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ABSTRACT
‘The effects of temp on incubation period, infection frequency, lesion diameter, h'nf nren damnge,
pustule rupture,and sporulation were quantified for six groundnui genotypes, t-resistant

and susceptible reactions using detached feaves. Rust developed on all umundnul genolnm ut 10,18, 20,
25 and 30°C but not at 35 and 40°C. Incubation period decrensed with increase in temperature hut in
snsceptible genotypes it again increased at J0°C. Infection frequencies were highest for  susceptible
genotypes at 20°C and for resistant genotypes at 30°C. Lesion dismeters were smallest at 15°C but
increased with the increase in temperature, Optimal temperature for lesion diameters was at 30°C for most
genoty pes, In susceptible genoty pes, the optimal temperature for the leaf area damage occurred at 258°C,
The optimal temperature for resistant genotypes was at 25 or 30°C, Nearly 100% pustules ruptured on
susceptible genotypes at most temperatures, In resistant genotypes, the percentage of pustules raptured
was highest at 45°C but decreased at 20, 25, and 30°C with the exception of NC' Ac 17090 at 30°C',
Sporulation was highest on susceptible genoty pes at 20 and 25°C, Resistant genoty pes had high sporulation
at 150r 20°C but decreased at higher temperatures with the exception of NC Ac 17090, Resistant genotypes
hud longer incubation period, lower infection frequencies, sinaller lesions, reduc ber of ruptared
pustules, lower sporulation, and leaf arca damage than the susceplible genotypes, The differences between

ible and resistant genotypes in sume of the were large only at certain temperatures,
hey Words: Arachiy hypog P of resi , disense res ¥ di
RESUME

LesefTets de In température sor la période d*incubation, la fréquence d'infection, fe diamdtre des blessures,
I'endommugement  des feuilles, Ia déchirure des pustules, ¢t fa sporulation ont été évalués pour six
genotypes d’arachide qui présentent sur les feuilles des réactions de résistance et susceptihilité a la rouitle,
La rouille se développe wr um les génotylm alon, 15, 10. 25t "l)"(.. mas pas 3 35 et 40°C. La période

d'incubation dimi tibles, elle augmente
de nouseau & 30°C. Lu lréquenm d'infection «ml les plus ékvé« a 20"( pour les génotypes susceptibles
et d 30°C pour les génotyp Les des b mnt Ie! plus petits h 15°C, mnls
I quand la temp e Latemp: ptimale pour |
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illes ¢

de 30°C pour Ia plupart des p pti pour I* des f

de 25°C pour les génoty pes wscepllhlcs el de 25-30" C pour les génotypes résistants, Présque 100% dog
pustules sont déchirées sur les génatypes susceptibles A toutes les températures. Pour les pénotypoy
vesistants, le pourcentage de ruptures est le plus haut & 15°C et diminue & 20, 25 ¢t 0°C, saal pour NC A
17090 ois il est maximum & 30°C. La sporulation était In plus hante pour les génatypes susceptibles d 20 ¢
25°C, La sporulution des génotypes résistants est haute & 15 et 20°C et diminue quand la température
monte, sauf pour Nc Ac 17090, Les génotypes r«mnnlx ont dﬂ pérknlu d'lncuhnllcm plus longues, des

fréguencesdinfecti

stules, dﬂ sporulations

plusfuibles, et lmsim
Tes difé

i qurhnulrmmirulum,

Mot Clés: Arachis hypogara, composonts de vésistanee, résistance nus maladies, noachide

INTRODUCTION

Rustof groundnut (Arachis hypogaca L), cansed
by Puccinie arachidis Speg., is an important
discase in most major groundnn growing
countiies (Subratwnanyam ¢f al., [985). Several
sourees of resistance 1o rust have been identitied
(Subrahmanyam and McDonald, 1987). During
our carher investigations on components of
1esistance to groundnut rust, neither the size, nor
the frequency of stomata were correlated with
lost resistance (Subrabmanyam and MeDonald,
1987), Uredimospores germmnated on fead surfaces
and the fungus entered through stomata
irrespective of whether a genotype was immune,
resistant or susceptible to rust, However, in
immune genotypes the fungus died shortly after
entering the substomatal cavity. Differences in
resistance were associaled with differences in
extentof mycelial develfopment within the cavity
and within leaf tissues, Subrabmanyam er al.
C1983a and 1983ty found that in rust-resistant
genotypes the pathogen had increased incubation
period, decreasedinfection frequency. andieduced
pustule size, spore production, and spore
germinability, However dittle is known conceming
the effects of temperature and its interaction with
host genotypes on components of resistance 10
groundnut rust,

This paper describes investigations on the
effects of temperature on incubation period,
infection frequency, lesion diameter, leal area
damage, pusiule ruptuse, and sporulation of six

genotypes, ref ing rust-resist
and susceptible reactions, following mouotyclu
infection in the laboratory.

MATERIALS AND METHODS

Six groundnut genotypes were investigated, The
genotypes, TMV 2and J 11 were most susceptible
to groundnut rust (scored 9 on a 9-point scale
Subrahmanyam et al.. 1983a). The genotype, Nt
Ac 17090 wirs most resistant (score 2.2) followeg
by PLA0S132 (score 2.4), EC 76446 (292) (seone
2.8), and PL 259747 (score 3.0) (Subrahmanyam
ctal., 1983a). Seeds were sownin {5 cm-diameter
plastic pots in the greenhouse. Four seeds were
sown in cach potand the seedlings were Tty
thinned 1o two pot ! Five pots were used for each
genotype, Air temperature in the greenhouse
ranged from 25 to 30°C during the plant growth
period, At 40 days after sowing, the middle leaf
on the main stem of each plant was excised
through the pulvinus and its arca was measuted hy
tracing its outline and measwing the area with 3
leafarca meter (Hayashi Denkoh Co. Lid., Tokyo,
Japan), The detached leaves from differen
genotypes were arranged with their petioles buried
in steritized tiver sand in plastic tays (56 x 25
5 ¢in) in tandomized blocks with 10 replications
ol cach genotype, one seplicate of a treatment way
one Jeaf. Sand in the trays was moistened with
Hougland's nutrient solution. Trays were covered
with thin, plastic sheets and incubated before
inoculation for 24 hrina growth chamber (Percival
Retrigeration and Mfg. Co., Boone, lowa, USA)
at 25°C with 12 hr photoperiod.
Urediniospores were produced on rooted,
detached leaves of the rust susceptible genotype
TMV 2 in a growth chamber, Urediniospores
were harvested with a Cyclone spore collector
(ERF Instrument Shop, lowa State University,
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frequency, (C) lesion diameler,

\D)leat area damage. (E) pustute rupture, and (F) sp
™MV 2 and J 11) and four resistant (NC Ac 1709

ames. lowi. USA) and suspended in - sterile
distilled  water  comtaining - Tween-80
splyonyethylene sor bitan monooleate) 10 drops
| m)ml" ). The suspension was adjusted 10 50.000
\pores mi-!. Leaves were inoculated with the
wediniospore suspension sprayedon witha plastic
gomizer. Leaves were then incubated initially in
e dark for a 24 hr period at 25°C and were
acubated subsequently at 10,15, 20,25,30,35 or
%°C witha 12 hr photoperiod until the end of the
ewperiment.

9,Wnunu( genotypes. Standard errors (SE) are shown in vertical bars for each disease parameter.

of Puccinia hidis on two p
0, P1259747, EC 76446 (292), and Pl 405132)

From 8 days alter inoculation, leaves were
examined daily and numbers of visible uredinia,
irrespective of whether ruptured or unruptured,
were reeorded. Ten days after the cessation of
daily increase in number of uredinia, leaves were
scanned through a stercomicroscope (at a
magnification of 70 X), and numbers of ruptured

o

and non J were led. The
degree of sporulation was measured on a S-point
scale (1 = no and 5 = exfensi

sporulation), The diameters of five randomly
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selected uredinia on each’leaflet of the test leaf
(i.e.. 20 pustules leaf-!) were measured using an
ocular micrometer. The percentage of the area of
the test leaves damaged hy rust, which included

P. SUBRAHMANYAM et al.

temperatures. Among the resistant genotypes,
NC Ac 17090, the most resistant to groundnut ruy
had longer incubation periods at 20, 25, and 30°¢
lhnn ollu-r gcnolypcc (an 1A)

yellowing and was esti d by

P with diag g leaves with
known percentages (1.8, 1.2, 5, 10,20,35,50.75,
and 100%) of arca affected.

From these data the following disease
characters were determined: 1) /ncubation period:
number of days between inoculation and
appearance of S0% of the pustules, 2) Iufection
Srequencey: final number of pustules per em? of
leaf area, 3) Lesion diameter: mean diameter (in
mm)ofarandom sample of uredinia.4) Percentage
leaf area damaged: area of inoculated leal
damaged by rust as a percentage of 10tal leaf area,
5) Ruptured pustules; percemages of ruptured

pus for euch genotype at all temp 0)
Sporulation scores: for each genotype at all
temperatures.

“Three successive experiments were performed.
The data from all experiments were combined
and an analysis of variance was carried out for
cach disease character,

RESULTS

Rust developed on all groundnut genotypes at all
test lcmpem\urc\ except 35 and 40°C. Leav':s
bated at these were

s(Fig. 1 B)on plit

genotypes were high at 20°C; however, there
were no dlffcrences at other temperatures,
Infection fi o1 resi genotypes were
highest at ?()“C Infection frequencies were
significantly (P € 0.01) higher on susceptible
genotypes than on resistant genotypes, especially
ar 15,20, and 25°C. Optimal temperature for
infection frequency on TMV. 2 (susceptible
genotypes) was a1 20°C and for resistant genotypes
a1 30°C (Fig. 1 B).

On both the susceptible and resistam
genotypes, lesions were smallest at 15°C (Fig. |
C) and Jually inct d in di with
increase in temperature. The |cu(ms were largest
on both the susceptible and Lant penotypes at
I0°C. Resistant genotypes had sipnificantly ((P<
0.01) smaller lesions than the susceplible
genotypes, especially at 25 und 30°C (Fig. 1 ¢),

Leaf area damaged (Fig. 1 D) on suseeptible
genotypes was lowest at 15°C, but significantly
(P S 0.01) increased at 20 and 25°C. However,
the pereentage leaf arca affected was lower ot
30°C, "The most optimal temperature for leaf arcy
damage on susceptible genotypes was at 25°C,
ant genotypes, the percent leal area
was lower at low temperatures b

until 60 days after inoculation but no visible rust
development was absersed. At 10°C, symptoms
appeared very fate on all genotypes (incubation
period over 50 d; nd meaningful data could
not be obtained because of the development of
water-soaked necrotic lesions on the leaflets and

b colonization of leaflets by saprophytic
fungi( prc(lummanlly Alternaria spp.) in the dead
tissues, Hence, only data from 15,20, 25 and 30°C
are presented in this report (Fig. | Ao F).

All groundnut genotypes showed longest
incubation periods at 15°C-(Fig. 1 A). In rust-
resistant genotypes, the incubation period
decreased withi increase in tempcmlurc While in

iod ol

EHIULYP
from aboul 28 days at 15°C to 9 3 days at 25°C,
there was -an increase in incubation period at
30°C. Rust-susceptible genotypes had
significantly (P S 0.01)shorter incubation periods
than the rust-resistant genotypes at all

mlmlscd at higher temperatures. The resistant
genotypes had significantly (P < 0.00) fower
percentage of leal area damaged than the
susceptible genotypes at all temperatures (Fig, |
D).

The percentages of ruptured pustules (Fig, |
E)were close to 100% for susceptible genotypes
at all temperatures with an exception of J |1 at
30°C. There were marked effects of temperature
on percentages of pustules ruptured on resistant
genotypes, The resistant genotypes showed highest
percentages of pustules ruptured at 15°C but
decreased atothertemperatures with the exception
of NC Ac 17090 which showed a significant (P <
0.01) increaseat 30°C. Thesusceptible genotypes
had highest percentages of ruptured pustules than
the resistant genotypes and the differences were
most evident at 20, 25 and 30°C (Fig. | E).

For the susceptible genotypes, the highest
sporulation (score 5) occurred at 20 and 25°C
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‘.r,,,, 1 F) but significantly decreased at 15 and
AFC. Sporulation on resistant genotypes was
pighat 15and 20°C but significantly decreascd at
25 amd 30°C with the exception of NC Ac 17090,
This genotype had high sporulation at IS and
WC and Tow w20 and 25°C, The resistant
genotypes bad signiticantly (P € 0.00) Jower

Iation dhan the ibl ypes at all
mnpcratmcs (Fig. 1 F).

INSCUSSION

rsease development in plants involves varions
wter ielated provesses each of which may e
influenced by envitonmental factors as well as
hostand pathogen genotypes. Temperature in the
pangeof 20-25°C was tepotted o be optimum for
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8
resistant genotypes no such increase mincubation
perind was observedat 30"C. The tust-susceptible
genotypes had significantly shorter incubation
periads than the rust-resistant penoty pes, “These
results clearly indicate that temperature and host
genotype play an important role in determinmg
the length of incubation penod. Optimal
temperatare for infection fiequencies on
susceptible genotypes was 20°C and on resistant
genotypes at 30°C, A coefflicient of vatiation
(36.8%) observed for infection fiequency
suggesting that this variahle may be less arcnnate
inmeasuring the genotypic (Parles lierand Kuiper,
1O77), amd temperatire (Savary, 1ORT) elfects on
st development. In this mvestipation, the
inoculated leaves were imtially incubated at
npum.ll temperature (25°C) to facilitate

wedimospore get of i I rusq
subrahmanyam and MeDaonald, 1987). Lipht
(5000 tux and 1lmve) was found to inhibut
uredinioy (Subral yam and
MeDonald, 1‘))(7) Availabiluy of water on the
feaf surfaces for over 6 hr is necessary for
wedwiospore germination and infection (1 iang-

getmination il subsequemtly
tansferredtoothertemperaties, This might uve
contributedioless accuracy inassessing the effeets
of temperature on infection fiequency, There was
anincrease in lesion diameter with inciease in
temperature on both the resistant and susceptible
pnmlypﬂ indwating that higher temperatures me

1i
wme )

g, 1987). In the present inve leaves
were inoculated and incubated at high relative
pomiday in the dwk for 24 hre at 25°C thus
povidmg optimum conditions for infection. ‘The
leaves were subsequently incubated at different
jemperatures o investigate the effects of
jemperature on 1ust development in the post-
penctiation phase of host pathogen interaction,
The components of resistance analyzed in this
vestigation are considered to be of great value
n a penetical as well as epidemiological
Nspmivc(l‘aulc\ tier, 1979, Zadoks and Schein,
1979,

No visible 1ust pnstules or lesions were
observed at 35 or 40°C even at 60 days ofter
moculation indicating that temperatures of 35°C
andabove inhibited groundnut rust development,
However, in this study we did not determine
whether the pathopen was killed or remained
quicscent in the host tissues at these high
temperatures. Rust developed at 10°C on all
genotypes but the incubation period was inexcess
of S0days. Insusceptible genotypes the incubation
period was highest at 15°C and decreased with
the increase in temperature but again increased at
°C as otwerved by other workers (Liang-Gao,
19K7; Mayee, 1987, Savary, 1987). However, in

ble for the growth of the pathogen in host
tissues, 1t s interesting to note that although the
resistant genoty pes had smaller lesions at 15°C, a
high percentage of them were ruptuted with hiph
sporulation, ‘The 1esistant genotypes had lower
sporulation than the suseeptible penotypes atall
temperaties, The most optimal temperatine for
Ieal area damage on susceptible genotypes was at
25°C. Onresistant genotypes, leaf arca damage
was high at higher tenpetatires, ‘Ehe resistant
genotypes had significantly lower pereentage of
feaf arca damaped than the susceptible genotypes
at all temperatures. Among the rust resistant
genotypes, NC Ac 170890 behaved distingly
differemt from other genotypes in infection
frequency, leaf mea damage, pustule rapture and
sporulation, wnd may have mechanisms different
from other resistant genotypes, in host-pathogen
environment interaction,

‘Temperature and ather environmental fnctors
may Imve direct bearingonepidemic development,
Studies conducted at the International Crops
Research Instimte for the: Sewi-Arid Tiopics,
Patanchem, Andhra Pradesh (Subrabimanyan and
McDaonald, 1987) and other locations in India
(Mayee, 1987) have shown that rust development
ievery epid and the disease issevere on proundnt
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crops grown during the rainy season (June-
October) when mnpenmms are not extreme.
isslow ver
during the poslrmny season (December-May).
During the early part of the postrainy season
(Dx ber-February). day p are
optimum (25-30°C) for rust development while
night temperatures are low (<15°C). In the later
part of the season (April-May) day temperatures
normally exceed 40°C and the night iemperatures
are around 30°C thus slowing rust development
and severity. In the present investigation,
groundnut leaves incubated at 35 and 40°C did
notshow any yust development even afier 60 dayvs
of incubation. Although rust appeared at 10 and
15°C, the development was very slow and lesions
were very small. These results clearly indicate
that temperatures at 35°C and above ar at 15°C
and below are notconducive to rust development,
Inthe rainy season crops it was estimated that the
pathogen completes 6-9 reproductive cycles,
while on postrainy season crops it has only 14
cycles (Mayee. 1987). Inaddition to temperature,
other environmental factors such as rainfall and
relative humidity also influence groundnut rust
development (Mallaiah, 1976: Mayee and Kokate,
1987; Siddarumaiah et al., 1980),

The present investigation shows that on
resistant genotypes the pathogen fails to
successfully invade the host tissues at all infection
sites resulting in low infection frequency. Evenif
the pathogen invades, the host reaction slows
downthe disease development resulting in longer
incubation perickl, smaller lesions with sparse
sporulation as were found in previous reports
(Lin, 1982; Sokhi and Jhooty, 1982;
Subrahmanyan ef al., 1983a and 1983b; Mayee,
1987). The differences between susceptible and
resistant genotypes in some of these components
were large only at certain temperatures, For
example, the susceptible and resistant genotypes
could be best differentiated for incubation period
and infection frequency at 15, 20, and 25°C, for
lesion diameter at 25 and 30°C, and for leaf area
damage at 20, 25 and 30°C. The effects of
lempeulur: and hou genotype an rust

P. SUBRAHMANYAM et al.
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