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T1 50% 0 0
T2 50% 0 200
T3 50% 0 400
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T7 50% 10 0
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T18 100% 10 400

SleMbl g )kl wlwl » (Crop evapotranspiration) ETC oL
Sleslazwl b (gl oyliw i 5B cudd 08348 wlidilon e o
bl 503 e "y OIS™ I3l 5 5 "eailo — ek by,
48,8 YA dgas L5 )0 oy A o dlold 4y g 5l olo by Sl 5l
85 Gygeo (Loyd Vo v ) 4B YE 5 (doyd B¢) yid B o b
Lol (595 sloss &5 (535 3590 553 Jgmamme (e I 2
5 43,5 Oy o oledbd 3 Blol 13 s C iy 03,5 Jlacl
CdgS (039 9 oudsS by ogue jlaB g i)l ogee (g S
@ g Oldilojl plsl (gl oges 5 03905 (5 pSojluil ) b
sl Slge st PH ol5i3) L PH (550310l g olS—tolo]]
gy &) S 5 (ATC :Ja) ((siogiST3, sy ) Jslons
35 S 45503 Jppae (log iy J a5 1385 Jlol (053]
O—dizel wld o b by (5 pSojlul g o iolojl 4
35,15 5 (AE-SFP 401 : Jue) (siesid ld (o5, ) s Sl

S yo S diges iz £l S 51 Il o imafy ol plodl g
55 30 ol 5SS oS ilogl 4 95 5 g5l yuolic lilej]
B9y 4 SB by 9 03,5 Jlw)l lpasle (5,5la8 liyi>s
@ ol Suid g odd mdlgn S (FY) Jloy O pagal cliwl
Sl b 3503 (5 by 4 SIS Sal (YY) jiog,0m s,
plsil (FY) bl U5 39y & (Sl colan 5 (V) Sy
poslty Slalgus 365" g (CuwggaS (50y9) T o3l (sloylo Jlos
ol 5w AdlolBM § as plosl i Joad B9l o S 4
85 Oype (Sida glea b (23lgr Slles
Gl bl el ogee (sloddgd | dm ciinudyl b wlgl ;I
&b sl (ol i Jles! jelate 4 plool il



1Fee 3l ¥ ol (YO oo ((6)y9Lis lo ) Sl a5 i v\ 5
R $a9liS giluo g pole) Ll pole 4 yis

SPAD-502,Konica Minolta, ) giw |9, olKiwd jl odliwl
9 oS Sy Ve dlawi cd o jo 5l &S claigS 4 0 plos] (Japan
Wb o g 8l (K a3l g ol Bl

MSTATC (cbljéle 5 (galuws 4 Gialojl 5| Jols (slaosls
oSk 5 il lg 450 ver.1.2, SPSS ver.16 , Excel 2010
0 Join o 3 4SSl (glaals dix yg05] (gl g 4 lnodl
4 duslie Jus

S Cubge 4 a2y b SLS il (slaGas )y ]
PSB &S as ol aos plog by a Sodp &Szl e
SaY ) Ol phael (s 5 03§ (o) (o SaaY
oS o (S9 b Blos] Cuows o g9y b g 02l &) SB SlBg
Dyl o oS S 8l il

o5 Jgb

Cilises ol 3,08 e W g Gl (ily)ly LT @l
5 (P<O/0L) sl i3 ine OS] agmo Jobo 5 pussliy olilgus
B3 ogso Jobo 1 sl GhiSamys 5 (o2 9590 sloygiSTE S
Gpn pie §] Lol golis (¥ Jgda) (P0/05) cuslss (sl sine
yoduo FAIEE 5o 4y 0500 Jobo a8 0l i prwwlty la)g
VL 53 55 (hecsden OVIVE) ogne Jobo (e cp i e
A odalie Ci ) b (gl p S T el Oldlgw B pae o w
Ol 93 el Sy 4 ol Gl @l S plgiee cnlple
(aeolty Slilgus Bpae iz 23Vl &S casl 5l (S gy
ol Sllgus bawsgio B puan slo 5 aald jlod 4y Cans o3 A
@y Ly ool Gl ogee Jsb (e300 ln p SV )
(N J5mi) 2yl dine BB () €803 (59 0gee L) o>
e ol e @Bge 3 Ll oo ogre ojluil o ljE
MolS 51 dls o 1l 3 o) 51 peilSlo g cdtly a1, i
LB Gl )3 sl CS Gl o (V) Sl s paSida
9 VY o)l s aSSl gl 3 slge JWisl g O Gy (il
5 059 ol cel (S Sis (59 oy V= ¢V gz (YA
(sagy 3y ol 3ol I ey Slilgw 3550 05——se 5l
Sk ol 3l g 29— jiwsd il cel daS g bas s
)] 1) ogee CudsS g CapeS’ g a3 o0 SRl 1) (35 ()8 )3
oy JUEl > (oge (A aaoliy S5 lgie (nlpli Amd e
Sl 3ig] V] b Jise S e (sl LiST 5g) 03y
2 Jobre lodid oo 4 ol (Son mly 35008 oS
Do oo Sy

3 by (SPAD502 :Jus) (s i, 15" L)

99290 lid polie (s 9 (oaS Obao guad Guund
9 B35 (6550l oS oy ogse ylaB g )] g5l 5 awgs
055 o j Oy & o3l )50 ol3E yolis 5

o g8 pald (sl gy a3 paealiy (5 8o sl

Gk i ) ol o )lac 53 bdigel pusly (S0l
ot 585 &g it ilen HCL jl oslizul 5 Kis il jom
obby yid Joo B¢ w4 i Jio O Hlade olS wiges (slo)liac
il wald o wd b o (B35 3uBy 5L Ve adiges) A
dewlome g (S0}l 25 Jgs8 Byl 1 g (egid ould) ag S
R

%K= (a-b)x100xd/wxd.mxv

S 438 (5 S0 al
YL odd Laulss o)aae il ke /Y IS 435 (s S0l (sl

PS5 Ol plan 53 diB> Vo oo 4y g Lol (5] G pme 1 e
S 9 @l plise 8)5 130185 (ilo a > Ver slod b
b (5 xS o)l gl Y+ zge Jobo 53 (b 3y 1 g Indiges
w5 Giliseo glacdale )3 615 31 odlitul b 3l ivcio
2 g g0 48,3 a5 D dald gk 4 SIS A8 diged g oo
(¥0) 20 syl p 55,500 g0 4 ] e Coles

PH Ol (rasas
o300 ol (1950 o PH 29580 ol )15 L it o oo 43 PH
s pSoshl ol

da JalS wela ul g6 Gl 3o (yaans
el e 3,150l 3ilas > LB el Slgo (S0l sl
ol 4, ey .05 eolaius] odds (Bl ogee o SHYEAD o))
c_§g. 9 A.'I...f}‘.b).g |) ol Bl 0940 uT )1 (W s ). c<\§.>3.3 O ygo
Oyl ded Wb wse Wl pla 50 oS o Cibal wad o
2l ol Sygo il 53 5 28l 25 Bl a2 )3 Ve oge O

(V) 858 uonas o S Sl axpa Ve ol

Sy b g is 5 puSe jll
o Judg IS ol _uwd oolatwl b doges (oS diged I an
lgf).) J\a”lf A (S5 L ‘_SO)»._M) ua>l_.w Lg);a}]xl



s 2 2 by Olilgun g CamgnoS (o0)9 it polio g (ol S GIHT (o) 2 ) 0n g 015 (il

Y\v

- - - 1 6z £t € 681 8T 90 o1l 0l WL 9z 09-0€
6T6 TS §'0 1 oz o¢ 8¢ £z€ 801 197 <l 60 8L £ 0€-0

(, wsp) (%)
(95) (5) (%) (wdd) (wdd) (%) (%) o il ()

. o a y: d T
.._““.: .._._..ﬂ: ......._N.: L ) s pues wrA ere Wo 20 3 :I sep Wa
A T o S~ . M co Pl e = le-

e I8 a e g v o aee " s e et " 2640 i

1105 J0 SIS U €3G Pt (6315811 T PGEL
o A~ MR nclie (" § P o el (i



Y\A

VPoe 5anly ¥ olad FB aler (((65,5LE8 qalios 5 pole) (Ll pole 43 ot

'S[283] AN[IGRGOR JO 945 PUR 85 18 JURDIIUALS © PUR | IURIYHEIS-UON ,,

WwIl gl e o e cfey € onTlgf of e g ol

o S 007 o orx . (%) AD
%L 1/EG %sivl %S89 %997T| 5E8/8 Yt SrUr o
100
SLYLRST 0co's 90 6ro'o |LL0T st (310 7 Aunu
Aeyding wmissEog
« 150NN A «
Kty A = X =D > . woneFLIj
weOT E89% wOLL'S w £6£°0 w500 WELT WH08TI wO0R L 14 4t
S =
—Jn“oroﬁ\l v(&\'.) x
Aegdd|ns wnsse0f «
wodwosiuua g
L U6T'ELT9 w 201'1 w £60°0 w SO0 w SEOSE wIBLE] w3SIF r B
§le Ml.&wl-.‘ x 1«3]
auydjos
IFSILKEL w L0 w LO0'0 W IF00 w 96L 1 F w E06'RE « 9289 t umssRIadx UonuStuy
xx ¥ =y
oRiE i 6 e — —_ — . aeydios wnsseiog
w SPO'PLEE LSO0r8E LEISDL L S9FT L PLEESEN L Lisees LFEosol < o My
10
116rs r8E6 e | UTo To'ser siL'oL 06T+1 8 ﬁu.l_
1s0dmoonLaA «
L0196L8 W 620'ET w880 wibl0 LL061zE W 9SEOF wZSHSL z UONER|L]
[T svberm
Japm d1uediQy
wlOUOLEL w BOP'L w §PRT LE0TT .. STLE61 w SLRE - B68'TE 4 6 o,
10417
sTIrog s 850 L0 [43 Jraard 9Ty LI19'LT 4 ﬁﬂu—
woneEEi)
w0611 1699 . wl 106 wWts00 wblSLF9 wS00TT wE107911 | A
waday
Is9raival 586 K€ 9681 Wl 06261 9N L66 9IS T o<
J
U103 JEENS Ny nAqdosopyd juacy SPHOS Aqnjos WINsseI0g Jua] PIRA WM 1y duap pnag ..n.a_.ﬁ uAUIEI L,
netS g o S g (e e ey e {5 st 40 oo [ o ¥ =
had

ajejns wnissejod puw jsodwodmuion

*HONENLLIT JO SJUIMINAL] JUAIMIP JO DUINJUT IY) JIPUA JO SHILLJ PUE SIAED] JULIRIIIT IBALND plodpay jo simanoduwod ppaid pow ppaid (saaenbs uramr) 2UEBLIEA Jo SISKRUY - QU |,
Srff 4 et B (AT mm) sonsfc § (1|9 sopslc ¥ o 6 oo o (g9 Ceogpe, nem % (@S maqe (A5 606 godbomm € ey e



YV LB g by Ol gas 9 CwganS 0y ilisio yolie g i i Ol T sy oyl 0 g 015 Axile

5 ol delusol Llps blie p3 coily anlyss olS g 390 Anlgs
Job Jha gme ilj8l el S g5l (slo 1 puwly lalgw

Ju.‘a?)lf 9 J9l>!.c .Lol> .)|9.<> 4;?)4. WLJ 4.))$lo.c 0 gao C«»; 0ga0
W3,5 aals b duglie

S s sl s Sy S mendiplio > D) oyl
S g oS il el o L e bl oyl 1 (Y 5 00)
ol B Jlade 4 )] ;3 a8 LS 5 9355 o Jeaxe

54 -
53 - 2
’g 52 -
T:\ ~ 51 .
3 S
W 250
p b b
o = 49 -
~
L 48 -
47 -
46 -
0 200 400
by Ol g
Potassium sulphate (g)

55, 055 S om0 Jsbo 310 2 peeeliy il guw cilice Zbann 31-) IS
Figure 1- The effect of potassium sulphate levels on the fruit length of nectarine cv. ‘Redgold’
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Figure 2- The effect of potassium sulphate levels on fruit weight of nectarine cv. ‘Redgold ’
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Figure 3- The effect of potassium sulphate levels on yield of nectarine cv. ‘Redgold’
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Figure 4-The effect of vermicompost levels on yield of nectarine cv. ‘Redgold’
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Figure 5- The effect of potassium sulphate levels on potassium level of nectarine leaf cv. ‘Redgold’
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Figure 6- The effect of vermicompost levels on potassium content of nectarine leaf cv. ‘Redgold’
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Figure 7- The effect of potassium sulphate levels on total soluble solids of nectarine fruits cv. ‘Redgold’
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Figure 8- The effect of potassium sulphate on leaf chlorophyll content of nectarine cv. ‘Redgold’
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Figure 9- The interaction effect of irrigation xvermicompost on fruit sugar content of nectarine cv. ‘Redgold’
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Figure 10- The interaction effects of Irrigation xPotassium sulphate on fruit sugar content of nectarine cv. ‘Redgold’
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Figure 11- The interaction effects of vermicompost xPotassium sulphate on fruit sugar content of nectarine cv. ‘Redgold’
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Introduction: Environmental stresses are the most important factors that reduce agricultural yield all over the
world. The water stress especially in flowering damages yield and yield quality, however, some studies showed
that sometimes it does not have any harmful effect on yield. For instance, some studies approved that deficit
irrigation improves sugar content and then fruit quality. Therefore, in order to evaluate the effects of potassium
sulfate, vermicompost and water stress on yield and quality of four years old nectarine (CV Red gold), an
experimental study was carried out on a garden which covers 5000 m? in Eslamdeh (Sari) during 2015 to 2016.

Materials and Methods: A split-split plot experiment based on complete randomized block design (RCBD)
with 18 treatments in three replications (totally 54 treatments (trees)) was used in this study. Some complex soil
samples were gathered individually from 0-30 and 30-60 cm to determine macro and micro fertilizer demand and
were analyzed to determine physicochemical characteristics. Two levels of tree water requirement (50% and
100%) as the main plot, vermicompost in three levels (0, 5 and 10 kg per tree) as subplot, and three levels of
potassium sulfate, (0, 200 and 400 g per tree) as sub-sub plothad been applied. The rest fertilizer demand was
recommended based on soil analysis. vermicompost, potassium sulfate and other essential fertilizers were applied
in late winter and then aeration or digging was carried out. The fruit was picked after ripening and was weighed.
Diameter, height and mass weight were measured. Soluble solids, the total sugar content of fruit was measured
based on pH-meter, refractometer and Arnon methods. Potassium and chlorophyll were measured by flame
photometer and chlorophyll meter.

Results and Discussion: The results showed that the effects of different levels of applied treatments were not
significant on fruit pH. In addition, effects of different levels of potassium sulfate on TSS, leaf chlorophyll,
potassium sulfate levels of leaf, fruit weight and yield, fruit height, and flesh weight, single fruit weight were all
significant at 1 % level. The results also showed that levels of vermicompost on K level of leaf and fruit yield was
significant at 1% level, and on fruit weight at 5% level. Effects of other treatments were not significant on other
studied traits. Results of mean comparison showed that fruit crop was increased with an increase in vermicompost
application. The minimum vyield (41.44 kg/fruit) obtained from control and application of 10 and 20 kg/h
vermicompost resulted in 58.33 and 60.61 kg/h, respectively. Application of potassium sulfate also showed to be
effective on fruit yield. The minimum vyield obtained from control, applying 200, 400 g of potassium sulfate,
resulted in 54.89 and 61.33 kg/tree. Furthermore, potassium sulfate levels resulted in TSS enhancement. The
minimum obtained from control plot (8.083) and maximum obtained from 8.864 and 9.612 with applying 200, 400
g of potassium sulfate, respectively. Potassium application also resulted in fruit level volume. The minimum level
observed at control plot (116.2), applying 200, 400 g of potassium sulfate, resulted in 131.5 and 141.3 kg/tree. The
interaction effects of different levels of potassium sulfate, vermicompost and irrigation showed that maximum
fruit yield obtained from 400 g/K, 10 kg of vermicompost and applying 100% tree water requirement with yield
of 70.66 g which was not statistically different with triple interaction of 400 g/K, 10 kg of vermicompost and
applying 50% of tree water requirement.

Conclusion: In the current research, the effects of the use of potassium sulfate and vermicompost on
maintaining plant balance and fruit quality and also decreasing water use in stress conditions were studied. Results
showed that the use of potassium sulfate along with vermicomposts had a significant effect of improving
morphological and physiological characteristics of nectarine. Furthermore, they increased nutrition availability for
the crop and then increased yield and fruit quality. The following conclusion to be drawn is that fruit was increased
with an increase in vermicompost application. Application of potassium sulfate also showed to be effective on
fruit yield and TSS enhancement. The interaction effects of different levels of potassium sulfate, vermicompost
and irrigation showed that maximum fruit yield obtained from 400 g/K, 10 kg of organic matter and applying
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100% tree water requirement with yield of 70.66 g which was not statistically different with triple interaction of
400 g/K, 10 kg of vermicompost and applying 50 % tree water requirement.
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Figure 1- St. John’s wort plantlets grown for 50 day in a
growth chamber
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Table 1- ANOVA for the effect of different light wavelengths on morphological traits of Hypericum perforatum
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Source of syl Plant No. of No. of No of Inl';er:n%de Shoot Root Shott Ro;):
Variations (df) height  gtemyplant  leaf/Plant  Internode/Plant 9 fresh — fresh d d
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rror
Sy me pae NS o )d N Jlain ] e )3 5 xe w0 )d O Jlais] pdaw jd Hbd e
*and ** significant at p< 0.05, p<0.01, respectively and ™ nonsignificant.
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Table 2- The effect of different light wavelengths on morphological traits in Hypericum perforatum L.
ol gl .. _ C e . A ..
s Plant height S 1 dlass 2 /5ke Jsb n Eat] G WS 03 “diy 5 0js dudy) S 03
Treatment (cm) No. of leaf/Plant Intern((ﬁs)length Shoot frées; weight  Shoot d(rg); weight  Root fre(;;m weight  Root d(rg]/)welght
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R 22.11% 67.00° 1.05° 0.47%® 0.08° 0.09° 0.01°
(Blue)
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(Green)
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(white)
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Numbers followed by the same letter are not significantly different using Tukey’s test (p<0.05).
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Table 3- ANOVA for the effect of different light wavelengths on leaf black nodule number and hypericin content in
Hypericum perforatum L.

©la o (ke
Mean squares
S e o oty 3] 50 oluw S )5 3lani dlow S ,5 dlaai olow S ,5 3lani
o & g A . - . e -
Source of &3l Hypericin (el s 5 5) (Sl g2 5 ) (YU s> S 5)
variance (df content No. of black nodule/bottom No. of black nodule/middle No. of black nodule/upper
%0)
( leaves leaves leaves
(Tretment) o 3 0.001" 22.74" 16.10" 16.76"
(Error) s 36 0.00001 19.72 20.56 14.77

(P aze pae NS o yd V Jleis] o 53 )b bize #0030 Jlain] pdaw )3 5 xe
*, ** and ns are significant at p< 0.05, p<0.01 and not significant, respectively.
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Table 4- The effect of different light wavelengths on black nodule number in Hypericum perforatum L. Leaf

o (e (S5 ) ol S5 3laxs (e SBS ) ol S5 slaxs
Treatment No. of black nodule/middle leaves No. of black nodule/middle leaves
2Ry 17.77° 15.55°
Red light
o9 15.51° 15.66=
Blue light
Jeo 08 14.22 14.11°
Green light
ke )3 13.88" 11.77°
White light

35l g0 (0<0.05) s gme W] (s (S5 9051 Jas 51 cygins o 4> S yiutio g > L il
Numbers followed by the same letter are not significantly different using Tukey’s test (p<0.05).
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Figure 2- The number of black nodules on Hypericum perforatum L. leaves treated with light filters
Maximum and minimum number of black nodule were related to red and white lights, respectively.
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Figure 3- The effect of different light wavelengths on hypericin content in Hypericum perforatum plantlet
(Tukey’s test, p<0.05)
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Introduction: St. John’s wort (Hypericum perforatum L.) is a medicinal plant which used mainly in treatment
of mild depression, neurological disorders and has been recently shown to have anticancer potential. The principle
medicinal components of St. John’s wort are hypericin, pseudohypericin, and hyperforin. Light is one of the most
important environmental factors affecting plant growth, survival, reproduction and distribution. The light quality,
light intensity, duration and photoperiod directly affect plant growth. Light quality refers to the color or wavelength
reaching the plant's surface. A prism (or raindrops) can divide sunlight into respective colors of red, orange, yellow,
green, blue, indigo and violet. Red and blue have the greatest impact on plant growth. Green light is least effective
(the reflection of green light gives the green color to plants). Blue light is primarily responsible for vegetative leaf
growth. The principle objective of the current study was to evaluate the effects of different spectral quality
including red, blue, green and white on the growth factors and production of hypericin.

Materials and Methods: This experiment was conducted on the basis of Completely Randomized Design with
four treatments and 10 replications in the growth chamber in the Department of Horticulture, Ferdowsi University
of Mashhad (FUM), Iran. In this study, seeds were obtained from the research greenhouse of FUM. Seeds after
soaking in running water for 24 hours were planted in small pots (250g). After the seedlings have reached to height
of 25cm, each 10 pots were put inside the boxes (20x30cm) made of colored filters. Experiment continued in a
growth chamber with day and night temperature 25 and 21°C, respectively, relative humidity 45%, 16 hours of
light with the intensity of 1000 lux and 8 hours of darkness for 50 days. Then morphological parameters including
plant height, number of stems, number of leaves, number and length of internodes, fresh and dry weight of shoot
and root were measured. To count the number of black nodules, the upper, middle and lower parts of seedling were
evaluated individually. Hypericin content of the H. perforatum plantlets were measured according to the previous
work of Azizi & Omidbaigi, 2002. Data were analyzed statistically by using SAS and Excel software. The
significant differences between means were assessed by Tukey’s test at P < 0.05.

Results and Discussion: The results showed that morphological parameters including plant height, leaf
number, internode length, root fresh weight, dry weight of stem and root were affected significantly by light
treatments. Minimum and maximum of plant height was related to white and red lights, respectively. Increasing
plant height under the influence of red light was due to the variation in levels of growth regulators. Red and blue
light by changing of the GA hormone level in the plant and affected elongation of plant stem. Minimum and
maximum of leaf number was related to blue and white light respectively. Also, other morphological traits
including internode length, fresh and dry weights of stem and root showed significant differences. Internode length
for white light was less than red, green and blue light. Maximum of the fresh and dry weight of shoot and root of
seedlings was observed under white light. Results suggest that photosynthetic compounds move in plant under the
influence of light quality. Also the number of black nodules in three different parts of plant and hypericin content
were compared in plantlets under the effect of light quality. Results analysis also confirmed that different lights
had the significant impact on the number of black nodules in upper and middle leaves of H. Perforatum seedlings.
Seedlings treated with the red light had the highest number of black nodules in the middle section of H. perforatum.
In the top third of St. John’s wort seedlings, red, blue and green light was inducted the highest number of black
nodules formation than white light. The highest level of hypericin was related to red, white, blue and green lights,
respectively. The number of black nodules in the plant and the hypericin content have positive correlation. It seems
that in the seedlings treated with the red light, carbohydrates made from photosynthesis most used in biosynthesis
of secondary metabolites than plant growth. In fact, carbon allelochemical compounds such as terpenes and
phenolics have such metabolism direction to explain the increasing in secondary metabolites.

Conclusion: Different light spectra affects plant hormones levels and with alteration in the primary and
secondary metabolites lead to a change in the morphological and biochemical traits of plant. In general, it can
commented that the quantity and quality of light is able to affect the growth and the active metabolites of medicinal
plants and using red and white mixture of light during seedling growth period have an effective role on generation
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University of Mashhad, Mashad, Iran, respectively.
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of more strong seedlings with higher potential production of active ingredients.
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Figure 1- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro proliferated
shoot number of Pyrus communis cv. Natanz. (LSD, p<0.05)

25 5 oles (Y JSS) ab saalse (o Bl +/¥YY) BAP 2
Pyrus betulaefolia sas (cy9ly asls Jgbo pdlie oy (V)

55 (VA) IS 5 Kb a3,S 3,15 BAP (oYU sl 1,
Cwds BAP (YL polis o 1) (gp5ail o 6)5]):1 asl s

PyrUS ‘_5.4w~>9 UJM; ‘_5‘); (\EA) u‘)&w 9 ulu&) sJ)LQo » ..3.3.))51

am‘.;‘)ﬂﬁd.ihﬁdjb
ol (6ol a3Lb Job (6> sme 35U (p <-/- 1) BAP
s op 5 b a8 (55590 Hs5 18 FE-EDDHA &' Jbs > sl
BAP ) 4 5,5 o VB Lo a6 S las jo omd)ﬂx

2055 e o1 gl i Lo > ey 58 5 (e ke VYD)



VFee 5l oF o)lod ¥ b ((65)slisS galio 5 pole) LSl pole 4 pad YFY

s> ¢Lss Pyrus communis L. cv. Sebri ssd (s )sly (slaasls
M o3y )G GAs 5 IBA gy glaosisS pudais plo b &S Slej
(YY)

14 -
12 1
4 3
25
3 < 08 4
Aﬂ';:
xXZ5
O
S 064
3=

b
04 -
0.2 -
O + ——
0.5

BAP concentration (mg.I™)

Pyrus pyrifolia (Burm M5 ¢y (8%) ,lgls" 5 ,5b 4 SYrica
sbas s Jsb BAP (YL o &5 55" Ly F.) Nakai.l
Job 33 (s pie 13 BAP slacdale by zalS' 1) o0l (5y9l

b

a
15

BAP clale

Ml 9950 byl puid 45 BAP cilises gcdilé 451U o Pyrus communis cv. Natanz suwd 591y (sWad Wi Job Y JSWi
Figure 2- Pyrus communis cv. Natanz proliferated shoot length affected by BAP concentrations in vitro. (LSD, p<0.05)
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Figure 3- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro leaf number
production of Pyrus communis cv. Natanz. (LSD, p<0.05)
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Table 1- The simple and interaction effects of BAP and GAs concentrations on survival plants (%) of Pyrus communis cv.
Natanz meristems in vitro

BAP clilé
BAP concentration
(mg.I")
05 1 15
GAs clil 01 36.00 ab 63.00a 0.00b 33.00 A
GAs concentration 05 81.00 a 0.00b 0.00b 27.00 A
(mg.I")
58.50 A 3150 AB 0.00B

235505 3u0y3 B sl o ;> LSD 9051 51 enlisl b (gl gixe glis (alite il 3l SogS Cgyn g o3k il il 5y g o) S yidie g (sl (slappSilo
Means with similar letters (capital for simple and small for interaction effects) have no significant differences based on LSD test
at p<0.05.
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Figure 5- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro vegetative
growth of Pyrus communis cv. Natanz. (LSD, p<0.05)
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Table 2- The effect of different concentrations of IBA and NAA on rooting of Pyrus communis cv. Natanz micro-shoots in

vitro

IBA NAA Rooting
1 BIN,

(mg.I*) %)
1000 - 00.00°
2000 - 33.34®
3000 - 66.67 ®
4000 - 66.67
- 1000 66.67 &

- 2000 1002

- 3000 1002

- 4000 1002

1000 1000 1002

2000 2000 1002

35 20 y3 O Jless] prdaw ;3 LSD (yg0jl 51 odlitel b (6ls xe gl Syt gy gyl (glaypuSilio
Means with similar letters have no significant differences based on LSD test at p< 0.05.
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Figure 6- Pyrus communis cv. Natanz in different stages of in vitro propagation: a) shoot proliferation in BAP at 1 mg.I"* + Fe-
EDDHA at 150 mg.I%, b) established meristem in medium containing BAP at 0.5 mg.It + GAsz at 0.5 mg.I"t + IBA at 0.1 mg.I**

after 4 weeks, ¢) Rooted shoot induced by 1000 mg.I* IBA+ 1000 mg.I"t NAA, d and e) Natanz plantlets after 6 weeks (in the
laboratory) and tree months (in the greenhouse) of adaptation, respectively.
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Introduction: Pyrus communis L. cv. Natanz is a popular pear cultivar in Iran because of its customer-friendly
attribute due to its excellent characteristics. Pear own-rooted plants has better traits such as high vigorous in
growth, low levels on tree losses and damaging by insects rather than grafted plants. Meristem culture widely used
for micropropagation, in vitro germplasm preservation, and virus eradication purposes in pear. As pear is belonged
to difficult-to-root fruit tree cultivars perhaps the rooting stage is the most important stage in propagation process,
yet most difficult phase during the in vitro propagation procedure. In vitro rooting of micro-cuts was varied by
genotypes (cultivars), type and concentration of auxin, the method of root induction and formation, different
additional materials such as PVP, polyamines, and so on. This study was aimed to investigate the effect of different
levels of BAP and Fe-EDDHA on shoot proliferation, BAP and GAs; on meristem establishment, and IBA and
NAA on micro-cut rooting of pear cv. Natanz in in vitro condition.

Materials and Methods: Vegetative buds were taken from current growth shoots of Pyrus communis cv.
Natanz from Pear collection orchard (25.36 E, 58.54 N, and ASL altitude 1380 m) of Agricultural and Natural
Resources Research and Education Centre of Semnan Province (Shahrood city). In the first experiment, new shoots
of active buds after 4 weeks grown in PMI medium (MS x1.5 CaCl,. 2H,0, KH,PO4 and MgSOa. 7H,0) + 1 mg.I
L BAP were transferred to PMI medium containing different levels of BAP (0.5, 1, 1.5 mg.I"") and Fe-EDDHA (0,
100, 150 and 200 mg.I"%). In the second experiment, meristems (containing two newest leaf primordia) was excited
from in vitro shoots and incubation on MS media containing BAP (0.5, 1, and 1.5 mg.I"!) and GAs (0.1 and 0.5
mg.I"Y) + 0.1 mg.I* IBA. Meristems were kept in dark for 4 days then were transferred to growth chamber with
photoperiod 16/8 hrs. light/dark. Different concentrations and combinations of two auxins were used for root
induction of micro-cuts in third experiment. 1000, 2000, 3000, and 4000 mg.I* of IBA or NAA and two
combination solutions of them (1000 IBA+1000 NAA, and 2000 IBA+2000 NAA, mg.I). Shoots were immersing
dip in solutions for 5 seconds then transfer to PGRs-free PMI medium and kept them to growth chamber. Data of
all experiments were analyzed according by completely randomized design (CRD) with five replications. BAP (3
levels) and Fe-EDDHA (4 levels) for experiment 1; BAP (3 levels) and GAs (2 levels) for experiment 2 were
considered as factorial. SAS (v. 9.1) was used for analysis and means were compared with LSD test at 5% of
probability level.

Results and Discussion: Proliferated shoot number was affected by BAP (p<0.01) and Fe-EDDHA (p<0.05)
concentrations and also interaction of them (p<0.05), while BAP (p<0.01) was caused elongation of proliferated
shoots and Fe-EDDHA had no effect. BAP (p<0.05), Fe-EDDHA (p<0.01) concentrations and BAPxFe-EDDHA
(p<0.01) interaction had significant effect on leaf production. Shoot tip necrosis was shown in shoots grown in all
media based on BAP concentration with different intensities (p<0.05). Vegetative growth was counted as a power
index of medium that in our experiment was under influence of BAP concentrations (p<0.01), Fe-EDDHA
(p<0.05) and BAPxFe-EDDHA interaction (p<0.05). Shoots were proliferated (5.50 shoot.explant) and elongated
in PMI medium containing 1.5 mg.I"t BAP with no Fe-NaEDDHA while the lower concentrations of both BAP
and Fe-NaEDDHA caused the higher mature leaf production. PMI media containing 1 mg.I"t BAP + 150 mg.I!
Fe-NaEDDHA is recommended for Natanz shoot proliferation because of the highest vegetative growth and
highest quality in proliferated shoots. MS medium with 0.5 mg.I"* BAP+ 0.5 mg.I'* GA; (81%) and 1 mg.I'* BAP
+0.1 mg.I"t GA3 (63%) had the highest meristem establishment, respectively. The established meristems naturally
grown in medium supplement with 0.5 mg.I* BAP + 0.5 mg.I* GA3+0.1 mg.I* IBA. Different types of auxin and
their concentrations had significantly effect on Natanz pear cultivar micro-cut rooting (p<0.05). NAA induced
rooting in lower concentrations while IBA had positive effect on rooting with concentration increasing. Micro-
cuts were rooted via quick dip in 1000+1000 mg.I"t (IBA+NAA) solution followed by incubation in PMI medium.
The rooted shoots well adapted to environmental condition.

Conclusion: Important steps of in vitro propagation of pear is optimized in this experiment. MS medium
containing 0.5 mg.I* BAP+0.5 mg.I"* GA3+0.1 mg.I"* IBA had suitable for meristem establishment. To produce in
vitro healthy proliferated shoots of pear cv. Natanz using PMI medium supplement with 1 mg.l"* BAP+150 mg.I*!
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Fe-NaEDDHA is recommended. Micro-cuts were rooted easily by quick immersion of the end of micro-cuts in
1000+1000 mg.I"* (IBA+NAA) solution for 5 seconds then incubation in PGRs-free medium.

Keywords: In vitro rooting, In vitro propagation, Meristem culture, Pear
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Table 1- Some of physicochemical properties of used soil
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o e D)
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5- Corning
6- Atomic absorbtion
7- Perkin elemer
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Figure 1- The changes in soil humidity during 12 months
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Table 2- ANOVA for the effect of cultivar and drought stress on some nutrient elements in six pomegranate cultivar leaves

Sl o (1o
a5
&b " Means of square
315 . = .. .
Pl ddf) o2l 17 oo e e Hd ey
SOV Iron Zinc  Cupper Manganese Sodium Phosphorus Potassium
"’%’ 5 4424 692" 65" 4730™ 0.047" 0.73" 0.29™
Cultivar
S 2 12256 12327 38" 1537 0003  0.064™ 1.34"
Drought Stress
S ) 10 740" 49" 363"  317™  0026®  0.001% 0.02"
CultivarxDrought Stress
e 36 35 13 0.1 2282 0.69 0.003 0.009
Error
cupl
oy - 6.24 12.93 3.67 1993 474 12.47 5.17
C.V. (%)

Pre ENS g 10> B 5 ) aw ) )l dxe il & 5y n
*and **, significant at 5% and 1% of probability levels, respectively and ™ non-significant.
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Figure 2- The interaction effect of drought stress on iron
leaf content in six pomegranate cultivars
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Figure 4- The interaction effect of drought stress on
cupper leaf content in six pomegranate cultivars
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Figure 3- The interaction effect of drought stress on zinc
leaf content in six pomegranate cultivars
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Table 3- The effect of cultivar and drought stress on some nutrient elements in the six pomegranate cultivar leaves

i o2l 89 o PR e yhad orliy
Sosd Iron Zinc Cupper Manganese Sodium Phsporus Potassium
Treatment (mg (mg. (mg. (mg. (mg (%) (%)
g’ DbW) g' bW) g’ DW) g' DW) .g* DW)
c1 126° 39.9° 13 51.8° 0.41 0.61? 2.1
c2 73 14.3° 5.2¢ 26.6¢ 0.19 0.34¢ 1,69
C3 d b b
94 27.9° 8.8 37.2¢ 0.32 0.44 18
»5)
Cultivar C4 85¢ 24.9° 7.4 34.2¢ 0.26 0.46° 17
s 99P 340 10.4° 52.4° 03 0.45 2.1°
cé 94° 28.9° 8.8° 44.1° 0.28 0.46° 1.90
MSE 18 1.09 0.56 0.22 0.32 0.32 0.22
S s1 125 37 108 41 031 0522 1.6°
S s2 89 26 o 42 0.29 0.44° 1.8
Drought s3
stress 70° 21° 7° 38 0.29 0.4° 210
MSE 13 1.09 0.67 0.27 0.29 0.29 0.2
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The means of treatments with the same letters have no significant differences statistically at 1% probability level based on DMRT.
MSE shows standard error between the averages. C1 to C6 show the cultivars including: RababNeyriz, NaderyBadrood,
ShishehcapFerdous, ArdestanyMahvelat, Malase Yazd and ShirinShavar Yazd respectively. S1, S2 and S3 show irrigation levels

comprising of 80% field capacity (control), 60% field capacity (moderate drought) and 40% field capacity (severe drought),
respectively.
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Figure 5- The interaction effect of drought stress on
potassium leaf content in six pomegranate cultivars
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Introduction: Iran has the most diverse and richest gene pool of pomegranate cultivars in the world. Drought
is the most common environmental stress and the most important limiting factor of agricultural production in the
world and limits production in almost 25% of the world's agricultural lands. One of the most harmful effects of
dehydration stress is disruption of the process of absorption and accumulation of nutrients. Among nutrients,

potassium is one of the most important cations required by plants, which has been reported to accumulate during
osmotic stress. The role of this cation in osmotic regulation and stomatal control has been described. Due to the
fact that drought stress is one of the limiting factors for agricultural production, therefore, research on the
mechanism of plant resistance to water scarcity is important. Therefore, this study was conducted to investigate
the response of six Iranian commercial pomegranate cultivars to drought stress based on the amount of some leaf
nutrients.

Materials and Methods: The executive operations of this research were carried out in the research greenhouse
of Lorestan Agricultural and Natural Resources Research Center with a temperature of 25 °C and a relative
humidity of 70%. The experiments were performed due to similar climatic conditions of Lorestan and Kermanshah
provinces. The plant materials used in this study were annual rooted seedlings of six pomegranate cultivars. This

study is a factorial experiment with two factors: 1- Pomegranate cultivar in six levels (RababNeyriz,
NaderyBadrood, ShishehcapFerdous, ArdestanyMahvelat, Malase Yazd and ShirinShavar Yazd) and 2- Drought
stress in three levels including non-stress drought (80% of field moisture, control), moderate drought (60% of field
moisture) and severe drought (40% of field moisture) were screened in a completely randomized design with three
replications in the greenhouse. All data obtained from the experiments of this study were statistically analyzed by
SAS-9.1 software and the comparison of the mean of the simple effect of the treatments was performed using
Duncan's multiple range test. The comparison of the mean interaction of the treatments was performed by SAS
and MSTAT-C software using Duncan's multiple range test. Graphs were drawn using Excel software.

Results and Discussion: The results of this study showed that the amount of nutrients in all studied cultivars
was affected by drought stress, but the response to stress was different. The amount of nutrients of iron, zinc,
copper, manganese, sodium and phosphorus based on dry weight decreased under drought stress conditions while
the concentration of potassium under drought stress increased. Based on the results of this study, Rabab Neyriz
and Malase Yazd cultivars had more tolerance to drought stress in terms of nutrient uptake compared to other
cultivars, respectively. Highest levels of iron (126.9 mg.g™), zinc (39.9 mg.g?), copper (13 mg.g'), manganese
(51.8 mg.gt) and potassium (2.11% was obtained from Rabab Neyriz cultivar. Therefore, the use of this cultivar
in drought stress conditions is recommended. Among the studied cultivars, Naderi Badroud and Ardestani
Mehvalat had the highest sensitivity to drought stress and Shirin Shahvar Yazd and Shishecap Ferdows cultivars
showed moderate resistance in this regard.

Conclusion: Based on the results of this study, it showed that Rabab Neyriz and Malase Yazd cultivars have
high tolerance to drought stress and are also able to show a better response to nutrient uptake under drought stress
conditions. Between these two cultivars, Rabab Neyriz cultivar had higher absorption of iron, zinc, copper,
manganese and potassium and was considered the superior cultivar in this regard.

Keywords: Dry weight, Field capacity, Iron, Zinc and Potassium
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Table 3- The effect of Brassinosteroid and drought on vegetative traits of sweet pepper cv. ‘Castello’

09 » o9
Sopwlenly Wb adyydeb ady e SRSES ol S0 . "
Brasinosteroid |ength shoot Length root Volume root Shoot dry weight  Shoot fresh sy Root
(BM) (cm) (cm) (ml) ) (g) weight ~ Rootdry  fresh
weight weight
@) (@)
0 16.28a 9.90a 2.91b 0.58a 3.04a 0.30a 2.85b
1 15.81a 9.41a 3.29a 0.63a 3.05a 0.30a 3.05a
Drought (Bar)
0 19.16a 10.33a 3.58a 1.06a 4.27a 0.35a 3.21a
-6 14.45b 10.1ab 3.08b 0.52b 2.69b 0.32a 3.03a
-7 16.00b 9.33ab 3.00b 0.48b 2.69b 0.28b 3.02a
-8 14.58b 8.90b 2.75b 0.37b 2.52b 0.27b 2.53b

)5 I gime M3 LSD 9051 51 olissl b dum ) & Jloinl oo 53 it S o gy s> 48 plapSibia gt b 5
Means with common letters in each column are no significantly different at 5% of probability level based on LSD test.
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Table 4- The effect of Brassinosteroid and drought on physiological traits of sweet pepper cv. ‘Castello’

Brasinosteroid ABA Proline Protein Chlorophyll Index Chlorophyll fluorescence
(uM) (ng.g RFW?)  (umol.g?)  (mg.g?) (Spad) (Fv/Fm)
0 15.81a 0.012a 2003.7a 57.308a 0.7448b
1 16.28a 0.013a 2182a 57.808a 0.8014a
”
Drought (Bar)
0 14.16¢ 0.018b 2125a 65.550a 0.8067a
-6 16.45b 0.0129b 2111a 60.700b 0.7813ab
-7 16b 0.020a 2071b 56.433c 0.7643ab
-8 19.58a 0.029a 2065b 47.550d 0.7402b

L5185 55 ime M3 LSD 9051 5l o3kl b duoyd & Jleis! pdaw )3 st S jiiie gy (g a8 oo puSiko ¢ giw y2 )
Means with common letters in each column are no significantly different at 5% of probability level based on LSD test.
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Table 5- Interaction effect of brassinosteroids xdrought stress on sweet pepper amino acids cv. ‘Castello’ (mg .100 g1)

KWWIAY] s »ls
Amino acid Drought Control
Br2 Brl Br2 Brl

315598900 (sl giral 164.45b 153.52b 263.44a 247.84a
Sulfuric amino acids

g Sblgie] 359.32b 326.56b 651.04a 663.03a
Essential amino acids

3281.21b 3126.40b 3618.64a 3161.45a

2908 So sl
Unnecessary amino acids
JS dlgied 4942.80ab 4507.36b 5515.84a 5028.64a
Total amino acid
L5505 I ime BMSILED (9051 31 ealisunl b s y3 & Jloain] grdaw 43 sitans S it gy ghyls a5 SlanSilio (gt ya
Means with common letters in each column are no significantly different at 5% of probability level based on LSD test.
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Figure 2- Interaction effect of brassinosteroids xdrought stress on shoot length (a) and root length (b) of sweet pepper cv.
‘Castello’. Brl: Zero, Br2: 1 mgl? of brassinosteroid, PEG1: Zero, PEG2: -6, PEG3: -7, PEG4: -8 Bar polyethylene glycol.
(LSD, p=0.05)
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Figure 2- Interaction effect of brassinosteroids xdrought stress on shoot fresh weight (a), root weight (b), shoot dry weight (c),
and root dry weight (d) of sweet pepper cv. ‘Castello’. Brl: Zero, Br2: 1 mgl of brassinosteroid, PEG1: Zero, PEG2: -6,
PEG3: -7, PEG4: -8 Bar polyethylene glycol. (LSD, p<0.05)
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Figure 3- Interaction effect of brassinosteroids xdrought stress on root volume of sweet pepper cv. ‘Castello’. Brl: Zero, Br2:
1 mgl* of brassinosteroid, PEG1: Zero, PEG2: -6, PEG3: -7, PEG4: -8 Bar polyethylene glycol. (LSD, p<0.05)
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Figure 4- Interaction effect of brassinosteroids xdrought stress on Chlorophyll fluorescence (a) and chlorophyll index (b) of
sweet pepper cv. ‘Castello’. Brl: Zero, Br2: 1 mgl of brassinosteroid, PEG1: Zero, PEG2: -6, PEG3: -7, PEG4: -8 Bar

polyethylene glycol. (LSD, p<0.05)
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Figure 5- Interaction effect of brassinosteroids xdrought stress on proline (a), protein (b), and Abscisic acid (c) of sweet
pepper cv. ‘Castello’. Brl: Zero, Br2: 1 mgl of brassinosteroid, PEG1: Zero, PEG2: -6, PEG3: -7, PEG4: -8 Bar
polyethylene glycol. (LSD, p<0.05)
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Figure 6 - Biplot plot in 8 treatments based on traits of sweet pepper cv. ‘Castello’ under salinity stress

ShL: Plant length, RL: Root length, RV: Root volume, SFW: Shoot fresh weight, RFW: Root fresh weight, SDW: Shoot dry weight,

10-

11-

RDW: Root dry weight, Fv: Chlorophyll fluorescence, SP: vVVgetative index, Pr : Proline, Pro: Protein, ABA: Abscisic acid
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Introduction: Brassinosteroids promote plant growth by enhancing some metabolic activities such as
photosynthesis, nucleic acid biosynthesis, proteins and carbohydrates. Mechanisms of resistance and tolerance in
plants have been developed to tolerate water deficit stress. One way to deal with drought is to use plant growth
regulators. Brassinosteroids were first extracted from the pollen of turnip (Brassica napus) and were considered
as the sixth group of plant growth regulators. These compounds stimulate growth and cell division and affect
electrical properties, membrane permeability, stability and activity of membrane enzymes. Nowadays,
brassinosteroids have been extracted from various plants and their structure and function have been identified.

Materials and Methods: This experiment was conducted in a factorial experiment based on a completely
randomized design on Capsicum annuum L. Castello cultivar under the average daily temperature of 25 °C and 18
°C at 75% relative humidity in greenhouses. Research conducted by the College of Agriculture, Isfahan University
of Technology, with four drought treatments using polyethylene glycol 6000 solutions at four levels of 0, -6, -7,
and -8 bar. Brassinosteroids were sprayed in two 1 uM control levels. Pepper seeds planted in transplanting trays
containing 1 to 2 volumes perlite and vermiculite substrate. When the actual leaf of seedlings appeared, the root
thoroughly rinsed with distilled water and then were transferred to black plastic containers with a diameter of 16
and height 13cm and 1L volume containing Johnson's nutrient solution including four dry treatments using 6000
polyethylene glycol solution and aerated in control for 15 minutes every 5 minutes. At the end of the experiment,
vegetative factors such as fresh and dry weight of different parts of the plant, plant length, and volume, and
physiological factors such as proline and abscisic acid content and chlorophyll fluorescence changes were
measured.

Results: The results of the analysis of variance table showed that brassinosteroid had no significant effect on
most vegetative traits except root volume and weight and all physiological traits except chlorophyll fluorescence
and the mentioned traits increased with the application of 1 mM brassinosteroid. However, the main effects of
drought except for amino acid and the interaction of drought and brassinosteroids were significant on all traits.
The results of the main drought effects showed that the root fresh weight at -8 bar and dry weight at -7 bar
significantly decreased, whereas fresh and dry weight of the shoots at lower than -6 bar. The onset of decline
showed that the root length and volume appeared to decrease with the onset of stress by -6 bar and the plant length
also reduced with the first stress level. Drought stress at -6 bar level decreased chlorophyll fluorescence,
chlorophyll index and Abscisic acid while at -7 bar decreased protein and increased proline. The results also
showed that the amount of sulfuric, essential and unnecessary amino acids were significantly reduced by drought
stress and brassinosteroid had no effect. Total amino acid content decreased with drought stress but there was no
significant difference with control. With increasing drought stress, the fresh and dry weights of shoots decreased
and the intensity of shoots decreased. The intensity of shoot growth decreased with the use of brassinosteroids at
moderate stress but the mentioned trait showed the same adverse effects at all levels of stress. Brasinosteroid
application decreased stress indices such as proline (7%) and abscisic acid (50%) and this decrease was more
pronounced in proline, especially in more severe treatments. Amino acid and protein levels decreased with drought
stress, and the use of brassinosteroids could not be effectively affected by this reduction, especially for the
compounds and the amount of amino acids.

The results of biplot analysis showed that the vegetative and protein traits had better mean in stress condition
in the presence and absence of stress and in higher stress severity and application of brassinosteroid affected root
fresh weight and abscisic acid content more than the other traits. While in mild stress it seemed to be more
effectively on the steroid and most of the vegetative and physiological traits than the control.

Conclusion: It seems that the application of brassinosteroids on pepper seedling in drought stress at a
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concentration of 1 uM is effective in maintaining vegetative properties and reducing negative effects of stress and
reducing stress indices.

Keywords: Abscisic acid, Amino acid, Chlorophyll fluorescence, Growth regulators
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Figure 1- The characteristics of Jahangir (a), Clementine (b) mandarins and dimensions of Jahangir fruit (C)
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Figure 2- Physical characteristics of Jahangir and Clementine mandarins
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Table 1- Peel color indices of Jahangir and clementine mandarins
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** Significant at 0.01, *Significant at 0.05, "™ Non-significant
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Figure 4- Skin symptoms of Jahangir (a) and
Clementine (b) mandarins at the end of storage
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Table 2- Amount of Weight loss, Peel thickness and TSS of Jahangir mandarin compared to clementine at harvesting time
and during storage
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Figure 5- The effects of storage period on peel total phenolic Compound in Jahangir and Clementine mandarins
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Table 4- The changes of some chemical characteristics of Jahangir and clementine mandarins during storage period
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Introduction: The foreign and domestic markets are demanding for high quality citrus varieties. The
physical and chemical properties of the newly released cultivars are also important for fresh market or
processing. The fruit quality is a complex combination of size, firmness, taste, texture, pleasant aromas caused
by a chemical compounds (soluble solid content, sugars, organic acids, aromas) and bioactive properties.
Therefore, it is important to consider these indices for the introduction of a new cultivar. In this regard, the
Citrus and Subtropical fruits Research Center has focused on improving its appearance, internal and organoleptic
quality in releasing the new Jahangir cultivar compared to the Clementine as control.

Materials and Methods: In this study, Jahangir fruits a hybrid between Clementine mandarin (female
parent) and Salustiana orange (male parent) (Citrus clementina Hort. Ex Tanaka x C. sinensis (L.) Osbeck cv.
Salustiana) was used for comparison with Clementine (Citrus clementina Hort. Ex) Tanaka) as control during the
last two years lead to the cultivar introduction. Fruits were randomly selected from different locatiosn on the tree
(15 fruits from three trees) and evaluated at harvesting time (zero storage point). Then 30 fruits per box selected
and placed in cold storage (5 °C, 85% RH). Different physico-biochemical and sensory characteristics of fruits
were evaluated at 0, 20 and 40 days intervals during storage. Characteristics evaluation were including fruit
lenght, width, thickness, arithmetic, geometric, equivalent and harmonic means, fruit aspect ratio, sphericity,
surface area, true volume, apparent volume, volume error, density, peel and pulp firmness, peel thickness,
weight, juice percentage, seed number, peel color indices (L*, a*, b*, hue angle, chroma and CCl), total soluble
solid (TSS), titratable acidity (TA), technological index (TI), pH, electrical conductivity (EC), total phenal,
ascorbic acid and antioxidant capacity during experiment.

Results and Discussion: Results showed that fruit size (length and two diameters), weight, means of
arithmetic, geometric, equivalent and harmonic diameters, surface area and true volume of Jahangir mandarin
were significantly higher than Clementine. The different mean diameters of each cultivar was the same as that
equivalent diameter that is the most real mean fruit diameter. The higher spherical coefficient (>1) also indicated
that Jahangir fruit was longer than the control. Additionally, aspect ratio of Jahangir was also higher than
Clementine, which means that Jahangir fruit was a few flat than control. Jahangir had higher levels of L*, b*, C
and hue than the control of clementine. In contrast, Jahangir's a* and CCI indices were lower than those of
clementine. Therefore, except for L* which is slightly lower than citrus standard (65-70), other indices in both
cultivars were conformity within the citrus standard range. Seeds of Jahangir were more than control but both
were in the mid seed group (9-15 seeds) of citrus. Jahangir peel was also less easily peeled than control. The
weight loss of Jahangir fruit was significantly (almost half) lower than that of clementine at each sampling but
increased during storage. It seems Jahangir has a peel with higher density and adhesion than to clementine,
which partly prevents the fruit from dehydration. The amount of TSS of fruit juice was higher than that of
clementine at harvest and storage but increased in both cultivars during storage. In addition, TA (0.34%) was
lower in Jahangir fruit than Clementine (0.45%). Therefore, the ratio of TSS to TA was much higher in Jahangir
mandarin (44.25) than clementine (26.16). Juice percentage of Jahangir fruit (44.87%) was significantly higher
than Clementine (40.12%). The high percentage of Jahangir fruit juice is a positive trait for this cultivar.
Technology index changed depending on cultivar and also during storage. This index was higher in Jahangir fruit
than in Clementine with 6.45 and 4.67, respectively. The antioxidant capacity only affected significantly by
storage time which showed a decreasing trend during storage. Ascorbic acid content was only affected by
cultivar and was higher in control than Jahangir. Lower levels of ascorbic acid in the Jahangir may be due to
increased respiration that results in the elimination of ascorbic acid. The phenolic content of Jahangir fruit was
higher (0.43 mg/g) than clementine (0.4 mg/g). PCA analysis showed that most of the Jahangir samples placed in
the left part of the PCA graph which were dominated by the traits such as taste, sweetness, good peel and pulp

1, 2 and 3- Associate Professor, Master Science of Plant Physiology and Assistant Professor, Citrus and Subtropical
Fruits Research Center, Horticultural Science Research Institute, Agricultural Research Education and Extension
Organization (AREEO), Ramsar, Iran. Respectively.

(*- Corresponding Author Email: j.fattahi@areeo.ac.ir)

DOI: 10.22067/jhs.2021.61812.0


mailto:j.fattahi@areeo.ac.ir

YFoe 3l oF o lodh (YO ul> (5 y9lins xsluo ) SLEL wyi FAA
7T 8 Sigbs gluo g pole) Slsl p o

appearance and overall acceptance and were more accepted by the sensory evaluators.

Conclusion: In this study, different qualitative characteristics of Jahangir fruit compared to Clementine
which are important for the producers. Accordingly, the Jahangir fruit was larger in size but slightly flatter than
the Clementine fruit. Jahangir fruit peel color indices were within the standard range of citrus fruits. Jahangir
fruit is favored among commercial available mandarins due to ease of peeling, high juice percentage, technology
index, vitamin C, phenol and antioxidant capacity. It also had better storability than Clementine because of less
water loss and decline of organoleptic properties.

Keywords: Cultivar release, Fruit quality, Nutrition value, Storability
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Introduction: The use of biofertilizers instead of chemical fertilizers has an effective role in increasing the
health of plants, animals and humans and reducing environmental pollution. Biofertilizers are gradually being
replaced by chemical fertilizers. Strawberry is a fruit with high nutritional value. Choosing the right nutritional
conditions such as fertilizers and suitable cultivation beds to achieve high quantitative and qualitative yield in this
plant is inevitable. In recent years, the use of humic acid has been common in enhancing the vegetative and
generative characteristics of crops. Humic acid is a rich source of potassium, phosphorus and nitrogen. The method
of application of humic acid has an effective role in improving the quantitative and qualitative characteristics of
plants. The leaf application of humic acid was effective in increasing the amount of phosphorus, potassium and
nitrogen. The amount of potassium and phosphorus in strawberry fruit is more than other elements. Combining
some cultivation beds (perlite and composts) and fertilizers such as agricultural waste (rice bran and tea wastes)
into soil cultivation beds have an effective role in improving the quantity and quality of plants.

Materials and Methods: A pot experiment was conducted to evaluate the effect of foliar application of humic
acid and different cultivation beds on nutrition uptake of strawberry. Different concentrations of humic acid (0,
300, 600, and 1000 mg.I"") were applied as foliar application in two steps (late March and late April) on strawberry
cultivated in different beds (usual soil, usual soil + rice bran, perlite, or tea wastes). This study was carried out as
two factorial experiment in completely randomized design. Soil nitrogen, phosphorus and potassium, soil pH and
electrical conductivity and leaf and fruit nitrogen, phosphorus and potassium content were measured. Measurement
of nitrogen, phosphorus and potassium was carried out by Kjehldal, spectrophotometry and flame photometry,
respectively.

Results and Discussion: The interaction effect of humic acid xcultivation beds on nitrogen and phosphorus
content of leaves and fruits was significant at 1% of probability level and on fruit potassium at 5% of probability
level. The interaction of these two factors on leaf potassium was non-significant. The results of comparing the
mean comparison of humic acid and cultivation beds on soil elements showed that the highest amount of nitrogen
was obtained in the treatment of 600 mg.I™! humic acid and in the cultivation bed of usual soil+rice bran. The
highest amount of phosphorus was obtained in the treatment of 1000 mg.I"" humic acid and the cultivation bed of
usual soil + tea wastes. The highest amount of potassium was obtained in the treatment of 600 mg.I™! humic acid
and in the cultivation bed of usual soil + tea wastes and the lowest one was obtained in the same bed without humic
acid. Results showed that the highest potassium content (518 mg.I™!), and phosphorus (4.84 mg.I™!) of fruit were
obtained in plants treated with 1000 mg.I"! humic acid cultivated in usual soil + rice bran. The highest nitrogen
content of fruit was obtained in plants cultivated in usual soil +tea wastes. The plants grown in this cultivation bed
with humic acid application at 1000 mg.I"' had maximum content of leaf nitrogen (5.47%). The highest content of
leaf potassium (4.50 mg.I™") and phosphorus (6.32 mg.I"") were obtained in plants treated with 600 mg.I" humic
acid in the cultivation beds of usual soil and usual soil + rice bran, respectively. The application of humic acid at
1000 mg.I"! and using usual soil+rice bran as bed is recommended for strawberries production as potassium,
phosphorus and nitrogen are the most important elements for increasing the quality of strawberry fruits ,
respectively. A positive association has been reported between the use of humic acid and the increase in growth,
yield and product quality in strawberries and other plants. Humic acid can improve quantitative and qualitative
production of crops by providing more available essential elements and increasing plant resistance to various
biological and non-biological stresses.

Conclusion: Strawberries are widely cultivated worldwide due to their high nutritional value. Chemical
fertilizers have been used as a way to increase crop yields, but have led to problems such as nitrate accumulation,
short pot life, and poor quality and environmental pollution. Therefore, organic fertilizers have been recommended.
A stimulating effect of humic acid on biomass production and plant growth is to increase the uptake of nitrogen,
phosphorus and potassium. Proper cultivation bed plays an important role in the optimal growth and development
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of plants. According the result of this study, the use of beds containing agricultural waste and foliar application of
humic acid increased the growth, yield and quality of strawberry fruit.

Keywords: Fragaria x ananassa, Fruit quality, Greenhouse products, Nutrition uptake
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4- Tilia cordata

5- Quercus robur

6- Acer pseudoplatanus
7- Acorus calamus

8- Asteraceae
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2- Fraxinus excelsior
3- Betula pendula
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Table 1- Some physical and chemical properties of soil

Sk cél 03954 iy S ons S PSI Clan
Soil texture N K C EC pH
(%) (%) (ppm) (%) (dS.m)
Sandy - clay —loam
C. 0.242 362.55 2.81 2.02 7.9
o8

@S U5 03 A (559098 ,90 Olhuo (B g1 g1 a8 o5 g 31 il g 43 —Y Jgua
Table 2- ANOVA for the effect of UV radiation on some morphological traits of three Cornflowers cultivars

. o S a8lw
&lbe a3 e Job FERSRA Spdob  Spuse i S oSl Jgb
.. K Gy gl - Sy XV
pevey &3l Heiaht 2 5l Crown Leaf Leaf ’ ]
S O V DF g |ntern0de Diameter Iength Wldth Leaf FIOWer-lng
T area stem height
A 3 1219.410™ 0.294™ 4.359" 0.517m™ 0.584™ 6.573™ 803.450™
Error A 8 26.890 0.015 1.010 2.198 0.078 0.269 32.260
B 2 253.270™ 0.104" 1.881m™ 15.907™ 0.697™ 1.535" 71.470"
AxB 6 17.240™ 0.065" 2.064" 4,209 0.078" 0.647" 32.010m
Error B 15 32.150 0.017 0.043 1.985 0.043 0.166 13.100
C.V (%) - 5.511 7.811 9.707 6.081 8.274 12.520 7.262

(S me pae g 0o 3 0 g ) sl plaw )0 5 dxe i Sy g < (nabl 8 o5y x o8y blite (31 :AXB (8, B ¢ ianl 8 o5y A
A: UV radiation: B: Cultivar: AxB: interaction effect of UV xcultivar: **and *: significant at 1% and 5% of probability levels,
respectively, ": non-significant.

PS5 I G59098,90 Clo (B 0 A58 95y 51T Jgaa
Table 3- The effect of UV radiation on some morphological traits of Cornflower

13 o Wy gl aBgb ylas EJReges o J5 ailu Job
OV r;';ldie:ti(;n Height Crown Diameter Leaf width Flowering stem height
(cm) (mm) (cm) (cm)
0 115.8892 9.930b¢ 2.7202 61.4442
UV A 116.0832 9.799¢ 2.5802 47.166°
uUv B 100.333> 10.976% 2.121° 455550
uUv A+ UV B 92.000¢ 11.2132 2.429° 39.000°¢

B0 gy e M 2o p3 B Jlein] pdaws 13 LSD g0l bl oy 33 alie g > clyls (el pSlio
Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.

PS5 IS G59098y90 Slo (B 08, F1-F Jgaa
Table 4- The effect of cultivar on some morphological traits of Cornflower

5 g gl SpJeb Spoe i J5 adlw Job
~) ) . . i
Cultivar Height Leaf length Leaf width Flowering stem height
(cm) (cm) (cm) (cm)
Kornblume pink 110.7292 21.407° 2.373° 46.208°
Kornblume rot 106.3332 23.553? 2.7378 47.583°
Kornblume blau 101.167° 23.491° 2.278° 51.083%

L5 gyl e BM 203 B Jlein! prdaws 13 LSD g0l Lololys ¢y 33 alie g > (gl (cla pSSlie
Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.
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Table 5- The interaction effect of ultraviolet radiation xcultivar on some morphological traits of Cornflower

Ak Jlog ) 2ske Jgb S e
L . Internode Leaf area
UV radiation Cultivar (cm) (cm?)
Kornblume pink 2.000° 4.0832
0 Kornblume rot 1.800bcd 4.3322
Kornblume blau 1.966° 4.7202
Kornblume pink 1.7755d 2.239bc
Uv A Kornblume rot 1.966° 2.826°
Kornblume blau 2.2332 4.1462
Kornblume pink 1.866° 2.611P¢
Uv B Kornblume rot 1.500¢ 2.781%%
Kornblume blau 1.8330¢ 2.386
Kornblume pink 1.500¢ 2.075¢
UV A+ UV B Kornblume rot 1.633cde 2.813b
Kornblume blau 1.6009% 2.7440

55 gy e M doys O Jlein pdaw 13 LSD 90l bl ¢y s 53 doliio Gy (sl slo ko

Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.
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3- Cynara scolymus
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1- Lactuca sativa L.
2- Capsicum annum
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4- Triticum aestivum
5- Solanum tuberosum
6- Spirodela polyrhiza
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2- Thymus daenensis
3- Helianthus annuus
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Introduction: In the last decades, human activities have had adverse effects on the atmosphere and the
stratospheric ozone layer, resulting in an increase in the ultraviolet radiation on the ground, especially in highlands.
Among living organisms, plants are the most exposed to ultraviolet rays due to their high and unavoidable need to
light for photosynthesis, and are therefore more vulnerable to them. Plants show different responses to ambient
UV radiation. The response of plants to ultraviolet light is manifested in two general ways, including tolerating
the destructive effects of this radiation or/and avoiding it. The present study was conducted to evaluate the effect
of ultraviolet light on growth, morphological and phenological characteristics of three cornflower cultivars under
greenhouse conditions in 2018.

Materials and Methods: The experiment was performed as a split plot in a completely randomized design.
Ultraviolet light was considered as the first factor in four levels (including: control, ultraviolet —A radiation,
ultraviolet -B radiation and ultraviolet A + B radiations) and three cornflower cultivars (including: ‘Kornblume
pink’, ‘Kornblume rot’ and ‘Kornblume blau’) as the second factor. The UV treatment was applied by lamps made
by Q-Lab Co, USA. It should be noted that the 40-watt lamps used in this study were broadband and had the
highest compliance with ultraviolet B (in the case of UV-B lamps) and ultraviolet A (in the case of UV-A lamps)
received from the sun on the ground. So they provided the best possible simulation. During the growth period of
plants, phenological traits were recorded and morphological traits and biomass traits were measured at the end of
the experiment.

Results and Discussion: The results showed that UV-B radiation and simultaneous application of UV-A and
UV-B radiations resulted in the reduction of the most morphological traits and yield traits including plant height,
internode length, leaf width, leaf area, flowering stem length, plant fresh and dry weight, leaf dry weight, flower
dry weight and number of flowers. However, flower yield was not affected by ultraviolet radiations. UV-A
treatment reduced the flowering stem length and fresh and dry weight of plant in compared to the control treatment,
but it had no significant effect on plant height, leaf width, leaf dry weight, flower dry weight and number of
flowers. Plants response to ultraviolet radiation is very different. In many species, it has been observed that UV-
A does not have a negative effect on plant growth, while, UV-B reduced the growth and yield of plants. It seems
that the main reason for the reduction of plant growth and production is prevention of cell division caused by
ultraviolet radiation. Degradation of plant pigments (chlorophyll) is also one of the main reason of photosynthesis
decrease led to plant growth and yield reduction. The results of the present study showed that the application of
UV-A reduced the number of days until the emersion of the first flower bud and the number of days until the
opening of the first flower in cornflower cultivars compared to the control. UV-B treatment forced cornflowers to
earlier flowering than UV-A. However, the fastest entry into the reproductive and flowering phase of cornflower
cultivars was observed with the simultaneous application of UV-A and B radiations. Plants mechanisms against
environmental stresses mainly depend on their origin and genetic factors. These mechanisms include three main
strategies including “avoidance”, “tolerance” and “escaping”. One of the most important ways to reduce the life
cycle is early flowering. It seems that the process of early flowering and completing the growth in cornflower
species is a kind of stress escaping under ultraviolet radiation stress.

Conclusion: In this study, ultraviolet radiation reduced the growth and development of all three species of
cornflowers. However, UV-A treatment showed the least negative effect on flower yield of plants. On the contrary,
UV-B radiation and simultaneous application of UV-A and UV-B radiations reduced the growth and development
of cornflowers, but did not have any significant negative effect on the flower yield (as the main useable organ of
plant). Therefore, it seems that the ultraviolet radiation can be considered as a positive factor due to its positive
effects on the production of secondary metabolites and early flowering and lack of significant negative effects on
plant flower yield. Finally, ‘Kornblume pink’ cultivar, with higher flower yield and earlier flowering, is more
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suitable for cultivation than other cultivars.
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Table 1- Physical and chemical properties of soil related to citron tree orchard located in Jahrom city
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ppm) PP (%) (ds.m)
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Abad




VFee 5l oF o)lod ¥ wlr ((65)9lisS aalio 5 pole) SLLL pole 4 ai FY

A: GM

E: Drying at room
temperature

F: Essential oil
extraction by Clevenger
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Figure 1- Superficial changes of flavedo from citron fruit (C. medica var. medica) at different fruit maturity, drying and

essential oil extraction from flavedo (A: green mature, B: intermediate, C: ripe-yello, D: over ripe stage, E: drying at room
temperature and F: essential oil extraction by Clevenger)
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Table 2- ANOVA for the effect of fruit maturity stage and different fruit parts on biochemical traits of citron fruit

Ol 2o @315l a3 Joigdd 9 (i Js g Mg ol (FlawnST T cllad
S.0.vV df Flavone and Flavonol  Total phenol Flavnoid content  Antioxidant activity
Sok 3 0.00024 0.12634 1.0256 23.220
Block
é_’l* doye 3 0.00209 ** 0.23102 ** 75.852 ** 1925.8 **
Maturity stage (A)
o e oz 0.26993 ** 4.7855 ** 281.20 ** 2500.3 **
Different fruit parts (B)
o9t L"’; Xé’lf e 9 0.01149 ** 0.74810 ** 28,164 ** 73250 **
X
oot - 16.89 22.03 20.73 18.15
C.V (%)

**: Significant at 1% of probability level. 2oV e pdaws j3 Iy xe s

dgmo Eoly At Jalye )3 piio g il Bgme Lo (Sl 485w )3 d9290 JS Adgighd 9 Joighd 5 (oW OolS 5 e —Y Jgu>
Table 3- Flavone and flavonoles and total flavonoide exist in different parts of citron fruit during fruit maturation

Flavon and Flavonoles (mg/g dry weight) IS 09gMd g oMb
ogee okt Uy S S P s dgn] ke
Fruit maturity stages Flavedo Albedo Pulp Fruit juice Mean
o 03 0.232d 0.196d 0.039fg 0.010gh 0.117AB
Green mature
=) ’“” 0.257c 0.102e 0.025fgh 0.012gh 0.099C
Intermediate
29303 0.324b 0.115e 0.045f 0.017fgh 0.125A
Ripe-yellow
o) )t»» 0.377a 0.039fg 0.014gh 0.001h 0.108BC
Over-ripe
Mean Sile 0.295A 0.113B 0.031C 0.010D -
Total flavonoid (mg/g dry weight) IS 1359M8
e 0% 4.28¢f 7.93d 3.14f 0g 3.84C
Green mature
) 4.58¢f 5.48e 1.24g 0.088g 2.85D
Intermediate
293 0% 9.49¢ 11.24b 3.22f 0g 5.998
Ripe-yellow
o) )Lw 16.38a 9.14cd 4.91e 0.385g 7.70A
Over-ripe
Mean .Sl 8.68A 8.44A 3.13B 0.12C *

A (p<0.01) (So5 905l 4 dogi b pdlie (ke I3 ime coglis odims L5 Cndy )3 g (ygiar i 5D gliie oy y>
Means followed by the different letters in each column and row are significantly different at 1% probability level using the Tukey
HSD test (P<0.01)
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Figure 2- The effect of sample type and fruit maturity on total phenolic compounds (a) and antioxidant activity (b) of citron
fruit (C. medica var. medica)
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Table 4- The effect of fruit maturity and different fruit parts on total phenolic compounds and antioxidant activity of
citron fruit (C. medica var. medica)
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Total phenolic compounds Antioxidant activity
Green mature o s, 2.91a 53.60c
ogme Esb Jnlye Intermediate %, o 2.63b 68.70b
Fruit maturity stages Ripe-yellow »); sau, 2.74b 78.35a
Over-ripe  sauw; jlus 2.70b 75.05a
Flavedo 59y cavg 3.13b 73.80b
ogpe ilisee sl isg Albedo i 3.2% 83.35a
Different fruit parts Pulp Al 2.28¢c 54.13d
Fruit juice sgsac 2.27¢c 64.48c

Al o (p<0.05) (S5 g0l & a5 bl pSilio o I gxe BB Do g pie oaimdyLis o ja b abaly 13 oiw y2 ) alie Ly y>
Means followed by the same letters in each column as relation to each factor are not significantly different at 5% of probability
level using the Tukey HSD test.

S sl (HUyoU g40) &gp3cu S =5 9 (€X Tanaka
2Ll ol ol )3 gl Sials ClS g gy )3 29290
ol i gl b oS (YA) Cowl 039y CissS 3l piiduy Gy
a8 65,8 i35 (WY) o) 5 (2l8 Ko )b 1o cdlls
3 RIS 8] sy o By il 8 S S5 ol
Jib Glas1 il codils b plol Gl IS 5o el (il
oA Wgey g V) LS po p)] (30 Cumgy )3 & (melirg 9 JS
90500 5S35 (56 4l ess)

Cuwgy 5 YL (0930 Bogen bS53 JS' Ji3 e (pimen
logee s g Gy ) (SMuaSl Bl Cudils g 2b ()18
G5 )3 (V) ety JS Jgid 9 & el b (e (Sinen
Finger ) c Sl S L 250 5l (ol anyly b blsyl 0 (6,500
AM) goby als 1o dus o sgre (el SlaST 5l cleb (citron
P aS oad o)l55 5 005 (£yS05lul by 90 L (MAT 4 INT
AL ogre 4 oo St Bl ol 25V by 99 52
Cowl @bl Lzals juilel SlusT sl cdls b (b g cunl 039
S S Byl bl e slay oy sls Guisd gl b oS (YA)
Chyt b Ol po )3 sl bl el cllad (ol edies
3 s Slan 325 ool gl Ly 48 10leasS ) Iy ol
cdlad L adaly o (Fr) hlSen 5 o g 45 AdoS
olas 3 1359 Mogn 5 JS b LS 5 fjee g a3
Citrus junos Sieb ex Tanaka S o (gldisS cubsS 5 Gy
Sl 5 ¢ ST ol cdld oy i a5 ol L gl b el
Bl odpy Alsyo ) Cawgy (Y50 4 bogrje W95 Mo9n 9 JS 6
Al oo

b g 39 &l peis (oseiwd gl 5 Slaus sl cdled e
S 5 o) Olipe SOy s Al o 4 0wy G 1S A jo S
OBl aome o) 35 dls o a5 i b g )8 by il
Ol odmy Jlow alo o 3 Eob oy i L g (1m0 AV/A) 8L
a5 5 ] 5T s (103 AVIY) il ialS (ko ]
bl ol Jlado ol by iy Ly 45 (gpghar 092 (s (gl 5
S Al o 53 9 al38l 09e0 () po Alayo 13 g 8L yialS
Called e (4o )0 FYIY) by 295 Jlade S las 4y 0l
a8 gyebds 0oy (o0l Olyuss ogstinwd ogmel > Sl !
b Gl ol e S5y e al jo 4y o) jos dl po
Ol SlEe oduiwy 35 Al ye D g (g )d VAF dgus Liul33l) by
(ode) Sloma) by oo Al yo 53 g (3> VEIT) Ly ials
o3k 3l wyp )3 (V-0 JS3) (10 )0 £O/A) bl jials Ioaome
plil g5 (58)5 a5 )3 (g 45 33,5 oo otmliia (F o)l J5iz)
ol 253, 15] en 5l o > ST e
oS Ol Mo 02wy sl Al po &) 0y 35 >y | Jg il
(Lo )3 AY/E) im0 o yieS &S (g 0bods (duoyd YO/ +) bl ials
a0 )3 (10> YAIF) (lise (st 9 0t jaw dlopo 4 bgiye
oson b Jo 4o 3 s 0] e 3 (S0 o 33
O Mby Al o (i8)5 a5 )3 (gl D92 10 )3 ¥F pogu dl o U
t bopyn i 4 (3 VWA 5 AVIY) a0\ 5] ol 5o
bgsye (3o OF/Y) (lje 025208 9 992 93996 5 gl (slacigas
¥ Jpio) 33 46 i
pasedie (Y4) )SKen 5 5j bawgs 0as plosl Gaios ol
Citrus poonensis Hort. ) 1SSy (sbroges §5b b lojon 33,5



YFoe 3l oF o lody (YO wl> (55 y9lins xsluo ) SLEl wpis FY¥P
T $a9liS giluo g pole) Ll pole 4 yis

00 751 ogp0 lisee (S Sy (S 58 Oyt g 090001 (51 S 51 2 gm0 Eoy Al po Il il g 4 525-0 Jgo
(C. medica var. medica)
Table 5 - ANOVA for the effect of maturity stage on fruit juice properties and physical changes of different parts of citron

fruit C. medica var. medica
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Table 6 - The effect of fruit ripening stage on the juice characteristics of citron fruit C. medica var. medica
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Fruit maturity Fruit Juice ) |_"| TSS r JeR A EPVIRWW Vitamin C
stages (mi) P (%) T(gj) TSSITA (mg/100 g)
0
o O 36.92 ¢ 2.88 a 10.23 a 2.48 a 416 a 36.81a
Green mature
) e 3920bc  2.97a 9.47 ab 243a 3.94a 30.04
Intermediate
225 0 51.61b  291a 9.10b 2.00a 461a 28.32b
Ripe-yellow
s S 7313 2.65b 7.83¢ 190a 417a 2053¢
Over-ripe

2l e (p<0.05) (S5 cygoil bl I sime OMB] 3439 pie oaimd LS gty p3 S jide g y> dgag #
* In each column means with similar letter are not significant using the Tukey’s HSD test (p<0.05).
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Figure 3- Physical fluctuations from different parts of citron fruit (C. medica var. medica) influenced by fruit ripening (F.W.:
fresh weight, D.W.: dry weight)
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Table 7- ANOVA for the effect of maturity stage on some active substances and flavonoids constituents of citron fruit C.
medica var. medica
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Figure 4- Change in essential oil content, essential oil yield, chlorophyll content and Rutin amount of citron fruit (C. medica
var. medica) at different stages of fruit ripening
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Introduction: The harvest time and type of plant part have important roles in obtaining maximum amounts of
active substances from medicinal plants. Medicinal plants vary in terms of phenological stages and maturity and
each medicinal plant can be evaluated separately in research. Determining the exact time of harvest and selecting
a plant organ for maximum yield of secondary metabolites can be very important and economically effective.
Othroj-Saghir (Citrus medica var. medica Proper) or Othroje-Kabir (Citrus medica var. macrocarpa) is one of the
most important citrus species. The southern provinces of Iran, especially the southern cities of Fars province, are
the largest areas in which this species is cultivated. In addition to fruit juice, other parts of the fruit especially the
flavedo, can be used for medicinal purposes and in food industries. In this study, for the first time, some physical
and biochemical changes of different parts of Citrus medica var medica fruits were evaluated during fruit ripening.
Also, some active substances (i.e. essential oil content, flavonoid components, etc.) of the flavedo were measured
as the most important medicinal parts of the fruit through different stages of ripening.

Materials and Methods: In this study, the effects of fruit ripening on the biochemical properties of different
parts of Citron fruit were evaluated. A factorial experiment was set up according to a randomized complete block
design (RCBD) with two factors and four replications. The first factor included four levels: different stages of fruit
maturity (green mature, intermediate, yellow ripe and over ripe stage). The second factor had four levels: the
different parts of the Citron fruit (i.e. outer skin or flavedo, inner skin or albedo, pulp and juice). The most
important measured traits were flavon and flavonols, total flavonoids, total phenolic compounds and antioxidant
activity. Physical changes in different parts of the fruit (fresh and dry weight of flavedo and albedo, fresh weight
of fruit, fruit diameter and height of fruit, etc.) were measured.

Assessments also carried out to identify several features of fruit juice such as acidity, total soluble solids (TSS),
titrable acidity (TA) and vitamin C during fruit ripening. Chemical measurements were aimed at determining the
most important phytochemical compounds of the flavedo section during fruit ripening. These features included the
essential oil percentage and yield, chlorophyll content and polyphenols constituents (rutin, trans-ferulic acid,
hesperidin, hesperetin and quercetin by HPLC).

Results and Discussion: The results showed that the fruit maturity stage significantly affected most of the
studied traits. The highest amounts of flavon and flavonols (0.377 mg quercetin/g dry weight) and total flavonoids
(16.38 mg quercetin/g dry weight) were measured in the flavedo at the over ripe stage. The antioxidant activity
initially increased during fruit ripening, but it decreased slightly (75.0%) from the yellow stage to the over ripe
stage. The lowest rate of antioxidant activity (53.6%) was observed in the green stage and the highest rate (78.4%)
was measured in the yellow ripe stage. The highest amounts of antioxidant activity (83.3% and 73.8%) were
measured in the albedo and flavedo samples, respectively, and the lowest amount (54.1%) was recorded in the
pulp section. The highest amount of flavedo essential oil (2.37%v/w) was measured in intermediate stage. The
chlorophyll content with maturity progress was decreased. Progress in fruit maturity was reduced the most
components of polyphenols. The maximum amount of hesperidin, as an important phenolic component, was
identified in the peel of Citron fruit (1.86 mg/g dry weight) at the green mature stage. Its amount decreased through
the stages of maturity, so that the lowest amount (0.68 mg/g dry weight) was measured at the over ripe stage.

Conclusion: In general, the stage of maturity and plant part had important effects on the amount of biochemical
traits. The flavedo part of Citron fruit showed superior medicinal properties. Different active substances react
variedly during maturity and so the preferable composition should be harvested according to the desired conditions.
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The best stages to reach maximum essential oil percentage and polyphenol components are the early stages of
maturity (i.e. green mature and intermediate stages).

Keywords: Antioxidant activity, Citrus medica var. medica Proper., Essential oil, Flavedo, Hesperidin
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Table 1- Geographical characteristics of the studied genotypes of Bene (Pistacia atlantica)

L by g 5l g5 Wl Job Wil (o ,e
Genotype Altitude (m) Longitude Latitude

P1 1325 45°20'17.19" 36° 25' 50.21"
P2 1264 45°20'13.02" 36° 25' 54.20"
P3 1270 45°20'13.86" 36° 25' 54.34"
P4 1288 45° 20" 14.66" 36° 25' 53.66"
P5 1275 45° 20" 14.68" 36° 25' 53.67"
P6 1273 45° 20" 13" 36° 49' 53.99"
P7 1279 45° 20" 15.16" 36° 25' 54.5"
P8 1269 450 20" 12.49" 36° 25' 54.33"
P9 1285 450 20" 14.23" 36° 22' 53.55"
P10 1290 45°20' 14.96" 36° 25' 52.39"
P11 1278 45°20' 15.26" 36° 25' 53.58"
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Figure 1- Harvesting of Bene (Pistacia atlantica) fruit at the green fruit stage
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Table 2- Descriptive statistics of evaluated traits of different of Bene (Pistacia atlantica) genotypes

o awld Lo Py oSNl shro GBI 50l ) JUVE S PR
Traits Range  Maximum Minimum Mean Standard deviation Percentage variation*
95 09 0.58 1.28 0.7 0.996 0.156 15.66
(Fruit weight)
0 Job 3.04 8.32 5.28 6.56 0.722 11
(Fruit length)
2510 25
Fruit width) 2.27 8.62 6.35 7.308 0.099 1.35
0G40 o)".li]
L 3291 68.39 35.48 48.13 7.958 16.53
(Fruit size)
55> Ois 23.74 29.4 566  12.005 6.019 50.13
(Cluster weight)
o ua_); 60.42 101.71 41.29 65.46 16.729 25.55
(Cluster width)
a5 Jsb 14272 1538 1108 11592 27.09 23.36
(Cluster length)
S8 1045.56 1276.33 230.77 607.07 264.5 43.56
(Total phenol)
S ,\__59;9)45- 130.59 185 54.41 102.36 34.24 33.45
(Total flavonoids)
B -]
sl 28 94.28 66.28 86.59 6.559 7.57

(Total antioxidants)

ol 05 Al (1Ske 4y 3 )lkiw] Gl il s bl (oieid Slyuss o i %
* Percentage variation (coefficient of variation) has been calculated based on the ratio of standard deviation to the mean.
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Table 5- Quantitative traits of fruit extract in different genotypes of Bene (Pistacia atlantica)

poe 02 039 ‘ Jsb

Slos ﬁ u‘i’t” o300 Job N S R a2
Treatments weight Fruitlength  Eryuit Fruitsize  cjyster Cluster width  custer
width weight length

P1 1.076% 7.8 6.88%  53.677%c 22121 72.76% 92,97
P2 0.914%  7.5467% 586  44.307%%  7.023° 59.207%¢  111.11°
P3 0.829%¢  6.6133% 5.63¢ 27.223¢ 12245 78.78"  118.68°
P4 1.132% 7.936° 7.928 62.84° 10471% 63293  116.26°
P5 0.746° 6.4633° 6.36% 41.11¢% 8.3320¢ 62.737%¢  116.03%
P6 0.916%¢  7.1233%c 7,003  50.117% 6.071° 418170  88.76°
P7 0.952¢¢ 7.32%  §163%  45077%c  11156¢  54.837%¢ 13382
P8 1.044b¢ 7.170%¢ 6.53 46,90 8.676% 63.840% 134812
P9 1.137%  7.1567%¢  6.88%  46.843%c 15327 80.717%  129.91°
P10 1.272 7.9633° 6.93% 55263 22698 92.270° 14463
P11 099100 72067t  §32 461l 8002 50,033 88128
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In each column, means with similar letter (s) are not significantly different at the 5 % of probability level based on Duncan’s multiple
range test.

iy ilideo (Beadghf ;3 00w (550511 (S Olio (A (Dla o (le) il lg 2o —F Jguo
Table 4- ANOVA (mean square) for some qualitative measured traits in different genotype of Bene (Pistacia atlantica)
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Introduction: The pistachio genus (Pistacia) belongs to Anacardiaceae family. Three species of common
pistachio (P. vera, P. khinjuk and P. atlantica) was found in Iran. Bene (P. atlantica) is a dicotyledonous tree with

a height of more than 17 meters, is the most important species of Zagros region with valuable main and secondary
products. This tree was also used as a rootstocks for edible pistachios and resistant to adverse environmental
conditions, so that it grows in different climates in terms of land slope, soil type, different soil fertility levels,
altitude (600 to 3000 meters) and temperature range of -25 to 40 °C. Fruit and gum have different uses in food,
industry and medicine. Medicinal and oral uses of Bene fruit and gum have long been reported not only in Iran,

but also among the natives of all coriander-rich regions, including parts of Algeria, Turkey and Irag. Bene fruit
can be harvested at three stages; First, the unripe stage (in the form of small hollow spheres without a kernel), its
skin is brittle and its color is pale green. The second stage, the kernel is completely hardened, but the shell has an
ocher red color that tastes sour. The last, the ripe stage, the kernel is completely hardened and the color of the skin
is blue-green.

Materials and Methods: This study was conducted to evaluate the diversity and determine some quantitative

and qualitative characteristics of different Bene (P. atlantica) genotypes at the green fruit stage. For this purpose,

11 genotypes were randomly selected in an area near the city of Mirabad, West Azerbaijan Province, Iran. The
fruits were harvested from each genotype and transferred to the laboratory. In this study, some quantitative traits
of fruit and cluster as well as total phenol, total flavonoids and total antioxidant capacity were analyzed. Digital
calipers were used to measure the length and width of fruit and clusters (mm). Also, a digital scale with an accuracy
of 0.001 g was used to measure the weight of fruit and cluster. Fruit size index was calculated by multiplying the
measured width by the measured length and expressed as mm?. Total antioxidant capacity was assessed using the
DPPH (1, 1-diphenyl-2-picrylhydrazyl) method. Folin—Ciocalteu method was used to measure the total phenol
content.

Results and Discussion: The results showed that cluster weight had the highest diversity and fruit width had

the least diversity among the studied traits. Traits such as cluster width, cluster length, total phenol and flavonoid
content were also highly varied among genotypes. In this study, the maximum weight, length and width of fruit
were 1.28 g, 8.32 and 8.62 mm, respectively. Also, the results of this study showed that there is a significant
difference between genotypes in terms of all parameters measured except cluster length at the 1% and 5% of
probability level. Overall, the results of this study showed high variability in the majority of traits. The highest
length, width and weight of the cluster as well as the width and weight of the fruit were seen in P10 genotype and
the lowest was observed in P5 and P6 genotypes. In terms of biochemical characteristics, P3 genotype had the
highest total phenol (1034.5 mg gallic acid per gram of FW), total flavonoid (143.82 mg quercetin per gram FW)
and antioxidant capacity (93%) and also, the lowest total phenol (370.08 mg gallic acid per gram of FW), total
flavonoids (62.25 mg catechin per gram FW) was observed in P7 genotype. According to results of this study, P3
and P10 genotypes can be used for medicinal, food, industrial purposes as well as breeding purposes compared to
the other genotypes.

Conclusion: In this study, it was shown that there is a high diversity in the majority of measured traits among
different genotypes. The highest morphological traits were observed in P10 genotype. Also, in terms of
biochemical characteristics, genotype P3 had the highest total phenol, total flavonoid content and total antioxidant
capacity. According to the results, it can be concluded that the morphological characteristics as well as phenolic,
flavonoid compounds and antioxidant capacity depend on various factors, including genetic factors and
environmental and ecological conditions. Therefore, the observed diversity can be related to genetic structure of
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genotypes, which can also be considered as a kind of adaptation and physiological response of trees to
environmental conditions.

Keywords: Antioxidant activity, Flavonoid, Fruit weight, Total phenol
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