05310 _—

P

Legumes Pathalogy
Progress Report No. 8

FURTHER INVESTIGATIONS ON .THE ROLE OF PLANT-PARASITIC NEMATODES
IN CROP GROWTH VARIABILITY OF GROUNDNUT IN NIGER

[A specral report on research carried cut during an assignment to

ICRISAT Sahelian Canter, Niger, in 1989],

ma———

$.8. Sharma
Plant Nematologist
Legumes Program

ICRISAT

International Crops Research Institute for the Semi-Arid Tropics
Patancheru, Andhra Pradesh 502 324, indla



Contenta

Introduction
Materials and Methods

Relationship betwesan nematode population densities
end crop growth and yield of groundnut

vertical distribution of plant parasitic nematodes
at the research farm of ICRISAT Sahelian Center

Host range of Scutellonema clathricaudatum and
Xighinems parasstariae

Standardization of a field screening technique for

identification of groundnut genotypes tolerant/resistant

to factors causing crop growth variability

Important plant-parasitic nematodes associated
with groundnut in parts of Benin, Burkina Fasc
and Nigeria

Effects of application of DBCP and carbofuran §G
on population densities of plant-parasitic
nematodes

Effects of different crop rotations on population
densities of plant-parasitic nematodes

Effect of intercropping pear! millet with groundnut
on population build up of plant-parasitic nematodes

Effects of application of different crop residues,
chellate and P,0; on plant-parasitic nematodes

Effects of application of carbofuran and different
sources of phosphorus onh population densities of
plant-parasitic nematodes

Effecta of application of different levels of
calcium carbonates and carbofuran 5G on population
densities of plant-parasitic nematodes

Discussion and Remarks

Selected References

Page No.

22

26

29

34

as

42

46

60

53

56

57
6t



INTRODUCTION

Crop growth variability is an important limiting factor for
crop production in the Sahe) where a striking feature is the
extreme variability in plant growth over very short distancaes.
Plant growth often diminishes from very productive areas to
complietely barren areas over digstances as short as one to two
me.ers. Plants 1n the unproductive areas may eventually die.
Surveys conducted by ICRISAT scientists in 1986-87 and 1988
revealed this problem to be particularly serious on groundnut
(Arachis hypoaaea L.) especially in the sandy soir1s found in atl
the major groundnut-producing arsas of Niger. Crop growth is
usually patchy 1n these areas. The patches which contain
severely stunted and chlorotic plants with poor root and shoot
growth, appear to occur at random. Poor growth also appears to
be associated, though not consistently, with low lying regions in
the field topography. Root systems of the poorly growing plants
are under-developed, and 1n some cases, the root tips are swollen
and necrotic. Roots are stubby and have many small bunches of
lateral roots. Soil applications of high doses of pesticides (1,
3 dibromo chloro propane (DBCP), aldicarb and carbofuran) at the
research farm of ICRISAT Sahaelian Center, located at 13°N, 2%
near the villaée of Say, 45 km south of Niamey, dramatically
reduced the variability in growth of the groundnut crop. Plots
treated with DBCP, carbofuran and aldicarb showed vigorous plant
growth whereas plants in the control plots were stunted and had
severely necrosed root systems. Application of farm yard manure

and fertilizers did not improve the crop growth very much. Later



on, & survey ¢f these areas for thes presence of plant-parasitic
showed that Aphalsnchoides sp., Ritylenchus. sp.. Heligotylenchus
ep., Hoplolaimus pararobustus. Macroposthonia gurvata,
Paralongidorus sp., Scuiellonsma clathricavdatum. Isiotvlenchys
indicus, and Xiphinsma sp., were present in the rhizosphares of
groundnut plants. §. clathricaudatum was the predominant
nematode. Populations of this nematode and of Xiphinsma sp. ware
also detected in the root samples. Population densities of
plant-parasitic nematodes. particularly of §. clathricaudatum,
were higher in the roots of stunted and chlorotic plants than in
roots of the apparently healthy plants. Application of high
dosages of pesticides significantly reduced (P = 03.01) the

nematode populations.

A survey of many groundnut-producing regions in Niger showed
that the Scutellonems spp are widespread. The survey indicated
irvolvemant of plant-parasitic nematodes in the crop growth
variability problem. In 1989, investigations cn the role of
piant-parasiti¢ nematodes in causing variability of groundnut
growth in the Sahe) were started. Some of the major objactives
of thess investigations were to study:

1. Relationship between nematode population densities and crop

growth and yield.

2. Pathogenic effects of differant population levels of plant-

parasitic nematodes (mainly Scutellonema gclathricaudatum) on

growth of groundnut.

3. Vertical distribution of plant parasitic nematodes in



urs.

nematode 1nfested groundnut fields.

Residual effects of nematicides on nematode populations.
Effects of different crop rotations and cropping systems on

plant-parasitic nematodes.

Standardization of a screening technique and evaluation of
groundnut genotypes for their reactions to <¢rop growth

variability 'n a nematode nfested field.

Survey <f some Jroundnut producing regions for plant-

parasitic nematodes,

Assessment °f nematode populations n an agronomy trial
naving M ffarent treatments of quﬁ, EUTA, crop residuas andg

their combinat:ons,

Effact of different pH levels on the 1ncidence of crop

growth variapiitty and nematode population densities,
Res1dual effect of nematicides on groundnut and millet

yreld,

A1l these experimentg are part of the tryals conducted by

Farid waliyar, Principal Groundnut Pathologist and Bruno J.

Ndunguru, Principal Groundnut Agronomist and Team (Leader, ISC

Groundnut Improvement Program. These scientists ware closely

associated in the investigations presented in this report.
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Materials and Methods for collection of soi) and root samples anad

for extraction of nematodes:

Collection of soil and root samples: Around 5000 soil cores and
more than 1100 root samples were collected for different
experiments from the research farms of ICRISAT Sahelian Center
(15C) located at 13°N, 29E, nesr the village of Say, 45 km south
of Niamey, Institut national de recherches agronomiques cdu Niger
{INRAN), Maradir, Niger, ICRISAT research station, Bagauda,
Ni1geria, Ahmagu Bello Univergity, Samaru, Nigeria, and Farmers'
fields in Niger, Burkina Faso, Benin, and Nigeria. Soil cores
woere collected down to 20 cm depth. For each plot of 9 m x 4 m,
8 cores were collected using a steel shovel. Root samples were
collected along with the so1l samples. Roots and pods were
sxamined for any symptoms caused Dy nematode infection. Nematode
pocpulation densities were assessed before planting and at crop

meturity.

Extraction of nematodes from soil and root samples:

Thoroughly mixad 100 em® soil samples were processed for
each plot by suspending the soil samples 'n water, pouring them
through nested sieves (850 and 45 um pore) and placing the
residues from the 45 um pore sieve on double layers of tissue
paper supported on a wire mesh immersed in water in 9 cm diameter
petridishes. After 48 hrs, the water in the petridish was
examined for the presence of plant-parasitic nematodes. Roots (1
to 5 g) were cut into langths of 1-cm or less, and nematodes
ware extracted by placing the root pieces on a tissue paper

supported on a wire mesh immersed in water in 9 cm diameter



petridish and incubating them for 36 nhrs or more. 5011 samples
were analyzed for acidity, available aluminium, total nitrogen,
phogphorus, organic matter (%) and for pH by Or. A. Bationo,

Principal Soil Chemist (IFDC), ISC.



Relationship betwssn nematods population densities and crop

growth and yield of groundnut:

A field at ISC that exhibited severe crop growth variability
in 1983 was selected for studying the relationship, if any,
betwee~ the population densities of plant-parasitic nematode and
crop growth variability and growth and yield of groundnut. In
ordar <> have different levels of population densities of plant-
parasitic nematodes 1n diffarent plots, some plots were irrigated
during <he hot summer months in April 1889 and May 1989 so that
the dc-mant nematodes in anhydrobiotic stage might be activated
and ex2Jsed to unfavorable summer fallow conditions. In some
plots, carbendazm and carbofuran 5 G were applied at the time of
8OWING. The diffarent irrigation treatments and chemical

treatrenrts are described in Table 1.

G=zundnut cultivar 55-437, a spanish type, was used in this
study. Different treatments ware 1. irrigation 1n April (three
irergaztons), 2, irrigation in April (three) and 1n May {(four
irrigaztions), 3. irrigation in April (one) and 'n May (four), 4.
irrigation n April (one) and in May (one), 5. application of
Bavist'n (fungicide) at the time of planting, 6. application of
carpof.ran 5§ G (a broad spectrum pesticide) at the time of
planti~g, and 7. contro)l. These treatments were replicated four
times. Plot siie was 18 m2 (8 rows of 4 m length) and treatments
were a-ranged in a randomized block design. Plots were treated
With 43 kg P,0¢ ha~! at land preparation and 400 kg ha~! gypsum

a3 top dressing was applied at the pegging stage. The crop was



sown on 10 June 1983, harvested at normal maturity, and haulm and

pod yields were recorded.

Soil sampies were collected at the time of sowing, four
times during the crop growth, and at crop harvest. Root samples
were collected three times during the crop growth. Samples were
collected from plants showing poor growth and from plants
exhibiting good growth from the same plots to compare the
nemataode 1afection leveis in stunted and apparently healthy
plants. Crop growth in every plot was scored on a 1~9 scale (1 =

uni1form growth, 9 = highly variable crop growth).

Pot eaxperiments: Sorl gamples were collected 1n bulk from
plots having different densitias of Scutellonems glathricaudatum.
These plots represented four sovl densities, V.3, 0.5, 0,2 and
0.1 ndiviguals of §. glathricaugatum per cm® of soil. Some
$011 samples were autoclaved to obtain a zero namatode population
Jevel., All the so0il samples containing different population
densityes of nematodes were alsc analyzed for available
atuminium, nitrogen, phosphorus, for organic matter, and for pH.
So11 containing different levels of 5. clathricaudatum was placed
n 15 cm drameter plast:c pots and two seeds of the groundnut
variety 55-437 were sown in each pot, These pots were then
buried in the field so1l with their necks slightly (about 3 cm)
above the ground in a fallow land. The pots were irrigated
regularly, and plant growth was monitored regularly. Dry shoot
weight, leaf weight, leaf area and pod number were recorded a£

harvest some 45 days after germination,



Soil samples in buik wers also collscted from an area of
crop showing very stunted growth, and from an area with
apparently very healthy crop growth. Nematode population
densities were estimated in both these scils. A portion of each
8011 (around 30 kg) was autoclaved. The soil from poor, and tha
good growth areas, and the autoclaved samples wers placed in 15
cm diameter plastic pots. In four pots for each of these soils,
carbofuran 5G was applied at the rate of 8 kg a.i. ha™' and seeds
of cv. 55-437 were sown the next day. Plant growth was monitored

regularly and plants were harvested 50 days after germination and

dgata on plant growth recorded.

So1) samplies were also analyzed for availavble aluminium,

total nitrogen, phosphorus, organic matter (%), and for pH.

Results
Population densities of plant-parasitic nematodes: Populptions
of §. glathrigaydatum, Xiphinema paragetariae. I,qlg.ums_hgs
indigus and a Paralongidorys sp. were present in the so1l at the
time of sowing. Nematode population densities did not diffaer
significantly in different plots (Table 1. irrygations during
the summer fallow did not appear to affect the nematode
popultation. §. glathricaugdatum was the predominant nematode and
Paralongidorus sp. was present in very low numbers at the time of
sowing. During the crop growth period, nematode population
densities were lowest in carbofuran-treated plots. Differences
ir §. clathricaydatym populations were evident in late July.
Plots that wers treated with carbendazim at the time of sowing

had the highest number of plant-parasitic nematodes (P = 0.05).



Soil populations of §. clathricaudatym decresased gradually during
the crop growth period whils population densities in roots
increased, Population density of X. parasetarine in soil was low
at the time of sowing and thereafter increased gradually, the
highaest population density being recorded in the month of August
(66 days after sowing) (Table 2). TI. indigys population density
did not differ significantly in different treatments, however,
the soil population decreased significantly during crop growth

(Table 3, 4}.

Population densities of plant-parasitic nematodes in the roots:
All the plots, irrespective of the treatments had some stunted
plants and apparently healthy and vigorous plants, For example,
carbofuran-treated plots had almost uniform growth and there were
only a few randomly distributed stunted plants whereas in other
treatments there were many stunted plants and some apparently
healthy plants. Five stunted plants and their neighboring
apparently healthy plants were randomly selected, gently uprooted
from each plot, and population densities of §. g¢lathricaugatum
waere assessed in July and August. In addition root samples were
collected randomly (irrespective of plant growth} from each plot
in June, July, August and September and §. g¢lathricaudatym
population densities were estimated. Stunted plants always had
higher than average numbers of $S. clathricaudatum irrespective of
treatment {Table 5, 6). The nematode population was up to three
times higher in the stunted pilants than in the apparently healthy

plants, and the nematode population increased during the crop



growth, Wwhen root samples were collected at random, the

differences in treatments were evident 45 days after sowing.

Pot experiments: Growth of 56-437 was significantly less (P =
0.05) in pots having the infestation level of 1.3 §.
clathricaudatum cm™3 of soil at sowing time (pH (in H,0) = 4.8

and A12* ¢ H* was 0.35 meq. 100 g~' 8041) and plant growth in the

pots containing 0.5 §. glathricaudatum ¢:m'3 of 8011 was not
different from that in the autoclaved soi) (no §. glathricaudatum

and A\3+ + B =014 meq 100 g" 80il}. The plant growth was

significantly (P = 0.05) reduced in pots having very low
population of §. ¢lathricaudatum (0.1 nematode cm'3 of 5011 and
higher A13* + W* = 0.55 meq 100 "' s0il) (Table 7).

S0l samplas collected from areas with good and with poor

growth differed in AT13* + H* (0.34 meq 100 g~ ! soil) or less in

good patch and 0.51 meq 100 g‘1 8011 in bad patch). Application
of carbofuran 5G at the rate of 8 kg a.i. ha™! in pots containing
s0i) from good growth areas, did not result in significantly (P =
0.05) more vigorous plant growth, however, addition of carbofuran
5G to the pots containing soil from poor growth areas lsad to
significant increase (P = 0.08) in plant growth. Application of
carbofuran 5G to the autoclaved soil dramatically improved plant
growth (Table 8). These results indicated that at a sowing time
population density of 1.3 §. glavhricaudatum c:m’3 causes reduced

and stunted growth of groundnut., A13* + W' of 0.36 or more also

resulted in poor and stunted growth. Application of carbofuran

5G, even in sutoclaved soil, resulted in very vigorous crop

growth indicating that this chemical affects the plant growth not

10



only by controliing the harmful biotic factors (nematodes,
insects etc.) but it probably also affects availability of some
nutrients and microelaments. Application of carbofuran in soi)

3 of soil (A\a* + W' 0.34) did not

containing 0.8 nematodes cm”
improve the plant growth but 1t significantly (P = 0.05) affected
the plant growth in soil with higher Al + n* (0.51) and lower 0.1

nematode cm™ 3 of so1l.

Effect of different treatments on crop growth, haulm weight and

pod yield:

Crop growth in the field experiment: variability in crop growth
1n some plots was noticed from the early seedling stage. One-
week-01d seedlings were yellowish, stunted and weak. These
seedlings continuad to grow poorly and their root systems were
poorly developed, sparse, with very few nodules. Roots were
brittle and appeared to be aimost inactive. In many other plots
crop growth was uniform for the initial two to three weeks after
germination. Plants were vigorous, green and apparently healthy,
however, after three wesks, variability 'n crop growth was
evident 1n some rows and it increased gradually. Leaves ware
chlorotic and plants were stunted. Root systems of these plants
were less well developed than the healthy-looking plants. In
some cases root tips were slightly swollen and necrotic. Latera)

roots were branched and stubby.

Analysis of soil samples from some of these plots indicated

that these plots differed mainly in A13* + W' concentration, and

1"



1n population densities of plant-parasitic nematodes. UL A

was high (more than 0,35 meq 100 g

soil) in tha plots wheretn
crop growth variability was observed from the very beginning of
crop emergence, and it was comparatively low in other plots where

crop growth variability was svident after thres weeks. In these

plots, population densities of Scutellonema clathricaudatum and
xiphinema parasetariae were greater than in other plots (Table
9).

Haulm weight and pod yields were significantly 1mproved 1n
the plots treated with carbofuran 5G at the time of sowing.
Numbar of plants per plot did not differ significantly between

different treatments (Table 10},

1?



Table 1. Population densities of

the time of sowing, ICRISAT, Sadore,

plant-parasitic nematodes at

1989.

Nematode population densities 100 cm ° go1l’

Treatmant sC xP Tl ToT

Irrigation 12 8s.1 3.9 17.4 141.8
Irrygation 2 50.1 16.2 9.1 92.9
Irrigation 3 BT .1 11.9 3.3 117.2
Irrygation 4 36.3 15.2 1.8 87.3
Carbendazm 120.2 25.1 1.8 1867.9
Carpofuran 5G 102.3 1.0 3.9 132.4
Control 44 .7 12.9 3.3 £5.9
LS0 (P=0.05) NS NS NG NG

Irrigation Three 1rrigations 1n April

Irrigation Three
Irrigation

Irrigation

B Ly B3 -

s

irrigations

one irrigattion 1n
Cre 1rrigation n

Scutellonema glathricaudatum: X

[T

T

Teloty'enchus 1ndicus; TO

in Apra i oang tour in May
April and thrag 1n May
April and ¢ne 1n May

P = Yiphinema parasetarias;
T 2 Sum of all parasirtac
nemaroda populations

Data were mgxH transformed for analysis.



Table 2. Changes in population densities of plant-parasitic

nematodes in soil during the crop growth period of groundnut (cv.

56-437),
Nematode population densities 100 cm > goil
Sampling
date sC XxP TI TO7
11 June 1988 69.2 4.2 13.8 109.8
(1.84) (0.62) (1.148) {2.04)
& July 1989 52.5% 10.5 3.8 102.3
{(1.72) (1.02) (0.99) (2.01)
27 July 1989% 28.8 .5 12.6 56.2
(1.48) (1.29) (0.41) (1.75)
22 August 1989 26.3 31.6 10.8 97.7
[1.42) {1.50) (1.02} (1.99;
22 September 198% 21.9 20.9 4.7 72,1
(1.34) (1.32) (0.67) (1.86;
LSD (P = 0.05) (0.238) (0.309) {(D.299) (o217,

sC

figures 1n parentheses arae 10g x+1

indigug:

scutellionema clathricaudatum: XxP

TI = Teletylenchys TOT =

= Xiphinema parasetariae;
Sum of all parasiti¢
nematode populations

transformed vaiues.



Table 3. Effects of differsnt presowing treatments on the

population densities of plant<parasitic nematodes.

Nematode populag on densities
100 cm ~ soid

Treatment 8C XP T0T
Irrigations during April and 35.5 15.8 89.1
May 1989 (1.58) (1.20) (1.95)
Carbendazi~ 66.1 18.2 131.8
(1.82) (1.21) (2.12)
Carbofuran 5G (10 kg a.i. ha™') 18.8 8.2 43.6
(1.27) (0.79) (1.84)
Control 39.8 18.2 87.1
{1.80) (1.28) {1.94)
LSO (P = 0.235) (0.268) (0.251) (0.187)
SC = Scuteilonema clathricawdatum: XP = Xiphinema parasetariae:

TOT Sum c¥ all parasitic nematode populations

Figures in 2araentheses ara log x+1 transformed values.



Table 4. Effects of different presowing treatments on populations

plant-parasitic nematodes, ICRISAT Sadore, Niger.

Nematode population densitiss 100 em™? so011
Treatment 8C Xp TI TOT
irrigation 1 56.8 21.9 7.6 109.86
(1.78) (1.34) {0.88) (2.04)
Irrigation 2 44.5 14,1 8.3 91.2
(1.68) {1.18) (0.80) (1.95)
Irrigation 3 26.8 17.0 6.3 93.3
(1.43) (1.23) (0.80) (1.97)
Irrigation 4 23.5 12.0 8.5 72.4
(1.31) (1.08) (0.93) (1.86)
NG irrigation + 686.4 16.2 12.6 131.8
Carbendazim (1.82) (1.21) (1.10) (2.12)
No irrigation + 18.8 8.2 4.8 43.6
carbofuran 5G (1.21) (0.79) (0.688) (1.84)
centrol 40.1 18,2 5.8 87.1
(no 1rrigation and (1.80) (1.26) (0.75) (1.94)
nc chemical)
LSO (P = 0.08) (0.343) (0.314) NS (0.248)
cv 3.9 17.5 71
$C = Scutelloneme i P XP o= X r iae;
TI = Telotvlenchus indicus; TOT = Sum of all parasitic

nematode populations

Figures in parentheses are Jog x+1 transformed values.

16



Table 5. Scutelionema clathgicaydatum population densities in

roots of stunted and apparently heaithy plants.

Nematode population g" root

Stunted Apparently Mean
Traalment plant healthy plant population
crrigaton ! 18.7 7.4 12.0
re.amn) (0,49} (1.08)
rraigatyon 2 33.4 7.4 16.2
11.52) {0.81) {1.21)
Treygatien 3 249 9.2 32.3
34) 10,941 (1,51)
Lorrgation 4 20.4 4,
r1L31 ] {(1.14)
Cyrogndazim 23.4 41 14,8
£1.37) (0,97, (1.17)
casbofuran 533G » 4.4 4.3 4.3
10.64) (0.64 (0.84)
Cotrol 8.7 A1 10.7
I (G (1.03)
S (pPxg, 08! {.39) N (n.24)

Faogures Cn oparentheses are 109 «+1 values.



Table 6. Scutelionema clathricaudatum population in roots of

stunted and apparently healthy plants at different dates.

Nematode population g~ root

Date 1 Date 2 Mean
Plant growth (August) (September) population
Sturted plant 18,7 19.9 17.8
(1.19]) (1.30) (1.25)
Anparently healthy plan? 4.9 1.5 7.4
10.69) (1.05) {(0.87)
Laly 1R20,06) (G.30) (0.31)
M ATy 8.7 151
(0.9%4) {1.18)
PGl (P=0.08 (0.12)




Tedle 7, Relationenip bGatween population denaities of Scutgllomema Slathricaudatus. stuminium

lovels ‘n w01 and growth af greundnut cv. $8-437 in pot sxperimants, ICRISAT, Sadors, 1848,

Organic Ory

Hengtous populibtion P [ ] aattae N total 1 4 Leaf Leaf shoot P
cenaity ca” sail ML+ RT LB (ko)) (R} (bom) (oo  ares bW st m,

Q 014 i 3 0.13 [} 4.8 48 2.8 1.2 0.8
(Au oclaved sa' ')

K1 2T 4.8 19 BN ] 144 8.2 248 2.8 32 8.2

5.%0 0.38 [ ] (] 0.27 148 12.3 28 58 4.0 8.8

oo 0.3% [ ] 4.0 0.2 e 1.9 232 1.4 3.8 (3]

>0 0.8% ] 4.¢ 9.27 14e 5.8 107 14 1.9 1
toB e 308, FALE N  I I 1) A




Table 0. Comparisen of grewth of proundnit (ov. §8~437) in seils frem good and DAd patcres in pot

axpar imente. ICRISAY Saders. 1909,

Carbofuran Organic . Honatods
50 8 kg [ ’ watter tots! pepulation Leaf Leaf Dry shoot
8011 source & heT AT’ (H0) (see) (X))  (spa) (om se11) ares  WL.Ig) we.(®)

pond patch - 0.34 4.9 11.4 °.%0 1%0 e.8 wy 10.2 8.1
. Q.34 4 1.8 0.30 0 0.8 i3] ] 14.4 8.4

ppor patch - [N 3] L8 ] 174 .23 138 9.1 164 5.0 2.3
. Q.41 [N ] 7.1 .23 15 0.1 i 9.6 4.8

poor + gond

paten(t 1) - 430 12,4 5.8

{atoc laved)

paor » good

patn(y t) + 1034 28.% 1m.?

fawtes \aved +

carvofuran 36

senget m )

80 (P = 0.03%) 179.4 438 1.90

20



Table 9.

Analysis of s0il samples collected from patches whers

variation in crop growth was visible within one wesk and after

tﬁreo weeks, ICRISAT, Sadore, 1989.

organic N. Nematode nogg\n-
PH . matter total tion 100 cm

5011 source (in Hy0) H™ A1 (%) {ppn) s0i) at planting
Variability 4.9 0,20 0.35 0.27 144 40
visible within
a week after
planting
variability 5.2 0.15 0,19 0.30 148 1010
vigible

three weeks
after planting

21



Table 10, Effect of different presowing treatments on haulm andg

pod yield of groundnut (cv. 58-437).

gffect on
Haulm Yt. ? nematode
Treatment (t ha” (t ha~ populations
1. Irrigation during 1,01 0.79 NS
summer fallow
2. Bavistin 1.58 1.15 NS
3. Carbofuran 5G_1 2.43 2.24 S
16 kg a.1. ha
4. Contro} 1.086 0.76
F (Prob.) 0.098 0.025%
NS = Not significant; Sz Significant

292



vertical distribution of plant parasitic nematodes at the
reqsearch farm of ICRISAT Sahalian Center:

This study was conducted in groundnut fields that had crop
growth variability problem in 1987-88. Soi) samples were
collacted at the time of sowing, during crop growth period and at
crop maturity. On each of the three sampling dates soil samples
were collected from six randomly selected locations and at each
location samples were collected from O to 15 cm, 15 to 30 cm, 230
to 45 cm, 45 to 80 cm and 80 to 75 cm soi) depths. So0i) samples
were handled carefully to avoid exposure to heat and direct
suniight. Groundnut was sown in rows and the row to row distance
was 50 cm. Nematode population densities were assessed for evary
location and depth by processing 100 emd of thoroughly mixed soil

samples.
Regults

5. clatnricaudatum, X. parasetariae, and T. indicus were the
major nematodes present in thaese fields. Heligcotylenchus sp. and
Pratylenchus sp. were present in low numbers, At the time of

sowing, greatest population densities of all the nematodes were

found in the 0-15 cm _soi] depth (Table 11). Pratylenchus sp. and
Paralongidorys sp. populations were below detectables levels 1in
the lower depths. §. c¢lathricaudatum, X. parasetariae and J.
indigus were present even in 15-30 cm soil depth. Very low
densities of $. glathricaudatum in 30-45 cm depth and of I,

indigug in 45-60 cm depth were observed.

23



§. glathricaudatum was not found below 45 cm soil depth at
any time whereas populations of X. parasstarise, I. indicus,
Helicotylanchus sp. and Paralonaidorus sp. were found down to 75
cm depth during crop growth and/or at crop maturity., §.
clathricaudatum population decreased in s0il during the crob

growth as more and more nematodes entered the root systems.

It is apparent from this study that these nematode species
do not migrate vertically, but that the greater population
densities are confined to the 0-30 cm depth, It appears likely
that the populations of §. glathricaudatum do not migrate down
words very much during the summer fallow period but enter into a

phagse of anhydrobios s during these adverse conditions,
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Table 11, vertical distribution of plant-parasitic nematodes

during crop growth at ICRISAT Sahelian Center Sadore’, 1989,

Nematode populations 100 cm 3 of s0i1

Dapth
(c:) SC xXP T Hel, or Para TOT
At planting (July)
0-15 33.4 11.0 8,3 1.8 1.2 1.8 73.5
(1.82)  (1.04) (0.92) (0.'7) (0.35) (0.22) (1.a87)
15-30 19.3 2.5 3.3 1.8 0 0 10.2
(1.28) (0.39) (0.52) (0.22) (1.48)
30-45 1.8 0 0 0 0 0 1.7
(0.22) (0.22)
45-60 0 0 (0.17) o0 o} 0 (0.17)
60~75 0 0 0 0 0 0 0
LSD (0.30) (0.43) (0.47) (0.38) (0.29) (0.29) (0.38)
(P = 0.05)
During crop growth (August)
0-15 19.7 17.0 7.8 ] 0 10.0 81.8
(1.29) (1.23) (0.88) {1.00) (1.79)
15-30 9.8 4.5 4.8 0 ) 4.5 18.2
(0.99) (0.85) (0.88) (0.8%) {1.28)
30-45 3.3 2.4 0 0 0 0 8.3
(0.52) (0.38) (0.80)
45-60 0 1.9 0 0 0 6.0 8.8
(0.27) (0.78) (0.95)
80-7% V) 1.3 0 D 0 2.6 2.8
(0.12) (0.41)  (0.45}

LSD (0.54) (0.41) (0.64) - - (0.68) (0.81) -
(P=0.05) .




Table 11 contd...

Nematode populations 100 cm ¥ of soi)
Depth
(cm) sC XP T1 Hel. Pr Para TOT
At crop maturity (September)
0-15 12.6 26.9 9.3 1.5 o} 8.7 87.1
{1.10) {1.43) (0.97) (0.17) {(0.94) (1.94)
15-30 12.9 7.6 5.9 1.5 4] 4.9 42.7
(1.11) (0.88) (0.77) (0.17) {0.69) {1.63)
30-45 t, 2.5 1.7 0 0 [¢] 3.1
(0.17) (0.40) (0.22) {0.49)
45-60 o] 1.5 1.7 0 0 0 3.7
(0.17) (0.22) (0.57)
60-75 0 Q t,7 1.5 o] 0 1.8
(0.22) (0.17) ~(0.25)
LSD (0.44) (0.47) NS NS (0.55) (0.62)
(P:0.08)
SC = §. glathricaudatum, XP = X. parasetarrae; TI = T. 1indicus,
Hel. = Helicokylenchyg sp.: Pr. = Pratylenchus sp.,
Par = Paralongidorus sp., TOY Sum of all parasi tic nematode

populations

Figures in parentheses are log x+1 transformed values.
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Host range of Scutellonamp clathricaudatum and Xiphinems
parasetarias:

Host rangas of §. claphpicaudatufh and X. parasetariag wers
studied in a field in which growth of the groundnut crop was very
variable in 1988, The following plant species were examined for
susceptibility to the plant-parsasitio nematodes. Arachis
sesamum indicum, Stylosanthea fruticosa, §. hamata. Sorghum
pigolor, vians radiata. Yigna agenisifelia, Yigna sp.. Yoandzeia
subterranea and Zea mays. Seed of thase plant species were sown
in plots of 2 m® size (2 rows of 4 m Tength), Mow to row spacing
was 50 cm. The piant species were sown 1in a randomized block
design and there were thres replicatigng., Plots were treated with
40 kg ha”! P,0, at land preparation and groundnut seeds were
treated with thiram before sowing. Sowing was completed on 5 July

1989. Population densities of §. gclauhricaudatum ranged between

10 and 30 nematodes 100 cm™3 soi) and of X. parasetariae batween O

and 60 nematodes 100 cm >

g0il. Sixty days after sowing, root
systems of the different plant apecies were examined for 5.
clathricaudatum infection and soi! samples collectad from the
rhizosphera were analyzed for assessing the populations of

different plant-parasitic nematodes.

Results
Population of §. glathricaudatum were found in the root
samples of ¢ajanye cajan, Araghis hypogaes, Vigna aconitifolia,
vigna radiata., yigna sep.. B. qlaucum, and Zea mays, (Table 12).

This nematode population was not detected in tha roots of H.
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annuus, §. bicolor, Stviosanthes spp. and Sesasym indicum.
Reaction of these species need to be confirmed as rhizosphere
populations were higher than the at-sowing time populations of
these nematodes. X. qacasetarias vopulation was higher in the
rhizospheres of §. indicum, H. annuus., $. Ricolor. Stylosanthes
friticoasa, Caijanus cajan and A. hypogaea than in the rhizosphere
of ¥. ragiata, Yigna sp., B. glaucum and ¥. gubterranea.
Telotylenghys population was negligible at the time of sowing ang
it was found to be higher in rhizospheres of P. glaucum, §.
pigelor and vigna spp. than in the rhizospheres of 5. fryticosa,
§. saisn., A. hyposaes, H. annuug, and Yigna spp. Paralonaidorus
sp. population was detected in so0il samples from the rhizospheres

of §. indicum and A. hyDpgogaea.
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Tab'a 12. Host ranges of §. glathricaudatum, X. parasetariae and
T. irdigus.

Nematods species
§. clathri- X. parase-

Pla~: species caudatum tacise I. indicus
Aras-se hypogasn rd *+ 4
Cara~q4s caljan ++ +4 +
Hel avthus annyus - T +
Pec - setum glaucuym ++ ++ e
Sesa-um 1ndicum - e .
¥ig~3 ynayicylata ++ + ‘e
(% ~81-8174)

‘. ="gyigcylate (t.10) ++ e +44
Scr3num digolor - ++ Yy
vigra radlata e ++ ++
Sty osanthes fruticosa - + .
S. zamata - - -
ifa "ays + + +
yoarJzera subterranes ++ ++ +
¥1g9~3 agonitifolia +

+++ = good host; ' ++ = moderate host; + = poor host

- = non-host.
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Standardization of a field screening technique for identification
of groundnut genotypes tolerant/resistant to factors causing crop
9Eowth variability problem:

Groundnut genotypes that were found to be resistant to the
crop growth variability problem in 1987, were very variable in
relation to crop growth in 1988, This 1is mainly because
variabitity in crop growth is always very hetarogenecus and
random and the possibility of escape is very high. An attempt
was made to standardize a field screening technique for
evaluation of groundnut genotypes for their reaction to the crop
growth variability problam in a plant-parasitic nematodes

infested field.

In order to circumvent the problem of nematode infestation
variability and also the variation in crop growth, test rows were
sown in small plots (1 m row) at eight (replication) different
locations. The entire trial was surrounded on all four sgides
with ‘a strip of the susceptible check (55-437) variety. :'Forty-
nine test entries and susceptible checks ware sown in alternate
rows. Test plots and suscepLible checks were arranged in such a
way that esach test entry was surrounded by four check rows. The
Jayout looked checkered with alternating susceptible and test
entry plots in both directions. Plot size was | row of 1 m
length. Plant to plant distance was 10 cm, and row to row
distance was 50 cm. The test entries and susceptible chaeck in
the checkered layout were arranged in a square lattice design,
Soil samples were collected from all the sight replications.

Eight soi) cores ware collected from each replication. 8.
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slathricaudatum population was very variable in different
replicates and nematode populations ranged from 20 to 90

nematodes 100 cm™3

soil. Test and check plots wers scored for
variation in crop growth in September on a 1-9 scale (1 =z uniform
growth; 9 =z highly variable growth). Reaction of each test row
was compared with the four check rows that surrounded the test
en.ry. There was a lot of variation n the reaction of even the
check {susceptible) variety. Reaction of a test entry was
considered reliable only when the surrounding check rows were
very variable (7 to 9 score) in al) the eight rows and the
reaction of the test entry was (1 to 5). Mean score of the test
entries was not considered. If the resaction of the test entry
was batween | to 5 and that of any of the check rows was also 1n
this range, even in only one replicate, the reaction of the test
row was not considered reliable. Reactions of different
genotypes are given n Table 13. ICG (FDRS)41 waa the only
genotype growing uniformly well in all the eight replications,
anil the gsurrounding checka ware variable in growth. Reaction of

thig genotype needs to be checked in larger plots,

This trial was repeated in a nematode-infested field and all
the plots were treatsd with carbofuran 5G at the rate of 10 kg
a.i. ha". Check rows were not used in this experiment and
reaction of each entry in carbofuran-treated plots and control

plots (untreated) were compared.

Plant growth was vigorous and uniform in the carbofuran

treated plots, however, some test entries (ICG 371, ICG 140, ICG
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6322, ICG 8854, ICGS(E)13, ICGS(E)-76, 55-437 and 86397) showed
variability in growth at lsast in one of the eight replications,
even in the treated plots. Plant growth of all the test entriss
was better in the treated plots. tLeaves were dark green, and

plants ware more vigorous than those in the untreated pilots.
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Table 13. Reaction of groundnut genotypes to the crop growth

variability problem, ICRISAT, Sadore, 1989,

S.No. Genotype Reaction
1 ICG(FDRS)238 § (Susceptibla)
2 ICGMS 68 8
3 ICG{FDRS)39 HS (Highly susceptible)
4 ICG(FDRS )6 HS
5 JL 24 HS
[} I1CG(CGS)57 S
7 1CGS(E)13 S
8 ICG(FDRS )41 R (Registant)
9 ICG({FDRS)27 HS
10 ICG(FDORS)13 HS
1 ICG(FDRS )62 HS
12 ICGS{E)55 )
1 J o1t S
14 55-437 HS
15 ICGS(E) 30 HS
16 ICGMS 63 HS
17 I1CGS 11 HS
18 ICGMS § HS
19 28-206 s
20 ICGMS 42 S
21 TS32-1 5
22 ICGS 76 HS
23 ICG(FDRS )42 HE
24 ICG(FDRS) 34 S
25 ICG 6322 S
26 TX 813964 5
27 TX 86704 HS
28 ICG 3747 HS
29 ICG 2738 HS
30 ICG 10943 HS
31 86705 S
32 TX 813922 HS
33 ICG 10964 HS
34 PI 290698 HS
35 86703 ]
36 87-519 -
37 ICG 10151 HS
38 86615 S
39 ICG 1518 S
40 1CG 7329 HS
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Table 13 contd...

S.No. Genatype Reaction
41 1Ca 1697 HS
42 86800 HS
43 I1CG 6854 HS
44 ICG 10983 HS
45 ICG 10025 §
48 ICQ 1402 HS
47 ICQ 7829 HS
48 1CG 10912 HS
49 86397 HS
R = maximum score in 8 replications 5 or less;
S = maximum score 7;
HS = maximum score 9.
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Important plant-parasitic nematodes associated with groundnut in
parts of Benin, Burkina Faso ahd Nigeria:

Plant-parasitic nematodes are ons of the important biotic
factors in causing crop growth variability problem in the Sahe).
Populations of Scutellonema clgthricaudatum were found to be high
in the roots of chlorotic and stunted plants in the regions
naving severe variations in crop growth of groundnut in Niger.
Other commonly associated nematodes were Xiphinema,
Paralgnaidorys and Tglotylenchys sp. In August and September
1989, survey trips were undertaken to some of the groundnut
producing regions n Benin, Burkina Faso, and Nigeria to get
information on the fauna of plant-parasitic nematodes associated
with groundnut crops. These surveys do not essentially rapresent
the major problems 1n these countries and only highlight the
presence of mportant crop-damaging nematode species. At each
location, soi1l samples were collected in polythene bags from
different fields and scil samples collected from different

regions were processed using the techniques described earlier.

Plant-parasitic nematodes recorded in different regions of
these countries are presented in Table 14. Presence of the pod-
lesion nematode, Pratylenchus brachyurug, which 18 one of the
most important nematode pests 1n the United States damaging
groundnuts, in Benin and Nigeria, and the presence of
Scutellonema spp. in Burkina Faso and Benin indicate that there
is a need to map the distribution of thegse nematodes in these

countries as well as to estimate the extent of crop losses being
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caused by them on groundnut, pear) millet and sorghum,
Pitylenchus sp. and Aphelsnchoides sp. were found in many regions
in these countries. These nematodes attack the seeds and pods,
Aphelenchoides arachidis is so far reported in the seed of
groundnut in Nigeria and Ritylenchus destructor in pods and seeds

from the Transvaal Province of South Africa.
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Table t4. List of some important nematode species found

asgociated with groundnut in different regions of Benin, Burkina

Fdgso and Niger.

Country/

Region Nematode spp.

Benin

810u Ditylenchus sp., Helicotylenchus dihvstera

Bambereke Helicotylanchug sp.. Scutellonema glathricaydaturm,
Scutelionema sp., Xiphingma parasetariae

Dadeh S. clathricavgatum, $cutellongma sp.

Ina Aphelenchoides, Ditylenchus sp., Helicotylenchus
sp., Hoplolaimus pararobustug., Scutellonema se..
Pratylenchuys sp.

Tanas Aphelenchoides, Halicolylenchus H.
pararobustus. §. g¢lathricaugatum, muL_qnamn $p. .,
Pratylenchys brachyurus, Pratylenchus sep.. X.

r riag.
4ilanville M. dihystera, X. parasetariae, Pratylenchus ep.
o Criconemoides sp., Ditylenchus sp., B. brachyurus.

Burkina Fasg

Banfora

sengouindongou

Fada

=Houn

0
@

Linoghin

Srutellonema sp., Xiphinema 8p.

H. dihystera, H. pararobustus., 3. glathricaudatum,
Scutellonema sp., Pratylenchus &p.

Ritylenchus &p.. Helizotylenchug sp.., HemicalQQszty
paradoxa, Hemicycliophora sp., RoLylenchulus
parvys, $. clathricaudatum, Scutellonema sp.,
Triversus annulatus.

Aphelenchoides sp. ] Qlithl&AHﬂlluma
Scutellonema sp.. Prgsme_nq*m;. 8p., Jriversus
annulatug.

Aphelenchofdes sp., Helicotylenchuas s8p.,
Pratylenchug sp.
Ritylenchus sp.. Helicotylenchuys ap., Hoplolaimus

sp., Pratyleachus sp.
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Kaduna

Katsina

Zaria

so.. P. delattrei, P. brachvurus, 0
Aphelenchoides arachidis, lench 8p
¢riconsmoides sp., Hoplolaimus sp.. P. delatirei
brachyurus, Iylenchgryhngchyus sp., ] ] sD.,
scute)lonema sp.




gffects of application of DBCP and carbofuran 5@ on population
densitiss of plant-parasitic nematodes:

Effects of application of dibromo chloropropans (DBCP) at
the rate of 20 liter in 85 liter of water ha~! and carbofuran G
at the rate of 10 kg a.i. ha~! before sowing on growth and yield
of groundnut and millet and on population densities of plant-
parasitic nematodes were investigated in a field having the crop
growth variability problem. Plots (5 rows of 5.6 m length of
miilet (CIVT) and 6 rows of 5.6 m length of groundnut (55-437)
were arranged n randomized block design with s8ix repliications.
Row to row distance was 50 cm for groundnut and 80 ¢cm for millet
and plant to plant distance was 10 cm for groundnut and 80 ¢m for
miilet. Groundnut seeds were treated with (Thioral) baefore
sowing, Population densities of plant-paragsitic nematodes were

estimated before sowing and at crop maturity.

Results
Popuiation densities of plant-parasitic nematodes were
s 3gnmificant’y (P=0.0%) reduced by the application of carbofuran &’
and DBCR 1n groundnut and pear! millaet plots (Table 15)
sppiication of CBCP 20 it ha™! caused 70.3 percent reduction ir
the densities of plant-paragitic nematodes, carbofuran 5G (10 kg

a.i. ha”!

) reduced the nematode population densities by 87.%
percent. Carbofuran 5G appeared to be more effective on groundnut
than DBCP, while the latter was found to be more effective on
pear] millet (Table 16). Nematods populations in the roots of
pearl millet and groundnut were very low in the nematicide-treated

plots (Table 17). Population densities of Pratylenchus sp. were
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very high in the roots of pearl! millet in particular, and

groundnut in the control plots (Table 17).
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Table 15. Effect of application of DBCP and carbofuran 5G on the

population densities of plant-parasitic nematodes, ICRISAT Sadore,

1989.

Treatment sC T Pr Tot
DACP 20 it ha™' 5.0 1.2 3.8 29.5
Cirbofuran 5G 10 kg a.i. ha”' 3.2 0.0 8.5 32.3
Control 12.3 2.4 18.6 99.3
F. Pr. 0.0986 0.03 0.02 0.02
SC = §. glathraicaygatum: TI = 1. ingigus: Pr = Pratylenchus sp..

Tot = Sum of total parasitic nematodes 3
Namatode population densitias are in 100 cm” soil samples.

Table 16. Effect of application of DBCP and carbofuran 5G on the

population densities of X. paragetariae and total parasit:c

nematodes on groundnut and pear] millet, ICRISAT Sadore, 1989,

Crop Nematode 0BCP Carbofuran 5G Control
Groundnut Tot 50.56 15.0 96.6

Pear]l millet 179 64.5 120.1

F. Pr ) 0.03

Groundnut X. , 25.6 3.7 28.5

ar r
Pearl millet 5.1 10.9 8.1
F. Pr 0.003
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Tabie 17, Effects of application of DBCP and carbofuran on the
plant-parasitic nematode populations in the roots of groundnut and

pearl millet, ICRISAT Sadore, 1989.

Nematode populations 1 g ' root

§. clathri- Pratylenchue Total parasitic
Treatment caudatum 8p. nematodes
08CP 20 t ha”' 1.38 1.8%,  4.8%% 312
Carbofuran §G_ 0 1.7, 10.2 2.5%
10 kg a.1. ha
Control 6.2 28.7, 43.7 56.2
F. Pr. 0.03 0.001Y, .01 0.01%

* In groundnut roots

xx In pear)! millet roots

42



Effects of different crop rotations on population densities of

plant-parasitic nematodes:

This study utilized a long-term agronomy trial designed to
evaluate ths performance of groundnut in rotation with millet and
Rhodes grass and to study the effects of different rotations on
the crop growth variability problem. There ars four replications

for each of the following 12 treatments:

Years (13989-1992)

Treatmant MNo. 1489 1930 1991 §992
3 R G G G
2 R M M M
3 R G/ G/M G/M
4 R G M G/M
3 R M G/M G
6 R G/M G M
7 G G G G
8 M M M M
3 G/M G/M G/M G/M
10 G/M G M G/M
1 G M G/M [¢]
12 M G/M G M
R = Rhodes grass; G = Groundnut; M = Millet
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Plot size 18 8 m x 6 m. For estimation of population
densities of plant-parasitic nematodes, soil cores were collected
naar the plant rows from six randomly selected locations from each
plot.

Soi) samples were collected before sowing and at crop
maturity at the research farm of ICRISAT, Sadore, and at the

research farm of INRAN, Maradi.

Results

The nematode communities at thess two locations were similar,
Populations of Pratylenchugs sp. were presant at Maradi whereas T.
indicyg was present at Sadore. Populations of §. clathricaudatum,
X. paragetariae and Hoplolaimus pararobustus were found &t both
locations. Population densities of plant-parasitic nematodes and
total parasitic nematodes in different treatments did not differ
significantly (Table 18). Population densities of X. parasptariae
at Sadore, and X. paragetariag and Pratvylenchyus sp. at Maradi were
l1gn‘ficant\y higher (P = 0.058) at crop maturity (Table 13).
Nematode population per g of roots genarally did not differ
betwean different treatments, however, the Pratylenchus sp.

opulation was highest in the groundnut-millet intercropped plots.



Table 18. Effects of different crop rotations on populati-:

dansities of plant-parasitic mnematodes, Niger, 1989,

Nematode population 100 cm ° soil

Treatment 5C Tl xXP Hop Pr Tot
Sadore
R 57.5% 1.7 2.2 6.8 - 81.3
R 114,8 1.8 1.8 2.9 - 123.0
R 79.4 6.9 2.3 1.7 - 114.8
R 70.8 2.5 0 8.3 - §5.5
R 43.6 2.2 1.8 2.1 - 79.4
R 53.7 4.8 1.7 4,2 ~ 19.4
[ 89.1 7.2 3.7 2.8 - 138.0
M 67.8 4.2 1.7 5.¢ - 120.2
G/M 74.1 3.7 4.8 7.8 - 120.2
G/M 83.2 10.1 5.9 2.5 - 144.8
G 44 .7 1.7 1.7 3.3 - 8.1
M 87.1 4.2 1.5 18.2 - 147.9
F. Prob NS NS NS NS - NS
Maradi
R 34,7 - 18.6 3.3 4.1 81.2
R 17.0 - 12.6 4.1 19.1 89.1
R 20.4 - 4.0 4. 9.3 49.0
R 29.5 - 6.9 2.2 5.1 57.5
A 36.3 - 3.1 2.8 11.5 66,1
R 15.8 - 9.1 2.8 5.9 70.8
G 19.1 - 6.9 3.3 1.7 £2.4
M 21.5 - 4.6 3.3 28,2 70.8
G/M 22.9 - 13.5 3.7 9.5 83.2
G/M 31.6 15.1 2.5 20.0 97.7
G 12.9 1.9 1.5 7.2 39.8
M 20.8 - 25.1 2.6 1.1 81.3
F. Prob NS - 0.08 NS NS NS
SC = §. glaghricaudatum; TI = T. indigus; XP = X. parasetarise
HOP= H. pararobustus: Pr = Pratylenchus sp.

Tot= Sum of total parasitic nematodes
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Table 19. Nematode population densities at the time of sowing
and at crop maturity, Niger, 1989.

Nematods population 100 cm ° soil

Sampling time 8C TI XxpP Hop. Pr. Tot
Sadore

At sowing 112.2 3.3 1.1 3.5 - 138.0
At maturity 42.7 4.3 3.9 4.8 - 85.1
F. Prob 0.07 NS 0.003 NS - 0.07
Maradi

At sowing 22.9 - 4.5 4.3 4.4 60.5
At maturity 22.9 - 12.68 2.0 18.9 16.1
F. Prob NS - 0.04 NS 0.03 0.06

$C = §. glathricaudatum: TI = I. indicus: XP = X. paragegariae
HOP= H. pararolustus: Pr = Pratylenchus sp.
Tot:z Sum of total parasitic nematodes
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Effects of intercropping pearl millet with groundnut on population
build up of plant-parasitic nematodes:

Sole groundnut (cv $5-437), sole millet (CIVT), and three
combinations of groundnut and pear! millet intercrop were studied
in a randomized block design. Thare were four replications. Row
Lo row distance in groundnut was 50 cm and plant to plant distance
wis 10 ¢m, and 1n millet row to row distance was 100 cm. In the
three intercrop treatments, millet was sown at 1 m x im, ¥ m x
m, and 1 m x 3 m whereas groundnut was sown at 50 x 10 c¢m n these
plots. Plot size was 6§ m x 6 m. Plots were treated with a basal

' and top dressed with 10 kg ha”' of CAN for

dose of 36 kg P,0g ha®
millet and with 400 kg gypsum ha'1 at pegging for groundnut, So:3!
samplies for assessmert of plant-parasitic nematodes were collacted
close to the plant rows. Root samples were collected from

groundnut and m:1let plants from each plot.

Results
Population densties of T. 1ngicus, X. parasetariag, and the
total population of parasitic nematodes incraased significantly (¢
= 0.05) on these crops (Table 20). 5. ¢lathricaudatum populatior
~as significantly (P = 0.05) mure 'n the rhizosphere of scle

m1llet than 1n that.of sole groundnut howe/er, population in roots

was highest in the sole grounchut plots (Table 21). Population
dergsities of X. parasetariag were significantly (P = 0.05) more

in the soil samples collected from intercropped plots than in
samples from sole crop plots. 1. indicus population did not
differ in different treatments. Hoplolaimus sp. population was

lowest in the roots of sole groundnut than in groundnut with
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millet (1 m x 3 m), Population denaities of total plant-
parasitic nematodes (sum of all parasitic nematode populations)

a{c net differ between different ﬁroatmontc. however, some trends

indicating preference of §. glathricaudatum for groundnut were

noted.
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Table 20. Effects of intercropping pesr) millet with groundnut on
plant-parasitic nematodes, IORISAT Sadore, 1889.

Treatment SC Xp TI TOT 14 Hop

Groundnut 9.4 5.1 26.3 571.5% 47.8 2.5
(55-437) (0.97) (0.71) (1.42) (1.78)

Millet (CIVT) 22,17 5.3 29.5 87.8 15.0 12.8

(1.38) (0.72) (1.47) (1.83)

Groundnut + 8.8 23.8 29.5 75.9 17.8 7.8

Millet (1m x 1m) (0.94) (1.38) (1.47) (1.88)

Groundnut + 12.8 13.5 44,7 8T.1 21.% 18,3

Millet (1m x 2m) (1.10) (1.13) (1.85) (1.94)

Groundnut + 6.8 18.5 33.9 2.4 11,3 2.5

Millat (im x 3m) (0.82) (1.27) (1.83) (1.88)

LSD (P = 0.05) (0.28) 231 8.9

SC = §. clathricaudatum; XP = X. gparasetariae

1T = 1. indicus; Hop = Hoplolaimus pararobustus

Tot = Sum of total paragsitic namatodes

Figures in parentheses are 10g x+1 values.
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Table 21, Pagulation damsities of Wifferent perasitic nemstode specios A pesrl nillet and

proundnut, ICRISAT Sadere, 1089,

Nematede pesulations 100 ou © setl

Time of * siliet + sillet + sitiet Yean
Nemstode %p. Sampling Oroundnut Millet (i@ x im) (im x 2m) ('n x 3m) population
In atylanchus At sowing 10.2 2.4 ] 52.5 t2 ] .4
Andicus (30-8-09) (1.28) A (L (1.72) tn.e 0.2y
At saturity e 40.7 n.y .0 94,7 ».9
(8-9-89) (1.58) (v.81) {1.93) {(1.39) {1.46) (2% 1 )]
L8D (P=0.08) {0.11)
ARDATENS At wowing 2.4 33 17.% 1. 1.1 1.2
oArAMtAZiAe (0.37) (0.%2) (1.29) (1.11) (0.04) {0.86)
At saturity 10.9 [ %] n.e2 14.9 3.2 16.9
(1.04} {0.32) (148 [AF1 3 {1.48y {1.70)
L8D (Pz0.0%) {0.18)
Tota) population At sowing 4.7 $8.2 . 102.3 9.0 81.7
of parasitic (1.98) (1.78) (1.82) (2.01) (1.89) (1.79)
fenatodes
At saturity .4 "3 . 7401 104.7 : 83.2
{1.00) (1.n) (1.%4) {1.87) (z.02) {1.32)
LSD (P20.0%) 10.08}
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Effects of application of . different crop residues, EDTA
(chellate) and P,04:

Effects of eight treatments: 1. Control, 2. P,05 (SSP) 26
kg ha”', 3. Crop residue 2 t ha', 4. Crop residue 4 t nat, s.
EDTA 80 kg ha™', 6. P,0¢ 38 kg ha™' + Crop residue 2 ¢t ha™', 7.
P,05 36 kg ha”' + crop residue 4 t ha', 8. P05 38 kg ha”' 4

EDTA 80 kg ha”' were studied on the population densities of S.

clathricaudatum, X. parasetacise. Y. indicus. Parslongidorys sep.,
H. pararobuystus Helicotvlenchus sp. and total plant-parasitic

nematodes. Soil samples were collected for estimation of
nematode populations at the time of sowing {(June) and at crop

maturity (September) using the methodology described earlisr.

Reaults

Populations of all the plant-parasitic nematodes except H.
pararobugtus were not affected significantly by the application
of different crop residues, EDTA and P,0, (Table 22).
Paralongidorus sp. was below detectable level at the time of
sowing and the nematode population increased during the crop
growth period. The nematode density was lowest in contro) plots.
Density of X. parasetariae wae very low at the time of sowing and
it increased significantly (P = 0.05) during crop development
(Table 23). The increase in population density was low in plots

treated with Po0g + chellate, or with crop residues.
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Table 22. Effects of Oifferent crop residues, chellate and
phosphorus applicatién on population densities of plant-parasitic
nématodes ICRISAT, Sadors, 1989. °

Nematode population 100 cm ° soil

Treatment 8C Hop Helico Tot
control 32.7 ara 3.5 99.8
(SSP) 32.2 23.7 5.1 105.9
33 29 ha”
Crop ro?1du0 30.3 5.8 4.0 77.4
2 ¢t ha
Crop rn?iduo 37.4 49.0 5.6 139.6
4 t ha
EDTA 80 kg ha™' 19.3 33.1 10.5 108.2
PZOS 36 kg ha'1 + 32.7 30.9 2.1 93.5
crop ro'1duo
2 t ha
P05 38 kg ha™' +  17.2 20.4 2.2 88.5
crop ro!idue N
4 t ha
36 kg ha” ‘ +  18.9 T 7.0 2.1 65.8
ESTi 80 kg ha” :
F. prob. NS 0.0t NS NS
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Table 23.

Population densities of X. parasatarciae and

Elu.lmumrm sp. at the timp of sowing and during crop growth

XCRISAT Sadore, 1989,
Nematode population 100 cm - soil
X. pArasptariae Paralonaidorus sp.
At During crop At During crop

Traatment sowing growth sowing growth
Control 0 7.8 0 2.5

(8sP) 1 1.8 7.8 [+] 17.8
38 kg a.i. ha”
Crop randuo 1.8 11.0 o] 3.3
2 t ha
Crop re?1duo Q 3.0 [} 8.3
4 t ha
EDTA 80 kg ha“ ) 4.3 0 8.3
P,0g 36 kg ha” ' + 0 3.9 0 15.2
crop re?1due
2 t ha
P,0g 36 kg ha ' + 1.8 4.8 0 9.8
crop re?1due
4 t ha

36 kg ha” ‘ + 0 3.9 0 10.5

i 80 kg ha”

Maan 1.2 6.1 [} 9.1
F. Pr. 0.0 0.03
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€ffecta of application of carbofuran and different sources

phosphorus on popuiation densities of plant-parasitic nematodes:

Effects on the populations of different plant-parasitic
nematodes.of different sources of phosphorus: 1. Control rock, 2.
Tahous rock phosphate 40 kg ha”' P205, 3. Triple super phosphate
40 K¢ hl" Po0g, 4. Singls super phosphate 40 kg ha™} P,0g 5.
Partially acidulated parc-w rock phosphats 40 kg na”! P40g, with
and without carbofuran 6G were studied. This trial was
conducted at ICRISAT research farm at Sadore, and the regsearch
farm of INRAN at Maradi. Nematode populations were assessed at

both the locations at the time of planting and at crop maturity.

Results
Poputation densities of plant-parasitic nematodes were
significantly reduced (P=0.01) by the application of carb@furan
5G at both the locations (Table 24). Application of different

sources of phosphorus did not affect the population densities of

different plant-parasitic nematodes (§. glathricaudatug, I.
indicus. Paralgngidorus sp., X. parasetariae, Pratylenchug sp.)

(Table 25) at either location.

54



Table 24. Effects of application of carbofuran 5G and different

sources of phoaphorus on plant=parasitic nematodes at Sadore, and
Maradi, Niger.

Paracitic_aomatodcu

Location Treatment 100 cm ° soil

Sadore Control 37.8
Carbofuran 5G 8.1

F. prob. 0.004

Maradi Control 41.4
Carbofuran 5G 23.3

£. prob. 0.001

Table 25. Effects of application of different sources of

phosphorus on plant parasitic nematodes at Sadore and Maradi,

Niger.

Nematode population 100 cm > s0il
Treatment ' Sadore Maragh
Control 25.8 30.0
Tohou rock, phosphate 18.0 43.3

{40 kg ha” ' P,0;)

Tripte sug?r phogphate 23.3 35.0
(40 kg ha” " P,0g)

Single sug?r phosphate 20.8 50.0

Partially audulated_qarc~w rock 30.8 38.7
phosphate (40 kg ha ' P,0g)

Parc~-w rock phosphate 20.8 20.8
(40 kg ha” ' P,04)

F. prob. NS NS
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Effects of application of different levels of calcium carbonates
and carbofuran 8 G.

This {s & long-term expsriment to study the effects of
change in pH following addition of lime on the crop growth
variability problem. Treatmants were arranged in a sgplit plot
design and were replicated six times. Application of carbofuran
5G at the rate of 10 kg a.i. ha ' and no carbofuran application

wers the main plots, and calcium carbonate levels (250 kg ha™!
1

500 kg ha~! and 1000 kg ha~') were the sub plots. Sub plot size
was 16 m2 (8 rows of 4 m). Nematode population densitias were
assessed at the time of sowing (July), 21 days after sowing and at

crop maturity in late September.

Results

Appliication of carbofuran significantly (P=0.01) reduced the
population levels of §. clathricaudatum, IT. 1nqj;q§. X.
parasetarise, and Eg:glgnglgg;ﬁg sp. (Table 28) ir soil and roots
(Table 27)}. Application of different dosages of calcium carbonate
did not affect the nematode populations. Variation in crop
growth was high in the plots that were not treated with carbofuran
5G. Application of calcium carbonate apparently did not improve

the crop growth.
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Tabls 26. Effects of application of carbofuran 88 and different
levels of calcium carbonate!on plant=parasitic nematodes in

groundnut in Badore, Niger,

Nematode pggu1ut1ons

100 cm ¥ soil Nematode
Sampling population

Treatment time 8C %P TI TOT in 1g root
Control At sowing 20.6 33.8 5.0 88,1

21 day after 4.4 16,3 8.1 105.6

planting

At crop maturity 23.1 31.% 14.4 91.9 57.5
Carbofuran 58 At sowing 24.4 38,3 11,3 78.8
(191kg a.1. 21 days after 0.8 28.8 0 33.8
ha™ ") planting

At crop maturity 6.9 28,1 9.4 49.4 347

F. prob. 0.01 06.01 0.01 0.0t 0.08

Table 27. Effects of different levels of calcium carbonate on plant

parasitic nematodes.

Nematode population 100 cm * soil

Treatment sC xp TI Tot
Controy 13.8 20.0 6.7 €3.6
€aco, 250 kg ha™' 1.7 3.3 11.3 873
cacoy 500 kg ha™' 13.3 31.5 7.1 89.6
caco, 1000 kg ha™' - 14.8 46.7 7.1 77.9
F. prob. NS NS NS NS

ac
ot

3. alathricaudatum, XP = X. parasetarjae, VI =z I. indicue
Sum of parasitic nematode populations. (
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Discussion and Remarks

Yariation in crop growth is a very serious constraint to groundnut
production in the Sahel. Marked differences in crop growth and
yisld over relatively small areas of land confound farmers and
scientists all across ths Sahel. Attempts have been made in the
past to understand the etiology of this problem. While variation in
topography, soil type, storm damage, organic matter, nutritional
statug, and viral diseases all contribute to variability in crop
growth, there are some other more problematic factors as well., Low
pH, aluminium toxicity and plant-parasitic nematodes are strongly
suspected to be the major factors in the variability problem.
However, good crop growth is observed in patches having soil pH as
low as 4.0, whereas vary stunted and chlorotic patches ar¢ seen n
areas having low aluminium content, Alsgo variability in cr?p growth
occurs in patches having very low densities of plant—p;rasitvc
nematcdes. These observation further confound this e%igmat1c
problem, Resultes obtained in the 1989 crop season help: to some
extent in expYaining these observations and clearly 1ndidate tha*
plant-parasitic nematodes can cause crop growth variabilit,

howsver, crop growth variability is a syndrome. Affected plants
exhibit symptoms of toxicity as well as of nematode infection.
These symptoms are diagnosable if the crop growth is monitored from
sowing time onward. Where variability in crop growth appears from
the beginning (within 7 days of germination), plant-parasitic
nematodes may not be the primary cause of variability. Thase
patches have very stunted plant growth, leaves are small and

chliorotic and root systems are very poorly devealaped with very few
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nodules. Very few lateral rpots are produced. These roots ar

brittle and possidbly dead. Thou can be sasily brokan from the masin
root systems. Tips of the roét‘Alr. discolored. Higher a13% & u*
may be the primary cause of this kind ,of crop growth variability.
Crop growth is axtremaly poor in patches where A13* + W' is more
than 0.50 meq 100”9 soil. In another case, crop growth is
apparently uniform and healthy for initial 2 to 4 weeks and then
variation in crop growth appears in patches, These patches ha.

stunted plant growth and generally the newx leaves produced after
this initial growth period are Yess green to chlorotic. Root
systems have small bunches of lateral roots. Lateral roots are
stubby and root tips may be swollen. In this kind of variability.
the plant-parasitic nematcdes (mainly Scutellionema spp) are the
primary cause and A1°* + H'in these patches may be low. Some times,
leaves 1in these’patchea become very chlorotic during the pod
initiation stage. This symptom expresgion relates well with maximum
population peaks of Xiphinems sp. and Paralongigorus sp. Symptoms
may vary in patches having moderate levaels (lass than 0,30) of Mt
+ n* oand Scutellonema sp. Interaction batween these two factor:
were not studied. It wﬁs observed that in patches where P EANPI
was high and plant growth was vaery pocr from the beginning, th

nematode populations were low because of lack of host roots to feed.
If soils are not moved during the inter cultivation operations, the
patches appearing due to high A% & 4* should reappear at the same
place next year where as patches due to nematode infection may show
some movement and spread. Effect of low pH may be indirect on the

crop growth : increased availability of aluminium etc. and

Scutellonema sp. also prefers low pH.
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Application of carpofuran.B85G is reported to dramatically
increase the crop growth in Senega) and our results in 1988
confirmed this. This broad spectrum pesticide not only controls the
plant-parasitic nematodes but it boosts the plant growth even in
autoclaved soil.

Scutellonema espp. do not migrate to owsr soil depths during
the dry fallow period. The nematode appsar to enter into
anhydrobiosis. 1 sti1l feel that this dormancy can be broken by
irrigation during the summer fallow period and exposing the sub-soil
to solar heat. Of different irrigation treatments tested in 1989,
one {rrigation in April followed by one in May was comparatively
more affective. Sgutellonema spp. are polyphagous, howevef, it is
apparent that thc nematode has host prefarence. Some of the plant
species that were found to be less susceptible this year ne;d to be
testad again. Use of a field screening technique wherein %eaction
of the groundnyt genotypes are compared in small plots wﬂ:h more
replications, with the surrounding local susceptible ‘Qchecks.
indicates that genotypes that have tolerance/resistance to fﬁctor(s}
causing variability in crop growth can be selected by adopting thic
methodology.

Surveys of some groundnut regions in Burkina Faso, Benin ang
Nigeria indicated thni the damaging species (Scytellionema sp.,
Pratylenchus sp.) of plant-parasitic nematodes are present in these
countries. Heterodera gambiensis was found on pearl millet in
Niger. Scutellonema, Pratyienchus, and Xiphinema are already
reported from Mali, Niger and Sensgal. Thess species infect

groundnut. and pear! millat. Losses caused by nematode species to
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thess crops in different regfons of the Africa have not bee

trwestigated.
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