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B Abstract

The phvsiological effects of foliar diseases (Puccinia arachidis Speg. causing rust, and Phaeoisariopsis
personata (Berk. and Curt.) 1. Ara., causing late leaf spot) on vield achievement in groundnut have been
wnvestigated. The relatonship between green leaf wrea remaiming at maturity and vield was linear in most
genotypes inveshigated.

The yvield response to fungiade applicanion (leaf area protection) 1arnied with genotype. Generally | the
control of the diseases resultedin small increases in vield in resistant 1y pes and larger increases in susceptible
tvpes. However, for some resistant genotypes certain fungicides could greatly increase yield without greatly
influencing green leaf area Of the germplasm accessions tested, no line combined resistance to the tuo
diseases wath high vield potential. Theinformation so far available points to the existence of a “vield/resist-
ance’’ barrier.

Résumé

Etudes physiologiques sur les maladies foliaires—différences variétales dans la réponse
aux fongicides : Les effets physiologiques des maladies foliaires, notamment la routlle due a Puccinia
arachidis Speg. et les taches foliaires dues a Phaeoisariopsis personata Berk. et Curt. v. Arx. sont étudiés
par rapport aux rendements obtenus chez I’arachide. On constate une relation linéaire entre la superficie
foliaire encore verte @ maturité et le rendement chez la plupart des génotypes étudiés.

La réponse en terrnes de rendement, a "application de fongicides pour protection de la superficie foliaure,
varie selon le génotype. En général, I'augmentation du rendement aprés traitement de la maladie, est plus
importante chez les types sensibles par rapport aux types résistants. Cependant, I'application de certains
fongicides entraine un accroissement considérable du rendement de certains génotypes résistants sans effet
significatif sur la superficie foliaire verte. Parmui les accessions sous étude, aucune lignée n'associe une
résistance @ ces deux maladies @ un haut potentiel de rendement. Toutes les données obtenues laissent

supposer la présence d'un obstacie "‘résistance/rendement”’.

The importance of foliar diseases has long been
recognized by groundnut breeders who have also
been aware of the existence of resistance to some of
them. However, the resistances were apparently
associated with low yield potential and little interest
was taken in their exploitation. The improved avail-
ability of groundnut germplasm and the spread of
rust (caused by Puccinia arachidis Speg.) to most
groundnut-producing areas durning the 1970s has led
to renewed interest in the utilization of genetic resis-

tances. Many germplasm accessions having appreci-
able resistance to P. arachidis and to the late leaf
spot pathogen (Phaeoisariopsis personaia (Berk. &
Curt.) v. Arx), or to both, have now been identified
(Subrahmanyam et al. 1980a, 1980b, 1984, Brom-
field and Cevario 1970) and utilized in breeding for
improved resistance. Aided by pathologists and
breeders, the Groundnut Physiology Subprogram at
ICRISAT has been investigating the physiology of
groundnut genotypes infected with these diseases.

I. Principal Physiologist; 2 Physiologist, Legumes Program, International Crops Research Insutute for the Semi-And Tropics, Patancheru,
A.P. 502324, India, 3. Formerly Physiologist, ICRISAT, now at Forest Rescarch Insutute, Dehra Dun, India

ICRISAT (International Crops Rescarch Institute for the Semi-Arnid Tropics) 1987 Groundnut rust disease Proceedings of a Discussion
Group Mecting, 24-28 Scp 1984, ICRISAT Center, India Patancheru, A.P. 502324, India ICRISAT (CP 407)
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Relationship Between Remaining
Green Leaf and Yield

ULsing data from tungicide x genotype trials l:c::::,
found that the relauonship between disease ;c e
(1-9 raung) of rust or late Jeaf spot and 1 cdynem
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accounted This was done by combining percentage
defoliation (A) and the percentages of leaf area on
the remaining leaves damaged by leaf spots (B) and
rust (C) at 110 days after sowing Remaining green
leaf (RGL) was estimated by

RGL = (100-A) [(100-A)~ (B+C) 100]

The yield achieved was hincarly related to RGL 1n
most genoty pes although the response pattern var-
ted considerablv Four examples are provided in
Figure |

In the susceptible genotype Robut 33-1 the yield
was greatly increased by treatments that increased
RGL, butinthe equally susceptible genotype TMV 2
the vield response was very much smaller In resss-
tant hines two types of response weredetected Some
genotypes, for example EC 76446 (292), responded
only shghtly to increased RGL but the genoty pe Pl
259747 showed a much larger response to fungicides
that could not be attnibuted to changesin RGL since
a 15¢ increase .n RGL resulted 1n a 10097 yield
increase (Subrahmanvam et al 1984)

These results show the importance of mnvestigat-
ing the response to fungicide applications for 1nd;-
vidual genotypes It 1s clearly erroneous to

extrapolate the results of fungicide trals on one
genotype to other genotypes

The results also suggest that the 9-point disease
raung system, when used alone, may be a poor indi-
cator of the effect of disease on yield This occurs
because the RGI accounts for a large proportion of
the yield vanation, and defohation percentage domi-
nated the RGL However, RGL also has its limita-
tions because defohation 1s not solely attributable 1o
diseases

Shading in the canopy can also induce defohation
hence the agronomic environment 1n which the crop
is placed may influence the results Folar diseases
are more severe, and defoliation greater, in high
plant populations than when plants are widely
spaced This must be taken into consideration when
assessing fohar diseases Perhaps the ulimate mea-
surement for relating vield to fohar phecnomena will
be intercepted radiation and the reflectance of red
and green hight

Using these data 1t was also possible toinvestigate
the association of yield potential (1 e, yield in the
absence of stress) with integrated levels of resistance
(RGL) to fohar disease This was done by plotung
(for 20 genotypes) the yield in the absence of disease
against resistance (RGL) (Fig 2) 1t was observed
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igure 2. Resistance to fohar disease as measured by

percentage of remaining green leaf plotted against vield
Mential for 20 groundnut cultivars grown at ICRISAT. The most resistant cultiy

Mtential are joined by the broken hine (Subrahmanyam et al. 1984).
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that some genotypes had high y:cldeotcl:::xsl ::(;
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‘f‘or thye cheaper genetic control of the diseases

Evidence from other crops and other asgtizcc:is :)‘l;
groundnut physiology have been asse;n led 10
lain the phenomena and speculate on the op on
:t::t exist if the basic hypothesisis correct Ford mc,
the physiological basis for vield potenu:/lsizcep“-
possible physiological basis for resistanc
bility needs to be discussed

Yield Potential in Groundnuts

dnuts 1s dependcnt on
h. the amount of
uon of growth

al of groun

The yield potential o
three factors the duration of growt
energy intercepted, and the distnibu
fruit and stems
bﬂTwhc:?iuranon of crop growth is a major facto;_;\:

| of a genotype
the yield potentia i
dc‘&chr:r‘;?:xnngpubhshed data. and the findings of Wil
au

52

Total dry matter (§ m ?)

[
|

=153 (2152) + 300x (10 275)
400 y -
—1 22093
0O ‘A’ Spacing (35 * 10 cm) 0

e ‘B’ Spacing (70 = 10 cm)
300 , ¢’ Spacing (120 * 10 cm)

X

1
1 1 1
2]5 50 75 100 125

Transpiration (mm)

i tion
Figure 3. The relationship between transpira

a i i or
nd total dry mass accumulated (mcludmg roots)f
b

groundnuts (Cv. TMV 2) at ICRISAT (ICRISAT

Annual Report 1985).

\ams et al (1976) and Duncan et al (I978l), sh:;h\:
that, provided energy \men;c(’puodnznz ;0‘:1_?;:;,_‘ e
crop accumulates betwecnl‘:,ma;rmshoOt G atier by
‘;f)““;::elr ;‘;'sl";‘::e::‘f? week-!. A genotype that
n::;tures two weeks later than anothercan ha\;:ﬁ:\:
3 t ha! more dry matter than the <:arher-ml e
line When one considers that groundnut ?or veld
SAT matures in 80 to 130 days, scope vl
otential to vary with duration of crop gr b
; targe However,if adjustmentsare made for
:jfxff\crcn-ces in ume to maturity then the relduons‘hclz
between dry matter accumulated and cnc/r\gz)a;-Ah
cepted (Fig 3)1s constant for groundnuts ( Nou
1983) Thisissupported by the obser\atl(;:rl\onda1 op
improvement by selecuon for yield 1n onda b
not influenced crop growth rates (Dunc;1 e
1978) It has been found that the grovum]lar o
susceptible and resistant genotypes are st R

on is
viding  that  the interception of radiau

comparable o
Tt?e remaiming factor that influences yield po

ed
nal 1s the distribunion of the carbon azs’:n;;l:(lor.
between the fruit and shoot—the panmmmam o
This has been found to be a major deter e s
differences n Mield potential between %CRlSAT,
(Duncan et al 1978). Recent research at ) high§
has shown that up to 95% of the assimilates '

yielding genoty pes, such as Robut 33-] and ntsderiv-
atives, 1s used for reproductive growth The resistant
genotypes have appreciably lower partiioning

Phytoalexin Precursors

Phytoalexins having sucrose as a precursor have
been associated with resistances to diseases in other
legumes (Strange —these Proceedings) If similar
compounds are involved i1n the resistances of
groundnut to fohar diseases, the high partitioning
necessary for high yield may hmt the expression of
resistance For those genotypes where the vield
potential 1s based on a high parutioning factor. the
fruit receive most of the carbon assimilated, and 1t
seems reasonable 1o suggest that the sucrose concen-
tration in the leaves would be less than in those
genotvpes where the frurt recene less than 507 of the
photosynthetic production If the resistance 1s based
on phytoalexins, which have sucrose as their precur-
sor, 1t may not be possible to combine resistance
with high yield potenual In support of this specula-
tion 1s the observation that high yield potential and
high RGL were not found togetherin the genoty pes
mnvestigated
Many questions remain unanswered These RGL
estimates were established in the face of a combined
rust/late leaf spot disease epidemic and some of the
lines have very high levels of resistance to one or
other of the diseases Would RGL have been differ-
ent if only one of these diseases was present? Does an
upper limut to resistance (resistance potential) exist?
Are phytoalexins the basis for resistances 1n all the
genotypes found to be resistant? Can resistances
based on other mechanisms be identified and ex-
ploited to get round the “vield potential RGL bar-
ner™ Many uncertainties exist in this field but 1t
should be emphasized that these physiological
aspects are of vital importance 1n the improvement
of the groundnut crop for most Crop circumstances
Another Intnguing aspect of these yieldresis-
tance interactions is the possible effect that photo-
period may have on the expression of resistance We
are finding that extensions of photopenod can have
Major impacts on parutioning For those genoty pes
where yield potential and resistance are interacting,
the resistance of a genotype to disease may be
changed according to latitude Convenuonally, the
geneticists would implicate “races” but this may not
be correct So far the evidence for this effect 1s
turrently imited to one Year's data on the response
of the ruct-resistant germplasm hine NC Ac 17090 It

has been found that tne y

teld of this genotype s
influenced by photoperiod Dr Zhou reports from
China (where the day lengths longer than at ICRI-

SAT) that NC Ac 17090 15 only moderately resistant
to rust in Guangdong province although it1s highly
resistant at ICRISAT Center Much remains to be

investigated in this field but the possibihities are very
stimulating
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