Iranian Journal of Horticultural Science Sl SLEL
Vol 50, No 3, Autumn 2019 (667-681) RN r’"&
DOI: 10.22059/ijhs.2018.255705.1437 FPYFAY (o) WA 5l ¥ 5)Lol B0 8590

s SBAI9053 5 35 (3l gl T 202 9 ok 1 BT Cadled Ay il Sl 9 i T 3 15157
SlAab 998 Tl yb 30 (Syg0 i S

"aale 031 3ude oo § 93T e Lo gule 59818 Lo yuremo T Gnigs 15 3 09 ¢ 03150815 dabold
Ol g8 s o &Els (65, 9LaS 0aSCisls (Hbakiwl 5 HLESls (g s lw gl ¥ 5 Y

OFAV/F/N 2oy a6 = AYAV/Y/Y 1Sl s fu)b)

o>

2
SPX o e 5508 5 b 53 A 3 p S Yo sV 0 V0 ¢ Bl s el S gl 0 31 a3 cnl o
3 oledlE Lad (SN glesdgn Slogpas (F g W3S pesn b SuSlhn al o sbsn; 5 (Yt 4
o5 S Bl 5o el Sl el 0 2y pde b sgmy b ek g Sl 5 LS s 1SS e 555 g
Il s SEalS (Vsas Kn Yo b ¥/0 Chile) dl Sidsgd ool 0 L odd jlad S 5 o) llE (gladi ey LS (5 S50
D sa Jbs S sldis cp ks bisls OUE 1) 51Ty Dby Kl 56 g3 denS T gon Sdlad 53 I35 5 5AnST 5 5 VG o 5
ol BT s 581 53 (5 F 30 B (5555 S s A el el S el Y g0y Sn Ve il 3 0 )l gl g
Sads ) sl 0SB 5 )58 A Dad Sl el sty Y ge e 80 (558 A 0 0T s ity 5 0 ) ek gai )
5 Gosd T il addlls 3590 Gk gain )y IS I 5 SIS ST Sl Ll 51 ciS dasee 53 (Y gy Sn Y/O-Y 1)

Wbl 55 s S s e gl len T ! SKadg ) gl

(I gy ol g Dl & (Sn Bl g Ol ST (sla 5T 1S (S0 3g

Effects of aminolevulinic acid on growth, antioxidant activity and anthocyanin
accumulation of apple explants under salinity stress in in vitro culture conditions
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ABSTRACT

The present study was carried out to evaluate the effect of 5-aminolevulinic acid (ALA) on physiological and
biochemical changes of in vitro-cultured Budaguvsky 9 (Bud 9) apple cultivar under NaCl induced salinity stress.
Virus-free shoots and callus of Bud 9 apple were cultured on MS medium containing different levels of NaCl (0, 30,
60 and 90 mM) and ALA (0, 2.5, 5, 10 and 20 pM). Four weeks later phytochemical variations of regenerated
plantlets with or without NaCl and/or ALA treatments were recorded. Shoot explants and callus treated with 5-
aminolevolinic acid at 2.5 to 20 uM concentrations demonstrated reduction in catalase and peroxidase and
enhancement in superoxide dismutase and ascorbate peroxidase enzyme activity. The highest chlorophyll a and b
values were observed at shoot explants treated with concentration of 10 um of aminolevolinic acid. Also, salinity
stress was performed an effective role on increasing the amount of anthocyanins of explants and the highest amount
was obtained in 90 mM salinity stress. Increasing the intensity of salinity stress and amino acid concentration (2.5-10
um) in culture media had synergic effect on the antioxidant activity, total phenol as well as flavonoids content of
studied explants.
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Table 1. Effects of 5-aminolevulinic acid on physiological and biochemical characteristics of Bud9 apple callus
explants under salinity stress

Chlorophyll a Chlorophyll Total Carotenoids Total Total

ALA  Salinity (Mg g FW) b Chloa/b Chlorophyll (mag™ FW) anthocyanin flavonoid
(mg g* FW) (mg g* FW) (mgkg*FW)  (mgg*FwW)

0 0 0.950 cde 0.542 de 1.75 cdefg 149 cd 0.105d 222s 153.43p

30 0.945 def 0.514fg 183c 1.46 def 0.084 fg 3.55p 169.50 0

60 0.876 gh 0.437i 2.01ab 131h 0.054 h 5.461 176.47m

90 0.756 i 0.366 | 2.06 ab 1.23i 0.016 j 8.16j 22547¢

25 0 0.949 cde 0.562 ¢ 1.68 efghi 1.51 bed 0.118¢ 258r 169.53 0

30 0.943 def 0518 f 1.82cd 1.46 def 0.089 ef 3.36q 172.74n

60 0.859h 0.430i 1.99 ab 129h 0.057h 527m 190.25h

90 0.752 i 0.384 k 195b 113i 0.016 j 8.43h 244.75d

5 0 0.997 abc 0.613a 1.62hi 16la 0.201a 511n 178551

30 1.041a 0.584 b 1.78 cde 162a 0.160 b 8.361i 186.40

60 0.936 def 0.543d 1.72 defgh 1.48 cde 0.106d 10.42d 196.65¢

90 0.905 efg 0.515fg 1.75 cdef 1.42fg 0.080 g 15.25a 267.36C

10 0 1.001 ab 0.611a 1.63 hi 16la 0.196 a 511n 184.30 k

30 0.973 bed 0.585b 1.64 fghi 155b 0.156 b 8589 19041h

60 0.902 efgh 0.532e 1.69 efghi 1.43 efg 0.105d 10.10e 202.68 f

90 0.894 fgh 0.506 g 1.76 cdef 1409 0.083fg 15.03 b 271.49b

20 0 0.933 def 0.582b 160i 151 bc 0.093e 4260 186.59

30 0.910 efg 0.554 ¢ 1.64 ghi 1.46 cdef 0.083fg 6.43k 188.82i

60 0.674] 0.464h 145j 1.13i 0.043i 9.27f 202.75f

90 0.537 k 0.403j 133k 0.94j 0.044 i 12.66 ¢ 275.61a

Al oo 2o ) o jo ls e BT Bes saimayLiS (i ;B 40 aline By sl polie %
* Values followed by the same letter within a column indicate they are not significantly different (p < 0.01).
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Table 2. The effect of 5-aminolevulinic acid on antioxidant enzymes activities of Bud9 apple callus explants under
salinity stress

ALA Salinit Total phenol Radical PAL CAT POX APX SOD
Y (mg GAE g* FW) scavenging (%) (nm mg™ protein) (Umg™ protein) (Umg™ protein) (Umg™ protein) (Umg™ protein)

0 0 3.33s 51.35p 0.392s 0.015 hi 0.164 j 0.176n 0.0041 op
30 445p 53.921 0.395¢ 0.019e 0.195¢g 0.361 k 0.0041 op

60 6.36 1 55.46 i 0.397p 0.022d 0.242¢ 0.594 h 0.0046 j

90 9.16 57.06 f 0.402 1 0.033a 0.284a 0.816 ¢ 0.0051¢g
25 0 358r 51.35p 0.393r 0.015gh 0.160 jk 0.176 n 0.0042 no
30 4369 53.74m 0.3980 0.018 ef 0.191¢ 0.382] 0.0043 m

60 6.27m 56.55 h 0.400n 0.022d 0.240 cd 0.617 g 0.0052 f

90 9.43h 58.04d 0.4021 0.031 ab 0.266 b 0.850 b 0.0066 b

5 0 6.11n 53.941 0.401 m 0.011) 0.131m 0.3141 0.0044 |
30 9.361i 56.86 g 0.406 k 0.016 fgh 0.173i 0592h 0.0048 h

60 11.42d 59.62 ¢ 0.409i 0.021d 0.192¢g 0.719e¢ 0.0057 ¢

90 16.25a 63.26 a 0.412 f 0.029 bc 0.217f 0217a 0.0069 a
10 0 6.11n 53.46n 0.407 0.011] 0.1521 0.3131 0.0042 mn
30 9.58¢ 54.93] 0.410h 0.016 fgh 0.183h 0.593h 0.0045 k

60 11.10e 56.83 g 0.417d 0.021d 0.218 f 0.704 f 0.0054 e

90 16.03b 60.56 b 0.420b 0.029 ¢ 0.231e 0.939a 0.0066 b

20 0 5.26 0 54420 04119 0.013 eij 0.158 k 0.933m 0.0041p
30 743Kk 54.84 k 0.415e 0.017 fy 0.182h 0.483i 0.0042 mn

60 10.27 f 57.75e 0.418¢c 0.023d 0.220 f 0.593h 0.0047 1

90 13.66 ¢ 59.66 ¢ 0.421a 0.033a 0.235de 0.773d 0.0055d

bl go do o) mhaw Ho jlo cixe BN 895 oaao Ll (gt ;o 50 alive By, sl polie %
* Values followed by the same letter within a column indicate they are not significantly different (p < 0.01).



Y0 VWAA 5l ¥ 8Les B0 5,90 ool SLEL psle

cei Bud 9 4)[4 [ o)Lm.’>l.w le.bdu}‘o)).‘) @L».o.«.w}u 9 é)}'y).d s.,L»..a}.a} > M‘ M}Jw—‘ -0 )." Y de?

g WS
Table 3. The effect of 5-aminolevulinic acid on physiological and biochemical characteristics of Bud9 apple shoot
explants under salinity stress

Total . Total Total
Chlorophyll a Chlorophyll b Chlorophyll Carotenoids anthocyanin flavonoid

ALA  Salinit ! ! ‘
T megtrw)  mggtPw) TSR magt AWy RYTD g et Bw)

0 0 4.82 abc 2.19ab 7.01 abc 215¢c 6.48 ef 516.33 i
30 4.72 abc 2.09 abc 6.81 bc 2.15¢ 6.62 ef 522.36 hi
60 4.11 bede 1.79 bede 5.90 cde 1.36 def 6.39 f 534.77 efg

90 3.52 def 1.06 ef 4.58 fg 1.44f 6.78 e 565.71d

25 0 4.88 abc 2.19ab 7.09 abc 2.14c 8.44d 513.79i
30 4.79 abc 2.08 abc 6.88 bc 2.16¢c 8.35d 526.56 gh

60 4.35 bed 1.88 abcd 6.24 bcde 1.35 def 8.70d 540.85 ef

90 273 f 1.11 def 3.85¢9 1.20 ef 8.61d 584.28 ¢

5 0 4.88 abc 221lab 7.11abc 2.27 bc 9.87¢c 517.33 hi
30 4.96 abc 2.11 abc 7.08 abc 2l4c 9.95¢ 535.40 efg

60 4.45 bed 1.77 bede 6.23 bede 1.58d 9.99¢ 544.24 ¢

90 3.90 cde 1.30 cdef 5.20 ef 1.30 def 9.12¢c 596.94 b

10 0 575a 2.23ab 8.08a 3.08a 12.96 b 534.07 fg
30 5.10 ab 2.10 abc 7.21ab 251b 13.04b 556.59 d

60 4.77 abc 1.85 abcde 6.62 bcd 191c 13.12b 560.67 d

90 3.85 cde 1.69 abcde 5.54 def 1.27 def 13.05b 618.21 a

20 0 4.42 bed 1.89 abcd 6.31 bcde 213¢c 1599 a 533.31 fg
30 4,04 bede 1.48 bcdef 5.53 def 210c 16.09 a 566.01 d

60 4.07 bede 1.20 def 5.27 ef 1.53 de 16.14a 575.86 ¢

90 3.04 ef 0.815f 3.85¢g 1.13f 16.12 a 624.45 a

Adl go do o) mhaw jo jlo cixe B 8.5 oaimo LS (gt ;o 50 aline By, lile polde
* Values followed by the same letter within a column indicate they are not significantly different (p < 0.01).
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Table 4. The effect of 5-aminolevulinic acid on antioxidant enzymes activities of Bud9 apple shoot explants under
salinity stress

Total phenol Radical PAL CAT POX APX SOD
ALA Salinity (mg GAE g* scavenging (nm mg* (Umg™* (Umg* (Umg* (Umg*
F (%) protein) protein) protein) protein) protein)
0 0 37456 d 56.56 ef 0.492 ¢ 0.0147 f 0.240 e 1.27¢ 0.0590 gh
30 368.26 d 55.21 0.494 g 0.0185 de 0.210 gh 1.44fg 0.0572 gh
60 380.48d 58.80 cde 0.495¢g 0.0217 b 0.293d 1.74 ef 0.0634cde
90 426.20 b 61.40 bc 0.528 def 0.0285 a 0.357 b 2.10 cde 0.0687 ab
25 0 378.18d 56.16 ef 0.501 g 0.0146 f 0.201 i 1.47 fg 0.0565 h
30 381.53 cd 56.93 ef 0.495¢g 0.0188 de 0.204 hi 1.56 fg 0.0570 h
60 385.28 cd 58.64 cde 0.520 f 0.0216 b 0.291d 1.76 ef 0.0638cde
90 429.42 b 60.84 bcd 0.542 cd 0.0276 a 0.353 b 2.14 cde 0.0675 ab
5 0 381.40 cd 57.17 ef 0.518 f 0.0147 f 0.213 g 1.52 fg 0.0587 gh
30 382.32 cd 57.75 ef 0.520 f 0.0167 ef 0.191] 1.79 ef 0.0599fgh
60 397.83 ¢ 60.78 bed 0.532 cdef 0.0183 de 0.217 fg 2.06 de 0.0668abc
90 428.20 b 63.39 ab 0.545 ¢ 0.0204 be 0.317c 2.14 cde 0.0697 a
10 0 384.33 cd 58.54 cde 0.531 cdef 0.0148 f 0.214g 222cd 0.0607efg
30 438.30 b 58.80 cde 0.533 cdef 0.0147 f 0.192 2.62ab 0.0629def
60 469.66 a 62.67 ab 0.538 b 0.0151 f 0.214 g 2.66 ab 0.0693 a
90 483.68 a 64.62 a 0.614 a 0.0175e 0.288 d 2.89 ab 0.0703 a
20 0 375.48d 56.45 ef 0.525 ef 0.0150 f 0.222 f 221cd 0.0574 gh
30 378.39d 57.71 ef 0.538 cde 0.0188 de 0.313¢c 2.50 be 0.0590 gh
60 379.13d 58.54 de 0.595 b 0.0297 a 0.353 b 2.70 ab 0.0655bcd
90 381.78 cd 58.84 cde 0.614 a 0.0283 a 0410 a 2.96 a 0.0688 ab

Al e do ) s jo ls e BT 555 oaims LaS (i ;B 40 alin By sl polie
* Values followed by the same letter within a column indicate they are not significantly different (p < 0.01).
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