematicidal only when applied at rates above 200 kg N/ ha. Eno
et al (6) reached a similar conclusion in another study with anhydrous
ammonia.

The action of the effective amendments in the study may be the result of
stimulation of the activities of soil microorganisms. When sufficient nitrogen
and carbon are available microbial activity in the treated soils increases and
may result in an environment antagonistic to M. arenaria. Microbial activity
may result in production of nematicidal quantities of ammoniacal nitrogen or
even in the formation of nematicidal compounds as has been shown with
other amendments (2,3,4,12,17,18,19,20,21,22,23,24,28). Apparently, C/N
ratios of 15-20 are optimal to stimulate the soil microflora when amendments
are added at the 1.09% level. Materials with broader C/ N ratios are ineffective
at this level and must be added to soil in larger amounts to obtain effective
control. Amendments with very narrow C/ N ratios (e.g., cotton seed oil cake,
peanut oil cake) introduced nitrogen into the soil in excess of 1300 kg/ha
when applied at the 1.09% rate. In contrast with the 109% amendments with
corn shucks or corn stubble, the oil cake treatments did not have sufficient
available carbon to permit the soil microflora to metabolize all the available
nitrogen. This situation can lead to accumulation of ammoniacal nitrogen,
nitrites and nitrates at levels which are phytotoxic. This explains the adverse
effect of the oil cakes on germination and seedling survival observed in this
study. While the use of oil cakes at levels lower than 1.0% may avoid their
phytotoxic effect (18), their C/N ratio may also be broadened to eliminate
their deleterious action on plants. Rodriguez-Kébana er al (20) have shown
that it is possible to avoid phytotoxic effects of urea (C/N=0.43) amendments
when the compound is added to soil mixed with a source of available carbon
(blackstrap molasses). This approach could be followed with the oil cakes of
our study to obtain effective nematode control without phytotoxicity.

The materials used in the present study contained nitrogen bound in
proteins, nucleic acids and other biological compounds of similar nature.
These forms of nitrogen can be expected to be metabolized readily by soil
microflora. This is important since there is evidence that the form of nitrogen
added to soil determines the efficacy of amendments against nematodes.
Most effective are compounds that contain ammoniacal nitrogen or that
release this form of nitrogen during their decomposition in soil by microorga-
nisms (3,17,18,20,21,22,23); the least effective sources of nitrogen are nitrates
(unpublished data).

Results indicate that the nematicidal materials used in this study must be
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added at rates of 10 MT/ha or more to obtain acceptable nematode control.
These rates do not compare favorably with the recommended rates for
commercial nematicides (6-9 kg active ingredient/ha on a broadcast basis).
This indicates that these amendments may not be practical for use within the
standard production systems for row crops prevalent in the U.S.A. and other
industrialized nations. However, they may be useful for home gardens and in
nursery operations where incorporation of large amounts of organic matter
into the soil is feasible. This may be particularly attractive for home gardeners
inthe U.S.A. who presently lack effective nematicides for use in their gardens,
and who may use amendments to treat small areas where their crops will be
planted.
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