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Evaluation of Phytochemical Components and Photosynthesis Pigments
Changes in Leaf and Stem of Iranian Blackberry (Rubus sanctus)
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Table 1. Meteorology data of experiment filed at Bajgah area.

Temperature Sun Average relative humidity
v Month average/month(°C) hours Evaporation Rain (")
Jiar OLAO” slale slas (eSilee (Wday)  (mmfday) (M) s b, s i
Average Max  Min ‘5L‘°f“°t‘“ &% ot Average Max  Min
il RV Ok RS-SRS
First June
Year s 23 3354 12.5 10.67 9.08 0.0 26.37 40.58 12.16
oa),>
(2015) August
Jsl Jle 13.04 43.15 18.94 11.6 11.18 0.0 2448 35.42 13.55
9 3l 50
(Y8 October
e 17.8 28.62 6.91 9.32 6.88 0.0 34.83 53.83 15.83
Second June
Year s 21.3 32.08 10.53 10.96 9.61 0.0 27.29 44 10.58
oo)>
(2016) August
s Jl 31.27 4437 18.17 11.93 11.16 0.0 25.05 37.3 12.81
9 ol yo
(Y87 October
e 16.93 30.28 555 9.96 7.40 0.0 35.76  54.35 17.17

oL.wM L,;M.\:>5 Lgl.mclf.)‘}" ‘_gLa:dJ}oJ (_g);‘@.? LgLasL‘)lSVo Sledb] =Y Jﬁ"\?
Table 2. Information on locations investigated and sample size of the studied wild blackberry genotypes.

Speci A . Provi E N (Latitude) Altitude
Species  Accession rovince (Longitude)  _lsir Job gl j s,
S oBoly O 2l i oy Ls
Naharkhoran Golestan 54°27'45.60" 36°47'2.595" 4134 m
oh ks obels ' ' '
NamakAbroud Mazandaran
TS ol 51°20'47.38" 36°38'24.21" 1625.1m
R. sanctus g 0
' Babolsar Mazandaran
o 52°45'29.09" 36°38'26.80" -22.2m
b ol
BandarGaz Golestan 53°56'13.67" 36°46'28.74" 409.0 m
JLgRe Obads ’ ' )
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Randomized Complete Block Design (RCBD) -1
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25 'DPPH yg05T oslizsl L 1C50 iS5 1, ol3T cslo SISl 51 oy B+ wilgiy a5 cansl (glojlae clilé o300 IC50

Epoch Microplate ) (s yiegidg xSl olKtws 5l solitul b ladiges i (OKe, F) o plosl of51 sla JISGol, rals 4l
sdelewsdy ICs0 lade (LU 4o .0l 31,8 2egilb OV zge Jsb ,o (Spectrophotometer, BioTek Instruments, Inc., USA
ao,o (Hashemi, et al., 2011) w5 awslio cude 08 ylgieas "BHT (s Ql.\@\&ﬂ ICs0 e b oo liac
0 Al ) Jge 8 5l eolal b olsT Gla JIGsly (Soiss ) le

ST sl Jool,y (FoisS e oo (1) = (aals Cds e — diges wda sae) faals Lds sae x )+ »

Jgd

51 oolitl b bdigas i e (Wojdyto, et al.,2007) aiplos! ¥ dsd 8 yne 5l oolitul b IS Joid lime (6503l
V#O nM zg0 Jsk ,o (Epoch Microplate Spectrophotometer, BioTek Instruments, Inc., USA) jiegidg wSnl oSiws
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Sad 59 o5 S 40 Sl S 55 e &gy baosls .ol plosl EXCEl l38l0 5SS 4y aunl SIB 5 il sioxie
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.(et. al, 2009
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Epoch ) jiegudg iSal olliws jl oolawl b i e adBo Ve clldS 5l as ooy IS0 cadiay 4l aiz 4 onila,
St ey (Sl ol 813 FYD NM zee Jobo o (Microplate Spectrophotometer, BioTek Instruments, Inc., USA
(Popova, et al., 2004) aloolarw! w565 calire glacdale 5l 50 o skl

b gl

Butylated hydroxyl-toluene (BHT) -v 2,2-diphenylpicrylhydrazyl, Sigma, Aldrich -\
Quercetin -v Aluminum chloride -¢ Sodium nitrite -5 Gallic acid -¥ Folin Ciocalteu Method -v
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12.7(Ag63)—2.69(Ag45)xXVolume made

Chlorophyll a = Weofthe sample (V) akal,
_ 22.9(Ag45)—4.68 (Agg3)xVolume made

Chlorophyll b= Wt of the sample ™ A'h',‘)

Carotenoid = 2222 (A‘”")_i':; Ca 8502 Cp (F) akayl,

Total Chlorophyll = Chlorophyll a + Chlorophyll b (@) alasl,
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Homogeneity of variances -¢  Shapiro-Wilk -+ Normality Test of Residuals -y Dimethyl sulfoxide (DMSO) -\
Levene's Test -o



Table 3- Analysis of variance of different traits in leaf of blackberry genotypes.

oaddalllas olawSies sla ) Boli Sy o it las il lg a5 =Y Jgu

SOV DF Mean-square &l yo (Sl

et ilie 470 150 Phenol Flavonoid Anthocyanin Flavanone Chla Chlb Car Total Chl
S o) Jsd A35igde O] Ol ENE b s )5 adsn S U5 Jdg i

Year

Jl 1 0.18"¢ 0.05"¢ 0.50"¢ 2.67" 0.001"* 2.8-E7"® 3.3-E7"® 0.0157" 2.646-E9"°

Error

Uz 6 6.01 4.34 57.52 3.77 8.43 1.3-E4 2.5-E6 0.0167 1.7-E4

Genotype

Sl 3 592.74** 6567.03** 12039.99** 124.50** 321.76** 0.0026** 3.6-E4** 70.0195** 0.0048**

O

Sampling date

1o pdiges 39 2 1021.44** 3453.99** 12849.72** 2291.90** 592.05** 0.0218** 0.0034** 15.2359** 0.0553**
Py 290

Genotype*Sampling

date

G b oEaly 6 32.96** 442.86** 1841.19** 8.75" 71.54** 0.0037** 5.6-E5** 4.6333** 0.00064**

610 paiges

Year*Genotype

ol L 3 0.08"* 0.01"* 0.28"* 1.10" 0.02"* 4.7-E5"* 4.7-E7"* 0.0068"* 5.34-E5"*

O

Year*Sampling date

&5 pigas g L 0.15" 0.03"s 0.05"s 5.62"° 0.02"s 3.1-E5"s 2.2-E7" 0.0061"s 4.98-E6"°
PRsd Stk

Year*Genotype*Samp

ling date

b o Bl Lo 6 0.06"s 0.10"s 0.22"¢ 1.70m 0.04"s 2.5-E5"¢ 1.05-E6" 0.0021" 3.00-E5"

Sl ptiged

Error

s 66 5.996 6.746 41.60 2.55 5.24 2.6-E4 2.07-E6 0.0184 2.76-E4

CV (%)

- 2.99 1.82 1.88 2.47 5.25 12.68 3.88 2.78 10.05

e

ns and ** represent non-significant and significant at level 1%, respectively.

\-f

** s
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Table 4. Analysis of variance of different traits in stem of blackberry genotypes.

sov DF Mean-square &l ye (5aSle

JRETI 4z)° (c50 Phenol Flavonoid Anthocyanin Flavanone Chla Chlb Car Total Chl
T s3] i igisdle el o9isdlé 8 Juss 15 bds,lS s S J5 Jedsls

Year

Jl 1 88.39"¢ 3.13"¢ 1.10m 0.28"¢ 1.6-E4"* 5.0-E8"* 2.93-E8" 0.036"* 2.320-E9™*

Error

s 6 118.11 133.28 41.76 2.96 16.68 4.6-E6 2.0-E8 0.0006 4.28-E6

Genotype

Sl 3 1643.29 5255.17** 4578.78** 337.53** 787.96%* 1.5-E4** 0.00029** 0.086** 0.00085**

O

Sampling date

oIS piged gy ) 2014.12 4299.16** 5061.79** 302.76** 717.40%* 8.4-E5** 0.00044** 0.270** 0.0010**
Py )

Genotype* Sampling

date

G b oSty 191.34"¢ 289.04* 268.63** 7.63"¢ 38.53* 1.5-E4"* 2.8-E5** 0.048** 3.20-E5**

Sl pdiges 6

Year*Genotype

ol 3 99.91"s 2.19" 2.22"s 0.06"* 45-E4 2.0-E8" 1.0-E8"* 0.025"¢ 1.0-E8"*

Year* Sampling date

Sl ptiges g b ls 37.30"° 0.69"s 0.99"s 3.26"° 6.36"S 8.5-E6"S 2.0-E8"s 0.019"¢ 2.12-E6"
PRsd Shho

Year*Genotype*

Sampling date

&, B Eol s Lo 43.61"* 2.01ns 0.59"s 2.95"s 6.36"S 3.9-E6"s 1.0-E8" 0.020"¢ 1.50-E6"*

Sl ptiged 6

Error

s 66 130.51 61.08 17.61 4.63 10.47 8.3-E6 2.0-E8 0.00077 8.46-E6

CV (%)

- 9.06 7.44 3.29 5.14 7.74 21.85 1.88 7.79 13.50

e

ns * and ** represent non-significant and significant at level 5 and 1%, respectively.
** s
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Fig. 1. Change of IC50, phenol, flavonoid, flavanone and anthocyanin in leaf organ of studied blackberry

genotypes. Sampling date was in June 1™, August 5™ and October 10™.
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Fig. 2. Change of chlorophyll a, chlorophyll b, Total chlorophyll and carotenoids in leaf organ of studied blackberry
genotypes. Sampling date was in June 1", August 5" and October 10™.
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Fig. 3. Change of 1C50, phenol, flavonoid, flavanone and anthocyanin in stem organ of studied blackberry

genotypes. Sampling date was in June 1™, August 5" and October 10™.
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Fig. 4. Change of chlorophyll a, chlorophyll b, Total chlorophyll and carotenoids in stem organ of studied
blackberry genotypes. Sampling date was in June 1™, August 5" and October 10%".
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Table 5. Correlation coefficient of different traits of blackberry genotypes in leaf organ.

1 2 3 4 5 6 7 8
1C50 1
Phenol -0.848™ 1
Js2
Flavonoid -0.948"s  0.934"s 1
RPN
Anthocyanin - 0.635" 0.708™ 0.537"° 1
Ol g
Flavanone -0.999" 0.833"s (0.934"s 0.647™ 1
OFNe
Chla -0.708"s  0.691"s 0.574"s 0.986* 0.724"s 1

RN



8 Jedo IS
Chlb -0.764" 0.845"¢ 0.708™ 0.975* 0.769"* 0.966* 1

b dg s
Total Chl -0.728™  0.739"¢ 0.615™ 0.990* 0.741" 0.997** 0.982** 1
S5 Jedo ks

ns *and ** represent non-significant and significant at level 5 and 1%, respectively.
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Table 6. Correlation coefficient of different traits of blackberry genotypes in stem organ.
1 2 3 4 5 6 7 8

IC50 1
Phenol -0.999" 1
Jg
Flavonoid -0.822"  0.798"s 1
SS9
Anthocyanin  -0.956" 0.957° 0.810™ 1
Ol
Flavanone -0.786"  0.767"  0.778"* 0.595"* 1
OPle
Chla -0.975*  0.984"  0.683" 0.946"s 0.671"s 1

s I8
Chlb -0.940"  0.951"  0.591" 0.850"¢ 0.734" 0973* 1

b s S
Total Chl -0.954" 0.964"  0.617"s 0.878"s 0.722" 0.985*  0.998** 1
S J8e,l5

s *and ** represent non-significant and significant at level 5 and 1%, respectively.
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Table 7. Results of analysis of variance for stepwise regression model of studied traits on IC50 in leaf organ

of blackberry.
DF
s Sum of Squares Mean Square F Value
Source 7 Sl ’ Elas e uSilo F oLl Pr>F
6.>|)‘|
Regression Model .
) - 3646.835 911.709 103.064 <.0001
OS5 Je
Eror 91 804.993 8.846
Js . .
Corrected Total
Js 95 4451.828

** represent significant difference at 1 % level.
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Table 8. Results of the stepwise regression of studied traits on IC50 trait, in leaf organ.

Variable Coefficients Standard Error t value R? of model
e walp 3 Jslal gllas toll Prt U s iy
a (intercept)
Toe o 150.382 3.812 -4.940 <.0001 0.811
S5l 2ye
Flavonoid (1) .
(B1) agdls -0.091 0.018 -4.239 <.0001 -
Flavanone (B2) "
B2) opisdlé -0.356 0.084 -3.755 <.0001 -
Anthocyanin (Bs) 14" )
(Bs) plomsgi] -0.214 0.057 -2.138 <.0001 -
Phenol (Ba4) ™
.. -0.056 0.026 -4.940 0.035 -
Ba) Joud

n.s, * and **, represent non-significant and significant difference at 5% and 1 % level, respectively.
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Table 9. Results of analysis of variance for stepwise regression model of studied traits on IC50 in stem organ

of blackberry.

Source

ol DF

Sum of Squares

e

Mean Square

Sl o (ko

F Value

F oLl

Pr>F

Y



az e
6.)1)']
Regression Model "
) = 2 9270.039 4635.020 39.610 <.0001
OS5 Joe
Error
93 10882.570 117.017
Js
Corrected Total
Js 95 20152.610

** represent significant difference at 1 % level.
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Table 10. Results of the stepwise regression of studied traits on I1C50 trait, in stem organ.
Variable Coefficients Standard Error t value R? of model

e ol 3 ol (gllas told 71 U iy o
o (intercept)
TRE 189.991 7.289 26.065 <.0001 0.448
Sl 2
Phenol (B1) N
.. -0.356 0.078 -4.575 <.0001 -
Br) Jod

Flavanone () N

B2) orgsdls -0.634 0.196 -3.233 0.002 -

n.s, * and **, represent non-significant and significant difference at 5% and 1 % level, respectively.
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op! (Heinonen et al.,1998; Wang & Zheng, 2001) cuwl aods sloglocusl T 5l 095 suie olownSies glgil
Wang Wang et al.. ,1996) coul looSes 15 g crubwgil ¢ (y95gM8 oo alo 51 Jg8 SluS 5 ol Lo logans] ]
S e oS (Wada & OU, 2002) of5T sla Il 51 o6 525l0pmnST gl il 4 b Jhow culiblons &, a5 (& Lin, 2000
iled Jasrine |y Les alex 5l daore e sloyiad a4 ol Caglie yliue wislgs oo LS 5 ol yuioren

1 Slodas G5 o (5sdlb 5 asigidls (ulewsisl (S s i oS g Wl 8 gy cal 5] Jolo gulis ol
55 Jdoas Wlgi o 45 355 Ssliie (5,15 paiged ilizee slale; 5 b Eol5 o (Zhao, 2007) il oL IC50 l5ee
ol Sdsd b SlaS 5 g Jsd slynome (S j5b ar all (65l g9 iz 5 Do oy o ol Dl s oS
de ) il cosls y alo o g loj 5 03, Jore 5 sawmms Slo i came (slad 0liS N 36 Con wilg o olos Sl

WY



QL g 450 ) oyl TO b ol il 535 5 ool alna

o, Kea g Rubinskiene zls b islesl ol 1o saeliawsds gl uizen (etal., 2000; Ancos Kahkénen et al., 2001
ol el gl g Cagby g oo i ol cdlice V) Jga> j0 a5 jsblen .04 Liwl oe (Rubinskiene et al., 2006)
Thomas . Nurmi et al., 1996 ) asbazils adls 9 Sy 0 Jo8 SloS 5 i 1 caniins ;13U Wilgi oo puded g 0l j95

(et al., 2006
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Table 11. Correlation coefficient of different environment and studied traits in leaf and stem organs of blackberry
genotypes.

Leaf 5, Stem a3l
~Sun ) ~Sun
Traits Temperatur  Humidit  hoyrs Evaporatio | Temperatur ~ Humidit  hoyrs Evapo
s e y el n e y el ration
Lo Zasb, I Lo Zasb, L 88
s s
IC50 0937 0988"  -0.992° -0.992° | -0.992° 0.928" 0995 oo
Phenol . « .
e 0.999 L0.856"  0.966"  0.966" | 0.981" 0950 0.999"  0.999
Flavonoid . . N 0.959"
s 0.986" 0941 0998"  0.998 0.998 0842 0.959ns O
RWPHILE
Anthocyani )
n 0899 -0998" 0975 0.975" | 1.000™ 0.883s 0979 0979
Flavanone . . 0.942"
s 0.999 0891 0.982"  0.982" | 0.994 08120 09408 O
09
chla 0.753" 0.979" 08820  0.882% | 0.9750 0.959" 1000~ 1000
a‘-}:‘és)ls . = . . . . = . . *
chlb 0.988" 0938 0997  0.997" 0.601"¢ 0915% 07670 0767
b Loy s O . . . . . . 0
Carotenoid 0.677"
. 0.2020s 0.303"  -0.025" -0.025" | 0.826" 044405 0677 O
A9, '
TorlChl ) gagns 0.999"  0.945"s  0.9457 | 0.727" 0.970"  0.863ns 0863
JS ‘-J—"Jlﬁ)ls . = . . . . = . . .S

s * and ** represent non-significant and significant at level 5 and 1%, respectively.
oy ) 0 Jleil zohans 1o o e g o e pné i 5 4 ¥ 5T NS
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Due to climate situation of Iran, there is a high diversity of garden species such as
Blackberries. Blackberry is one of the most important sources of anthocyanin, antioxidant,
phenolic and flavonoid compounds. The present study was conducted to investigate the
variation of phytochemicals and photosynthesis pigments traits in Iranian blackberry
genotypes. For this purpose, four genotypes of R. sanctus were selected from the blackberry
collections of the faculty of agriculture of Shiraz University and examined in a randomized
complete block design in two-years. Then, at three different sampling dates (June (Khordad),
August (Mordad) and October (Mehr)), the samples were harvested from both leaves and
stem organs and transferred to laboratory. Finally, samples extracts used for measurement of
traits including, 1C50, flavonoid, total phenol, anthocyanin, flavanone, chlorophyll (a, b and
total) and carotenoids. Based on the results, there was a significant variation between the
studied individuals for IC50 (33.17-72.95 (leaf), 101.07-139.68 (stem), total phenol (117.77-
172.17 (leaf), 79.16-138.79 (stems), flavonoid (275.79-389.76 (leaf), 100.03-151.44 (stem),
flavanone (35.30-54.06 (leaf), 30.38-54.17 (stem), anthocyanin (50.33-73.34 (leaf), 35.34-
48.25 (stem), along with other traits. The highest antioxidant activity (minimum IC50),
phenol, Flavonoid, flavanone and anthocyanin were observed in August sampling date and
both stem and leaf organ. According to correlation and regression analysis, there was a
significant and positive correlation between the amount of antioxidant and phenolic
compounds. Over all, with increasing the temperature especially in August, the IC50 was
decreased, which it could be due to an increase of other phytochemical traits. So, the increase
of phytochemical composition could be a criterion of tolerance to the harsh environmental
condition such heat stress in August. In this regard, Babolsar were selected as bets genotype
in terms of studied traits and tolerant genotype to heat stress as well.

Keywords: Antioxidant activity, Blackberry, Correlation Analysis.



