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| Introduction

Late blight is, no doubt, one of the most serious diseases of potatoes, and elucidation of the problem
of its primary occurence and the nature of the resistance of poi:&toes to Phytophthora infestans has great
importance to the control of this disease and to the breeding of resistant varieties,

In this report, the possibilities of diseased plants and tubers as a source of the occurence were first
examined, and then chemical analyses were carried out in order to get some suggestions regarding the

susceptibility of potato plant to Phytophthora iafestans,

I Primary Occurence of Late Blight

According to literature, overwintering of Pkytophthora infestans is said to be possible mainly (a) as a
saprophyte m the soil, (b) as a oospor e~ (¢) as a mycelium in diseased tubers, )

DUB‘%UYN, and MURPHY & ROBbRT recognized the occurence of the disease from oospcueb m the
soil but HORI denied this The occurence from diseased shoot: was treated by ALCOCK & MCINTOSH
but MURPHY & ROBERT showed their opvosite ovinion, HOR[ stated the p0551b111tv of the
oceurence irom affected pmnts in northern dlstricts of our country, ASUY2 MA & YAMA(JUC}?E Ho(lﬁl)l
SALMON & VVARE and /AAQ described the occurence from afiected tubers, YAMAMOTO & kIMURA
has already revorted some informat’ons on the primary occurence of late blight of potatoes.

1. Vitality of conidia '

In order to ascertain a possible source of the primary occurence, the vitality of conidia was examined.

Leaves and stems of diseased plants were collected and kent outdoors under natural conditions, These
materials were put in Petri dishes with water. The liberation of swarmshores from conidia (sporangia) on
plants was examined under the micrcscone a2t 12°C or at 20°C.

As shown in Table 1, the number of conidin decreased with the lapse of time, until at the end ol
December, a few conidia were recognized in a vital condition.

Using the diseased plants grown in Fall, the same experiment was carried out. Shortly after the
beginning of investigations, the number of conidla in vital state decreased suddenly and very few conidia
were proved to be in a vital condition. )

Table1, V.tality of conidia on the diseased vlenis which were ket outdcors under natural conditions -

June July August Sentember October November December December January

Date 22 14 10 -3 " 10 10 30 10
Spring  Croo + + + + -+ + -+ + -
Fall Crop + + + —

N, B. + = Vital condition
Non-vital condition

Il

%This investigation was partly supported by the Grant for Fundamerntal Scientific Research.


sokyu


— 92 — BIRERERERRE  H465 A (199)

Table 2. Average temperature, humidity and precipitation under investigations.

Month June July August September October November December January

Temnerature

©) 20.9 25.6 25.1 22.7 16.6 10.1 5.1 4.5
Humidity

(%) 8.2 8.2 8.0 8.1 8.0 7.7 6.7 8.0
Precipitation

(ma) 305.4  96.9 273.9 130.9 167.3 85.4 62.9 222.4

N. B. These figures were supplied from the Matsue Meteorological Station

As to the vitality of comcha on the diseased plant kept outdoors YAMAMOTO & KI MU[l%lz
ASUYAMA & YAMAGUCHI stated that the conidia survived until the middle of December but not
till the following year,

From these considerations, the possibility as a source of primary occurence of late blight for the Fall
‘Crop might be supposed but its possibility for the Spring Crop remains as a question,

2. Translocation of mycelium of Phyrophthora infestans within potato tubers.

i) The existence of pathogen within the plant bodies was proved umnder the microscope by examining
the cross sections of a potato stem prepared at intervals of 2¢m from the ground, Such plant (variety

Warba) was obtained in the field in whose neighborhood there was no other cultivation of potatoes.

ii) A healthy potato plant (variety Irish Cobbler) was cut from the ground and was immersed in the
conidial suspension of Phytophthora infestans (Concentration of conidial suspension was 5 conidia in
one microscopic field under 150 magnifications) at 20°C. The conidial suspension was inoculated on the
part of the potato plant 15 cm apart from the ground. The sections were examined under microscope

after stained with Cotton blue solution,

iii) Tubers inoculated with Pkytophthora infestans at the end of December were planted on the
ground and undergound (5, 10, 15 em below the surface of ground) at the end of January., Ten tubers
which had been kept indoors were also planted in pots on May 10th. '

The results were as follows:

i) The ex’'stence of mycelium was proved within a potato plant subjectad to the primary occurence
without & breck f: ‘om the ground to the blighted part. Mycelinum was found in e; >1derml“, cortex, xylem,
and vith, esnz2clally in cortex, From these observations, the diseased spots scemed to be caused by the

mycelium which had moved from the diseased tubers.

ii) Within the plant on which Phytophthora infestans was inoculated at the part 15 cm apart from
the ground, mycelia were found even in the under ground »azt. And the exisience of mycelia was proved
on the part 15 ecm apart from the groimd, when the conidial suspension was inoculated on the cut end
of the stem, In this case, mycelia were found in the epidermis, cortex, xylem and pith, though the last
case was very few.

These ObSGlV‘LtIOHS coincide with the results of YAMAMOTO & K MURA ASUYAMA &
YAMAGUCH[ desribed that the mvcelu of Phytophthora grew upward within or around the vessel of
stem, but did not kill the tissues, ZAA(J concluded that Phytophthora infestans could grow
upward from the diseased tubers into a stem aad that this was the normal way in which the
above-ground parts of a plant, whose tuber was diseased, could become infected., Fig., 1 shows the

existence of hyphae in a cross section of » potato stem infected with P. in festans,
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Fig. 1. Mycelium of Phytophthora infestans in the cross section of potato stem,

(1 2 ’ 3)

N, B. (1) Epidermis (2) Cortex (3) Pith
iii) Potato tubers previously were mocuhted with P, infestans were buried in soil. They were
damaged by soft rot. ASUYAMA & YAMA(JUCH[ described that tubers buried in soil rotted by the

middle of February and late-blight fungus was not detected in the following S»ring,

ulated with P, infecstans, which had been planted in pots, sprouted on May 28th,
In one of them, diseased spots apveared on the nearest leaf to the vround on June 14 a,nd the ant was
killed soon, The plant was 4 c¢m in height. According to ASUYAMA & YAMAGU\.,H{ among 50 notato
tubers infected with P, infestans, 23 were sprouted, and 4 beca.me sick and had lesions on the top

of buds which sprouted from tubers. YAMAMOTO & KINU %A ‘also described that diseased soots
occured on the buds which sprang from bvotato tubers infected with P. infestans, ZAAG St:.(nted that
on the firstly diseased pl:ints, there was always small diseased shoot, starting from infected tubers, which
had turned brown., The fungus sporulated on this small brown shoot. These plants exhibited the same
symptoms a3 the vlants that had been found in the field. At first the fungus sporuleted only on the lower
part of the diseased stem, From these considerations, the possibility of the primary occurence of late
blight from the potato tuber in which P, infestans existed, was suggested. But severely damaged tubers
might be destroyed by soft rot or become cavity for some secondary reasons, These tubers lose their
germinating ability, and their possibility of the primary occurence might he diminished by elimination of
these dirty tubers.

3. Movement of mycelium of Phytophthora in Sfestans within potato tubers,

In . order to prove the possibility of pathogen moving from tubers to the udder part of the plant, the
followng experiments were carried out, '

Potato tubers (variety Irish Cobbler) were inoculated with swarmspores of P, infestans (Race O .
on holes (mm in dianeter, 10 mm in dedth) apart 3,4, 9, 12, 20,25 and 30mm from the eyes on which
buds had s>routed about 1.0-1.5 cm, Longitudinal and cross sections were prepared from these samples
and they were stained with Cotton Blue solution, Thi2a th2 existanc2 of .n.tho;e:l in themn was examined
under microscope,

All of the s)routings infected with the pathogen in the nelghboring place of the bud were killed a month
later, If pathogen exists in a large amount within the tuaders or soread more quickly, remarkadle lesion

will arise and the buds will be attacked or destroyed by soft rot pathogens and at last totally damaged.
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Fig. 2 Potato tubers and buds infected with Pkytophthora infestans

Healthy

Fig. 3 Mycelia within potato bud infected with Phytophthora infestans

Longitudinal sections at (1) the houndary part of tuber and bud and at (2) the cortex

S

m
Fig. 4 Mycelia of Phytopkthora infestans

Infected

@
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Such kind of rotted tubers or the tubers with remarkable lesion in them should be eliminated from
the seed tubers for actual use but slightly infected tubers might have an opportunity to be as a seed
tubers and" to become a Sourcerof-primary occurence of the disease.

Within the tubers, the pathogen, Eirét of all, might have a chance to spread into the vascular bundle
and the cortex, then advance to the pith. cavity caused by the attack of the pathogen seems to be that
which started from the pith, The movement of pathogens from tubers to buds seems to be caused through

vascular bundles and cortices, .

TANAKA & AKz(xlg )stated that the pathogen invaded the stem through the affected itubers and the
diseased part above the ground became a source of the primary occurence and that if the plants were
young, all tissues must be invaded and the top .killed, but if the plants grew 20 em in height, the
mycelia would move along one side of stem and into leaves, In spite of those circumstances, the top

contimued their normal growth, except the diseased part.

' The change of the constituents of potato plants during the growing season
and the susceptility of the suscept to late blight, '

The susceptibility of potatoes to the late blight varies with their variety, growing stage, and portion of
plant, To account for this variation the morphological characters, and chemical constituents of the suscept,
and difference of the reaction of susept cells to the invasion of pathogen should be put into consideragion,

The writers carried out chemical analyses of potato plants in order to get some suggestions to this point,
1. Varietal difference in the susceptibility to late blight among suscepts.

Irish Cobbler and Warba (susceptible), Interspecific Hybrid Kennebec and 48005-48 (resistant) were

- planted on April 2nd and harvested on June 20th (late stage of flowering period) for chemical analysis,
Third compound leaves from the top downward were collected for analitical use, As a inoculum,
swarmspores were liberated from conidia on the naturally infected potato leaves at 2°C in 2 hour
(concentration of conidial suspension was 5 conidia in one microscopic field under 150 magnifications).
A definite amount (0.04cc) of these swarmspores were dropped on the terminal leaflet in the upper or
and the lower parts. Inoculation was done at 20°C in a moist chamber in 34 hours and the i
inoculated were kept in room temperature of about 20°C for 5 days, The shape of lesions was copied on
cellophane paper and their area were measured by a planimeter. Ten plants were used for this measure-
ment, These leaves were dried at 40°C. The total nitrogen, total sugar and reducing sugar were analysed
with the use of these materials. For quantitative analyses of the total nitrogen, the Kjehldahl method
was adopted, i. e, 1g of the sample was decomposed with 5g of oxidiser (K;80; 10: CuSO4 10: MgSO, 1)
and 10cc of H,S0, For the analysis of the total sugar, 0.1l1g of the samples was put in Erlenmeyer’s
flask with a glasstube Im in length, After hydrolysing with 20cc of 2595 HCI in water bath in 2 hours, it
was neutralysed with HaOH and was added with distilled water until the whole amounts to 50cc. For
the determination of the reducing sugar, 20cc of distilled water was added to lg of the sample and an
extraction was made in 2.5 hours at 40°C. The extraction was filtered and added with distilled water,

- thus 50cc of sample being obtained. From this sample, reducing sugars were measured as glucose, using

Micro-Bertrand method. Non-reducing sugar was shown as of the total sugars minus the reducing sugar,

As shown in Table 3, the area of lesion is larger in lower leaves than in upper ones, Susceptible

varieties have larger lesion area than resistant ones,
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Table 3, Varietal difference of diseased spot

Variety Irish Cobber Warba Kennehec 48005-48
Portion of

leaf Upper Lower Upper Lower Upper Lower Upper Lower
Area of :

disease spot 2.92 3.22 2.81 3.06 0.64 2.00 Slight lesion

(em?)

S (cm?) 4.7012 4.2993 0.6400

N. B. S=Area of diseased spot of ﬁpper leaf x area of diseased spot of lower leaf x 5

Figures were shown in the average of 10 plants,

These exper1ment> were done on the leaves previously cut. TAKASE recognized the availability of cut
leaves for assaying resistance, TAK ASE and those in Dept. Cron, Hokkaido Agr. Exp. Sta.(5) desribed
that the number of diseased spot was greater in the upper leaves than in the lower ones and the infection
percentage and the conidial formation were also more abundant in the upper leaves, However, in the case
of cut leaves grown under the same conditions, the area of diseas=d spots, was larger in lowel leaves
than in. uppe1 1ezwes These findings were supported by YAMAMOTO, KIMURA & LUDO,
and TAKASE‘ As to the varietal difference of the invading and infection percentage, SUZUKI, SUGAYA
& HASHLMOTO stated that the percentage in largest in the lower leaves of susceptible varieties, The
results of analyses were shown in Table 4.

Every constituent was greater in the uppver leaves than in the lower leaves in all varieties used. As for
the total nitrogen, resistant varieties contain greater guantity of nitrogen than susceptible varieties, though
lower leaves of Kennebec are an exception.

Total sugar was more in both upper and lower leaves of susceptible varieties than in resistaut ones,
Although the reducing sugar was more in suceptible varieties, the non-reducing sugars did not show a
definite tendency, It might be suggested that there was no definite relation between the area of diseased
spot and the contents of total nitrogen,

Generally speaking, the area of diseaed spots is smaller in the upper leaves and in the resistant
varieties, and the total nitrogen content is larger in the resistant varieties and in the upper leaves.

Table 4. Varietal difference of total nitrogen and sugar content

. Ratio of Total nirogen Total  sugar
Variety Portion of leaf dry matter mg per Ratio mg per Ratio
' to 1g of dry to Ig of dry to
crude matter matter orude matter matter crude matter

Irish Cobbler Ubpper 14.20 41.69  0.599 225.1  3.218
Lower 39.49 ) 32.26 0.299 116.7 1.080

Warba Upper 16.75 43,34 0.748 166.7 2.654
. Lower 9.85 25.06 0.247 108.3 1.066
Kennebec Upper 16.72 50.15 0.839 127.1 2.124
Lower 7.95 29.01 0.229 106.7 0.862

48005-63 Uvper - 16.73 47.10 0.787 134.2 2.241
Lower 10.11 34.67 0.308 99.9 1.001

Reducing sugar " Non-reducing sugar

mg per Ratio mg per Ratio
Ig of . to crude Ig of . to dry
dry matter matter dry matter matter

47.50 0.637 177.5 2.581

36.33 0.336 80.3 0.744

58.33 0.954 108.3 1.700

33.67 0.332 74.7 0.734

27.50 0.460 99.5 1.684

27.(8 0.214 79.6 0.628

20.83 ' 0.349 113.3 1.872

15.00 0.152 85.0 0.849
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As to the nitrogen content, YAMAMOTO, KIMURA & KU DSS)stated that in the upper
leaves, the total mtroven contained proteid nitrogen is smaller than in the lower leaves. SUZUK],
SUGAYA & HASHIMOTO described that the reducmg sugar content is larger in the upper leaves
than in- the lower omes, =nd until the flowering stage, the leaflet of the resistant varieties had larger
quantities of reducing sugar than in the resistant varieties.

2. Suscepts in different growing stages.

Potato plants (variety Irish Cobbler) cultivated in an underground room under artificial light at,
20°C. Three days after thé inoculation (Race O), concentration of conidial suspension was 5 conidia in
one microscopic field under 150 magnifications, the area of diseased spots was calculated by a planimeter.
The average figures of the results were -shown in Table 5, In all cases the lower leaves showed a greater
value than in the upper leaves and the plants in the advanced stage‘ of growth showed larger area.

Table 5. The area of blighted spots of potatoes in different stages of growth

Average height of

plant (cm) 20 55
Position of leaf Upper . Lower Upper Lower
Area of diseased

spot (cm?) 0.130 0.710 0.533 1.180
S (cm?) 0.046 0.315

N. B. S = Area of diseased spot of upper leaf x Area of diseased spot of lower leaf x %
TAKAS%3)stated as a result of in test that a young plant showed a lower susceptibility and Irish
Cobbler also indicated a lower susceptibility in the upper and young leaves. As sown in Table 4, the
content of total nitrogen is larger in the upper part of plant and, the contents decreased with the_a lapse of
growth., Reducing sugar was fonnd adundantly in the lower leaves, and decreased gradually with the

advance of stages.

Table 4. Total nitrogen and sugar contained in potato plants in differeht stages of growth

Average height Portion of Ratio of " Total nitrogen Total saugsr

of plant ’ leat dry matter mg per 18 Ratio mg per Ratio.
{cm) to crude of dry to crude 1g of to crude
matter matter matter dry matter matter

7 o 0.795 5.613 0.455 161.8 1.288
20 Upper 0.829 ' 61.76 ' 0.508 186.8 1.556
Lower 0.660 44.29 0.293 150.8 0.997

55 Upper 0.618 34.41 0.216 11.2 0.486
Lower 0.685 18.14 0.125 154.2 1.055

Reducing sugar Non-reducing sugar

50.63 0.402 1.2 0.883

51.34 0.425 135.5 0.813

69.60 0.459 81.2 - 0.536

36.82 0.227 74.4 0.462

30.08 0.343 104.3 0.712

(9) .
OTANI[ stated that a rice plant of high susceptibility to the blast disease had a greater quantity

of organic nitrogen compounds, e. g. soluble protein, amino acid, and basic amino acid.
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IV Summary

This paper deals with the results of experiments and investigations made on late blight of potatoes to
decide its primary occurence and to make clear the relation between the susceptibility of potato plant
to late blight and the change of their chemical components in the growing season.

1) On the primary occurence of the late blight of potatoes

(1) Very few conidia of Phytophthora infestans-on the diseased plants were observed by December.

2) When shoot cuttings of_potato plants were dipped in the conidial suspension of late-blight fungus,
the mycelia were observed in the epidermis and pith of the stem 15 cm up from the cutting place. In the

eld, the writers _reéognized the existence of mycelia within the plants affected with late blight in their
whole bodies down to the ground. After sprouting from the infected tubers, the plants which sprouted
from the infected tubers showed the symptoms of late blight disease,

3) The translocation of the mycelia from tubers to shoots was investigated., It seems likely that mycelia
invade shodts from tubers through cortices and vascular bund les.

(2) On the relation between the change of chemical com)»onents in the growing potato plants and the
occurence of late blight.

The writers measured the area of late-blight lesion caused by inoculation of Phytophthora infestans
and analysed the total nitrogen, and the reducing and non-reducing sugar in leaves.

The area of lesions were larger in the lower leaves, and in the later growing stages, and in the suscep-
tible varieties, Negative correlation was shown between the total nitrogen content and the area of late-

blight lesion in leaves,
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