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ABSTRACT

Subrahmanvam P McDonald D) ind Subba Rao PV 1983 Influcnce of host genotype on utedospore production and germinability in Puccima

arachidis Phytopathology 73 726 729

Uredospore production b\ Puccinia arachudiy W s studied on noculated
dttached lcaves of onc susceptible and hive resistant genotypes of peanut
(4rachis hypogaea) Sigmificanthh fewer uredospres were produced per
umit lef area and per unit pustule area on the resntant than on the
susceptible genoty pes Geeminability teats carried out on uredospores from

three susceptible one moderately resstant and 15 resistant genotypes
showed that uredospores from resistant genotypes had significantly lower
germinability than those from the moderately resistant and the susceptible
genotypes 1 he sigmiticance of uredospore p and ger n
relation to revistance i discussed

4ddur nal key v rds components of dise ise resistance groundnut slow rusting

Rust disease caused in peanut ( 4rac hus hypogacal )by Puccinia
arachidis Speg has recently attracted much attention because of its
rapid spread to almost all major peanut growing countries (1 S 28)
Etforts to find genetic resistance have been successful and several
sources of resistance have been adentified (1 4 5-9 23-2527)
Cook (3) suggested that rust resistance insome peanut cultivars was
mainly  physiologic  resulting in necrotic lesions or poorly
sporulating uredosori Subrahmanvam ct al (27) and Newvill (15)
working with genotypes of both the cultivated peanut and wild
4rachis species showed that uredospores germinated on leaf
surfaces and the fungus entered through stomata irrespectinve of
whether a genotype was immune resistant or susceptible to rust
However 1n immune species of Araches the tungus died shortly
after entering the substomatal cavity Iifferences in resistance were
associated with differences 1n rate and extent of mveehal
development within the cavity and within leaf tissues
Subrahmansam ¢t al (26) investigating rust on 30 peanut
genotypes found that incubation period infection frequency
pustule diamcter and rupturing of pustules were important
components of resistance and were significantly correlated with
one another and with mean field rust scores recorded over several
seasons Noimmunity has been found in the cultivated peanut and
the resistance described 1s of the slow rusting type found in cereals
Although data are available on pustule development lttle 15
known of uredospore production and viability 1n resistant and
susceptible peanut genotvpes

In three preliminary experiments in vitro germinability of
uredaspores from a rust susceptible peanut genotype (TMV 2) was
significantly higher than germinability of those from a rust
resistant genotype (NC Ac 17090) In the present investigation
peanut genotypes representing a wide range of rust resistance were
used to quanufy uredospore production and germinability
{ollowing monocychc infection

MATERIALS AND METHODS

Uredospore production Seeds of five peanut genotypes resistant
to rust (EC 76446 (292) NC Ac 17090 P1405132 P1407454 and
P1 393643) and one susceptible to rust (TMV 2) were sown in a
mixture of sandy red soil (alfisol) and farmyard manure(4 1 v v)in

The costs of this article 1t by page charge payment This
article must therefors be mr»y marked mrm-mnv n accordance with 18USC §
1734 solety to indicate ths

15 cm-diameter plastic pots in the glasshouse Four seeds were
sown in each pot and the scedlings were later thinned to two per
pot Three pots were used for cach genotype Air temperature in the
glasshouse ranged from 25-30 C during the plant growth period At
S0 days after sowing the middie leaf an the main stem of each plant
wads excistd through the pulvinus and its arca was measured by
tracing 1ts outhne and measuring the area with a leaf area meter
(Hayashi Denkoh Co 1td Tokyo Japan) The detached leaves
from different genotypes were arranged with their petioles buried in
sterthzed river sand in plastic trays (56 X 25 X § ¢m) in randomized
blocks with three replications of cach genotype one replicate
treatment comprising two leaves  The sand in the trays was
moistened with a nutrient medium (10) the trays were covered with
thin plastic sheets and then incubated before inoculation for 24 hr
in a Percival plant growth chamber (Percival Redrigeration and
Mfg Co Boone 1A 50036 at 25 C with 12-hr photoperiod (4 000
lux)

Uredospore inoculum was produced on rooted detached leaves
of the suscepuible peanut genotype TMV 21n a growth chamber
Uredospores were harvested with a Cyclone spore collector (ER1
Instrument Shop lowa State University Ames) and suspended in
sterile distilled water containing | ween-80 (10 drops/1 000 ml)
The suspension was adjusted to ~5 X 10 spores per milliter The
leaves were lated with the uredosp sprayed on
with a plastic atomizer | eaves were then incubated in the dark for
12 hrat 25 C and sub: ly with a 12-hr ph 10d (4 000 lux)
until the end of the experiment

At 13days after inoculation and on every second day thereafter
uredospores were collected with a Cyclone collector from each set
of leaves at between 0830 and 0930 hours into S-ml glass vials
Following spore collection the numbers of ruptured and
unruptured pustules were recorded for each leaf Known volumes
of water contaiming Tween-80 (10 drops/100 ml) were added to
vials which were then shaken for I min on a Vortex-Genie mixer
Using a h y SIX drops of susp were
exammed under the microscope to determine the numbers of
spores present At 31 days after inoculation the diameters of five
randomly selected ruptured pustules from each leaf were measured
with an ocular micrometer and their areas were estimated assuming
that the pustules were circular

From these data and for each treatment the total numbers of
pustules and ruptured pustules per square centimeter of leaf area

were d for each 2-day period The numbers of uredospores
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produced for each 2-day period per unit leaf area and per ruptured



pustule also were calculated. The quanuty of uredospores
produced during the expenmgmal period (13-35 days after
was also cal P d as number of
uredaspons per square mlllnmetet or pustule surface.
peanut genotypes protiding
a \wde r:nge of resistance to mst were selected for this study on the
basis of their ficld reaction to P. arachidis. The methods of
preparing the experimental material, inoculation, incubation, and
design of the experiment are similar to those described above for
the uredospore production trial except that the leaves were
collected from 45-day-old plants and there werc three leaves per
replication.
Starting 8 days after inoculation, lea\c\ were examined daily
under the stercomicroscope (X20) and ¢ of ured

square millimeter of pustule surface (r = 0.874). Spores produced
per pustule and spares produced per square millimeter of pustule
area were also positively correlated (r = 0.984)

The results of germination tests on llected from 19
peanut genotypes, listed in order of decreasing resistance to rust as
evidenced by their mean field rust scores, are presented in Table 2.
In general. uredospores from the resistant genotypes (mean field
rust scores between 2.2 and 3.0) had significantly lower percentage
germination than those from moderately resistant (mean rust score
4.2) or susceptible (mean rust score 9.0) genotypes. Uredospores
from the resistant genotypes P1405132, P1259747, Pl 341879, and
P1393646 had gcrmmalmn pcrcenugu almost similar to those of
the mod 1y P genotypes at the first

commenced for each genotype when the pustules first ruplurcd At
0900 hours uredospores were collected from the ruptured puuule\s

2. but germinati ge was lower in later samples.
There was no definite pnnern in germination percentage over the
wmphng periods. Some genotypes showed a slight increase in

and discarded. Forty-eight hours later uredosp were coll
from the same pustules and used for germination tests on the same
day. The same procedure was used three more times at S-day
ntervals,

For germination tests. urcdospores were brushed over the
surface of 2€¢ water agar in 9-cm-diameter petri dishes and five
dishes were prepared for each rephicate treatment. The dishes were
incubated in the dark for ~3 hr at 2§ C and then exposed to
formaldehyde vapor to prevent further germination and germ tube
development A stereomicroscope (X70) was used to examine 100
single uredospores per petri dish for germination. Clumps of spores
were 1ignored although there was no evidence of automnhibition,

RESULTS

In the rust-susceptible TMV 2, the pustules appeared carly, were
numerous, and all had ruptured by 19 days alter inoculation (Fig.
1) On the resistant genotypes the pustules appeared later, were
fewer in number, and only a few of them had ruptured within the
observation period (Fig 1). Uredospore production started earlier
and was significantly greater in the rust-suscepttble 1MV 2 than in
the resistant genotypes (Fig. 2). In Pl 405132, uredospore
production started earlier than in the other resistant genotypes:
however, the numbers of uredospores produced were significantly
lower than in the susceptible TMV 2 (Fig. 2).

Pustules in TMV 2 were larger and produced more uredospores
per unit pustule arca than did those on the resistant genotypes
(Table 1). but there was no apparent difference in uredospore
morphology (Fig. 3). There was a positive correlation between
pustule diameter and spores per pustule (r = 0.908) and spores per
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Fig. 1. Total number of pustules and of ruptured pustules of Puccinia
arochidis per unit leaf area for six peanut genotypes.

ger per ges with time, while others showed a decrease.

TABLF 1. Uredospore production by Puccinia arachidis on six peanut
Benotypes

Mean puslule Spores Spores/ mm*
Genotype area (mm’)* pustule’ pustule area
TMV2 128" 10152 855a
FC 76446 (292) 04¢ 2b 6lb
NC Ac 17090 04c 50b 121'b
P1405132 07b Bd4b 1276
P1407454 03¢ 4a7b 139b
P1 393641 04¢ 48 b 121b

‘Estimated at 31 days after inoculation.

" Mean uredospore production during 13 10 35 days after inoculation.
‘Values within a column followed by the same letter are not significantly
different according to Duncan's multiple range test at P = 0.01.
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The genotvpe Pl 315608 had the lowest mean uredospore
germination percentage There was a highly sigmificant (P =001
positne correlaton between field rust scores and percent
germination of uredospores sampled at first rupturing of pustules
{r=1006095) 5 davs later (r = 0 7350) 10 davs later (r = 0 8082)

Fig.3. ographs ( X400) of pustules of Puccinia
arachidis on A, the susceptible genotype TMV 2 and B, on the resistant
genotype NC Ac 17090
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electron ph

and 15 dass later (r =0 7770) and also with mean uredospore
germination percentage (r = 0 8186)

DISCUSSION

Prolonged incubation and or latent period  low infection
trequency  reduced lesion size reduced sporulation and short
nfectious period are important components of disease resistance
reducing the rate of epidenic buildup (18) This hind of reaction to
disease s characteristic of “horizontal resistance™ (29 30) and 1
similar to the “slow rusting” o1 “partial resistance™ reported by
seseral imvestigators of cereal rusts (11- 14 16-22) Mackenzie (12
described slow tusting as a teduced rate ot eprdemic aceeleration
Resistant genots pes subjected to the same pathogen populations
under the same environmental conditions should have lower
apparent infection rates (7) than susceptible genotypes Resistance
1o 1ustin peanut genotypes has been assoctated with prolonged
mcubation period reduced infection frequency reduced lesior
sizeand anhibition of pustule ruptuning (26)  The present
investigation has confirmed the importance of these resistance
tactors and provided further mformation on the production of
uredospores in resistant and suscepuible genoty pes

I'he production of uredospores par square centimeter of leal arey
s signihicanthy lower in resistant than in suseeptible genoty pes and
dependent upon rupture of pustules to rdease uredospores on the
numbcr and size of the ruptured pustules and on the productivity
of pustules Estimation of uwiedospore production per ruptured
pustule and per square milhimeter of pustule area abvo indicated
that urcdospore production s significantly reduced i resistant
genotypes The latter figure gives o usctul measure of uredospore
productivity for comparison of susceptible and resistant genoty pes
There were no apparent differences in morphology of uredospores
produced on susceptible and  resistant genotvpes  but the
uredospores produced on resstant genotypes showed signihicantly
lower percentages of germination than those from moderately
resistant and susceptible genotypes In the present investigation

TABLTE 2 Gorminabihity of uredospores of Puccima arachidin collected
from 19 peanut genotvpes

Pereentage germination of

uredospores sampled at Mean

Fild Hirst uredospore

rust  rupturing 5 days 10 days 15 days germination
Genotype scorc' of pustules later later later ()
NCACI709% 22 298 125 4013 4613 372
P1 414132 24 ueo 174 w0 K7 72
P1341879 24 545 549 457 411 49 1
P11393646 24 545 494 50 6 450 499
P1405132 24 595 514 78 415 48 1
P1390593 26 119 412 602 27 420
P1414331 28 09 216 477 453 64
P1407454 28 39 8 504 496 426
EC 76446 2R 454 640 443 w7 4K 1

(292)

P1 315608 30 230 162 193 11 230
P1393527 B 10 01 330 517 564 428
P1314817 30 158 457 516 94 43
P1393643 30 471 83 447 413 41
P1381622 10 502 357 81 11 191

P1 259747 30 579 507 445 494 506
NC Ac 17127 42 593 719 824 769 726
Robut 33-1 90 692 719 825 673 732

TMV 2 90 593 779 851 780 751
Jn 90 657 838 827 687 752
WDISD*

(P=005) 048 16 50 1289 1410 1815 1149

*Mean rust scores recorded at ICRISAT Center over the years 1979~1982
using a 9-point disease scale on which | = no disease and 9 = more than
50% of fohage destroyed by the disease

"Analysed after eimnating the sampling time differences

“Waller and Duncan’s Bayesian least significant differences




pores froma pe were used to inoculate the
test material We do not know |f the same results would have been
obtained if uredospores from a resistant genotvpe had becn used
for lhe moculanon

d on resistant genotvpes of
several cereal crops hns been reported (18) however the quahty of
uredospores produced on resistant and susceptible genotvpes has
seldom been reported The reduced germinabihity of uredospores
produced on resistant peanut genotypes observed in the present

8¢ may have a role 1n reducing the

buildup For instance uredospores formed ona genm)pe Iike NC
Ac 17090 would give rise to only haif as many infections as
uredospores produced on a genotype like TMV 2 However the
importance of spectfic components of disease resistance are
difficult to assess precisely in terms of overall field resistance as they
interact with one another and are cumulative over the course of the
epidemic (20 21)

At ICRISAT Center (18°N 78°E) chimatic conditions in the
rainy season when the main peanut crop 1s grown are very favorable
for development of rust disease Allcommercual cultivars are highly
susceptible and epidemics occur cach vear In rust-resistance
screeming trials high inoculum potential 1s assured by growing
, infector rows of rust susceptible genots pes together with the test

entries (25) However thisis hikely to mlsk(hecomnbuuunmhosl
resistance to rust conferred by the reduced uredospore prod
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and germinability found in resistant genotypes To obtain a true
estimate of rust resistance it would be necessary to medsure
epidemic buildup on resistant and susceptible genotypes grownin
1solation
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