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Evaluation of Phytochemical Components and Photosynthesis Pigments
Changes in Leaf and Stem of Iranian Blackberry (Rubus sanctus)
Genotypes
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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 (9
Jiar o wlals sloo e Silio (Wday) — (mmday) (M) s Sl s Sl
Average Max Min “5L°“f‘°L‘“ KT ook Average Max Min
oSl O s o Sl Ot S
First June
Year Is 3 23 3354 125 10.67 9.08 0.0 26.37 4058 12.16
OOP
(2015)  Aygust
Jol Jle 13.04 43.15 18.94 11.6 11.18 0.0 2448 3542 1355
9 3ls o
(Y48 October
B 17.8 28.62 6.91 9.32 6.88 0.0 34.83 53.83 15.83
Second June
Year Is 3 21.3 32.08 10.53 10.96 9.61 0.0 27.29 44 10.58
JJ).>
(2016)  August
s Jl 3127 4437 18.17 11.93 11.16 0.0 25.05 37.3 12.81
9 ol 4o
(Y% October
e 1693 30.28 5.55 9.96 7.40 0.0 35.76  54.35  17.17

ol Sied ciog slo Bl sladigal 6)9TW sl 5o ledb! =Y Jqu
Table 2. Information on locations investigated and sample size of the studied wild blackberry genotypes.

Speci A . Provi E N (Latitude) Altitude
Lie‘f'es écjﬁ‘ssmn fﬂ‘l"“ce (Longitude)  _Ldls> Jsb cho gl
» o © <Az e Ly
Naharkhoran Golestan 54°27'45.60" 36°472595"  413.4m
obs ks obeds ' ’ '
NamakAbroud Mazandaran
s o 51°20'47.38" 36°38'24.21" 1625.1 m
03)3 \S.o.l QI)J.A)LQ
R. sanctus Babolsar Mazandaran
o 52°45'29.09" 36°38'26.80" -22.2m
bl ohwle
BandarGaz Golestan 53°56'13.67" 36°46'28.74"  409.0 m
RS Obls ' ' '
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Randomized Complete Block Design (RCBD) -
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Table 3- Analysis of variance of different traits in leaf of blackberry genotypes.

oaddallas osliwSiws layBols Sy o calize Glas uib )l 4550 -V Jgo

SOV DF Mean-square le po 5 Skeo

JCEII 42 1c50 Phenol Flavonoid Anthocyanin Flavanone Chla Chlb Car Total Chl
- sl Jsd 359 Ol D a1 b s S s lS JS g ls

Year

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

Error

s 6 6.01 434 57.52 3.77 8.43 1.3-E4 2.5-E6 0.0167 1.7-E4

Genotype

S5l 3 592.74** 6567.03** 12039.99** 124.50** 321.76** 0.0026** 3.6-E4** 70.0195** 0.0048**

O

Sampling date

)15 pines 35 2 1021.44** 3453.99** 12849.72** 2291.90** 592.05** 0.0218** 0.0034** 15.2359** 0.0553**
)R 29

Genotype*Sampling

date

Fo, BBty 6 32.96** 442 .86** 1841.19** 8.75"° 71.54** 0.0037** 5.6-E5** 4.6333** 0.00064**

Sl piged

Year*Genotype

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

O #

Year*Sampling date

)15 g b3 L 0.15"* 0.03"* 0.05"* 5.62"* 0.02"* 3.1-E5" 2.2-E7"® 0.0061"* 4.98-E6"°
Phd Shad

Year*Genotype*Samp

ling date

Zo, b Bl Jle 6 0.06"* 0.10"s 0.22"s 1.70" 0.04"* 2.5-E5"* 1.05-E6"* 0.0021"¢ 3.00-E5™*

Sl piged

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 1.88 247 5.25 12.68 3.88 2.78 10.05

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

\oF

oV Jlaisl e jo s pxe g jlo e pmd i A

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

sov DF Mean-square <l pe (pSiles

J—_ 4z)° Phenol Flavonoid Anthocyanin Flavanone Chla Chlb Car Total Chl
e gl i 1c50 B e o U . . - .

) Js Sl Ol Ol ad,ls bd S adews, 8 85 by 5

Year
Jle L 88.39"¢ 3.13"¢ 1.10"¢ 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
S5l 3 1643.29 5255.17** 4578.78** 337.53** 787.96%* 1.5-E4** 0.00029** 0.086** 0.00085**
O
Sampling date

15 dans 2 5 2014.12 4299.16** 5061.79** 302.76** 717.40%* 8.4-E5** 0.00044** 0.270** 0.0010**
G pdge ) 2
Genotype* Sampling
date
SRR 191.34"¢ 289.04* 268.63** 7.63"* 38.53* 1.5-E4"* 2.8-E5** 0.048** 3.20-E5**
Sl piged 6
Year*Genotype
S sl 99.91"¢ 2.19ns 2.22ns 0.06"s 45-E4 2.0-E8"* 1.0-E8" 0.025"s 1.0-E8"*
O Q):'-S‘JLM: 3
Year* Sampling date

15 sdiens 2 B Lo 37.30"* 0.69"* 0.99"* 3.26"* 6.36"* 8.5-E6"* 2.0-E8"* 0.019"¢ 2.12-E6"
Sl paiges G % 2
Year*Genotype*
Sampling date
Zo, b Bl Jle 43.61"° 2.01"¢ 0.59"* 2.95"¢ 6.36"* 3.9-E6"° 1.0-E8"* 0.020"* 1.50-E6"*
Sl piged 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 (%)

I . - 9.06 7.44 3.29 5.14 7.74 21.85 1.88 7.79 13.50
(1) &l s o o

ns * and ** represent non-significant and significant at level 5 and 1%, respectively.
* ns

oV Jlaisl e jo s pxe g jlo e pmd i A
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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 I1C50, 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
IC50 1
Phenol -0.848" 1
Jo
Flavonoid -0.948"s  0.934" 1
SSsigs
Anthocyanin - 0.635" 0.708" 0.537"° 1
Ol
Flavanone -0.999™  0.833"s 0.934"s 0.647" 1
OFek
Chla -0.708" 0.691"s 0.574" 0.986* 0.724"s 1
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BULS RIS

aesg,lS
Chlb -0.764"s 0.845"s 0.708" 0.975* 0.769" 0.966* 1

b b ks
Total Chl -0.728"s  0.739"s 0.615" 0.990* 0.741"s 0.997** 0.982** 1
85 b5

s *and ** represent non-significant and significant at level 5 and 1%, respectively.
oy ) 90 Jleil zohaw 10 o s g 0 e pné i 5 4 FF 5T NS
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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

1C50 1
Phenol -0.999" 1
Js8
Flavonoid -0.822"s  0.798"s 1
RPN
Anthocyanin  -0.956"  0.957°  0.810"s 1
olewg]
Flavanone -0.786"¢  0.767"  0.778"% 0.595"s 1
Ok
Chl a -0.975* 0.984" 0.683"s  0.946"* 0.671"s 1

aJedg kS
Chlb -0.940"s  0.951" 0.591"s  0.850"* 0.734"s 0973* 1

b b9 ,S
Total Chl -0.954" 0.964" 0.617"s 0.878"* 0.722"s 0.985*  0.998** 1
IS s, ls

ns *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
- Sum of Squares Mean Square F Value
Source = ole e : olaye eSila F oLl Pr>F
ol
Regression Model N
. » 3646.835 911.709 103.064 <.0001
O3S 5 e
Error 91 804.993 8.846
Js . .
Corrected Total
Js 95 4451.828

** represent significant difference at 1 % level.

oy ) Jlaizl Zolaw ol Je *x

Table 8. Results of the stepwise regression of studied traits on 1C50 trait, in leaf organ.

Variable Coefficients Standard Error t value R? of model
e ol 3 ol (gllas told TN U iy o
o (intercept)
T | 150.382 3.812 -4.940 <.0001 0.811
Sl 2
Flavonoid (B1) .
(B1) ouigdls -0.091 0.018 -4.239 <.0001 -
Flavanone (B2) N
B2) cy5isdl5 -0.356 0.084 -3.755 <.0001 -
Anthocyanin (Bs) N
) by -0.214 0.057 -2.138 <.0001 -
Phenol (B4) N
. -0.056 0.026 -4.940 0.035 -
Ba) Josb

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

Sl o Eg0me

Mean Square

Sl o 5:Skeo

F Value

F oLl

Pr>F

Y
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Ohan 5 o

az o
bl
Regression Model .
) - 2 9270.039 4635.020 39.610 <.0001
0% S 5 Je
Error
93 10882.570 117.017
S
Corrected Total
Js 95 20152.610

** represent significant difference at 1 % level.
Aoy ) Jlisl melaw jo le Jixe *k

5)..1 B 1C50 SS9y ooy axdlas Olaw r:lfcbrblf u}.u..:)f) w‘ro—\ i de}

Table 10. Results of the stepwise regression of studied traits on 1C50 trait, in stem organ.

Variable Coefficients Standard Error t value R? of model
S e el o & bl glla> tofl 771 Joe e 0 0
o (intercept)
[ oo 189.991 7.289 26.065 <.0001 0.448
Phenol (B1) "
B1) i -0.356 0.078 -4.575 <.0001 -

Flavanone (B2) "

B2) Spislé -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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o)) Ken g Rubinskiene zls b islesl ol 58 saslcawsds il uizen (etal., 2000; Ancos Kahkénen etal., 2001
ol el Gl g Cusby g loo (e al cawlice V) Jgu j0 a5 jsbles .04 Liwl oa (Rubinskiene et al., 2006)
Thomas « Nurmi et al., 1996 ) ausbazils a8le 9 Sy j0 Jo8 SloS 5 e p  coniinns ;30 Wlgh oo juded g oy 95

(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 adl.
. Sun _ ~ Sun
Trai Temperatur ~ Humidit  poyrs Evaporatio | Temperatur ~ Humidit  hours Evapo
raits ;
s e y el n e y Slels ration
Lo Casb, 51 A% Lo Casb, o] S
e ke
IC50 -0.937"* 0.988" -0.992°  -0.992" -0.992" 0.928"s  -0.995" 0 995
Phenol . . .
Jgd 0.999 -0.856™  0.966"°  0.966"° 0.981" -0.950™  0.999 0.999
Flavonoid . . . 0.959"
NENT 0.986"¢ -0.941™  0.998 0.998 0.998 -0.842"  0.959"
Sgigdle
Anthocyani )
n ) 0.899"¢ -0.998"  0.975"¢  0.975"* 1.000™ -0.883"¢  0.979"¢ 2'979
o]
Flavanone . . 0.942"
BITRNE 0.999 -0.891"¢  0.982"*  0.982"* 0.994 -0.812"s  0.942"
O
chle 0.753"* -0.979"  0.882"°  0.882"* 0.975"¢ -0.959"  1.000™ 1.000°
a iy ls O . . . . . . .
chl b 0.988" -0.938"  0.997" 0.997" 0.601"* -0.915"¢  0.767"* 0.767"
bJ_.:_sB)_ls . . . . . . . S
Carotenoid 0.677"
cos 1S 0.202"¢ 0.303"¢  -0.025"% -0.025"° 0.826"* -0.444"s  0.677"
o)
Total Chl 0.846"* -0.999"  0.945"s  0.945"s 0.727"s -0.970"¢  0.863"* 0.863"
JS s ls . . . . . . . s

ns *and ** represent non-significant and significant at level 5 and 1%, respectively.
o0 ) g0 Jleisl ol 10 o ine gyl srepd ud 4 *F 5 F NS

a8l Jdoay wlg5 o a5 el 4Bl | iy (6 Soir psbo & 5 g0 alondignd LS 5 S wtednlin pol> aslllas o
&S 9k 4 (Hiscox & Israelstam, 1979; Johansson et al.,2016) ail a8l &y coed S j0 LS 5 ol iy ul
ol Siad (512 danmme slod a5 315 0 13 i e Sl Gl Gl 2S5 (i Ale 5 S 50 B0l ples o
waslisly olS p oles g drowe byl il il ailes oo Ol sl alionss Gl dige o> 0 laore  olod a5 g0 g aiiion
oS5l slam 5T 5w 50 Gl g j0 1) a5l slacdslie SJplie 6lo e a8l5 g0 azme Jalse adly 5
SBLS (55,5 15 1 oS ol (2185 il Sy o Jid LS 5 iy St o]z 90 G Sl Sy ile
E3og0 ol s yo (Lilloetal., 2008) 55,5 oo Jad oo delunsls byl 1o ;558 9 BT YL slales (om0 4o iy
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0355 G5 U5 olas S (s iaS ke 5 CAIE) Whaelss jaS 5 1 1050 g e sy (tlperbyid Slio S0 s
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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.
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