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ABSTRACT

Tsay, . G., Wen, Y. Y., Chou, C. L., and Tung. B. K. 1993. Effect of temperature, fertilizer level.
and fungicide appiication on the severity of arrowhead leaf spot. Plant Pathol. Bull. 2:136-140.

Discase severity of leaf spot of arrowhead caused by Cylindrocarpon chiayiense was higher in
a ficld applicd with less nitrogen fertilizer than with more nitrogen fertilizer. However, the
disease severity was not affect by the amount of phosphorus or potassium fertilizer applicd. The
optimum temperature range for the disease development was 15 to 20 C. In a potted plant trials,
flusilazole and pyrifenox applied at 1 ml {(a.2.}/20 L of water were effective, while validacin
applied at the same rate was not etfective in controlling the disease.

Key words: Cylindrocarpon chiayiense, fertilizer, chemical control, arrowhead leaf spot.

INTRODUCTION

Arvowhead (Sagirtaria trifolia L. var. sinensis,
Makino) is @ monocotyledonous plant native in China
and belongs to the Alismaceae. The plant has
arrowhead-shaped leaves and is grown for corms (2,10).
A leat spot discase on arrowheuad (CV: Paita) plants
caused by Cvlindrocarpon chiayiense Matsushima was
found in Chiayt during the winter season, 1991 (9).
Symptoms of the disease were characterized by
development of small, brown foliar lesions with
chlorotic outer rings, which quickly expanded and
coatesced each other to cause collapse of the petioles
and the leaves. The objectives of this study were to
determine the effect of the fertilizer level and
temperature on discase development, and to compure
the efficacy of three fungicides on controlling the
diseasc.

MATERTALS AND METHODS

Inoculum production

An isolate CCh-8 of . chiayicnse isolated from
an infecred arrowhead leat which was collected from a
field i Chiayl in 1991, was used through out this study.
The spore suspension was preparced by growing C.
chiaviense on potato-dextrose agar (PDA) plates at
25 C with diurnal light (12 tr) for 15 days, tlooding the

culture with sterile distilled water, and subsequently
adjusting the concentration of the suspension to 10°
conidia per milliliter. The spore suspension added with
0.02% Tween 20 (v/v) was used as the inoculum.

Intluence of fertilizer level on discase severity

The experiment was conducted in a paddy tield in
Chiayi, from September 28, 1991 to January 28, 1992,
Soil in this field was a clay loam type, with a pH of
7.02 and an organic matter contenl of 1.81% {Table 1).
Elceven fevels of fertilizer used were U-0-¢, 0-80-160, 40-
80-160, 80-80-160, 120-80-160, 80-0-160, 80-40-160, 80-
120-160, 80-80-0, B0-80-80, and K80-80-240 of
N:P,0O:K,0O (Kg/ha). Plots were applicd with calcium
supcrphosphate at the time of land preparation. Two
other fertilizers, ammonium sulphate and potassium
chloride, were applied at 5, 30, and 45 days after
planting. Propagation of arrowhead (CV: Paita) was by
using clean corms. They were planted in a nursery on
July 20. When tillers were about 20-25 cm high, they
were transplanted to the experiment field. Plant spacing
was 40 c¢cm between and 40 cm across the rows. Three
plots (12 m?* cach) were used for each trcatment. They
were arranged in a randomized complete block design.

Discasc scverity wus based on the number of
discased leaves counted from the base to the top on a
single plant (8), and rated on 0-5 scales, where {)=no
leaves showing symptoms, 1=1st leaf showing symptoms,
2=1st and 2nd leaves showing symptoms, 3=1st o 31d
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TABLE 1. Soil properties of the experimental field located in Chiayi, Taiwan

Sampling N-17,0:K,0 pH
time {(Kg/hu) value
Pre-planting 7.02
Post-harvest 0- 80-160 719
40- 80-160 7.22

80- 8O-160 7.26

120~ 80-160 7.29

8- 0-160 73

80- 40-160 7.4

80-120-1610 7.27

80- 80- 0 7.29

80- 80- 80 7.41

80- 80-240 7.4

0 0D 7.41

Organic P K Ca
matter (%) (ppm) (ppm) {ppm)
1.81 54.8 76.25 1162.5
1.73 37.5 79.25 1387.5
1.66 35.2 82.95 1568
1.84 39.4 G0.5 1843.5
1.7 49.4 91.75 1478
1.74 42 1(19.75 1664.95
1.86 43 71.5 911.25
1.81 49.4 85.5 gt
1.78 40.8 83.5 973.2
1.83 43 89.5 938.25
1.71 362 83.5 939
1.66 457 16 891.75

leaves showing symptoms, 4-1st to 4th leaves showing
symptoms. and 5=1st to 5th or more leaves showing
symptoms. The disease was recorded on December 4,
1991, 68 days after wansplanting, and arrowhead corms
were harvested on January 28, 1992, Data from the
cxperiment were subjected to variance analysis and
ditferences were presented by Duncan’s multiple range
rest.

Influence of temperature on disease severity

Arrowhead (CV: Paita) tilicrs 20-25 cm in height
were planted in containers (50 % 40 < 12 ¢m), 20 tillers
per container. All plants 14 days after transplanting
were inoculated by spraying with the spore suspension
as described ubove. Inoculated tillers were enclosed
with polyethylene bags to keep at 100% R.H., and
placed in the growth chambers with diurnal light (12 hr)
with teiperatures maintained at 15, 20, 25, 30, and
35 C. After 4% hr inoculation, polycthylene bags were
removed. The disease severity was rated six days after
inecutation us described above., Data from the
experniicni was subjected to a curvilinear regression
anulysis,

Disease control with fungicides

Arrowhead (CV: Paita) tillers 20-25 cm in height
were planted in containers (50 X 40 X 12 ¢cm), 20 tillers
per container. Three containers were used for each
treatment. All containers were put on a nursery in
October, 1992, Plants were sprayed onto run-off with
flusiluzole, pyrifenox, and validacin (Table 3). Plants
spraved with distilled water were used as control. All
weated plants were then inoculated by spraying with the
spore suspension. Inoculation was made in the
afternoon when the aiy temperature ranged from 17 to
28 €. und the plants remained artificially wet for 48 hr
after inoculation. Treatments were arranged in

completely randomized design. The effectiveness of
treatments was based upon the reduction of the discuse
severity rated weekly as described above for 3 weeks,
Data from the experiment were subjected fo variance
analysis and differences were preseuted by Duncan’s
multiple range test.

RESULTS

Influence of fertilizer level on disease severity

Soil properties of the experimental field were
described on Table 1. Addition of diffcrent fertilizer
levels into soil did not change soil pH, organic matter
content and Mg concentration, but P, K, and Ca
concentration might be changed, depending on the
levels of fertilizer used. In the fertilizer experiment,
disease scverity of leaf spor within plots applied with
less nitrogen fertilizer (0,40 kg/ha) was higher than
those with more nitrogen fertilizer (80,120 kg/ha). Tn
plots applicd with 80 kg/ha of nitrogen fertilizer, I’,0;
at the rate of 0-120 Kg/ha and K,O at the rate of
(1-240 Kg/ha did not significantly affect the discase
development (Table 2). All fertilizer level treatments,
except N:P,OGK,O (Kg/ha) at 0-80-160, 40-80-160), and
80-0-160 reduced the discasc severity,

Corm production increascd in all fertilizer levels
tested (Table 2). When P,O5-K,0 was applied at 80-160
Kg/ha, corm production increased with increasing
amount of nitrogen fertilizer. However, K,O was not
related to corm production. When N-K,O was applicd
at 80-160 Kg/ha, corm production decrcased if PO,
was applied.

There was a negative correlation between corm
production and disease severity of lcaf spot. The
regression equation Y =16130.5-2659.4X was obtained,
in which Y=yield of corms, and X=diseasc scverity.
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TABLE 2. Effeer of fertilizer level on the severity of
arrowhead leaf spot and yicld of corms

N-P,0,-K.O Diseusc Yield of corms
(Kg/ha) severity' (Kg/ha)
(- 80-160 4.6 ab’ 3320.20 d
40- 80-160 4.12 abc 4959.06 ¢
80- 80-160 351 ¢ 6597.97 ab

120- §80-160 384 ¢ 6577.06 ub
80- 0-160 4.1 abe 7618.44 4
80- 4(-160 39 be 5407.76 be
80-120-160 3.54 ¢ 5648.56 be
80- 80- 0 3.87 be 5706.22 be
8- 80- 80 37 ¢ 5925.08 be
80- 80-240 3.66 ¢ 581935 be
0- 0- 0 472 4 321650 d

Disease scverity was recorded 68 days after plunting
based on disease ratings on a scale where O0=no
feaves showing symptoms, 1=1st lcaf showing
symptoms, 2=1st and 2nd leaves showing symptoms,
3-1st to 3rd leaves showing symptoms, 4=1s8t to 4th
lcaves showing symptoms, and 5=1Ist to 5th or more
leaves showing symptoms.

Values in the same column followed by the same
letter arc not significantly diffcrent at 5% level
according to Duncan’s multiple range test.

re

The corrclation coefficient, r=-0.76, is significant by
-1est.

Influence of temperature on disease severity

The lcuf spot discase was more scvere on
itoculated plants at 15-20 C than at 25-35 C (Fig. 1).
Regression equation Y =1.756+(.268X - 0.007X?, r=().76,
was obrained, in which Y=diseasc severity, and
X=temperaturc. The calculated F value for the
quadratic was significant,

Disease control with fungicides

Brown lesions heavily developed on leaves and
petioles in validacin and control treatments 7 days after
inoculation. Spray with flusilazole and pyrifcnox before
inoculation significuntly reduced the leaf spot disease,
while spray with validactn was not effective (Tuble 4).

DISCUSSION

Four discases were recorded on arrowhcad in
China and Japan. They werc petiole base rot (caused
by Sclerotium hydrophilum Sacc.)(5), Petiole 1ot
{cuused by Pythium myriotylum Drechsler)(12), leaf
blight (causcd by Marssonina sp.}(11), reddening and
bulb 1ot (caused by Fusarium sp.)(4). [say and Tung (9)
reported a new arrowhead disease, leaf spot, caused by
C. chiayiense in Taiwan.
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Fig. 1. Effect of temperature on the severity of
arrowhead lcat spot.

In many diseascs, the optimum tcmperature for
disease development was different from that for growth
of pathogen or host. For example, in the black root rot
of tobacco, causcd by Thielaviopsis basicola (Berk. &
Br.) Ferr., the optimum temperature range for discase
was 17 to 23 C, that for tobacco growth was 28 to 29 C,
and that for the pathogen was 22 to 28 C (1). Similuar
results were obtained in our study on arrowhecud leafl
spot. The optimum temperature range for the discase
was 15 to 20 C (Fig. 1), that for arrowhead growth was
18 to 25 C (3). and that for the pathogen was about
25 C (10).

Fertilizers are known to affect plant discase
development (1). Reduced availability of nitrogen may
increase the susceptibility of tomato to Fusarium wilt
(1), and of potato to early blight (6). This was also truc
for wrrowhead leaf spot as shown in this study (Table 2).
Phosphorus has been reported to reduce the severity of
take-all diseasc of barley and potato scab, but to
increasc the scverity of cucumber mosaic virus on
spinach and glume blotch on wheat (1). In the present
study, P;O; at the rate of 0-120 Kg/ha did not appear
to affect the development of arrowhead leaf spot.
Potassium has also been shown to reduce the severity
of stem rust of wheat, early blight of tomato, and stalk
rot of corn, although high amount of potassium seemed
to incrcase the severity of rice blast and root koot
which was caused by Meloidogyne incognira (Kofoid et
White) Chitwood (1). Although K,O at the rate of
0-240 Kg/ha did not affect the discase devclopment in
this study, corm production was increascd with
increasing amount of potassium applicd ar the raic of
0-160 Kg/ha, but decreased at 240 Kg/ha (Table 2).

Flusilazol and pyrifecnox have been recommended
to control powdery mildew, rusts, Cercospora, Septoria,
Molinia, brown rot, foot rot, black rot, carly and late
leaf spot, scab, and others (7). In potted plant trials,
flusilazole and pyrifenox were also effective in
controlling leaf spot of arrowhead (Table 4). Further
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Fungicide Chemical name Formulation' Manufacturer

Flusitazol I-({ Bis(4-fluorophenylymethylsilylymethyl)-1H-1,2,4- 409% E.C. 7 duPont de NE:mo_Lirs & Co.,
triazole U.S.A.

Pyrifenox 2 4’-dichloro-2(3-pyridyl)acetophenone-O-methyloxime 200.8% E.C. LA Quinoleine, Frunce

Vaulidacin N-(18-1,4.6/5)-3-hydroxymethyl-4.5,6-trihydroxy-2- 5% 5. Takedu, Japan

cyclohexenyl(O-B-D-glucopyranosvi-(1-3)-18-(1,2,4,3,5)

-2,3.4-trihydroxy-5-hydroxymethyl-cyclohexyl) amine

" E.C.: Emulsifiable concentrates, S.: Solution.

TABLE 4. Effect of fungicides on controlling leaf spot
of arrowhcad plants in pots

Discuse severity’

date, fertilizer level on the growth performance of
arrowhead ( Sagittaria trifolia L. var, sinensis Makino).
J. Nat. Chiayi Inst. Agric, 25:9-22, (in Chinese).

Fungicide Dilution fold 3. Chou, C. L. 1992, Arrowhead Cultivation,
uhgtcice pubion | 1 Dcepartment of Agriculture and Forestry, Taiwan
10% Ilusilazole E.C. [ - 8000 0.23 & 03 b Prov.mcml Government, Talwanjl 12 pp. (in Chinese).
e i o 4. Kagi, T., Tanaka, Y., Kusakari, §., and Nakasone,
20.8% Pyrifenox E.C. 1 ;4000 013 ¢ 0.34 b . N

) T W. 1983. Reddening and bulb rot of arrowhead
>% Validucin 5. b 1000 185 b 15 a (Sagittaria trifolia L. var. sinensis Makino) b
Control 275 a 423 a »ag ‘ PR o Y

' Disease severity was determined one (T) and three (11}
weeks after inoculation based on discasc ratings on u
scale where (=no leaves showing symptoms, 1=1st
leat showing symptoms, 2=tst and 2nd lcaves showing
symptoms, 3=1si to 3rd lgaves showing symptoms,
4-1st to 4th leaves showing symptoms, and 5=1st to
5th or more leaves showing symptoms.

*Values in the same column followed by the same
letter are not significantly different at 1% level
according to Duncan’s multiple range test.

rescarch should be conducted in field trials o evaluate
the effectiveness of flusitazol and pyrifenox for control
of arrowhead leal spot.
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