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Relative susceptibility of fourteen promising local apple genotypes to fruit black rot Diplodia seriata and its
relationship with some physicochemical traits
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Abstract

Diplodia seriata is the causal agent of apple limb and trunk cankers as well as fruit black rot. Disease was detected in the Iranian apple
collection located at horticultural research station of Kamal-shahr, Karaj. Fourteen apple promising genotypes and two commercial cultivars
(Golden Delicious and Fuji) were tested in the field and laboratory for their relative susceptibility to the pathogen, during 2016-2017. The
fruits were inoculated in the field at 2 to 3 weeks before harvest with fungal mycelia from 11-day-old cultures of PDA medium. In the
laboratory, detached fruits were inoculated similarly. Genotypes were classified for susceptibility to the fungus by determining disease
severity of attached fruits in the field based on lesion expansion (mm/degree-day), and on detached inoculated fruits in laboratory according
to the mean lesion diameter, both 5 days after inoculation. Based on the laboratory and field data, Iranian genotypes were classified into three
relative susceptibility groups: most susceptible: TR-1, SSB, and H1-SH; moderately susceptible: MD-N2, GO-N3, B-K-KH, DO-P-SH,
MNS8, T5 and Golden Delicious; least susceptible: SBA, MN10, S-O-G, KH2, ME6 and Fuji. There was a negative correlation between
disease severity and flesh firmness, but total solid soluble (TSS) and lesion diameter were not correlated in both experiments.
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Table 1. Compound variance analysis for the effect of year, genotype

and their interaction on apple black rot disease severity in the field
and laboratory.

Mean lesion diameter 5 Field disease
SOV df days after inoculation severity (mm
B * (mm) (Disease severity) lesion increase/

Field Laboratory degree-day)
Year 1 57.17 "™ 419.87 ™ 0.002 ™
Replication (year) 4 1.68 6.38 0.0002
Genotype 15 149.70 " 388.00" 0.009 "
Genotype xYear 11  43.05™ 109.36 ™ 0.007 ™
Error 52 5.13 7.98 0.0003

CcVv 7.87 7.64 8.58

Ao y30 5 JLJ&-!CEM);)\:J'M S S g Tl pee e ™

" Not significant, ™ and “significant at 1% and 5% probability, respectively.
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Table 2. Harvest date and disease severity of promising apple genotypes inoculated with Diplodia seriata in the field and laboratory
during 2016-2017.

Mean lesion diameter 5 days after Mean lesion diameter 5 days after

Field disease severity

Harvest date inoculation in field (mm) N inoculation in laboratory (mm)
Genotype (Field disease severity) (mm lesion increase/degree-day) (Laboratory disease severity)
Combined Combined Combined
2016 2017 2016 2017 mean 2016 2017 mean 2016 2017 mean
T-R1 28 Aug 28 Aug 40.31ab¥Y  41.23a 40.77 a 0.34a 0.24cd 0.29 ab 44.84 b 40.10 def ~ 42.47 bc
H1-SH 4 July 22 Jun 4184 a 32.93bc 37.39ab 0.28 b 0.22d 0.25 ab 54.65a 51.13b 52.89 ab
SSB - 29 Aug -z 33.15bc  33.15abc - 0.33a 0.33a - 59.27 a 59.27 a
DO-P-SH 28 July 16 July 31.00c 34.03b 32.52abcd  0.21de 0.26 ¢ 0.23 ab 35.24de  38.08efg 36.66 bcd
GO-N3 7 July 24 Jun 36.44b 24.15¢e 30.29 bed 0.25¢ 0.16 € 0.20 ab 31.40 ef 45.15¢ 38.27 bc
MD-N2 31 July - 29.74 ¢ - 29.74 bed 0.20 def - 0.20 ab 37.48 cd - 37.48 bed
MN8 28 July 8 July 2811cd  29.85cd  28.98 bcd 0.19 defg 0.29b 0.24 ab 41.94bc  40.97 cdef 41.44bc
T5 15Sept 15 Sept 29.93¢ 26.18de  28.05 bcd 0.22 cd 0.17e 0.20 ab 33.72 de 31.89j 32.80 cd
SBA - 28 July - 27.42de  27.42 bcd - 0.22d 0.22 ab - 29.52j 29.52 cd
Fuji - 20 Sep - 26.75 de 26.75cd - 0.18¢ 0.18b - 3251hij 3251cd
KH2 7 July 26 Jun 28.49 cd 24.90 e 26.69 cd 0.19 defg 0.16 € 0.18b 27.68 f 4438cd  36.00 cd
S-0-G 16 July 1 July 25.18 def 24.67 ¢ 24.92 cd 0.17 fg 0.17e 0.17b 15479 37.20efgh  26.33 cd
MN10 26 July 9 July 23.63 efg 25.28 ¢ 24.45 cd 0.16 g 0.24 cd 0.20 ab 3549de 3497ghi 35.23cd
ME6 17 July 1 July 27.45 cde 20.52 f 23.98 cd 0.18 efg 0.15e 0.16 b 17.45¢g 24.83 k 21.14d
gglli(i?gus 2 Sep 26 Aug 22.91 fg 24.75¢ 23.83cd 0.21 de 0.16 ¢ 0.18b 36.02de  42.07cde  39.04bc
B-K-KH 2 Sep 2 Sep 10.78¢g 25.17e 22.47d 0.18 efg 0.25 cd 0.21 ab 35.45 de 36.48 fghi  35.96 cd
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Y- Data are the mean of 21-30 observations from three replications (7-10 fruit per replicate).
Z Fruit not available for testing.

Different letters denote significant differences among means according to the Duncan’s multiple range test (P < 0.05).
Golden Delicious and Fuji cultivars are added as standard.

« SSB (A); H1-SH (B); SBA (C); T-R1 (D); MN10 (E); MES6 (F); S-O-G (G); KH2 (H), Fuji (K); Golden Delicious (L) sla 55 2515 -V K&

0= o&islesl 5 (0-Y) gl Ll i s (sl o 55 o) Jala b anslie 53 (558 53 coul)) Diplodia seriata b Ssale 51 e 5550
Fig. 1. Reaction of SSB (A), H1-SH (B); SBA (C); T-R1 (D), MN10 (E), MES6 (F), S-O-G (G), KH2 (H), Fuji (K) and Golden Delicious (L) 5 days
after inoculation with Diplodia seriata (right in each photo) compared to control (left in each photo) in field (1-1) and laboratory (1-2).
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Table 3. Compound variance analysis for the effect of year,
genotypes and their interaction on the fruit firmness, total soluble
solids and pH of apple promising genotypes.

Mean Squares

SOV. df. TL;’;ES?; TSS(%)  pH
Year 1 66.28 - 73.80° 409"
Replication (year) 4 0.46 ™ 0.31m™ 0.13™
Genotype 15 6.22" 22.24" 0.81"
Genotype x Year 11 6.10 ™ 6.87™ 053"
Error 52 0.45 242 0.13
CV. 9.29 12.95 10.58

Ao 30 \ JL&J}. CE.N BE J)L;'Ju v.;;m * 3 **UBL;'MJ:}”S
™ Not significant, “and “significant at 1% and 5% probability, respectively.

o 0 g0 ol b Fland 556 58 Olhs BLS,I w5
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O dsd) Laosls bl st Jsr gl ol
slpe Aoy Bl i Sl aalllas 5, 0e G555
Az 3 0 Jlazl w3 0 500 05lae PH 5 (TSS) Jplome ol
LTSS Olyan ity ATA0 Il s dizdls Sslis o |
Do oS 5 (Ve 0) BRKH 5 (WV/00) T5 (slac i 555
(8 Jsiis) Sils sl (1Y) S-0-G 5 (3/8Y) MD-N2 4
(M0+)S-0-G 5 \VAV) TS 3555 \¥A Jow s Ll
3574 1 Jslome Aol 3150 Olin (2S5 00 VL o S
e WA 5ATA0 ladle s coman sl olans
(NAY) $:0-G 5 (V+/V0) B-K-KH ay i g by s
(F/AY) T-RL 5 (V/+8) GO-N3 ass cobly ziw s 58
S il S ol 0L o ) gl s 3l
Gogmn Sl (fi 5 Jolons ol Slge o )s  n
(r=0.23,P<0.05) 5,05 5525 o foudul glacs 55

ol (Biggs and Miller, 2003) , s 5 550 (0 Jsi>)

sl Glac 35 Gale 3l dar 0355 0 0553 SC slp s S0le 5 000 PH o showe ol 310 (3L e (S5l Gl —E g

Y L1, 5 Diplodia seriata b

Table 4. Date of inoculation, fruit firmness, total soluble solids, pH and mean temperature for the 5-day period following field inoculation
of promising apple genotypes with Diplodia seriata.

2016 2017
Inoculation  Fruit firmness Mean temp. | Inoculation  Fruit firmness Mean temp.

Genotype " e (kglem?)  158(%)  pH Q) date (kglem?)  15S5(%)  pH &)
B-K-KH 15 Aug 10.75aY 16.00ab  3.62 abc 26.50 15 Aug 6.20 cde 12.72 bc 3.61ab 35.50
T5 29 Aug 10.71a 17.50a 2.81c 27.00 29 Aug 5.83 def 17.17a 2.75 efg 29.50
MD-N2 11 July 10.16 ab 9.47e 4.06 ab 29.50 - - - - -

DO-P-SH 11 July 9.54 abc 1250cd  3.69 abc 29.50 27 Jun 6.37 cd 9.50 cde 3.41bc 26.00
ggl'i‘i?c’)‘us 15 Aug 9.42 abc 1567b  283c¢ 26.50 8 Aug 550ef  863de  305de 2575
S-0-G 30 Jun 9.09 bed 10.67de  3.66 abc 31.25 13 Jun 8.83a 8.50 e 3.82a 29.50
ME6 30 Jun 8.30 cde 11.83 cd 432a 31.25 13Jun 750 b 10.00 cde 2.81 ef 29.5
KH2 20 Jun 7.83 def 12.17cd  4.04ab 30.75 6 Jun 6.99 bc 9.50 cde 2.96 ef 26.00
MN8 11 July 7.70 def 1250cd 3.92ab 29.50 20 Jun 529 f 12.83 bc 2.89 ef 26.25
MN10 12 July 7.16 efg 12.60cd 3.45abc 29.50 20 Jun 7.00 bc 10.00 cde 2.50 gh 26.25
T-R1 8 Aug 6.67 fg 11.83cd  3.12hc 31.25 8 Aug 3.83¢g 1167bcde  3.28 cd 27.00
H1-SH 20 Jun 6.50 fg 13.17¢ 4.16a 30.75 6 Jun 5.58 def 10.00 cde 3.75a 26.00
GO-N3 20 Jun 6.04¢ 11.17d 435a 30.75 6 Jun 7.75b 12.17 bed 3.42bc 26.00
Fuji - -2 - - - 29 Aug 5.58 def 14.00 b 2.90 ef 25.75
SBA - - - - - 11 July 525f 11.00bcde  2.67 fgh 26.00
SSB - - - - - 15 Aug 512 f 12.17 bed 243h 35.50

Slacals o sl ulod il o S i G G Bl sl &8 Sla,Sle dil o GG a g 0500 ¥) GG Y Slodalie 1 Kl sds 8 Y
.ui..ll.»ﬂ Sl s B8 3T 54 poke S R R -S| ERREV RGP PR W ST o Jlez| CE“ 05 Sl
Y: Data are the mean of 6 observations from three replications (2 fruit per replicate). Different letters denote significant differences among means

according to the Duncan’s multiple range test (P < 0.05).

Z Fruit unavailable.
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Table 5. Correlation of some fruit physicochemical traits of apple

promising genotypes and lesion growth of Diplodia seriata
in the field and laboratory.

Lesion Lesion

Characteristic  increase diameter  Firmness TSS pH

/degree day (Laboratory)
Lesion
diameter 0.75™ 0.40 ™ -0.40™ -0.08® 019™
(Field)
Lesion
increase 048 ™ -0.35 0.03 -0.12
/degree day
Lesion
diameter -0.337 -0.07™ -0.15™
(Laboratory)
Firmness 0.23" 0.26"
TSS -0.14™

Ao )30 5 ) JL«:}-‘C]G»&);)‘}L;:M S S gl e e
" Not significant, ™ and "Significant at 1% and 5% probability,
respectively.
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Fig. 2. The process of disease development on some promising apple genotypes compared with Golden Delicious and Fuji in
different days after inoculation in field (right) and laboratory (left) in 2017.
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