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Analysis of Flooding Damage by Heavy Rain on ‘Fuji’/M.26 Apple Tree
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ABSTRACT This survey was carried out to investigate the effect of flooding by heavy rain on growth characteristics
and disease incidence of ‘Fuji’/M.26 mature apple tree in 1998 at Kyongbuk province. The surveyed regions were
Andong, Uisung, and Gunwi area. The six orchards were selected from one area, totally 18 orchards were surveyed.
The flooded depth of surveyed orchards was from 70 to 350 cm, and the flooded duration was from 6 to 72 h.
Defoliation ratio, number of abnormal budding, and flowering per tree were increased along with the increment of
flooded depth and duration. Rooting ratio was decreased rapidly with the increment of flooded duration, and dead root
ratio was 16.2% in flooded orchards. Marssonia blotch (Diplocarpon mali), white rot (Botryosphaeria dothidea) of
fruit, and phytophthora fruit rot (Phytophthora cactorum) incidence were increased in flooded orchards. The analysis
results of pearson correlation coefficient among surveyed items showed that higher relationship of abnormal growth
characteristics and increment of disease incidence of ‘Fuji’/M.26 apple trees with flooded duration than with flooded
depth. With these results, the flooded depth was found to be the main factor for the abnormal growth characteristics

and disease incidences of ‘Fuji’/M.26 apple trees.
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Fig. 1. Precipitation of surveyed area in August, 1998.

Table 1. Effect of flooding by heavy rain on growth characteristics and disease incidence of ‘Fuji’/M.26 apple trees in surveyed region.

Average Average - No. of No. of . Dead Marssonia  White  Phytophthora
i;gi\giyed depth of durat_ion of Defroe:tliz;tlon blooming budding R(r);ti':g rogt blotch rot fruit rot
flooding (cm) flooding (h) (flowerd/tree) (buds/tree) ratio (%) (%) (%)
Andong 159.8 28.2 23.0 b’ 08 b 225 b 128 a 169 a 227 b 257 a 143 b
Uisung 198.6 33.0 240 b 15b 356 b 177a 114 a 26.8 b 10b llc
Gunwi 228.3 30.0 348 a 72 a 64.9 a 10b 192 a 65.8 a 279 a 374 a

*Mean separation within columns by Duncan’s multiple range test a 5% level.

Table 2. Effect of flooded duration on the growth characteristics of ‘Fuji’/M.26 apple trees after heavy rains in surveyed orchards.

Flooded Defoliation ratio No. of blooming No. of budding Rooting Dead root
duration (h) Upper’ Mid. Low Mean (flowers/tree) (buds/tree) ratio ratio
72 255 45.0 734 480 a 146 a 776 a 21c 571 a
24-48 127 35.2 49.0 312 ab 25 b 479 b 115 b 147 b
6-12 10.6 14.3 23.6 161 b 00 c 79 c 29.1 ab 00 c
0 15 4.9 12.2 6.2 b 0.0 c 0.0 d 43.0 a 0.0 c

“Portion of canopy.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 3. Effect of flooded depth on growth characteristics of ‘Fuji’/M.26 apple trees after heavy rain in surveyed orchards.

Flooded Defoliation ratio No. of blooming No. of budding Rooting Dead root
depth (cm) Upper® Mid. Low Mean (flowers/tree) (buds/tree) ratio ratio
>300 22.8 354 521 36.8 @ 70 b 119.7 a 70 b 246 a
200—-270 20.1 36.9 412 327 a 0.9 bc 255 b 40 b 122 b
100-170 18.6 294 51.3 331la 234 a 154 b 271 ab 166 b
70 1 2 6.7 32 b 00 c 00c 96 b 00 c
0 15 4.9 12.2 6.2 b 0.0 c 00 c 430 a 0.0 ¢

“Portion of canopy.

YMean separation within columns by Duncan’s multiple range test at 5% level.

Table 4. Incidence of severa diseases by different flooded duration on ‘Fuji’/M.26 apple trees after heavy rains in surveyed orchards

Flooded Marssonia blotch (%) White rot (%) Phytophthora
duration (h) Upper* Mid. Low Mean Upper® Mid. Low Mean fruit rot (%)
72 50 58.5 100.0 67.0 @ 335 36.0 48.7 394 a 400 a
24-48 30.7 37.8 52.2 402 a 12.8 171 33.7 212 a 12.9 bc
6-12 158 50.4 51.8 393 a 19 2.6 3.9 28 b 250 b

0 17 5.2 8.2 5.0 b 0.5 0.5 0.4 05 c 0.0 ¢

“Portion of canopy.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 5. Incidence of severa diseases by different flooded depth on ‘Fuji’/M.26 apple trees after heavy rains in surveyed orchards.

Flooded Marssonia blotch (%) White rot (%) Phytophthora
depth (cm) Upper’ Mid. Low Mean Upper® Mid. Low Mean fruit rot (%)
>300 40.9 55.9 775 56.8 & 3.6 38 289 121 a 125 b
200-270 9.1 324 57.1 329 ab 0.1 0.3 3.4 12 ab 213 a
100-170 415 49.2 544 484 a 28.6 36.1 50.1 383 a 237 a

70 10 3.7 5.0 32b 0.1 0.3 0.7 06 b Oc

0 17 5.2 8.2 50b E 0.5 0.5 0.4 05 b 0c

Portion of canopy.

YMean separation within columns by Duncan’s multiple range test at 5% level.

Table 6. Correlation coefficient between degree of flooding and growth characteristics and disease incidence on ‘Fuji’/M .26 apple trees.

Flooding Root_ing Dead_root Defol i_ation No. gf No. _of Marssonia White rot Ph)_/tophthcra
ratio ratio ratio blooming budding blotch (%) (%) fruit rot (%)

Depth (cm) -0.433 0.153 0.267 0.225 0523 0.443 -0.007 0.229

Duration (h) -0.519° 0.804" 0.554° 0.664° 0.213 0.404 0523 0.396

“Significant at 5 or 1% level, respectively.

Table 7. Pearson correlation matrix between surveyed items in flooded ‘Fuji’/M.26 apple trees in September 1998.

ltem Defoli_ation No. pf No. _of Root_ing Dead_root Marssonia  White rot Ph)_/tophthora
ratio blooming budding ratio ratio blotch (%) (%) fruit rot (%)

Defoliation ratio 1.000

No. of blooming 0.529° 1.000

No. of budding 0431 0.631° 1.000

Rooting ratio -0.202 -0.303 -0.289 1.000

Dead root ratio 0.303 0.567 -0.027 -0.294 1.000

Marssonia blotch (%) 0.824" 0575 0.473 -0.258 0.165 1.000

White rot (%) 0.609° 0.322 -0.067 -0.013 0.489 0.482 1.000

Phytophthora fruit rot (%) 0.116 0.326 -0.164 -0.212 0.509 0.405 0.496 1.000

“Significant at 5 or 1% level, respectively.
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