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ABSTRACT
Nonnodulating (Nod-) lines are a for
the N: im a legume. Chance observation

1CC 43S
ence of this

of a Noad - plan- im ch-ckpe- (Cicer a l,_)

encouraged us to study the f

>y of

trait. Six hundred forty to 36260 plants of each or 11 chickpea acces-
sions. ficld-grown under conditions fa good ion.

P for ion — al 22 and 112 days after sowimz
(DAS). Flants identificd as Nod - at 22 DAS to pr

seeds and those at 112 IDAS had phy > - Proge-
nies of apparent Nod-— with pea RhAizo-
Direrrz strain 1C S9 and grown in pots for 28 d for confirmation. The
frequency of Nod  plants in four accessions (ICC 43S, -4918, -S003
and -4993) ranged from 120 to 490 per million. One Nod - plant from
each of the four accessions vwas used for in the
postrainy season 19871988 and for ag i

se ficla The Nod -
i ishabl Aheir i Parent accessions for plant growth
for on, and most ¥y 1y to Nod* acces-

O a low-N field without
Zrew pooriy. had =
leaves and leaflets, and had red-
rachis, and sometimes

sioms when supplied with SO to 100 kg N ha —*_
fertilizer N, the Nod- plants were light green.

i Aist ~with
on margins of leaflets.

branches.

TEREALS or other nonlegume crops are generally

— used as references in studies assessing amounts
of biological N, fixation in legumes. These, however,,
may not be satisfactory reference crops in most such
studics because of differecnces in plant growth rates
and rooting patterns between the reference and the test
crops (14). Also. cercals may fix some IN.. Therefore.,
nonnodulating lines of legumes are preferred as ref-
erences. The possibility of their use in developing host
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plants with
would circumwvent

restricted RAizobiirrs spoecificity, which
the problem o compctition  from
native rhizobia. has also been indicated (4) TThe search
for Nod - chickpeca plants began at ICRISAT Center
(18° N lat) in 1975 with initiation of rescarch work
on biological N, fixation. Nonnodulating plants werce
occasionally observed during 1976 to 1980 in scgre-—
sating F, and F; populations, but could not be saved
duc to lack of sufficient knowledge and expeoertise in
salvaging the uprooted chickpea plants. Meethods de-
veloped in the carly 1980s (2.9) were uscd to recover

a Nod - plant from a germplasm acce ion [CC 43S,
a landracc from Bihar, India. Progenie of th plant
were confirnmed to be NWod - and were othervw < sim-

ilar to the parent type (10). Unlike the Nod - ground-
nut (Arachiis hAyposraea 1..) mutant (S5), this Nod - linc
(named ICC aA435N) did not show apparent N-defi-
ciency symptoms when grown on traditional chickpea
fields. suggesting good soil-N scavenging ability of
itsS TOOt Sy Sterm - his prompted us to see if Nod - plants
could be reccovered from other genotypes. Procedures
identify Nod—- plants under ficld conditions at an
carly plant growth stage and at physiological maturity”
were proposed bascd on earlier nodulation studics and
are described here. Frequency of occurrence of WNWod —
Pplants and their characteristics are also discussed.

MATERIALS AND METHODS
ons (Table

kg — ' soil in the top 15 cm of the profilec. and chickpea
Rhizobiterrs count of 4700 ' d soil as measured by the
most probable number plant infection technique (13)C
Scre—sning for Nod - plants was conducted on_four goerme-
plasm accessions at carly plant growth stage. 22 DAS, and
on 10 accessions (including three studicd at 22 IDAS)
i matu at 112 DAS (Tablc 1).
typc. characterized by light-
the other scven werc i~

1o dark-brown

A hreviations:
nonnodulating.

angular sccds:
DAS,. days

Nod - .

after mowwing: Nod - . nodulatingz:

o G
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Table 1. De tion of chickpea accessions used in the secarch for nonnodulating (Nod ~ ) plants at early plant growth stage and at
phys-ological maturit
Age at Seeca
Accession Synonyms screeming type Origin Maturity & Remarks
a after sowing
> 319-1 22 Desit Enclia [ Landrace
Annigeri 22:112 Desi ndia s Selection from a landrace
<; 130 22:112 esi India [ Landrace
L sSsSo 112 Kabulit india r Bred variety
Rabat 112 Kabuli Morocco [ Landrace
so 22:112 Desi India ™M Bred variety
850-3/27
“yprus local 112 Kabuli CTyprus [ Landrace
Iranian local 112 Kabuli Iran i Landrace
Jordanian local 112 Kabuli Jordan e I_andrace
Syrian local 112 Kabuli Syria . Landrace
Turkish local 112 Kabuli Turkey [ Landrace

Pe. or > ovwl® hape
ium dur .S = shon duration.

M

with beige or ivory-colored. owl’s-hcad-
called kabuli Cond ons of high na-—
tive rhizobia and moisture, considcerecd necessary
for good nodulation of chickpea, were cnsured-

Plants were counted and uprooted with a crowbar to a
depth of = 20 cm to recover roots and nodules. Plants iden-—
tified as apparcntly Nod - at 22 IDAS werce potted. inocu-
lated with chickpeca RAaizobiterrn: Strain 1IC S99, and grown to
maturity ., following the mcthods described by Rupcla and
Dart (9). Six hundrcd forty to 2200 plants of each of the
10 accessions were examinced for nodulation at 112 IDAS.
Previous unpublished obscrvations suggcested that most
chickpca nodules remain attached to roots when carcfully
dug at maturity . Irrigation a few days before observation
facilitated uprooting of plants. Plants identified as appar-
ently Nod- at 112 IDAS were brought to the laboratory,
and thc roots were soaked in water for =1 h and obscrved
again for nodules. Plants with tiny nodules were discarded.
and sceds Of the remaining plants were prescrved for futurce
usc .

Sceds were produced from at least one Nod - potted plant
of cach of ICC 43S, -4918. and -S003. identificd at 22
DAS, and sufficient sccds were available of Nod - plants
of ICC 4993 and -SO0O03, identificd at 112 DAS. Five to 10
seeds from cach of these apparently Nod ANts Wwere sown
in 10-cm diam. plastic pots filled with coarse river sand.
Inoculation was donc at sowing by applying 10 ml. of a
suspension of peat inoculant (RAizcobritarrn Strain I1C S9)
watcr that had at lcast 107 rhizobia mml.~'. Plants wcocrce
rigated with quarter-strength N-free nutricnt solution t<>l—
lowin Arnon (1). as requirced. Pots were placed in a
Zlasshousec. with temperatures ranging from 16 “C- at night
to 32 “C during day and relative humidi.y of = 7092 in
February and March 1987. Twenty-cight-day~old plants swere
washed and examined for nodulation by sprecading the root
system in enamal trays fi

Progcenies of one confirmmed Nod of cach of the
four accessions [CC-435, 4918, -4993 and -SO0O3 were grown
in the postrainy scason of 19871988 (November 1987
April 1988) on an Inceptisol (Singpura soil finc loamy
mixed hyperthermic Typ Ustochrept ICRISAT
Subcenter., Swwalior, India. (26° 1at) for furthcer confir-
mation against native rhizobia of a different environmeaent.
Plants were uprooted at 60 DAS for nodulation obscrva-
tions. The Nod -~ lines rc(alncd thceir original accession nurm-—
ber, but were suffixed by <

In the S()slraxny season 198381989 (November 1988
April 198 the WNWod - lines of the four chickpea accessions
described above, PM233, and their Nod~ parents were_grown
on a low-N field at Gwalior for agronomic evaluations in

three replicates. The experimental design was a randomized
completc block using a split-plot trcatmaoent arrangement with
six fertilizer treatments (O, 20, SO, 100, 150, and 200 kg
N ha-— ') as main plots and chickpea accessions as sub-plots
Oof 4 by 1.2 m. The chickpca accCessions were sown in 4-m
longz rows with interrow spacing of 30 cm and intrarosww
spacing of 10 cm. The soil pH (1:2., soil/~vwater). electrical
conductivity, available N. and Olsen P in the top 30-cm
soil profile ranged 8.1 to 8.3, 002 to 0.04 S m—'. 17 to
27 mg k- ' soil., and S to 12 mg kg ' soil, respectively .
Chickpeca RhAizobiterrz coOunt was 4300 — ' soil. Dectailed re-
sults of this study will be reported paratcly . Howecver.
nodule dry (70 © €7) mass on a sample of plants from O.
m=? pcer plot at S8 IDAS., apparcnt N-deficiency symptoms
based on weekly visual records. and grain yvield of O N and
S50 N treatments for the chickpea accessions are reported.
A study of root hair morphology was conducted on the

Nod— plants from the four lines reported here and on the
mutant PM233 of Davis ot al. (3). The reclevant Nod + par-
Chits Of these lines swwere included as chocke. Fifty wwater—

soaked sceds of cach of thesc lines were crminatced in 9-
<m Pctri dishes lined with water-soaked blotting paper. Plates
were placed in a 8-1. covered plastic container having a 2-
<m water layer at the bottom . Toemperature inside the con-
tainer was 20 to 25 2C’. Radicles on S5S- to 8-d-old gcrminated
sceds were obscerved for prescnce of root hairs under a
stercomicroscope at 20 to 60 >< .

RESULTS AND DISCUSSION

The frequency of occurrence of the Nod - character
ranged from 120 to 490 plants poer million (Table 2).
Fourteen of the 21 wmransplanted plants died due to
fusarium Wit (Fresarziterrr oxysporiarrr £, sSp. cicerz) be-
force producing seeds. All plants, however. survived
for at lcast 3 wk and had formocd new roots when
examined. One plant of ICC 4948 produced nodules
before dying. Noncec of the progenies of the seven sur-
viving Nod—- plants from three accessions 1CC a43s, -
4918. and -S003 formed nodules when grown in pots
inoculated with chickpeca RAaizobizerrz Strain IC S9. It
was therefore assumed that the plants that died would
have displayved the same freguency of Nod—- in the
confirmation studies as those that lived. Progeny of
Nod* plants of these accessions nodulated normally
under the samec conditions. The chance of correct
identification of WNWod -~ plants from a field-grown pop-
ulation at ecarly plant growth stages was thus very good.,
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Table 2. Frequency of naturally occurring nonnodulating (Nod )
plants in chickpea accessions.

Survivea T
- Confirmed Frequencyt
Accession planting as Nod - of Nod

=~ 10 =

no. of plants -

a812 7 a a a72
26190 a 2 2 153
36260 7t o o o
2s0ose 3 1 1 120
Ar 112 DAS

1551 1 mE o o
630 o m o o
1873 1 m o £33
2179 1 m H as9
2039 3 m 1 490
2009 o o o o
2200 o m o o
2113 o m o o
1976 o ) o o
189S5 1 m o o

+ It was assumed that the plants that died would have displayed the
same frequency of Nc in the confirmation studies as those that
lived. Multiply value shown by 10 & get actual value (= no. per

lion).

Gne of the seven plants produced nodules before dying

These plants had physiclogically mature sceds. transplanting was not

reguired

W-!

but was associated with the substantial ctffort ot
vaging these plants and risk of plant death duc 1o
adverse factors such as discase. It also requircd glass-—
housce facilities. Only two (one each Of 1ICC 4993 and
1CC S5003) of the five apparent Nod - plants sclected
at physiological maturity were actually Nod— . The lat-
ter method of identifying natural Nod— plants scemaoed
more convenicent and may be appliced to legumes where
most nodules remain attached to roots even at physi
ological maturity (e.g.. peanut and chickpceca).
Progenies of the confirmed Nod—- plants in subsc-
qgqucent studies at Gwalior in the postrainy season of
88 did not produce any nodules with native
s further confirmed that the identificd Nod —
plants were resistant not only 1o Strain IC S99 (used in
confirmation studies in pots) but also to the mixture
Of Rhlizorbierrnr strains that probably occurred in field
soils. These plants grew similarly to their Nod * acces-
sions in this field up to 65 d when they werec uprooted
for nodulation observations, indicating their ability to
Zrow well on the native soil fertility
On a low-IN ficld without fert zer in the postrainy
sScason 1988 - 1989, the Nod — ines at 60 DAS grow
poorly . had small leaves and leaflets, short internodal
distance., and light grecn foliage compared with re-
spoective Nod * accessions. lines had reddish-brown
margins on leaflets, rachis, and sometimes sterms. most
conspicucusly in ICC 4918M and 233. These
symptoms matched well with the N-deficiency symp-
toms described by Smith and Pieters (12) for a chick-
pca line “Tyson”. It scems that desi chickpea lincs
display reddish-brown pigment under several stresses,
such as salinity. or stunt disease (8). It should. how-
ever, be possible to separate NN deficiency frorn other
stresses by examining symptorms other than the ig—
ment. Kabuli ne I1CC 4993 did not show the char-
acteristics reddish-brown pigment of the kind seen on
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Table 3. Characteristics of nonnodulating (Nod ) lines comparcd
with respective mnodulating (Nod - ) accession at O kg (0 N)
Dnd SO K MW ha T (S0 N, At Gwalior. postrainy scason 19882

Nodule

mass
at S8 o after
v ing

min_yicld

PARLE M

[RERRERRRR!
=NNANNm b
CINGANENA

X
N

(AR AR AR ARY

&S o.a7

e s 1o suffixed with "M™ arc the lines of the respective

SSSSENGSN BRas o Mmttant of 10O 6210(3)

+ Observation at 60 days after sowing: — . + = absence and presence
of N-deficiency symptoms.

these sSymptoms

the desi types. In N-ofertilized plot:

were abscent. With moderate application of urc (50
kg NN ha- '), most lines yiclded &lmlldrly to> their roe-
spoective NOod * accessions, oexcept PNM233 and 1C°CT

A4918M (IMable 3). These two lines scemed to requiarcoe
more N to produce as much yicld as their Nod * coun-
terparts. All the Nod lines failed to nodulate. Oc-
casional Nod* plants obscerved n 1CCT SOO3M wcercoc
considered contaminants and discardced. The accession
1C°CT SOO3 had maximum nodale mass, followed by
1CTCT 435 . Nodule miass vwas greatly reduced (ranging
from 1327 in ICCT 435 o A483%+ CC SOO03), duc 1o
the application of 5O kg N ha - blcec 3).

Very densce root hairs were gencrally obscecrved S 1o
7 mm above root tips. All the radicles of Nod - plants,
including thosce of the dirradiation mutant PNM233 (3).
and their Nod* parcnts had apparcnitly normal root
hairs. This suggeoests that, unlike pecanut (6), the Nod —
trait of chickpeca is duc to factor(s) other than absence
of root hairs. Precsence of root hairs perhaps allowed
the Nod - plants to scavengeoe the soil-IN pool efficiently
and madc their ual identification difficult n the
traditional chickpca ficlds. L.caves of Nod Zroundnut
that lacked root hairs were generally pale green., and
the plants did not grow as well as nodulated groundnut
even when fertilized with 400 kg N ha ! (7). Chick-
pPca Nod - lincecs thus appcarcd to be suitable reference
plants for studies of biological N, fixation.

Davis ct al. (3) screcned = 10 OO0 M., scedlings to
identify one stable WNWod — chickpea line. Scarching for
natural Nod — plants would be much faster and easier
than developing induced Nod - mutants. After screen-
ing a similar population size. we could identify Nod —
plants without the efforts of mutagenesis. Also., in
natural Nod—- plants the chances of occurrence of un-
desirable changes on the genctic composition of iden-
tified plants are lIess than with mutagenized plants.
Thus, further studies to establish stablc and desirable
Nod - plants would not be required.

It could be arguced that all the Nod - plants within
a gcenotype are genctically the same and are progenies
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of a natural Mmutation that occurred Iin the past. The
Nod— plants across different accessions, however, may
be due to mMmutations at different loci. as established in
the case of ICC a435SM and PM233 (11). Scecds of
Nod - lines have alrecady becen given to intcecrested re-
searchers and will soon be a part of the gmene bank at
ICRISAT Center for gencral distribution.

In the screening procedure we looked for Nod - plants
only . It scems that some accessions may have natural
variants of traits that may not be very apparent unless
screenced under the appropriate conditions. For ex-
ample, some rescecarchers have noticed occasional plants
with resistance to fusarium wilt within a susceptible
line in a disease screening nursery and found that the
progeny of such plants were similar to the parent type
but wilt resistant (M.FP. Haware., 1990, onal com-
munication). Screening for naturall n desira-
ble traits thus offers a good opportunity of identifying
genetic variability _
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232, A potentially important source of bias in our between vear
comparisons was thus reduced by rejecting pre-1982 larval count data.

b) Light traps

Comparisons of numbers of . armigcra moths caught in a light trap at
ICRISAT Center has provided circumstantial evidence for windborne
migratrion of . arrmrrigera from remote arcecas (Pedgley ez alZ.. 1987). The
evidence available suggests thhat such long distance migration does not plav a
significant role in the population dynamaics of 7. armigera at ICRISA T Center
(Pedgley €7 aZ., 1987). However, because moths can, from tirme to time,
massively immmigrate from afar and do regularly undertake short-range flights
(S5S—a40 km) we have also used the light trap data to interpret changes in pest
abundance on ICRISAT farm over thhe last seven years. The light trap used
was a modified Robinson type (Bhatnagar & IDavies, 1979).

c) Natural enermy abundance

Tight traps were used to monitorchanges in the abundance of natural enemies
of FI. arrrrigera during three dry and wet years on ICRISAT farrm. This
inforrmation was used along with the corresponding data on parasitism and
predation levels to examine thhe influence of drought on the natural encermy
complex of . arrmmiiserca.

d) Statistical analysis

The following parametric and non-parametric statistics were used to analyse
the data:

1. Correlation and regression technigques (see Alder and Roessler, 1972) to
explore thhe relationship between rainfall and pest abundance in different
vears and the cumulative effects of drought on thhe abundance of
K. arrrigerca.

2. The Kruskal-Wallis one way analysis of variance by ramnks to comparc
pest abundance in normal versws rainfall deficient yvyears. For details of
thhe test see Scigel & Castellan (1988).
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RESULTS

fLeaarval colants

A summmary of the larval count data obtained for the years 198388 is given in
Table 1. Figures within =102 of thhe long-termm average rainfall can be countead
as normal rainfall vyvears. The mnumber of 7. arrrigcecra larvae per hectare were
significantly lower during wvears of high rainfall (June—TMay 1983 -84 and
1988—89) than during thhe four successive rainfall deficient vyvears of 1984-87.
Morcover, the abundance of the pest’s population was compounded frorm one
year to the mext during this four year period of water deficit. Thus, on
ICRISA TS ctropped area., the larval population climmbed from 218.1 >< 10 ha™?
in 1984 to 638.9>< 107 ha 'in 1987. A similar trend can be secen on the pest™s two
preferred host-plants (pigeconpea and chickpea) indicating that thhe relationship
between increasing dryness and larval counts is not masked through excessive
ppooling of data (Table 2).

Regression and correlation analysis showed significant megative relation-—
ships between pest density and rainfall forthe June—October period (Table 3).
The lower thhe rainfall thhe higher the pest™s abundance. Moreover, cumulative
vears of drought had a highly significant effect on . arrrrigera densities in
Prigconpea (xr = —O.8, p < O0.012%). FHowever, correlations between larval
density and rainfall for the June—May data sets were not significant ( Table 3).
This was largely due to an apparently contradictory trend in 1987 /88: high
Prest abundance associated withh excess rainfall in 1987 (Tables 1, 2 and 3).

Light trap catcheoes

Az 1987, the dircct and indirect effects of rainfall deficits on thhe pest™s
ropulation dynamics were indeeced confounded by the moth™s long-range
migratory activity. The light traps on ICRISAT farm recorded high rmoth
catches in INovember—IDecember 1987 (Figure 1). Our data shhow that in
Nov—IDec 1987, the weeks withh thhe highest catches (weeks 47, 48 anacd S1, S2)
were preceeded by periods when strong scouth-easterly winds blew across
ICRISAT farm (weeks 46 and SO) (FFigure 2). Previous work (FPedgley er af.,
1987) has shown that rises in light trap catches in October to Decermber tend to
be associated with winds veering from north-east to east to south-east,
soOometimes in response to tropical cyvclones. Figure 3a. shows thhe streamlines
of dominant surface wind directions for October—IDecember bascecd on
direction freguencies at many observatories (Imndia Metecorological Depart—
ment, 1967). Deviations from long-terrm average raimmfall in 1983 -88 for thhe
mAain cotton growing districts of coastal Andhra Pradesh (Prakasarmnm, (Guantusr,



25

PDPROUGHTIT-INIDUCEID ABUNIDANCE OF FTEIITCOFFERF. 49 45RAESYICCIEIRE 2

f g
Y S0 1 5 2 o s e
gy g R ) e s o ) s o
a4 0 o) - 0 ) o a0 s [ D B0 AR

(409 ()

o oW KW T o wE (M DK
(2] (4111

O 1 ST 1A [ TN (S 1 1
(73] (W)

VR RS TN NN | A1/ 1 '
(41 ()

1T N1 TN 1 (SN (S [T
(i (H)

TS B | VAN AN 1 1
(o (st

o/ SR (" N T N /A N

A0 ) (owdd G 8y (oommdd e

wommbod woomiod ey wadigs) umndd womdd oy

W pluswy (onpuey  por o por pbusey (o 6y

(-

Aoy

O g A g1 oy g ) O A o Gl

|18V



TABLE 2

The relationship between rainfall and the abundance of Helicoverpa armigera on pigeonpea and chickpea at ICRISAT, Patancheru, Andhra Pradesh,

India.
June-October June-May
Year Pigeonpea Pigeonpea Chickpea
Rainfall (mm) Area surveyed Larval Rainfall (mm) Area surveyed Larval Area surveyed Larval
(x long term for larval population? (+ long term for larval population in for larval population? in
average)' population (ha) in 10’ ha™' annual average)' population (ha) 10° ha™' population (ha) 10° ha™
1983-84 1021.2 349 57.1 1096.6 106.7 173.2 435 6529
(+52.4%) (+40.2)
1984-85 591.3 579 86.4 670.3 124.5 210.2 56.6 1137.1
-11.7%) (-14.3%)
1985-86 477.0 554 140.1 617.0 110.7 190.1 570 16240
(-28.8%) (-21.1%)
1986-87 538.0 39.6 151.4 6233 65.5 303.1 498 1059.4
(-19.7%) (-20.3%)
1987-88 5958 328 4559 955.7 1219 10719.9 64.1 2492.4
(-11.1%) (+22.2%) . ‘
1988-89 900.2 81.4 167.2 1019.2 177.8 252.6 76.9 910.3
(+34.4%) (+30.3%)

'Deviations from normal rainfall were computed from the long term average for Jun—-Oct (670mm). More than 80% of the average annual rainfall
occurs during these months at ICRISAT. Long term average rainfall (1974-87): June-Oct 670 mm; Jun-May 782 mm.

2Larval population densities were significantly lower in excess rainfall years than in water deficient years (P<0.01, Kruskall-Wallis one way analysis of
variance by ranks).
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TABILE 3

Summary of regression and correlation analysis.

Relationship Regression cecguation x Significance
Srerne— Ocrober

Rainfall (x) and larval N Significant at
density (¥) on all crops ¥ = 2S54.8 — 0.2 X —O.6 P < 0O.0259%

at ICRISATYT (YTable 1)

Cumulative rainfall deficit Significant at
and larval density on Y = 241.3 — 0. 62 X —O.8 r < 0.01%%
pigconpea (Table 2>

Trerze—ALx >

Rainfall and larval

density on all crops ¥ = 384 — 0.09 X —O. 1 Not Significant
at ICRISA T (Table 1)

CCurmulative rainfall deficit -

and larval density on W = 448.5 — O0.62 X —O.3 MNot Siggnificant

Prigeconpea (Table 2)
Curmulative rainfall deficit

and larval density on Y = 154.4 — 1.8 X —O. 46 MNor Significant
chickpea (Table 2)
Note: In all cases, nNn =— 6 pairs of observations.

d d oW oW

ONMOOONMD
T

Ag Sept Oct Now Dec
NMonrnth

FICGUORE 2. Momnthily ligiht trap catches for MAuage < I : - 2O at TCIRISAY Centre,
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wind directions at ICRISAT Centre, Patancherua,

south-west (June—September) and north-ecast (October—IDecoember) monsocoons from 198388

Mecdak, Krishna, Guntur and Prakasam districes,

A ncdhra Pradesh, India.

and Krishna)are also shown in Figure 3b. Rainfall values for Meedak, Krishna,
Guntur and Prakasam districts are means of S2, 75, 61 and S8 rain gauges
respectively . The succession of drought wvears in thhe coastal area was
associated with high Prest abundance thhat led to the nearly complete
destruction of thhe cotton crop and all othher cultivated hosts grown uander
rainfed conditions in 1987 (King & Sawicki 1990; Thirumala Rao, personal
cormrmunicaticon., 1989). In thhe Iatter part of 1987, the moths thus rmoved with
thhe prevailing winds from the drxrought stricken arcas of coastal Anncdhra
Pradesh (FFigure 3b) to thhe inlands of thhe Dececan plateau where ICRIS AT is
bascd.

This interpretation is further supported by recent studies on thhe spreacd of
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insecticide resistance in populations of Flelicoverpa arrnigera aAcCross Andhra
Pradesh (McCaffery er al., 1989). FI. arrrrigera collected in October 1987 in the
cotton growing districts of coastal  Andhra Pradesh (Krishna, Pralkasam and
Guntur) were highly resistant to synthetic pyrethroids and endosulfan. Prior
to 1986, F¥. arirmgera collected in pigconpea and chickpea ficlds at ICRISAT
Center were not resistant to endosulfan and pyvrethroids, the latter being
seldom used o ITCRISAT farzrm. But by November— IDecember 1987,
FI. arrrrigsera were found to be mildly resistant to endosulfan and highly
resistant to pvyvrethroids at ICRISAT. The level of pyrethroid resistance
steadily rose till March 1988. The insecticide resistant moths from thhe coastal
areas of Andhra Pradesh migrated dovwnwind to ICRISA T in a northh westerly
direction withh thhe prevailing winds that occurred in the later part of 1987
McCCaffery ez al.., 1989).

This incoming migration contributed to the increase in size of the
FFelicoverpea larval population in 1987—88 (Table 1). The cyclonic winds that
carried the migrating moths from coastal Andhra Pradesh to TCRISA T farm
were followed by heavy rains in WNovember— IDecember 1987 (Figures 3 and 4),
thus explaining the apparent discrepancy in our June—May 1987—88 data.i.c..,
high FfFFelicoverpa abundance associated withh excess rainfall rather than with
rainfall shortage as thhe previous years®™ trend suggests (Table 1),

We further analyvsed the TCRISA T lisght trap data to identify yvears when
similar influxes of moths from coastal Andhra Pradesh occurred. Catches

Rainfall (mm)
0
0

o m B

— 100

1983 198a 198S 1986 1987 1988
Year

FIGURE <. Deviation from mormmal raimfall for the period Oci:ober to December 1983 -88 at
ICRISAT Centre, Patancheru, Inclia .
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19848S were simialar to those from 198788 (Figure S5S). And, as in 1987, most
of thhe 1984 windbornmne migration from the coastal cotton growing region
occurred in the later part of thhe yvyvear when winds veer from INE to SE. As can
be seen in Figure 6, thhe INovember 1984 catches were significantly higher than
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The offect of drought on thhe pest's population dyrmnarmmics

The sirmilarity in moth catches in Oct—IDec 1984 and Oct—IDec 1987 (2494061 and
25153 respectively), and the timing of thhese two events in relation to the
drought period, highlight thhe relative importance of clirmatic factors verszgas
long distance migration in determining thhe abundance of . arrrrigcera at
ICRISA T Centre. The influxes of migrating moths were sirmilar at the
beginning (1984--85) and at the end (1987.-88) of the four year drowught.
Through subseqguent breeding the migrant rmoths presumably contributed
equally to thhe build up of thhe local population, first inm 1984 and thhen in 1987,
However, thhe data show that thhe pest load on TCRIS A TS mandate crops was
significantly lower at thhe onset of drought thhamn at thhe end of the four years of
water deficiency: 218.1 >< 107 1larvacha 'in 1984 /85 and 638.9 >< 10® larvac ha '’
in 1987 /88 (Table 1). The evidence thus suggsests thhat thhe long-range migration
which occurred did mot play a major role in thhe populationn dvmamics of
F¥. arrrrigera in 1987 /88, It thherefore follows thhat thhe direct and indirect effects

of drought on thhe insect’™s life systerm promoted high population growth. This

AdArought mediated process steadily built up across several dry yvears and

ceventually culminated in severe coutbreaks of 7. arrrrigera at ICRIS AT Center

and in other parts of Andhra Pradesh in 1987 /88. Moth dispersal and short—

range flights (5—4340 kmm) effectively ensured that the situation on ICRISAT

farmnm partly mirrored the insect-host plant-environment interactions occurrings

inm thhe surrounding countryside affected by drought.

T he effect of drought omnmn Mmatural eneMmies Of . arrr >igyeors=

Altogether 77 parasitoids and 33 predators have been recorded on F7. agrrrrzigsera
in India (Manjunath e72 <2Z., 1989). It may be argucd that the increased
temperatures and decreased humidity associated withh drought miaight reduce
thhe nmnumbers and efficiency of thhe pest’™s mnatural enemies and thus allow the
Prrest to multiply unchecked. VWhat little data we have on natural enemy
abundance in dry and wet years are shown in Tablesd4and S. Light trap records
show that T errnceliccFHra sp. was thhe only parasitoid wasp whose abundance vwas
Ercecater in wet years thamn in abnormmally dry secasons. FHowever, ten vear
ICRISA T records obtaimed by the Cropping Systemrms Entomology group
show thhat levels of larval parasitism by ZerrmreliechHra sp. do not exceed 12 per
scason on cach of ICRISA T s mandate crop (C.S. Pawar—unpublished data).
This nmnatural enemy thherefore plays a minor role in regulating 7. arrrrigera
ropulations,—even under oprtimal environmental conditions. As can be scen
from the figures given in Table S Carrnpoleris chlorideae, which feeds on 1—3
imnstar larvaece. is a much more inmportant bicocontrol agent O©f Fi. arrreimera.
ICRISAT™S endemic, local pest population is at least partially regulated by



TABLE 4
The relationship between rainfall and the abundance of parasites of Helicoverpa armigera at ICRISAT Center, Patancheru, Andhra Pradesh, India,
1981-1986.
June-October June-May
Year Rainfall (mm) Temelucha Barichneumon Enicopsilus Rainfall (mm) Temelucha Barichneumon  Enicopsilus
June-October spp. spp- spp. June-May spp- spp. spp.
(% long-term (* long-term
average) average)
1983-84 1021.2 3758 18 1 1096.2 5259 66 358
(+52.4%) (+40.2%)
1984-85 5913 466 59 1038 670.3 1142 96 1422
-11.7%) (-14.3%) .
1985-86 4770 185 67 252 617 286 71 398
(-28.8%) (-21.1%)

Note: The natural enemies of H. armigera are all larval parasites (Hymenoptera: Ichneumonidae) and were captured in the light traps on ICRISAT farm.
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TaAaBILE S

Annual percentage larval pamntism of Felicoverpa arrmigera by o zES Fe I e
(Hymenoptera: Ichneumonidae) in crops grown on ICRIS AT farzm (June—my)-

1983 -84 198485 198586
(excess rainnfall) (Adeficient rainfall) (deficicent raimnfmil)

Pigconpea S .6 2.6 —

212> (Sa8)> —_—
Pearl milile: 2s.8 10.3 84.5

7> 29> C20%)>

Sorgshum B84.5S 57.0O 56.0

C187D> CR=21)> «325)>
CThickpca a45.5 30.0 22.9

C155) (2051) C1S605)
Notes: Values in

Pparentheses indicate the total number of larvae (1—3 instars) exarmined
indicates data not available.

this parasitoid wasp. However, trends in percentage parasitisim across crop
backgrounds and dry versus wet years arce not uniform (Table S). Whiilst levels
of larval parasitism are lower in dry years on sorghum and chickpea
backgrounds, the trend orn millet is thhe exact opposite i.e. higher larval
Parasitism in abnormally drxry vears. There is thhus no clear-cut evidence for the
debilitating effects of drought on key natural enemies of FF. arrrriigera in this
context. In thhe absence of a longer run of yvyears we thherefore assume that thhere
are no significant differences attributable to parasitoid activity between the
two sets of seasons (dry verszes wet).

No data on changes in predator abundance in drxry and wet years arce
available for ICRISAT farm. Ecophysiclogical studies suggest that hot and
Ary weather does increase thhe mortality of generalist predators like Geocoris
Prerncripes (Say) (Hemiptera: L wvEacidae), Redieviolres rosciperzrzis (Reuter)
(FHemiptera: Nabidae) and workers of Soferzopsis irnvicza Buren ( Hymenoptera:
Formicidaece) (Cohen 1982;: Mack er a.. 1988). None of thhese predators feed on
. carrrrzigera in India (Manjunath €7 <., 1989) but their therrmal and hygerxic
adaptations rmmay be similar to thhose of closely related species that do prey on
this ppest inn India. FHowever, thhe results of these ecophysiological studies on the
water and temperature relations of these predators may exaggerate the
importance of insect mortality in hot and dry conditions because thhey are not
complermented by Frz sSirze studies of predator behaviour in desiccecating
conditions. Many predators of . arrrrigera in India are furtive imnsects thhat
sprend rmuch of their tirme near the scoil surface in plant litter e.g. Geocoris sppP-
Although the temperature is high near the ground. thhe humidity is also
high—especially in scoil fissures or in thhe plant litter which many genceralist
Predators actively seek as ppart of their water balancing adaptations.
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Moreowver, thhere is generally little evidence that predators and parasitoids
do regulate 7. arrrrigera populations on an arca wide basis (Fitt, 1989). T he
mobility and high rate of increase of K. arrmrisera permit rapid colonization
and population growth in new habitats. Under thhese conditions, thhe capacity

of natural enemies to respond functionally and nmnumerically to changes in the
PrPest™ s abundance is overvwhelrmed (Price, 1981; ¥Fictt, 1989)._

DISCUSSIOMN

The exact reasons why drought favours high pest population growth are mnot
kKnovwn. Several case studies indicate that drought stressed plants are rmorxrc
susceptible to damage by some insect pests (Mattson & Haack, 1987, and
references thherein). The physical and physioclogical changes induced by waterxr
deficits can make wild and cultivated host plants rmore vulmnmerable and
acceptable to 7. arrzigerca. Thus, when subjected to drought stress Tmany of the
cultivated and wild host plants on which 7. arrrrigera reproduces in and
arcound ICRISA T Center accumulate high concentrations of proline., reducing
sugars and othher mectabolites involved in osmotic adjustrment. Selected
examples are given in Table 6. PDue to Iack of inforrmation, Table 6 includes
data for only one of the pest®s wild host plants, RAy»nchrosica »rririrrnna. Hiowever,
thhe biochemical response of wild host plants to drought is probably similar to
that of thhe cultivated host plants of . arrrrigecra (Kramerxr, 1983).

Electrophyvsioclogical and behaviocoural studies on 7. arrrigerag have shown
that some of these osmolytes (e.g.. prolime, fructose., sucrose, glucose)
stirmulate the feeding activity of adults and larvae as well as thhe mating success,
fecundity and longevity of fermale moths (Blaney & Simmmonds, 1988). When
the concentrations of thhese osmolytes increase inmn host plants as water deficits
intensify (ICRISAT, 1990; Pimbert, unpublished data), thhe insect™s fecding
behaviocour is correspondingly stimulated. The first instar larvace probably
benefit mMmost from the drought-induced improvements in food guality and in
thhe chemical cues involved in host selection behavicour. Young caterpillars
normally have a very low chance of obtaining sufficient mnitrogsenocous food
when they first try to feed. This is partly why the first instars experiennce high
mortality. as shown by life table studies of F7. arrrrigera (Fitt, 1989). Feceding
on drought stressed pplants scattered over large areas would thus improve early
instar survival and emnhance the growth, developmental rate and fecundity
of F¥. arrmiisera. In many arcas of south India ., 7. arrrigera does not thhreaten
cultivated crops until thhe second, third or even fourth generation. Intermittent
or prolonged droughts that favour thhe build up of . arrrrigera populations
through improved nutrition carly in the scason on wild host plants will be
Ppartly respomnsible for thhe high pest damage inflicted on crops Iater in thhhe
SeaASOX.



TABLE 6

Changes in the nitrogen and carbohydrate fractions of host-plants of Helicoverpa armigera in response to water deficits.

Nitrogen fraction Carbohydrate fraction
Organ or ‘Fraction Organ and Fraction
Species tissue and trend tissue and trend  References
Cultivated host-plants:
Chickpea Leaves Pro + Leaves Fructose + Ford (1984)
(Cicer arietinum) Sucrose +
Inositol +
Pigeonpea Leaves Pro + Leaves Inositol +  Ford (1984)
(Cajanus cajan) .
Groundnut Leaves Pro + Nageswara Rao e7 al. (1981)
(Arachis hypogaea)
Sorghum Leaves Pro + Leaves Fructose +  Sivaramakrishnan ez al. (1988);
(Sorghum bicolor) Glucose +  Jones et al. (1980)
Sucrose +
Pearl millet Leaves Pro +

(Pennisetum glaucum)

Lal er al. (1988)



Cotton
(Gossypium Rirsutum)

Tomato
(Lycopersicum esculentum)

Sunflower
(Helianthus annus)

Soyabean

(Glycine max)
Mung bean

Vigna radiata
Cowpea

(Vigna ungiuculata)
Maize (Zea mays)

Wild host-plants:

Rhynchosia minima

Leaves

Leaves

All parts

Leaves

Leaves
Leaves

Leaves

Leaves

Pro +

Pro +

Pro +

Pro +

Leaves

Leaves

Leaves

Leaves
Leaves

Leaves

Leaves

Glucose +
Fructose +
Sucrose +

Starch -
sugars +
Sucrose +

Inositol +

Inositol +
Sucrose +

Sugars +

Fructose +
Glucose +
Sucrose +
Inositol +

McMichael & Elmore (1977);
Cutler ez al. (1977)

Aloni & Rosenschtein (1984)
Jones ez al (1980)

Ford (1984)

Ford (1984)

Ford (1984)

Pahlich & Grieb (1983);

Barlow et al. (1976)

Ford (1984)

Notes: Pro: Proline; Asp: Asparagine; +: increase; —: decrease; =: no change.



This interpretation blends into a more general theory of plant insect
interactions that identifies plant nutritional guality as a major factor in the
population dynamics of herbivorous insects (Chaboussou, 1967; House, 1967;
Mattson, 1980;: Slansky & Rodriguez, 1987). It has been suggested (Chabous—
sowu, 1967, 198S; Whiite, 1976, 1978, 1984) that insect populations remain at
low abundance because of high early mortality resulting from starvation while
feeding on nutritionally inadeguate plant material. White (1984), in particular,
arguced that insect cutbreaks are caused by weather induced plant water Strcss
thhat improves thhe nutritional guality of plants and hence insect survival and
Propulation growth.

The higher air and host plant temperatures associated with drought mmay
also have provided a more favourable therrmal environment for the growth
and reproduction of . arrmrmrigera. The insect™s ability to find its host plants
may have been improved as a result of drought induced changes. Vegetative
Erowth slows or ceases along with protein and leaf chlorophyll synthesis in
drought stressed plants (Kramer, 1983). This causes changes both ina the visual
Prart of thhe spectrum and thhe infra-red wavelengthhs., Nocturnal insects like
K. arrmigera which may rely on far infra-red perception to locate their host
Prlants would be favoured by the higher infra-red radiation associated with leaf
temperature changes under conditions of water deficit. Itis interesting to note
that the closely related 7. zea does rely on far infra-red electromagnetic cues in
host finding (Callahan, 1965 a.b). However, further research is meeded to
determine thhe role of infra—-red perception in thhe host selection behaviour of
FT. arrsmigera and examine how these visual cues are modulated by drought.

IDrought may also have improved the detoxification systems of 7. arrrigera.
Withh thhe sudden influx of insecticide resistant moths at ICRISAT in 1987,
Prlant protection measures were unable to cope with the rapid mmultiplication
of F. arrrrigera (ICRISAT, 1988). It is thherefore Adifficult to dissociate the
relative influences of drought and ineffective insecticide control on the pest’s
abundance in thhe 1987 coutbreak yvear. However, it is interesting to note that
thhe more virulent insecticide resistant insects proliferated during thhe recert
drought years in Andhra Pradesh (A.B.S. King., personal communication
1988; McCaffery ez alZ., 1989). The extent and severity of insecticide resistance
declined dramatically one year later during the “‘“wetter”™ 1988 -90 scason—
despite the farmers’” continued reliance on pyvrethroids and endosulfan to
control this pest in Andhra Pradesh (ICRISAT, 1989; King & Sawicki, 1990).
Both the clevated temperatures associated with drought and the improved
nutritional properties of drought stressed plants can enhance insect detoxi-
fication systems, at least with respect to some toxicants (Mattson & Haack,

1987). Increasing temperatures have thus been reported to reduce the
susceptibility of the grasshopper Adelarnoplies sarngeirnipes to pyrethroid
insecticides (FHinks, 1985). Moreover, nutrition mavy also influence pesticide
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Penetration and target site semnsitivity in ways that are little understood
(Campbell & Hayves, 1974). Further research should clarify the role of drougiht

mediated processes in facilitating the spread of imsecticide resistanmnce in
FZ. arrrrigcera populations in thhe semi-arid tropics.

frmmplications

IDrought appears to have a profound influence on the regional abundance of
FT¥. arrrrigera in the semi-arid parts of India. However, from a mecthodological
Proint of view, clirmatic factors cannot be mecaningfully considered in isolation
from the water cyvcle and the way water is managed in semi-arid India. The
impacts of monsoon failure and erratic rainfall on the dynamics of
FT. arrrrigsera reciprocally interact withh various forms of man-induced drought
in India. Many of thhe ecological processes that maintain thhe stability of the
water cycle in these dryland environments are indeed being rapidly degraded
through inappropriate land and water management policies: thhe promotion
and preferential irrigation of water intensive cash crops, pumping of ground
water bevond limiats of recharge, diversion of organic manure from large arcas
of land to feed cash crop soils, deforestation . . . (Bandyopadhyva, 1989; Gupta,
1986; Postel, 1989; Shiva 1988). Rainfall shortages may therefore have merely
revealed the latent crisis in water management in the drylands of India and
exacerbated already existing ceffects of water deficits on the plant-insect
relationship described here. Rainwater, surface water, scoil water and ground-
water arec, after all, inseparable and are linked toecach other through processes
of infiltration, percolation, evapotranspiration etc. The essential unity of the
water cycle is such that water scarcity exists wherever and whenever thhe links
in the cvcle are broken or destabilised.

Thus, although our analysis has focussed on fluctuations in rainnfall, we do
recognize thhat a more holistic analysis may reveal that rainfall shortages play a
role as an aggravating factor in coutbreaks of . arrrigera, the root causes of
which are to be found elsewhere (i.e., in policies and development choices that
lead to man-—-induced drought through destabilisation of thhe water cycle). Inm
this connection, thhe structural approach developed by thhhe ““‘IDrought anmd
Man”® project of thhe Intermational Federation of Institutes for  Advanced
Study offers much scope for furthering cour understanding of thhe processes
described here (Garcia & Spitz 1986).

In terms of pest management, thhe main implication of cour findings is that

water conservation rmeasures rmay meed to be integrated in an overall plan of
insect control in dryvliand Inndia.
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