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INTRODUCTION

AMONG many metabolic events in a plant, the course and intensity of
the nitrogen metabolism of the host have frequently been the most
investigated in the problems of the physiology of parasitism by fungi.
Reports on the correlation between disease incidence and nitogen con-
tent of the host tissue, particularly the soluble fraction, are many (Win-
gard, 1941; Hashiyoka ez el, 1956; Otani, 1953; Samborski et al,

1958).

It has also been demonstrated that the soluble nitrogen fraction
is essentially made up of free amino-acids. Hence the ¢ Helmintho-
sporiose > of rice in relafion to the nitrogen metabolism of the host
was studied both in the resistant (T 141, Co 20) and susceptible
T 1145, B 76) varieties of rice plants and also in the healthy and

infected rice plants.
MATERIAL AND METHODS

 Leaf samples were collected at different age levels from quadru-
plicates pots to minimise sampling errors. Fresh material was
weighed cut into an inch pieces and exhaustively extracted with 80°,
cthanol. The extracts were combined and evaporated in an air stréam
with moderate heat. The residue was taken up in water, centrifuged
and used for determination of “Soluble Nitrogen ™, Dried samples
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Of me arCOhOl-eXll‘aCled “SSUC were USCd f‘o. . .

. 5 1o ; U r determinat " “In-
soluble Nitrogen ™ (Samborski o al., 1958). Nitrogen (iclton (‘)f, 1o
were mtkde in duplicate by use of » o

. , “Semi-micro * met| | as i
by Humphties (1956) Rice nlante wer. : u:( as described
ti{m. plants were grown in Knop's culture solu-

eFor qualitative chromulo'gr
;.wids. the unidimensional asce
(1948) was used. For quantit
spotted and ghe concentration
were determined by comparin
with standards, based on th
amino-acids spots produced
a function of the concentratj

aphic foliar analysis of the free amino-
nding method of Williams and Kirby
ative assay, 0-5 ml. of the extract was
$ of the amino-acids in the test solution
g the size and the intensity of the spots
e fact that the size and intensity of the
after reaction with Ninhydrin is largely
on of the amino-acid (Dent, 1948).

OBSERVATIONS

Experiment 1.—Nitrogen status of the host leaves—soluble and in-
soluble nitrogen in healthy and Helminthosporium oryzae infect ed
leaves of rice varieties at different age levels

Soluble and insoluble nitrogen.—Table I shows the nitrogen levels
of healthy and Helminthosporium oryzae infected leaves of susceptible
TABLE [

Nitrogen levels* of healthy and H. orynae infected rice leaves of different
varieties at various age levels

Age in days
Variety 8 10 15 20
So- TInso- | So- Inse- So- Inso-| So- Inso-
luble luble | luble luble | luble luble | luble luble
5

! %Il:althy .. 031 3¢ ;0-38 30 |0-38 1.3 [0:40 3-3
Infectedt .. 064 4°1 |08 5:6 |1:05 4.2 [0:70 6-3
- . 64 5-1

h .. 038 57 |056 33 |0-33 1-3 | 0:6
g?:ltte)c,l]‘ .. 062 35 |1-18 3.3 |1:26 4.8 |0:90 36
T 141 i \
.. 020 34 |0-24 38 |008 39 | 014 8-2
ﬁ?é‘l‘ﬁéﬁf 1 047 3.7 |0-32 3:4 |0-32 35 |0-20 77
Co 20 . o 9.9

/ ve 1 037  4-4 0:30 4-1 0:20 1.7 0-12
ﬁizlctthcydr .. 0681 b5°1 0:48 37 | 070 39 0-14 9°9

<* Alcohol and water soluble nitrogen and alcohol-insoluble nitrogen expressed
as mg/g fresh weight of leaves. . .
 Samples collected 24 hrs. after inoculation.
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(T 1145, B 76) and resistant (T 141, Co 20) varieties of Hick
different age levels. It could be seen from the results that the ¢ at
ceptible varicetics contained more soluble nitrogen, especially at\:l}?"
age levels of 15 and 20 days than the resistant plants at the corrcsponde
ing age. Further, soluble nitrogen appeared to accumulate in th~
susceptible  varicties with increasing  age whereas the trend wyg ;
decrease in resistant ones.  Comparing the healthy leaves with ‘th:l
infected one. it is evident that infection resulted in an increase of soluble

the varieties tested. TInsoluble nitroger was il'mosi

nitrogen in all th :
at the same level in 5 and 20-day old susceptible plants.  But 10 gpq
(5-day old plants registered lower figures.

In resistant varieties 20-day old plants showed considerably higher
insoluble nitrogen than 5-day old plants. In general, there seems ¢,
be little change in insoluble nitrogen with increasing age in the case
of suceptible varieties. On the contrary, in resistant varieties insolub]e
nitrogen tended to increase with advancing age.

Insoluble  nitrogen as a percentage of total nitrogen.—Figure |
shows the changes in insoluble nitrogen levels in healthy leaves of
resistant and susceptible rice varieties at different age levels. The in-

soluble nitrogen is expressed as a percentage of ‘Total’ nitrogen, i.e.,
the sum of the soluble and insoluble fraction. Further it is clear from
(T 141, Co 20) insoluble

Fig. 1 that in the resistant plants
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nittogen levels were maimained almost steadi ot s
< : L d N . dd]l Wit :

+In susceptible plants (T 1145, B 76) howeveraydownlzm;rndcrgasfltng e
mso]ul-?le nitrogen was seen from 5 (o 15 days and q 1 rift in the
Nevertheléss, it might be noted that t ‘ rise thereafter.
\x;as]llfl()ql;é?f?gscllv;chlov:cn; |dn the [susccptible types than the resistant
at g ¢ S Cep J ays. n 5-da _ : e

were not marked. d day old plants these differences

Ratio of soluble nitr ogen to insoluble

(\.l,l‘iig?g:”nl.ltlf‘“o? of soluble nitrogen in the resistant and susceptible
ll‘ at )15 W ll gle erence to age, anq presents a contrasting picture to
1at ol Insotuble nitrogen. Tt is evident from curves that proportion-

ately more soluble nitrogen accuy i ‘ i ieti
_ .ccumulated in the susceptible ve '
than the resistant ones. puble. vaneties

nitrogen.—Figure 2 illustrates
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Experiment 2. Phenylalanine, Tyrosine and glutamic acid contents of
Jeaves of rice varieties resistant and susceptible to H. oryzae at

different age levels

susceptible verieties (T 1145
le II clearly indicates that in the susceptible verieties (T 1145,
B 76T)331e concentration of phenylalanine decreased to nearly half the

enit i ase in ¢ hereas in the resistant varieties
nitial amount with increase In age, w r .
El‘l 14%. Co 20) there was a marked increase in the comcentration of
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alanine at the 20-day age level as compared to S-day old plg, g
![)-}’:?Snﬁilraeg'sgeg‘xm{lmtcd t_o)ncarly' 8 times i'n the T 14] ifnd' 3 nrr)m:t:n
the case of Co 20. An increasc in the (‘{u(mtl’ty <l>f gi;lutdmlc acid wy;
observed in the susceptible varieties 2l ”k' 2{)-(1,-.y' dg‘c' evel, 'C”mparcd
to the younger scedlings, and the two resistant V(!rl‘UICS h:tq on!y One.
third the quantity of glumatic acid recorded in the susceptible T 1145
and B 76 at the 20-day age level. Significant quantitative chafiges
were not. however. evident with the amino-acid tyrosine.

TABLE [I

. . 5 . . / > ) 4
Amounts of phenylalanine, tyrosine and glutamic acid (mglg  fresh weight)
in rice leaves of H. oryzae-resistant and susceptible varieties

- — ‘.\
Age in days
Rice variety Phenylalanine Tyrosine Glutamic acig

5 10 15 20 5 10 15 20 5 10 15 99

T145 (Sus.) ..l10 2 2 5 |5 2 o 5 | 5 5 3 15
B76(Sus) &l 8 2 3 5|5 2 3 5|, 2 10 13
THL(Res) .l 2 2 1 15 ]2 1 1 4 5 1 2 3
Co20 (Res) ./ 6 1 5 15 |5 1 g g 5 1 3 3

Experiment 3. Effect of externally added . glutamic  acid and
DL-B phenylalanine on the incidence of H. oryzae leaf spots
in the susceptible variety T 1145

. Since the previous experiment indicated the opposing tendencies
With regard to the accumulation of phenylalanine and glutamic acid
In the resistant and the susceptible varieties the 10-day old seed-

ble IIT ¢l
leaf was considerably reduced with 200 ©g and above of glutamic acid
or phenylalanine added Singly or in combination. Plants fed with phenyl-
alanine tended to show a greater reduction in leaf-spot  incidence
than plants fed with glutamic acid at the concentration of 50 ug each.
A mixture of phenylalanine and glutamic acid brought down leaf-spot
Incidence to 4 greatcr degree than the individual amino-acids. The
eXogenous supply of glutamic acid resulted in the production of bigger
mfeCU()n Spots than the control. The increase in area of the spots
was directly Proportional to the concentration of the glutamic acid
supplied.  This is evidens af the 200 g concentration level, Thus
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with 1,000 pg of glutamic acid, the mean

) ) arca of the infection spots
increasell 0 24-6 sq. mm at the end of 72 hours aftlme.cu"“ spots
whereas this was only 5936 sq, ft. on the . er inoculation

untreated control plants,
o [ ]
e

TaBLE 11

Mean numbet of leaf-spots due to H. oryzae in the susceptible variety
T1145 pre-treated to various concentrations of glutamic acid and
phenylalanine

1
1st leaf | 2nd leaf
Amount x.
in Glutz.xmic Phcqyl- Glutamic acid | Glutamic ~ Phenyl-  Glutamic acid
pg acid alanine and | acid alanine and
(in 30 ml) phenylalanine phenylalanine
0 \| 27+4 274 274 \ 18-8 18-8 18-8
50 175 19-5 1145 \ 177 16-2 11-9
200 10-1 8.9 8:8 \ 9:6 8-4 5.5
500 11+5 79 6:2 10-3 5.9 69
1,000 9-8 6-0 8.8 \ 84 61 84

T TR S [ —

Table III also indicated the inhibitory effect of externally supplied
phenylalanine on the enlargement of the infection spot. The area
of the spots on treated plants was considerably smeller at all concen-
trations of the amino-acid at the end of 72 hours after inoculation. The
greatest reduction was noticed with 500 ug of phenylalanine. Adclht}o]n
of equal amounts of amino-acids at (50-200, 500 and 1,000) pg levels
‘ncrease the rate of the enlargement of the spots during first I houri
as compared to the controls. This increase In area was Pr"l{om.or(‘;‘
to the concentration of the amino-acids added. Further, 1t aiso %n hl
cates the inhibitory effect of phenylalanine on the developme:xt: (é _ot e

athogen in vivo, since the spots on the untreated control wers Digger
than those on the treated plants.

Experiment 4 Effect of externally —added L glutamic acid on the
g incidence of ‘H. Oryzae leaf-spot in the resistant variety T. 141

’ ficial effect of added
IV s ' ol (he beneficial effect of ac
Table IV shows very clearly > benell e
‘slutagpic acid on ‘nereased disease  incidence. Tt'le_ numberen;)rtﬂion
Epots and the area of the lesion increased with increasing concentre

of the amino-acid. .

v
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TABLE [V

r nerease in lesi ‘ea over untreated control (614-6 «

Percentage increase in /(:Sl()ll (m‘( ' e Control ( 5.6 o
in T 141 (Res.) with glutamic acid treatment irs. after
inoculation

Glutamic acid  Lesion area  Percentage

(in ng) (in sq. @) Increase over

control

50 1027-1 66-5

200 1944-6 215-4

500 3568-0 4786

1,000 9405-0 1425-0

Discussion

Otani (1953) showed an increase in the soluble organic nitrogenous
components to be connected with susceptibility of rice plants to the
blast disease caused by Piricularia oryzae Cav. Indeed very similar
results have been obtained in the present work with reference to He|-
minthosporium oryzae infection of rice varieties. The results may
be interpreted to mean that the leaf proteins are synthesized at
a faster rate in the resistant than in the susceptible. These results are

iesons an ocS:y I therefore, seems logical that " sipe e oryzae
o 12;“?;1 tft{C ?If{ﬁrent. TICC varieties is the function of the relative
lity of thg Or sto_u € nitrogen on the one hand and the relative stabj-
for the enlaIr) g “n on the other. This could be the possible reason
B 76) contairgn' me?l{ of the spots on the susceptible varieties (T 1145,
than the resistalgg- Clgher soluble nitrogen and less stable leaf protein
of phenylalan}'ne; (l)' 20, T141. Tt was also observed that the ratio
varieties (T 14] 8 glutamic acid was considerably high in the resistant
age level, Furthe Otfo) than in the susceptible variety at the 20 days
L. glutamic aciq 2 o f;)”C‘-‘ Plants treated with an external supply of
nation tendeq b dg' Lp Phenylalanine individually or in combi-
ceptible varie(y T ”;rsea'se the mean number of leaf-spots in the suys-
to the concentration« and was also fpund to be directly proportional
acid o the sygce tigT Of' the amino-acids tried. Addition of glutamic
of leaf-spots WE ' variety (T I145) resulted in the rapid expansion

b reas the addition = of phenylalanine to the same
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variety reduced the area of the leafs ot conside ai

(1'952_3) have observed a similar rcactionpof the leaf-s;)%t;lydf /}Ik dloretzZQ
on rice plants when fed with L. glutamic acid, whereas in the pre);ent
study, ‘the deleterious effect of DLB phenylalanine on H. orpzae
lesion is @ new finding and this confirms the findings of KUC e}; al
(19573 for apple scab with the same amino-acid. |

_ Further, the behaviour of the two amino-acids to H. oryzae
lesion expansion 1s one of the building up of an effective concentration
of the respective amino-acids in the leaf. T herefore, it seems logical
to con.51d:er phenylalanine as a potential precursor for synthesis of
phenohc]sqbstrates as chlorogenic acid. Since it is well known that
polyphenolic host factors play an important role in the physiology of
the ghsea:se (Kirkham, 1959), Schwarze (1958) considered that phenyl-
alanine is converted into chlorogenic acid by Fagopyrum tataricum
and Nicotiana tabacum. Besides, Tamari (1955) has reported chloro-
genic acid as the major polyphenolic compound in rice leaves. Hence,
it could be inferred that the resistant reaction of T 141 and Co 20
varieties ‘of rice plants to H. oryzae is the effect of interplay between
the availability of the potential precursor of phenolic substrate on
one hand and the relative stability of necessary enzymes on the other,
whereas the accumulation of soluble nitrogen, low content of phenyl-
alanine and unstable proteins might explain the reason for rapid
enlargement of H. oryzae lesions on the susceptible varieties.

In conclusion, the phenotypic expression of resistant/suscepti-
bility of rice varieties to H. Oryzae infection could be interpreted in
future in terms of “Optimal balance mechanism between polyphenolic
and nitrogenous metabolites”. A concept that has already been
advanced by Keitt ef al. (1959) in relation to their work on apple scab.

SUMMARY

The reaction of the resistant and susceptible varieties of rice to

H. oryzae infection was examined in relation to nitrogen metabolism
of' the host. The resistant varieties were qharactqmsed by low soluble
itrogen, high stability of proteins and a high ratio of phenylalanine,
mh fas ’the susceptible varieties recorded high soluble nitrogen, low
o te){l.t of leaf proteins and a high ratio of glutamic acid. Further
sta “yenous supply of L. glutamic acid and DLB phenylalanine
:i?,gf; Oa.gnd in combination to rice plants indicated a positive role for

the two amino-acids in pathogenesis.
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