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¥ig. L. Disease severity of black spot on leaves from first
o eighth positions caused by Altcrnaria brassicicola in
“hinese kale plants grown in Tali fields in 1991 and
1992. The relationship of disease severity (Y) with leaf
sosition (X) was linear; Y=7.95+9.5X (R*=096) for
991 and Y=7.9+95X (R*=0.83) for 1992.
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Fig. 2. Disease severity of black spot on leaves from first
to eighth position caused by Alternaria brassicicola and
A. brassicac in Chinese kale plants grown in the green
house. The relationships of disease severity (Y) with
leaf position (X) by A. brassicicola and A. brassicae
were  linear; Y=205+28X (R’=0.83) and
Y=193+3.0X (R*=0.83) for isolates ABA-U6 and ABA-
13, respectively; Y=19.3+3.0X (R’=0.96) and
Y=21.1+4.6X (R’=0.96) for isolates ABE-01 and ABE-
02, respectively.
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TABLE 1. Disease severity of black spot in the wounded 2nd and 7th leaves of Chinese kale, caused by Alternaria
brassicicola (isolates ABA-06 and ABA-13)

No. of lesions/100 cm® leaf area’ Disease severity (%)

Inoculation ABA-06 ABA-13 ABA-06 ABA-13

2nd 7th 2nd 7th 2nd 7th 2nd 7th
Wounded' 80 A'd’ 83 Aa 85 Aa 90 Aa 28.5 Ab 43.2 Aa 29.8 Ab 42 8 Aa
Unwounded (CK) 71 Ba 69 Ba 76 Ba 71 Ba 25.6 Ab 40.6 Aa 260.1 Ab 39.8 Aa

' Detached leaves of Chinese kale were rubbed with carborundum and the spray-inoculated with 1 X 10° spores per
milliter of Alternaria brassicicola.

* No. of necrotic spots in the second and seventh leaves of Chinese kale was recorded 2 days after inoculation.

* Disease severity in the second and seventh leaves of Chinese kale was recorded 7 days after inoculatior.

* Within each column means (n = 4) followed by the same capital letter are not significantly different at P = 0.05
based on Student’s t-test.

* Between columns of the second and seventh leaves of Chinese kale for No. of lesions or disease severity for each
kind of inoculation means (n = 4) followed by the same small letter are not significantly different at P = 0.05

based on Student’s t-test.

AT, HTEHES L ERERITE S BN GEX
TABLE 2. Regression equations of the relationship
between amount (Y) of each foliar nutrient element
and leaf age (X) from the first to eighth position of
Chinese kale plants grown in Tali fields

Nutrient element Regression equation

Nitrogen ~ Y=9.5+04X-0.18X>  (R'=0.72, P<0.0001)
Phosphorus Y =0.49+0.05X-0.009X’ (R*=058, P<0.0001)
Potassium Y=22-04X+0.04X>  (R'=0.13, P<0.0001)
Calcium Y =0.68+0.4X-0.00002X" (R*=0.48, P<0.0001)
Magnesium Y=0.25-0.04X+0.08X> (R*=0.67, P<0.0001)
Copper  Y=15-1.07X+0.16X>  (R*=036, P<0.0001)
Zine Y=485+11.1X-1.14X> (R'=005, P<0.0001)
Ferric Y=84.0+425X-097X" (R’=046, P<0.0001)
Manganese Y=975-25.4X-2.8X"  (R*=0.09, P<0.0001)
Boron Y=87+0.09X-003X>  (R’=0.04, P<0.0001)
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i, $F. B REAWEEHERWHBEEN AR
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K=, AGFERMENBRERERE (V) BEEAERERTRSE (X) MOMAER ﬂ
TABLE 3. Regression equations of the relationship between disease severity (Y) of Chinese kale black spot caused

by Alternaria brassicicola and amount (X) of each major nutrient element analyzed from the leaves at the same “
position of Chinese kale plants grown in Tali fields for 3 months from Oct. 1 to Dec. 31, 1992 ‘

Leaf position Nitrogen (%) Phosphorus (%) :
1 Y=107-0.02X (R*=0.06, P<0.4328) Y=06-0002X (R'=037, P<0.038) !
2 Y=83+002X (R*=0.02, P<0.6705) Y=05-0002X (R'=035 P<0.03%)
3 Y=87-0.003X (R*=0.009, P<0.9187) Y=05-0003X (R’=032, P<0.0133) |
4 Y=9.0-004X (R*=029, P<0.0214) Y=07-0003X (R*=029, P<0.104)
5 Y=93-003X (R*=032, P<0.0143) Y=05-0.0006X (R=0.01, P<0.7264)
6 Y=97-0.1X (R*=0.59, P<0.0001) Y=05-0001X (R’=0.27, P<0.0079)
7 Y=26-001X (R*=035 P<0.0006) Y=04-0001X (R*=0.19, P<0.0101)
8 Y=26-001X (R*=041, P<0.0001) Y=03-0.0008X (R°=0.36, P<(.0001)
Leaf position Potassium (%) Calcium (%)
1 Y=2.0-0.008X (R*=0.07, P<0.3820) Y=0.1+0.008X (R*=0.16, P<0.1982)
2 Y=17-0.008X (R’=020, P<0.1438) Y=16-0003X (R'=0.02, P<0.6530)
3 Y=12-0002X (R*=0.01, P<0.6579) Y=15+002X  (R’=0.11, P<0.1795)
4 Y=07-0003X (R*=0.25, P<0.0335) Y=23-0.0008X (R*=0. 0004 P<0.9474)
5 Y=14+0002X (R*=0.008, P<0.9061) Y=18+0.002X (R’=026, P<0.0318)
6 Y=11+0.005X (R*=0.06, P<0.5697) Y=32+0007X (R*=0.01, P<0.5144)
7 Y=16-001X (R*=027, P<0.0031) Y=29+0.02X (R'=0.17, P<0.0229)
8 Y=18-0.005X (R*=0.08, P<0.1595) Y=26+003X  (R*=052, P<0.0001)
” y Disease severity (%)
Leaf position Magnesium (%) + standard deviation
1 Y=0.19-0.0002X (R*=0.02, P<0.6172) 125+ 125
2 Y=0.20-0.0005X (R*=0.14, P<(.2456) 125+ 125
3 Y=0.19-0.0002X (R2 O 0006 P<0.9711) 207 £15.2
4 Y=0.23-0.0004X (R*=0.11, P<0.2038) 217 £ 161
5 Y=0.24+0.0004X (R2 012 P<0.3036) 219+ 164
6 Y=0.24+0.0002X (R*=0.0009, P<0.7612) 3034202
7 Y=0.27-0.0003X (R*=0.12, P<0.1057) 404 + 259
8 Y=0.34+0.0002X (R*=0.32, P<0.0009) 416+ 279

BICHF, A brassicicola BRE OTEFERNBREREE HFENAEAZHLK, HAEE2 200 ppm &, F

RENRNMEYD, BAEEE A brasicae BEH U BARBREERNEDE R ENERE,

{EFFEER R HEREE A 150 ppm HEE 300 ppm . e b

B R RE SR R B @téﬁﬁ%miaﬁ%ﬁ%}ﬁ@ﬂ@m@Iitl:s&
WS ERREERTZE: LHHMS50-300 ppm Hoagland's kK i b £ FRME T %, ries

RIEHIHICEE, A. brassicicola F A. brassicae WE S KRBT ERGEE A, brassicicola ] A. brassicae B

FEAMTENENEESREIES (BT ). £EH NWREREEREENER (KT, HRshgis
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FN, GEFESMVENBIRBRE (V) ZHEAHRBRTRIE (X) HRBRER
TABLE 4. Regression equations of the relationship between disease severity (Y) of Chinese kale black spot caused
by Alternaria brassicicola and amount (X) of each minor nutrient element analyzed from the leaves at the same
position of Chinese kale plants grown in Tali fields for 3 months from Oct. 1 to Dec. 31, 1992

Leaf position Copper (ppm) Zinc (ppm)
1 —! Y=63.0+0.1X  (R*=0.004, P<0.8517)
2 - Y=653-03X (R’=0.14, P<0.2250)
3 — Y=59.4+04X  (R*=029, P<0.0220)
4 Y=096+0.02X (R*=0.003, P<0.6294) Y=625+09X  (R*=055 P<0.0004)
5 — Y=63.8403X (R*=0.07, P<02791)
6 Y=0.80+007X (R=046, P<0.0727) Y=68.6+02X  (R'=0.03, P<0.4300)
7 Y=045+002X (R=0.05 P<0.2215) Y=678+02X (R’=0.02, P<0.4491)
8 Y=1.7940.03X (R’=0.09, P<0.1057) Y=339+06X  (R’=046, P<0.0001)

Leaf position Ferric (ppm) Manganese (ppm)
1 — Y=562+02X  (R'=0.01, P<0.7687)
2 — Y=568+04X  (R=0.10, P<0.3084)
3 — Y=71.0+05X  (R'=0.14, P<0.1262)
4 Y=24+05X (R*=0.06, P<0.3174) Y=121+12X  (R’=023,, P<0.0461)
5 Y=69.0+32X  (R*=0.35, P<0.0092) Y=52+0.1X (R?=0.02, P<0.6063)
6 Y=1248+15X (R’=0.04, P<0.3951) Y=-125+12X (R*=048, P<0.0002)
7 Y=127.0421X  (R=030, P<0.0015) Y=854403X  (R=004, P<0.2799)
8 Y=1255+1.0X (R’=0.08, P<(.1215) Y=326+06X (R*=022, P<0.0090)

, » ‘ Disease severity (%)

Lea position Boron (ppm) + standard deviation
1 Y=77-0007X (R=001, P<0.5826) 125+ 125
2 Y=88+0.03X (R*=0.18, P<0.1774) 1251125
3 Y=96+001X (R’=0.004, P<0.8144) 207 £15.2
4 Y=8.0+005X (R’=0.18, P<0.0804) 21.7 £ 16.1
5 Y=80-0004X (R’=0.004, P<0.8258) 219+ 164
6 Y=6.9+0.01X (R'=0.01, P<0.6199) 303 +20.2
7 Y=72+0.02X (R*=0.10, P<0.0863) 404 £ 259
8 Y=76+0.003X (R*=0.009, P<0.8418) 41.6 £ 279

' —, not tested.

BT BRI TR R B E A, brassicicola

B R, BT S AR MR [ U BTR 8 TN

2] 11

M2s% fikio HERA RAEHZM ., SFHMEILH KR
W2 G R BB R L L TR D SR A2 S

S, BTEFFEALHERR, BREZENERENER
KRB 51 mm UEENREBNBRAMRERS
1-27% 75, BRR ARG 3 Fr 9 BE B R AR B T 1R

Ho

BENEYEREEREYNERERT, U

RN REE T o BEEB AT R HEZ K,
ISR EMERTREEELRE, Rl EEDY
5% 14 (Disease predisposition) o I4F, TEYIEREZ

P 7097 [ B ) B0 8 )1 (Virulence) BLTETERE ST,
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Fig, 3. Effect of various concentrations of Urea-N on
disease severity of Chinese kale caused by Alternaria
brassicicola (isolates ABA-06 & ABA-13) and A.
brassicae (isolates ABE-01 & ABE-02). The
relationships of concentration of Urea-N (X) with
disease severity (Y) were quadratic; Y =34.6+0.008X -
0.0001X* (R’=0.56) and Y=35.5-0.02X-0.0005X>
(R*=0.61) for isolates ABA-06 and ABA-13,
respectively; Y =36.2+0.04X+0.0005X* (R*=0.56) and
Y=36.2+ 0.04X+0.0006X* (R*=0.56) for isolates ABE-
01 and ABE-02, respectively.
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brassicicola M1 A. brassicae L ZIEFHYIM o Sarker
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Fig. 4. Effect of various concentrations of P,0-P on
disease severity of Chinese kale caused by Alternaria
brassicicola (isolates ABA-06 & ABA-13) and A.
brassicac (isolates ABE-01 & ABE-02). The
relationships of concentration of P,0,-P (X) with
discase severity (Y) were quadratic; Y=3.5-
0.06X+0.0001X* (R*=0.76) and Y=3.6-0.07X-
0.0002X* (R*=0.81) for isolates ABA-06 and ABA-13,
respectively; Y=33+0.1X+0.0006X* (R*=0.64) and
Y=3.3+0.2X-0.0007X* (R*=0.70) for isolates ABE-(]
and ABE-02, respectively,
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T EEFH SR AT S s b
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Fig. 5. Effect of various concentrations of KCI-K on
disease severity of Chinese kale caused by Alternaria
brassicicola (isolates ABA-06 & ABA-13) and A
brassicae  (isolates ABE-01 & ABE-02). The
relationships of concentration of KCI-K (X) with
disease severity (Y) were quadratic; Y=33-
0.02X-0.0004X* (R*=0.53) and Y=3.7-0.05X+
0.0004X* (R*=0.69) for isolates ABA-06 and ABA-13,
respectively; Y =52-0.2X+0.0003X* (R*=0.56) and
Y=52-0.1X+0.0002X* (R*=0.69) for isolates ABE-01
and ABE-02, respectively.
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RO~ HERTHBETLRZ AT TH HIEITES A, brassicicola (B #k ABA-06 & ABA-13) 71 A
brassicae ( Bitk ABE-01 & ABE-02) 3B #ll 2

TABLE 5. Effect of minor element-deficiency on disease severity of Chinese kale caused by Alternaria brassicicola
(isclates ABA-06 and ABA-13) and A. brassicae (isolates ABE-01 and ABE-02)

Frequency (%) of > 5.1 mm dia.

Disease severity (%)’ size lesions per leaf
Hoagland’s' solution A. brassicicola A. brassicae A. brassicicola A. brassicae

ABA-06 ABA-13 ABE-01 ABE-02 ABA-06 ABA-13 ABE-01 ABE-02
-B 35 B 31 B 49 B 46 B 2B 2B 1B 1B
-Cu 34 B 35B 45 B 47 B 2B 3B 2B 1B
~-Zn 61 A 56 A 46 B 49 B 3B 4B 2B 2B
-Mn 69 A 60 A 59 A 56 A 13 A 14 A 28 A 24 A
-None 34 B 31 B 45 B 47 B 1B 1B 1B 04 B

' Chinese kale plants were grown in Hoagland’s solution with and without various minor elements for one month
in the greenhouse. Hoagland’s solution was composed of 1 ml/L KH,PO,, 5 ml/L KNO,, 5 ml/L Ca(NO;),* 4HO,
2 ml/L. MgSO,*7H,0, 1 ml/L Fe-EDTA & 1 ml/L micronutrients. Deduction of MnCl,*4H,0, ZnSO,* 7H,0,
H,BO,, CuSO,*5H,0O or none from the micronutrients was used as the treatment.

? Disease severity of Chinese kale was recorded 7 days after inoculation with 1 X 10° spores/ml of the pathogens.

* Values (n=18} in each column followed by the same letter are not significantly different at P = 0.05 according to
Duncan’s multiple range test.
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ABSTRACT

Chung, W. C., and Huang, J. W. 1993. Effect of mineral elements on disease severity of black
spot of Chinese kale. Plant Pathol. Bull. 2:78-87. (Department of Plant Pathology, National
Chung Hsing University, Taichung, Taiwan, R.O.C.)

In the greenhouse and field, disease severity of black spot of Chinese kale, caused by
Alternaria brassicicola, was positively correlated with leaf age (leaf positions from first to eighth).
When the second and seventh leaves were wound-inoculated with the pathogen, the lesion
number and disease severity in the second leaves were significantly less than those in the seventh
leaves. Foliar analyses indicated that amount of nitrogen element in leaves was highly correlated
(Y =95+ 04X — 0.18X?, R*=0.72, P<0.0001) with leaf positions from first to eighth. The
disease severity of the sixth leaves was negatively correlated (Y = 9.7 — 0.1X, R*= 059, P<
0.0001) with amount of foliar nitrogen element. Chinese kale grown in soil amended with 150
ppm or more of Urea-N greatly decreased the disease severity of black spot caused by A.
brassicicola, but the reverse occurred by A. brassicae. Resistance of Chinese kale plants to A.
brassicicola and A. brassicac was enhanced when they were grown in soil amended with = 100
and = 250 ppm of P,Os-P, respectively. Application of 200 ppm or more of KCI-K to soil also
increased the resistance of Chinese kale plants to the disease. In hydroponic cultivation with
Hoagland’s solution, deletion of manganese element increased the number of expanded lesions
(> 5.1 mm diam.). This study suggests that mineral elements may affect the disease severity of
Chinese kale caused by A. brassicicola and A. brassicae.

Key words: Alternaria brassicicola, A. brassicae, nitrogen element, mineral elements.





