r' "'n"l

ARSI (™

™ 2k osled

AR

= | PR P

A el s SR W W Cog el I seaipd 8 20 S Sl 5Bl el

M i AR SRR e e s wdng g kel AT 13
b g pgll = A gl g = a3 e = S g

ole i 0 pe W) ade AT Glb T8 P g St by Sl 0 Aead] oldl Sl DT iy

TUr bstas

arabhabn [T E;'é_;lﬂ
] Speim =y e b gy iy = B sl o e e el T 5 E

P A 8 o8 gle g sl g g el Dllglonn g Sl Cdlises gl 2 o oy

\alﬁ"l LLLELL UL LIRS E AL LRI R LE LRI E AL LE e L I IR L L LR L L] ll‘llﬁ.ll“-%ll LLIR L LER L L1 ll‘llﬁ.llﬁbli LEL LR LELIE T LRI E L LS LI LR A LI LI L E L L ‘;ﬂf
L;;:ﬁj.'.... LIRS —,;_-;.‘:-l_,- 4l s —¢b|_'1 I.ﬁ';': L5 kgt —u_,!.;.q.-l-i_-:,; R

Lol 0 ool Gan ) Ja938 8 wledl plyf 0 Salatyae Dl g Sl B p 2 OB 4 g Bl il 5T
R s evs Wassiadensds

cima dly g i Ll

T 0 3 450 L300 B150 38 gt il SBATRLE W) § b s 1 890 AR ule T e

T e e e e e e e e R T R R i e
L g2 e el e —aal oy g gl = ol s

(Brassica oferacea var. italica) 15 a g olf | Suss wolic 92 flae (ol ol o 0Bl oy (5l s i

~ — &
TR obtaad s besns pravurra bus L L B e LT

i g e s e
B s s R s RO S S PESN T bl 8 odigy Dlergun w0 W (S0 9 kg (Slaml 31
G il e et Sl s iPisds s S tael) e s d

Ldlfim sativiemt L.] pe 29308 obF 3 50 (&h5arT 3 3 580es ol Uy o8 g ol 0 bg 5 1

A T e e e S et e e ol sl y ST Sladal W salii) bl ol 2
oz £ alm =l oal e o = o 2 B Gohe — g g ceams — 0l leld il

Y s g Jlod pa JIE 3 4 cloed o) | F oy 2lowpe 5 1Sig g b Sl  fpal Sl
el e — el e el L e :__ﬂl.;a

s e e wsalealil asad Ao mlh o spliah | S50l e ooe o] S pleudivoeais ol gl Sy oy
Lot i gl e e ol s

Wl agm 10 g0 3 Sl Sod” 5 1699l Sl 08yttt el T b Sl 3T Sl

¥1a. EEE

e e A S o S e e M e P s (Mungifers indice L.}
a2li atl o s’ = ca kg - S ] AT e o = e St Ol s

LA TSR 3 [ VTS JEICNE G | CH P PR DTt TR RVERN Y PP 3 HET e et
B B o o e e e R e S e

et g® 8 T ol sl g PBL T o 2 o plontigid DL gl il
wale do—pibe 2 LG - 2

e | [ la 2o palh Aot

b e

b T

LERE

3
rE

R

A

Wil

Jouiel of hotieoaio s Seiene

Journal of

Horacuituraifscienc

Ferdowsi Universily
of Mashhad

{ 2epdsibetl Selsges =l Tasinolu: )y )

o

S 2005475t

Contents

Growih Respousc of Aboveground and Ilclnwgruunﬂ of Eastorra grandiflorsm (o Llevated
Co in Hydroponic Culture... el e e e e e
M Mikouo- M Shoor- A TL[]I.il‘.Illa!’— I: ‘:..iLuLh Pumd

Evaluation of the Etfect of Storape Temperuture, Atmosphere and Packaging Muaterials on
somie Properties of Carum capticiem Froits doving Nine Months Storape i 657
Ci. Baphdadi- M. Azizi- W, Sedaghat- ¥, Rowshan- H. Aroiee

FEffects of Various Substrates and Foliar Application of Homic Acid om Growth and soome
Dualitative and Qunntitaﬁw Characteristics of Tomato (Licopersicodn sscicleriam) Seedine............. il
N, Ponrghasemian - M. Neghizacdeh- B. horadi- &L, Salarl

Eff;:l:t of Superabsorbent Folymers on some Morphalogical Characteristics of Olive
Cultivars *Baghmalek™ aml *Deephol’ pnder YWater Delicil e s e
L. Khaleghi - M. Moalleni

e i

Etfect of Ditferent Light Sources on Morphology and Growth of Potato Plantlets under
ft-vigre Conditions and their Effect an Minituber Production in Greenhonse o e e e sossssssinsesinins 693
J_ Mubuti - A. Boroumand Rezazadeh M. Zare Mehrjerdi- b Kafi

Eftect of Different Culture Media on Broceoli ( Brassics olergees var. italica) Yield Components
anid Mineral Elements Coneenrration in Soilless Colire . ooeeeee e e —— T04
K. Gikagemi - 506, limadi- Yo Gihasemi

Effects of ¥ egetative and Seedling Pear Rootstecks on Groweh Characteristics and Water
Fotential o Pear Coltivar............. e e e LR ]
I'. Alizade Larmehri - GH, Davary Nf:lﬂlﬂ R hlmrasam ‘a H Nﬁnuan l-‘ Keslmx are

Ellect of Plant Growth Promoting Rhizobacteria on Yield and Yield Components of Garlic

Medicinal Pland (At sativeer L) onder the Conditions of Dilerent ﬂr'g:miu_ and

£ hewical Fertilizers Application veass 1303
%, Tsmagelan - ML, Amir- 5. Askar “aceni- [, Moradi Sade- F, Tleidart Amale

The EAfect of Low Temperarure on some Physiolesical and Biochemical Trait of some
Semi-orange Genotype I the Nordh LEin oo s s i s e arsssssssssiarirs IR e A R AR A 750
5. Mehamenadi - Ho B, Khazaie- A, Mersami- Y., Tajvar

Exvaluation of Phyvsico-Diochemichal Characteristics of Fruits in New Varieties of Noushin and
Shihin Manduarins During Storape ... ok A ey W e et A FRSEas DA A e e e nm A
1 Futahi Moghudam - & B Seved (rh,d:-,mn h N,i_]ah

Fostharvest Application of Spermidine Polvamine on the Storape Quality and Vase Lile of
Mango (Mangifers indica T..) in Nipped Conditions..... e AT
LS, Hosseind - 5,8 FZabedi - W Karimi - A, Fhrahimzadeh

Optimization of King Ovster Mushroom (Plearaias erpngdi) Substeate Tsine Lignocellulosic
A.[‘f.:'tlda h].c w‘astes‘ LALTLR L] [LE 2Ll LILLLE] LIL LIRS : LLAR L] LIL 2L} LLEa L] PRErEd AT PAk R PR PR PR ?B‘E
L Janpoor - M, Varsi- I Gholizadeh- 1L B Pourianfar- She Bseadan

Continue Content in cover




Ul pole 4yl

(539U @l g poke)

YFOYY

So9bd 9 liadad agle &yl 5y
VYN N

VY42 Glicua

(dgine o g0 58 o) EAS 5l pA s 453as — uliwl

(Sgdie oo 9958 s&EIN) ALzl asle —slin

(Sgdie (oo gu 58 s&E3N) L2l A gle —alin

(Sgdin oo 9958 sl&23N) SL2L o sle —sbiwl

(O‘)G:‘ NLAMEY ) o 851 —ulinl

(g oo 9058 8l&23ls) 2 50ls HlalS —slial

(Oloes sl&ails) Slel asle —alin)

(.Aq..ﬁ.m (_s"""JJ-):q o&aly ) CJC\L}S C)LAA‘J sS;sItj -t
(O o&aly) Sacw slend wiigoy (oL IKK —slial
(Agen (pou 9058 68a3N0) i oy —alical
(Olbn) min sl&E3N) SLEL asle —alinl

A (g 9358 sy il JEIES

YV/YNO

ookad (udid 953 — (als da a9

a9 ya 0 ylac s

IZIATAN

¥ ala

Agdine e 90,8 8laaly
saly Jds La,

5 e e

e b Sl
OpenedE 155 g5l
Ls yule (o)

o (s 5e

sl ok

dans o geu 8

(e (SIS

Sl g S gaY

laas o

yldel cals
Jgrue yaae
Ly p

a8yl laa glacl

Ao o 93,8 sl ol laml il

—oode Ol pld B pd - (65,9LiS 2uSUGIN VY iy Goie AIVYO i o5 — oo 1 S5
AVAVEY + tpolod Ll pgle 4y oS

(MAGIRAN), gt ol s osledlol il

Jhorts4@um.ac.ir

(S| D),M&Luh algs sale aileMbl olSsby
1S3 9 S oy

Cacal oucd daled y 3 slgalSly yo d yeis (yal

(I1SC)gyl ol p sle suliicdl olSaly

- Sl ouudi dalad Jals dlis &y guo as NEEP:/fMUM.ACIT Cualis yo o jlads Gl &Y s

g (oo peiiio g ol Jl Ho o yladh ¥ aland dg da pih (i



7Y¥

P

ZOA

144

ZAY

saF

2

Yy

Y4

Vo

V7o

VYA

YAQ

592 900

Lt obone el = 35148 b =058 2500 =S5 e

Skl olo & (b 33 U5 230 (AT ST RY (B2 2 G g EP 9 Huadl LT Bled DT (g p

23T G = Sl o gy A g Bl o= (5 5o i = (3MR 5T 08

S P4rgT US AT 9 5 ST HY (B 9 M) 3 Eange el (Bl glore 9 Sl il (S sy T (o

SVl o — (63l n dll 55—l B g —Olall) 5y 4

T o5 Bld oo 093 J5830 9 hodl P61 (S39998 090 Dleogas 3l Sy 2 DOlr ggw S youky 15T

el Al 5 - Al felewd

200ty Mg p 0T T 9 aed 0358 Llyd 18 we o CBABLT W) § (wbdody s » G198 ki gl F1 o)y
EHE Sig

B dan =63 2 15 dames —03l5Lo s diag p agll - G e

Cmis” fyl b 58 (Brassica oleracea var. italica) U579 3 plf” vze polic § 8 los (S1521 » cdls” Caliske (S s WG
B v

B Gy —(53les (ladn dow = (oo 01 S

O LT Jouiliy 5 (295 Ohogas p 2N S35 (293 Sak S

50318 Ol = (Fand e o = Glol 5 LS5 =15 (65018 oD = (6 a5 0015 (o S

31 ooliiwl tyl -5 53 (Allium sativum L.) pw 3910 oL 5 ;Shoe (81321 3 3 ,Chos p ol Ay &5 o S 57bg 395 1
iz (bt 9 JT S35

o (55 5la 3 ko (931 o el — (6 (6 Se Gl — 6 el 3l e —Olbs ol oy

298 Jlods 3 JB 5 4 S 9i5 (B (leeaign 9 SIP9 2 Do g 5 ol Sbod I

2570 oo — ol el - (o5 Loy de —(Ghams el

G103l 095 (b (bl § (pdgh (6 i BT (Sogu0 (2l gnat 39 S T 39 (2L

e rlélf - solBdw rl.@}l oo —pdle 15 o g

4l ogun (Sldudd yos 9 Sloslil Cadn” 9 (5394098 Tl ol 33 530 gal comol (hy a1 9 31 gt 3 5l

(Mangifera indica L.)

o305 el ol r! —so S wdge —gdal) 18 e dew — e ObLII Ol 4

G i Cand O35 Dl lo 31 ookl b Buwo old (F1yg5 gz Sl jius (&b ding

OLLa o)l = il g Lo pbeam 03l (B Aabold — )b dazes — ) giiler 3l g

4295 9 T Sl 9 PELI I (B 2 09w (2lsdohd DLt 5 (203!

ssle k51:,—¢.er.%>l;; Lo ez — Mo 1 ,a )



AY 3367l 9 Ay (Sldouis bl Clale (S lwding G5k 3 UgT e Ogmlosginil § 9 (2153L Fie 9y drwg

3l Sl 0L (i = 6 o e i =S B L2 Jie — i s

3 Bl pd 50 Blgw o8y OgR 63 e 5 (R Iglgeg ST 29 2 @l 9 Skl Jolgd ST (owsp
6‘5&-‘— AJ\Q»'MKA;M'GAWJ‘ Ty

Sl p iz SO 58 (Mentha spicata L.) (s glx olighl 98 (pilul A 9 (5 263!

MO

AYO

@b)}udé}wm



Journal of Horticultural Science
Vol. 31, No. 4, Winter 2018, P. 634-642
ISSN: 2008 - 4730

i

(8329188 @aloo 5 pole) Sl pole &y pls
SYF-SFY o TR oybuano oF oylos 1wl
YeoA - FYY.:LLS

SIS 58 ol cov il 8 i) 8 ler S gbds slaiel ) g
&:}ﬁ:}J.&A C'_,..."SJ.S wﬁ.\.,.S‘dé

g bone pldl T A1 e =T 5 5 geoe = 0SS g
VYAE/ 5748 23l 55 b

2SS

D35 oy 31 (65,5luS Gz oSl ooyt 2 (63b5 liee 4 eelll i loaasiiio Sl (S6 i 4 jhual (S aSTied ol

5 08) 9 i 5 lo slophisl ol gl S ST IS B Gl Gl ) Gieegy ol el 5 Sam cl e
Lo S Gialesl LB 5> wguiio g, olRKuily o 65y9lisS” 0uSisly  Slaios S 3 uivs ol ol Sdgngyiud S bl (> gl 3
w8533 5 el Vo005 V0r waald lais & YA (3 SanSligd Ll dus Jolis lnlous 1 plosl ;S5 s b Bl MelS )b avly 2 03 55
L) 1 S aanS1i60 Jlasi 5148 bl o 655 o) lsfse 05 4 4 b 592 GCREC-BIU 5 Yolde White wgil ) ot 4515 S
75 5 035 93 0 53 9 45 ddne 20> ) Jlais] s )3 a8l @ ) Cap g Ay o> g o iy g Bl SiS (g 0,k Jobo
adllas 3y90 Slino I S g 95 2 055 9 S ST blite S b odalie 103 0 Jleisl aw )3 (53 sine ol bl SiS 5

oooilaid oLS dwejnj g (olsp (isw (sad) byl )l seled ]38l Corge cpySannsST e iulial ( IS ol S po el gyl ixe );\o
il )3 ()8 30163 S Dl pis dmS )3 39 a8l g pl g0 V00 Clald @ bgrje S 4 Slao (aled )3 58 pieS g (e 9 A5
SLa S )bs Mg CutS 55y p 1) ol 3 @Bl s SIS S Gl e i e &5 313K 0lS (59 2 spSendn e S Ml

o8 55 CI Sn e 9 oz 4 55pgliS s ) Cliyis
081y el plane 455l () Canl Bl olazsl o)y clidg p
o=l el S sl cale o bl o ls olate
Wlgn wlge olaidl (K> @)l 4y 5 adyy 4 (glop LISy Cuwd
O 3Sled a3l 9 b LS it Ay (YY) 25
oS dewSliey cclale [l (V) Wb o (iolj8l aopy £e B Y.
SLs o oo 33 0309 4 4y 515 5 g Il el
72 S Sl a8 0l (L5 (V) e 5 5500 (V) 394800
oS 1o aS )5 4wl i olgn plil & St odle Hanass
g a |y s oole Hawass pySaus] g cdale abajl g
cdale a S ol L (V) oylg ol iol3sl Sy g ablus cdidyy 4o
03lo gazs (5o Doty (£ me g Cue I oy ST 60
> abale il oS gygb 4 bl oS slacuwe) o Suis
Oemiomen 3 il o) YAy el w0k oSS

D93 () 9 b ok 3L

Siigrgydad ()35 0,k ((glaS 5 1 gullS gWojlg

doddo

223l 058 93 0 mio slaclled il g Comar w35 L

ot (S a—Slied Ll (s J— poldo o)
$25290 4 S yhwmgy O3l 9 90 ST (32)5'9)9-189)18
SOBS (lajls (S o g 098 o0 BLS] 52 )3 (b sl
Anlg (pej 0,5 (639)9 Cladiads (Rl b ol cage 92
2 & gl bug o5 GBS lajls o iare | (S (YY) 48
S deaSlies Gli3l (VF) cl p SauSli63 298 o0 Loy
20k 3 L) Gl & el s Slrdastie 10 5 Hhusll
3 ok e 3 wes 4 3)135 o Sl 650liST i Sl

ool g dluwl Ly ¢ ;LS wi)l (bl )5 sy 4 =F o ¥ o o
el (gwgdyd ol ( SLEL pole 09,5 (i LS anss (g
(Email: shoor@ferdowsi.um.ac.ir : Jsiues sdiuy g —)

DOI: 10.22067/jhorts4.v31i4.49233


mailto:shoor@ferdowsi.um.ac.ir
http://dx.doi.org/10.22067/jhorts4.v31i4.49233

FYD Gl i Gugiil sa) U5 (oo 9 stloh iy (guddy (SUgimly (o2

L g, 9 dlge

o8l ¢ g)sluiS oSy Sl S5 o s oyl
(M Culsl) 0ad 33 slocs S Stalosl B 15 gt 93,5
o Jols b o o o) 1,85 dw by dolas IS )b by
PeSke Vedr g VO bl floie 4 YA o Saus] g clale
oL oy L IS 05, 53 5 (Lol 05 lsie ) 1)
&y 91 (83 &5 Slsie 4) GCREC-BIu 4 Yolde White
Mol s S5l ykas 3590 scdale b o Sapnl 6d walais
@y oM Ghgals g (pdg) sgtwd Jugd G 0,8 edlisul ,S065
MR e 288 2oyl g (B glayed g (S amSled (kS
Il o S anSleo b .8 )8 Gygo 55 5y 5 Ldgr 0 00l
Sr=Sojlail 0y93 Jsbo 45 oy SaunSl gy clale (AZT77535 Juv)
g drwgl €S, 1 (S i ade e )0 balis jelate piy 0
F 3 e 9 032 ()l B ol GO slactS sues
G003 SB35 cuiS V1) Cand 4 Sy g CpsS'S gol>
Lod g 0lo ¥ 5L 5,55 0)90 Jobo i85 )13 o SaasT oo
s 4 45 (ol jguitas bansgs GBS )3 )95 b g o Cagh)
9 b slod & glaigS 43S S8 3 Juate SIS (555 e
2 s Cagbo 93,5 (Bl 423 ¥V 938 2 53 CS i 4 g,
5 L 7 S = Ve odgaoxe

5 oiShs 5 0,Ske alols 5 il gyl (s pSojlul jslaie 4
a8 50,8 oolatwl Jloud udeS | dBlu Jlad (¢,.80 51l cps
3l ol VL 5 e el Crond dus 5l 0,Skie Jsb ¢ aBls
<l o Ol polsl g dlginl bawgi ady) @ A8 (605
olKwd by 4w Al g 43 L dsle gl b 4 Caus
4y pdaw (Win DIAS Image Analysis) a iy, uSwl
olels s phl s (i pie Cales 3l g pSojll
a0 VO lod ;0 el YV Gite 4 Sid (59 g5 0jll s
soily b alom pluil g ) Sts (i 5 Jitie gl 4 o5 il
S )5 g peSejll 3yge +fe o) 3 L GF-300 Jao Jhoms

A ldo 9 Jmp8 )])_91r9)_s Al.a.wy osls d)LoT )JLJ wLQ) 0
plosl 4oy 8 Jlas! gdaw ;5 LSD y90jl Lawgs laodly Sk

=W
Jass (p<O.01) Jlsine 815 jl (Sl by 4528 @l
L adaly o el ddlo jlad o 4 Glas ol opySasTgd
Sl ine gl Al Sid ()jg Cibio )90 53 LS b o
oS aSTes blite B .ab o sl w8y 93 o (0<0.05)

Coad (3o W il 8l & oo op)SaunsT oo clale yil3al
i sla S ) ool S @l b alse plul 4 ady,
Gaillaria ) Ls; Lie, 4 (Ageratum spp) s ,—! (Tagets spp)
sbais g9l Hhaicd o COy clale il3dl L as sl L (spp
920 (VA) el ()l gme I SWiS (g <oy 2 2590
ddyy Ay 89y (S dwSTesd Gl B ey b (10) GlySen
il Eely S aaSlied Liulsdl 45 Kl oS g olS
C00,8 Ay Cuolus g Jobo i

Shlze Jds 4 culS oy p» (LS ()95 1505 w0 ]
ialisl g Sl g o lows 590 LilS wlS widss S i daxie
DoyanS Jls 0 S iS4 Cond Jpamo CutS 5 CaoS
& S e Gl 4 odldiwl Dyge Calises dlge luoguad Cuw!
)3y Jgmame ddg g oS 0y cuaitene o g peuditans 5l
Slalge (659liS Ol codgazme b aS ol ygdS 1 wismen (V)
Sl Lol (5350 5l (S0 Olgis 4 S5 o Sigmgren h9)
e 2,8 Lo (VY) e bl (65y5LiS” Gl Ay B yae
725 39 4 Olgice (St sl yian Sl ol @y o > 1
A 905 Dok g CadS yuw (ASB) ol 8l el il y )8 oLl
Pl 9 505 sglame (slicens | S’ S (V+) 2900 ]
oalojug d Byae o5 polis g punlty | (8 g 00d JuSuts
odlawl a5 al> ULMJ (\;) Lg)JL\o .(\V) A‘\A’l)‘—;a U™ 9 9y 9.&4:
2 e g el cdale Gllidl ecel g g cwgS sl
A5 5 G0 oS ogmn 5 o)kl

SLS IS L S cn o jl (S o 3L S S o
el gl i g (o i (eSS 53 03)95 (2
olgls I Eustoma grandiflorum ol pls Ly ogsls il
93 @l S5 glosl ghyls (s (61K 0] 09 Gentianaceae
055 olite 2lacS s chls Casl jas olisS claalls x> b dlo
hlo oo S5y & 5 hol Bl (25 5 Syed gy 5 JSS (£ 50
o3 a5 0 oS Sope & pusliid S5 canl (g yuaSE 4
G555 5 sledy e JSC 3 S5 bagie S8 sl
(¥) d9u5 50 04>

3 (559l sl )3 walBl s bl st sl ol b
9 A Jx_§|9 Cwl ,a)’Y 0y 4l s 5 ,bs J..Jy" PPN
Ot 235 518 (o) 390 Sl ol 4 il (LS 3 Sles
9 sy Ui o) G ity (o p i (RBgR cnl
ploml Soggyien <ot blpd ) ogishid 5 035 93 eejn



WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s £Yr

w05 9 s2lep pladl Lilides Cilke (il ylg 4o —Y Jga

Ly JS

o gl

RS S50 b g3l 8

Table 1- Analyze of variance for different traits of shoot and underground of Eustoma grandiflorum under Co2 enrichment
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Figure 1- The effect of Co2 on plant height (a), internode length (b), shoot dry weight (c), root area (d), root volume (e) and
root dry weight (f). Means in the same column followed by the same letter were not significantly different at the 5% level
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Figure 2- The effect of variety on shoot dry weight of Eustoma grandiflorum
Means in the same column followed by the same letter were not significantly different at the 5% level
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Figure 3- The effect of Co2 on root/shoot ratio in Eustoma grandiflorum
Means in the same column followed by the same letter were not significantly different at the 5% level
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Introduction: One of the climate change sign is variation in greenhouse gases in the Earth's atmosphere.
Carbon dioxide is the most important greenhouse gas that is released into the atmosphere by humans. It is
expected that addition of carbon dioxide could effect the energy balance and global climate. Climate change is
effective on agricultural productions. It is clear that different plants have different responses to Co, variation.
These responses are consisting of yield, growth characteristic and variation in root/shoot ratio of plants. On the
other hand, using growing media are expanding for plants because of their advantages such as plants nutrient
control, reducing the incidence of diseases and pests and increasing the quantity and quality rather than soil
cultivation. Properties of various materials as substrates influence directly or indirectly on plant growth and crop
production. Hydroponic method can be considered as one of the important methods to optimize water use in
agriculture, especially in many countries are located in arid and semi-arid regions that have water crisis.
Lisianthus is one of the most beautiful flowers with folded petals in white, blue and purple. I-ts scientific name is
Eustoma grandiflorum from the family of Gentianaceae and native to North America. It has variety of annual,
biennial or short-lived perennial. The aim of this study was to explore the effect of Co, enrichment on growth
response of aboveground and belowground of Eustoma grandiflorum under increasing of Co, greenhouse gases
in hydroponic culture.

Materials and Methods: The experiment was done as a split-plot based on completely randomized
experimental design with three replications at greenhouse of Ferdowsi University of Mashhad. The treatments
were consists of three concentrations of carbon dioxide (380 as controls, 750 and 1050 ppm) as main plots and
two cultivars Yodel white and GCREC-blue as subplots. Some characteristic such as plant height, internode
length, root volume, root area, root and shoot dry weight were measured. Data were analyzed by JMP software
Version 8 using analysis of variance (ANOVA) and significant differences between means were determined by
using LSD test at P < 0.05.

Results and Discussion: The results of analysis of variance indicated that the effect of Co, treatment was
significant (p<0.01) for all measured traits except shoot diameter. The effect of cultivars was significant only on
shoot dry weight (P<0.05). In other words between two cultivars, Eustoma grandiflorum was significantly
different only in shoot dry weight. The interaction effect of carbon dioxide and cultivars was not significant on
studied traits. According to our results with increasing of carbon dioxide the amount of plant height, internodes
length, shoot dry weight, root area, root volume, root dry weight and root/ shoot ratio were increased. The
highest and lowest of each traits was observed in 1050 ppm of carbon dioxide and control (380 ppm),
respectively. The effect of cultivars on shoot dry weight was significant and Yolde white has more shoot dry
weight than Gerec Blue variety. Other studies showed that increasing of carbon dioxide concentration in
Sesamum indicum increased plant height, number of nodes and node length. Kamali et al. (2004)
reported that carbon dioxide on Gomphrena globosa had significant effect on plant height and shoot
diameter Increasing of Co2 could increase carbon fixation in C3 plants and transition of carbon to
roots lead to increased root biomass. It seems that the root elongation and increasing penetration of

plant roots into the soil is due to absorb nutrients to supply shoot growth. Thus, carbon dioxide

1, 2, 3 and 4- M.Sc. Student, Associate Professor, Professor and Ph.D. Student of Horticultural Science, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran, Respectively
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concentration increased development of plant roots in the soil.

Conclusion: Increasing of carbon dioxide could improve growth of aboveground and belowground of
Eustoma grandiflorum. Application of 1050 ppm carbon dioxide had most effect on all traits. So,
variation of carbon dioxide in the atmosphere could have significant effects on the plants. From these
results, it can be predicted some future effects of climate change on the quality of commercial
production in cut flowers.

Keywords: Greenhouse gases, Hydroponic, Internode, Weight
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Figure 1- Packaging materials used in this study: 1- paper, 2- polyethylene, 3-aluminum foil (known as aluminum type),
4- packages for MAP: polyethylene polyamide packages (known as transparent type)
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Figure 2- Interaction effects of temperature, types of packaging and storage time on changes percentages of seed weight in
30°°(A) and 20°° (B)storage.1- Paper , 2- polyethylene, 3- aluminum foil under Vacuum condition, 4-Polyethylene- polyamide
packages under Vacuum condition, 5-Polyethylene-polyamide packages with a gas composition of [98%N: + 2%02] and 6-
[90%N2 +109%602] )
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Tablel- Analysis of variance for effect of storage temperature and packaging materials on some properties of Carum
copticum seeds during nine months storage
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Introduction: The aim of medicinal plant storage is to preserve qualitative and quantitative properties of

active substance. Carum copticum fruits (Zenyan in Persian) were used for its therapeutic effects. Seed storage
condition after harvest till to extraction time is not suitable in our country and the major part of seed quality
deteriorates during the storage period. So, the loss of seed qualitative and quantitative characteristics will
increase during unsuitable storage condition. Appropriate storage conditions and management preserve seed
active substance, seed viability and vigor for long periods by reducing the rate of seed deterioration. Optimal
seed storage can be achieved by modifying the environment around the seeds. Numerous storage systems have
evolved over the years for post harvest preservation of crop seeds. The aim of this study is to evaluate the effect
of various storage conditions and storage time on essential oil percentage and germination factors in C. copticum
seeds during the storage period. The results of this research will be used for optimum storage of these seeds to
better preserve their quality.

Materials and Methods: In order to investigate the effects of storage conditions (packaging materials and
temperature) and storage time on quality of C. copticum stored seeds, a split-plot factorial arranged in a
randomized complete block design with three replications is performed in Faculty of Agriculture at Ferdowsi
University of Mashhad during 2013 and 2014.Tukey's range test was performed to determine the significant
difference between treatments. The calculations were conducted by JMP 8 software. Temperature (at two levels :

20£3°C and 30+3°C) as main plots and packaging materials (at six levels :paper, polyethylene, aluminum foil

under vacuum condition, Polyethylene-polyamide packages under vacuum condition, Polyethylene-polyamide
packages with a gas composition of [98%N, + 2%0,] and [90%N, +10%0O;] ) and storage periods (at four
levels: 0, 3, 6 and 9 months) as sub plots were considered. Seed samples were taken randomly from each
package at four times period. Essential oil percentage, seed weight, gas composition in packages with modified
atmosphere and seed germination factors (seed germination percentage (SGP), germination rate (GR), mean
germination time (MGT), and germination Index (Gl)) were evaluated during this nine months Storage.

Results and Discussion: The highest weight loss was 2/43% in the paper bags stored at 30°C at the fourth to
sixth months especially in the fifth month. Aluminum foil package under vacuum condition stored at 30°C had
the lowest weight and minimum weight changes during nine months of storage, so it was the best packages
compared to others. The results show that Polyethylene-polyamide packages and Aluminum foil packages under
vacuum condition are almost impermeable to air and moisture. Increasing weight at 20°C may be due to
accumulation of water vapor from the respiration during early period of storage. Seed germination test provides
an indication about seedling vigor as well as performance of seed in the field. In most cases, performance relates
to the ability of seeds to germinate and produce a seedling that will emerge from the soil and development into a
healthy vigorous plant. Packages with different combinations of gas (2% and 10% oxygen) at 30°C,aluminum
foil under vacuum condition and Polyethylene-polyamide packages with a gas composition of [98%N, + 2%0;]
at 20°C were packages with higher germination percentage after nine months storage. Based on this results, it
appears that packaging materials and storage temperature did not show any significant difference on essential oil
percentage and further changes in the amount of oil related to duration of storage. Kumar et al. (2013) showed
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that the essential oil content and composition were affected by harvest time and storage conditions. Kazaz et al.
(2009) investigated the effect of different storage temperatures (0°C and 3°C) and durations (7, 14, 21 and 28
days) on oil yield and essential oil components of oil rose (Rosa damascena Mill.). Their results showed that the
effect of storage temperatures on oil content were not significant whereas the effect of storage duration was
significant and it was similar to our results.

Conclusion: Essential oil percentage as the most important property of Carum copticum and germination
percentage decreased significantly with increasing of storage period. Finally, results show that Polyethylene-
polyamide packages with a gas composition of [98%N; + 2%0;] and [90%N; +10%0-] in 9 months storage time
and 30+3°C storage temperature preserve qualitative properties better than other conditions. Whereas, aluminum
foil package under vacuum condition and 20+3°C storage temperature are recommended for 6 month storage
time.

Keywords: Carum copticum, Essential oil, Packaging, Storage temperature, Viability
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Table 1- Physical and chemical properties of various used matters
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(%) (ppm) (ppm) (ds.m™)
se 0.07 29 488 2.18 7.9
Soil
oS 0.97 2458 4899 3.11 8.1
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CogenS 5229 1.23 3500 5900 2.88 7.1
Vermicompost
Sol5 35 0.81 2356 4158 3.66 9.8
Cow manure
S 0.77 1258 1855 2.87 7.2
Leaf soil
CussF 0.63 522 9834 1.08 71
Cocopeat
= 0.48 111 524 1.14 6.18
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Cenia (mg/g leaf) =((0.0122xAbs663)
(0.00269xAbs646))xml acetone/ mg leaf ")
Cenib (Mg/g leaf)=((0.0229x Abs646)-
(0.00460xAbs663))xml acetone/mg leaf v)
Cear (Mg/g leaf)=((1000xAbs470- 1.82xCehia —
85.02xChip)/198)xml acetone/mg leaf (v)
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Table 2- Analysis of variance of germination and growth traits of tomato as affected by substrate and humic acid

Slaye (:50ke
Mean of Squres
P R L e S B U Blaas
o Ry O aals wals gl el Ay S Sy o 2,55ko
Treatment df) Emergence Emergence Plant Shootdry — Rootdry  giameter L-¢27@r€@ Internode
percent rate height matter matter s diameter
(A) 6 4543.7*%* 22.34%* 39.59**  0.396** 0.004ns 0.070ns  9784.8**  10.79**
Substrate
Sogeisu]
(B) 1 14.88ns 0.036ns 23.28**  0.303**  0.0018ns  0.046ns  1205.5** 1.56**
Humic acid
AxB 6 49.60ns 0.074ns 0.732** 0.095* 0.002ns 0.097ns 41.35ns 0.37*
Error s 56 357.1 0.109 0.154 0.007 0.003 0.430 32.22 0.085
ol gme pis 9 o )3 Y 50 ghaws )3 (g dre i 4 NS 5 FF X
*, **and ns: Significantly at 5% and 1% and non-significant
N y34595 gy Olio By p CudlS CilBue g1 s T Y Joas
Table 3- Effect of various substrate on some growth traits of tomato
. O ot a2 yd nb fw & ), 029 Sy aw 5,55 ho dlani
oy aals aals lgp ol
Treatment Emergence i i Leaf area Internodes
percent Emergence _Plant Shoot dry (cmZplant) diameter
rate height (cm) matter (g)
oz 58.33bc 4.05¢c 9.71d 0.788c 94.99¢c 5.63b
Compost
eogseS 5229 50.00¢ 4.20c 12.32¢ 1.02b 114.0b 6.17a
Vermicompost
o 100.00a 6.45a 13.51a 1.17a 125.9a 6.19a
Peat
Cass 87.50ab 5.51b 9.25d 0.745¢ 94.49¢ 4.94¢
Cocopeat
J’SB 79.17b 2.62d 12.80b 1.07b 117.0b 5.93ab
Leaf soil
iR 255 16.67d 0.95f 6.86f 0.445¢ 27.13d 2.85¢
Manure
oy SE
] 62.50bc 2.14e 7.89%¢ 0.645d 33.01d 3.52d
Clay soil
25,16 00,0 O il grdaws j3 5SSl glatels dix yg05] ol (gl ime MBS o iy JBlas glyls sl g 4oy
Column means with the same letter are not significantly different by Duncan’s multiple range test (p < 0.05)
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Table 4- Effect of foliar application of humic acid on some growth traits of tomato

8"65)‘ 1051 SUid o3 .
. als Spghe o o Silyo 3l B sy
PL ¥ £ Chlorophyll :
Treatment Plant Lea/ allrea Shoot dry matter I gpernodes a Carotenoid
hzalgk;t (cm/plant) iameter content content
cm
sl pas
Non-foliar 9.58b 81.29b 0.75b 4.84b 1.91b 0.473b
application
s sls 11.07a 92.21a 0.92a 5.22a 2.45a 0.557a

Foliar application
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Column means with the same letter are not significantly different by Duncan’s multiple range test (p < 0.05)
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Figure 1- Interaction effect of substrate xhumic acid on dry matter of tomato
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Figure 2- Interaction effect of substrate xhumic acid on plant height of tomato
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Table 5- Analysis of variance of biochemical traits of tomato
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Figure 4- Effect of various substrates on chlorophyll a contents of tomato
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Introduction: Successful greenhouse and nursery production of plants is largely dependent on the chemical
and physical properties of the growing substrate. An ideal potting substrate should be free of weeds and diseases,
heavy enough to avoid frequent tipping over and yet light enough to facilitate handling and shipping. The
substrate should also be well drained and yet retain sufficient water to reduce the frequency of watering. Other
parameters to consider include cost, availability, consistency between batches and stability in the media over
time. Greenhouse crops in general, have higher nutrient demands than field grown crops. Therefore, in order to
Yoptimize production it is essential to focus on the growing substrate and fertilization. The physical properties of

the growing medium are important parameters for successful plant growth, as these are related to the ability to
adequately store and supply air and water to plants. Humic acid is a principal component of humic substances,
which are the major organic constituents of soil (humus), peat and coal. It is also a major organic constituent of
many upland streams, dystrophic lakes, and ocean water. It is produced by biodegradation of dead organic
matter. It is not a single acid, but it is a complex mixture of many different acids containing carboxyl and
phenolate groups so that the mixture behaves functionally as a dibasic acid or occasionally as a tribasic acid.
Humic acids can form complexes with ions that are commonly found in the environment creating humic colloids.
Humic and fulvic acids (fulvic acids are humic acids with lower molecular weight and higher oxygen content
than other humic acids) are commonly used as a soil supplement in agriculture. Humic Plus contains humic acid,
fulvic acid, macro micro nutrients and proprietary constituents essential for plant growth. Organic matter soil
amendments have been known by farmers to be beneficial to plant growth for longer than recorded history.
However, the chemistry and function of the organic matter have been a subject of controversy since humans
began their postulating about it in the 18th century. Selection of the proper media components is critical to the
successful production of plants. So, the objective of this study was to assess the effect of humic acid foliar
application and various substrate on quantitative and qualitative characteristics of tomato seedling.

Material and Methods: The experiment was conducted in a greenhouse at Bardsir Faculty of Agriculture,
Shahid Bahonar University of Kerman in 2015, as a factorial arrangement based on completely randomized
design with five replications. The experimental treatments were substrate in 7 levels (peat, coco-peat, leaf-soil,
compost, vermi-compost, manure and clay soil), humic acid in two levels (foliar application and non- foliar
application). After preparation of substrates, plastic boxes with 12 cm diameter and 10 cm height were chosen.
After extracting gravity water, tomato (cv. Canyon) seeds were sown in pots. Rain irrigation was done daily.
Foliar application of humic acid with concentration of 0.001 liter was performed from seedling emergence to
transplanting every two days. The germinated seeds was daily counted and number and rate of seed emergence
was estimated. Plant height, stem diameter, number of internodes, leaf area, shoot and root dry matter and
chlorophyll contents were calculated at transplanting time of seedling.

Results and Discussion: The substrate treatment had a significant effect on rate and percent of germination,
plant height, shoot dry matter, leaf area, number of internodes and, chlorophyll a and carotenoid contents.
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According to the results, the greatest and smallest rate and percent of germination was found in peat and manure
treatments, respectively. Also the greatest shoot dry matter (1.17 g), leaf area (125.9 cm plant?), number of
internodes (6.19), plant height (13.51 cm) and chlorophyll a concentration (2.55 pg/ml) were observed for peat
substrate. Manure and clay soil substrates showed the smallest of these measurements and carotenoid contents. It

seems that physical characteristics of peat was better than other substrates. Plant height, shoot dry matter, leaf
area, number of internodes, chlorophyll a and carotenoid contents showed a significant effect by humic acid
application. Foliar application of humic acid significantly increased the mentioned traits.

Conclusion: The results illustrated that between substrates in this study, peat was the best for seedling
production of tomato. Foliar application of humic acid had a positive effect in improving growth characteristics
of tomato seedling.

Keywords: Chlorophyll, Dry matter Leaf area, Emergence, Internodes
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Table 1- Analysis of variance of effect of irrigation and species on morphological characteristics in two olive cultivars

Ol o (b
Mean of Squares

Ol gt guko K PO O P 09 & v .. SWE (39 oSy Suid (39 Sid (439
L N T s3] SOk . c
SHOAY Iga ¥ Ay (¥ S
df Root fresh o Leaf fresh %) o xr
weight Shoot fresh weight Root dry Shoot dry Leaf dry
weight weight weigh weight
Sk 2 660.12** 55.38 27.146 278.83** 21.94 12.19
Block
E‘Jlﬁ.‘ 2 501.43** 182.68** 89.51** 211.82** 72.47** 40.17*
Irrigation
rodl 4 140.42* 58.11 28.47 59.29* 23.06 12.77
Polymer
~) 1 655.18** 1.32 0.646 276.82** 0.52 0.29
Cultivar )
MI’;;)L*' 8 81.36 107.84%* 52.84%+ 34.39 42.81% 23.73%*
w5 I);g’l""l 2 108.65 13.46 6.60 45.92 5.33 2.96
“’BI)ng‘l’ 4 76.76 56.14 27.51 3242 22.29 12.34
x)‘“l‘ x d)lf.%i
o5 8 104.50* 16.31 7.99 44.16* 6.47 3.58
IXxPxC
L 58 39.32 24.12 11.82 16.61 9.57 5.31
Error
“""*gv“’“‘é 27.48% 17.04% 17.04% 24.22% 14.62% 15.86%

2oy V50 Jlain] zolaws )3 45 gme g 4 K
* **: significant at 5% and 1% probability levels, respectively
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Table 1- Analysis of variance of effect of irrigation and species on morphological characteristics in two olive cultivars

©la o nbe
Ol pd 2o ‘531,‘7 a0 Mean of Squares
S0V df £l | IS S 11 s S 11t o
Height Leaf Number Leaf area Leaf area ratio
S 2 37.97 122.18 77153 15.09*
Block
Sk 2 4787.71%* 93305.41%* 113344.61%* 30.46%
Irrigation
rk 4 36.67 425.74 14119 41% 16.67%*
Polymer
) 1 101.34% 48.40 15583.29% 43.96%*
Cultivar
)“*‘*I:P‘f)“*' 8 71.46% 838.10 6862.44* 13.78%*
w5 I’;g)tﬂ*' 2 42.02 5176.03*%* 531.93 5.63
“’élg ’;)C“*L 4 69.75% 519.93 8555.67* 11.75*
w5 X ok X o)l 8 54.50%* 729.06 4336.40 4.94
IXPxC
s 58 18.33 706.14 2603.61 432
Error
et 5.06% 6.64% 17.37% 25.96%

2oy Vg0 Jleainl zolaw )3 ,l5 dre i 4 K
***: significant at 5% and 1% probability levels, respectively
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Table 2- Effect of interaction between irrigation xpolymer on olive morphological characteristics

) QR P 09 u.).s S 53 j i (S3}) ) s o
k! rouby lgp Sl i L eaf fresh Sy Sy P
Irrigation  Polymer Shoot dry Shoot dry it Leaf dry Leaf area z
) ) weight . 2 Leaf area
(mm) (9/Kg) weight weight weight (cm?) °
@ ratio
) ) ()]

100%ETcrop
0 34.62ab 24.81a 24.23ab 17.24ab 305.56abc 10.60a
1 35.60a 25.46a 24.95a 17.72a 309.42a 10.43a
2 33.17bcd 22.00bc 23.12bcd 16.65abc 300.15de 9.16b
3 32.49d 22.84b 22.04de 16.76abc 308.13ab 9.37b
4 33.82bc 21.00cd 23.67bc 17.17ab 301.82bcd 10.21a

65%ETcrop
0 24.66h 18.53ef 17.25i 12.569 263.5h 7.55de
1 27.13¢g 19.72de 23.02cd 16.43bc 292.03f 8.31c
2 29.16f 19.92d 22.14de 15.83cde 280.73g 7.99cd
3 31.63e 20.09d 21.44ef 13.72f 301.29cd 7.91cd
4 32.9cd 21.37c 20.41gh 14.67ef 295.64ef 7.78de

30%ETcrop
0 19.72j 12.94g 15.60j 10.12h 210.551 6.029
1 23.81hi 18.00f 16.67i 12.169 225.92j 7.01f
2 24.59hi 19.27de 21.41efg 15.34de 220.31k 7.22¢f
3 23.40hi 17.74f 19.98h 11.97¢g 225.75j 7.31ef
4 22.67i 18.69¢f 20.76fgh 14.91e 234.11i 7.15f

)05 5o gixe Cglis 5SSl (glaels sz 903l 51 ookl b s yd V ool o 3 cizann S ptio By o syl Jlus 45 SlaenSibe ey 5
Within each column, means fallowed by the same letter are not significantly different (p<0.01) based on Duncan’s multiple range test
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Table 3- Effect of interaction between irrigation xcultivar on olive morphological characteristics

d;tc:’i

ps) i S).g HKeY)

Cultivar Irrigation Leaf number
(mm)

Slosly 100%ETcrop 465.00a

Baghmalek 65%ETcrop 410.33c

30%ETcrop 354.93d

Jsti 100%ETcrop 439.87b

Dezphol 65%ETcrop 404.27¢

30%ETcrop 328.13e
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With in each column, means fallowed by the same letter are not significantly different (p<0.01) based on Duncan’s multiple range test
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Table 4- Effect of interaction between polymer x cultivar on olive morphological characteristics

S o o

) S 2 g o
Cultivar Polymer Leaf area Leaf area ratio
(9/Kg) (cm?)
0 270.27d 6.89d
Slosly 1 336.43c 6.77d
Baghmalek 2 339.97b 9.61b
3 354.85a 10.47a
4 333.04c 9.80ab
0 263.87g 6.79d
Jgs 1 281.82e 7.43c
Dezphol 2 280.54e 7.76¢c
3 288.72f 7.27¢c
4 288.02f 7.29¢
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Within each column, means fallowed by the same letter are not significantly different (p<0.05) based on Duncan’s multiple range test
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Table 5- Effect of interaction between irrigation x polymer x cultivar on olive morphological characteristics

o3, 317 ok iy P 0j9 Al y WS (459 W)l
Cultivar Irrigation Polymer Shoot dry weight Leaf dry weight Height
(mm) (9/Kg) (@) (@ (cm)
Slotly
Baghmalek
100%ETcrop
0 38.18a 26.82a 99a
1 35.66b 24.68b 96d
2 33.57¢ 23.82¢ 97.33ab
3 38.08a 27.25a 98.33ab
4 36.99a 26.55a 96.33bcd
65%ETcrop
0 17.23kl 12.5hi 82h
1 22.09g 16.11fg 90.67e
2 20.42hi 17.89 89.67e
3 23.99def 18.07e 85.33fg
4 25.37d 19.99d 84.33gh
30%ETcrop
0 13.54m 8.05kI 60k
1 19.5i 11.82i 69.7j
2 19.5i 12.68hi 72.33i
3 20.2i 12.08i 73.33i
4 24.42def 13.47h 72i
o83
Dezphol
100%ETcrop
0 22.92fg 16.9ef 85fg
1 21.73gh 15.87g 86fg
2 22.76g 16.79fg 87f
3 21.95g 17.02ef 86fg
4 24.44de 17.88e 86.67f
65%ETcrop
0 13.96m 9.83j 70.33j
1 16.06l 12.29hi 86.67f
2 17.22kl 11.79i 84.67fg
3 18.93ij 12.55hi 95d
4 17.71jk 12.51hi 89.67e
30%ETcrop
0 8.73n 3.67n 45.33n
1 13.98m 6.09m 53.83m
2 14.31m 7.21 61.33k
3 16.48l 8.36k 56.33I
4 17.61kl 7.4kl 54.33Im
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Within each column, means fallowed by the same letter are not significantly different (p<0.05) based on Duncan’s multiple range test
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Introduction: Iran is located in arid and semi-arid regions, so limitation of precipitation and poor
distribution of rainfall with prolonged periods of heat and drought have caused harsh conditions for establishing
plants. In general, previous researches have shown that water deficit or drought stress had destructive effects on
morphological, physiological and biochemical parameters of plants. So that, researchers stated that the first
reaction of plants to water stress was decline in growth. Growth parameters such as height, fresh and dry weight
of root and stem and leaf area could decrease with increasing water stress. Therefore, use of methods for
reducing water evaporation from soil, decreasing run-off and improving transport nutrients were considered in
recent years. Superabsorbant polymers are one of the most important compounds in reducing negative effects of
drought on plants.

Materials and Methods: This study was conducted to investigate the effect of five different levels of super
AB A200 polymer (0, 1, 2, 3, 4 g/Kg of soil) and three levels of irrigation [100 as control, 65 and 30 percentage
of plant evapotranspiration potential (ETcrop)] on morphological characteristics of two olive cultivars
‘Baghmaleki’ and ‘Dezphol’ as a factorial experiment based on randomized complete block design with three
replications. In this experiment, ninety 18-month-old olive trees of ‘Baghmaleki’ and ‘Dezphol” were kept for
adaptation in greenhouse for one month.The plants were planted in ninety pots including 1/3 sand, 1/3 manure
and 1/3 soil with superabsorbent polymer. Superabsorbent polymers (super AB A200) were prepared from
Company Rahab Resin (Licensed by Iran Polymer and Petrochemical Institute). Then, the plants were irrigated
with 100%, 65% and 30% ETcrop, every three days. Finally, morphological parameters such as root fresh
weight, root dry weight, shoot fresh weight, shoot dry weight, height, leaf number, leaf Area and leaf area ratio
were measured. Data analysis was performed using MSTATC software and mean comparison was done by
Duncan's multiple range tests at 5 and 1% probability.

Results and Discussion: The results showed that interaction effect between irrigation and polymer affected
shoot fresh weight, leaf fresh weight, shoot dry weight, leaf dry weight, height and leaf area ratio at p<0.01,
whiles interaction between irrigation, polymer and cultivars affected height, root dry and fresh weights at
p<0.01. Furthermore, all of measured traits were reduced greatly by reducing water from 100% to 30% ETcrop.
Fresh weight for root, leaf and shoot, and dry weight for root, leaf and shoot were decreased by 29.23%,
15.76%, 15.77%, 26.25%, 13.5% and 14.73 %, respectively in irrigated plants with 30% ETcrop in comparison
with control. Some researchers stated that limitation of photosynthesis could be one of the important factors for
reducing growth under drought. Furthermore, drought could affect directly on cell turgor potential and reduced
cell division,cell enlargement and plant growth. Also, our findings revealed that shoot fresh weight (19.72 g),
shoot dry weight (12.94 g), leaf fresh and dry weights (15.6 and 10.12 g), leaf area (210.55 cm?) and leaf area
ratio (6.02) were obtained in irrigated plants with 30% ETcrop and untreated with polymer. The results showed
leaf number was highest in ‘Baghmalek’cultivar irrigated with 100% Etcrop (465) and lowest in ‘Dezphol’
cultivar irrigated with 30% Etcrop (328.13). The highest value of leaf area and leaf area ratio was obtained in 3 g
polymer per Kg soil in ‘Baghmalek’ cultivar. In addition, root fresh and dry weights and plant height were 36,
49.7 and 27 % greater in ‘Baghmalek’ cultivar treated with 30% ETcrop and 4 g polmer per Kg soil comparison
with ‘Baghmalek’ cultivar treated with 30% ETcrop and whiout polymer.

Conclusions: Drought or water deficit could affect directly on cell turgor potential and reduced cell division,
cell enlargement, photosynthesis and plant growth. The use of superabsorbent polymer could absorb abundant
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water and release it easily, so the plant will have a better growth condition in this situation. Our results showed
that Baghmalek cultivar had lower sensitive than Dezphol cultivar to water deficit and it suggested that

Superabsorbent polymers can be used to discipline drought in some areas that rainfall shortage and water deficit
is the most important problems.

Keywords: Evatranspiration, Morphological Traits, Water stress
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Table 1- Effect of different potato cultivars and sources of light on plantlet characteristics at in vitro condition

LI Light sources (5,4 gsle Cultivar o3,
Traits Sl 9l Sl o8- 8 <! oYl LSt
Fluorescent White Blue-Red Red Blue Savalan Agria
Ggy gla)|
Plant Height 7.040%° 6.340% 5.100% 8.990° 4.800¢ 5.410° 7.500°
(cm)
adyy Job
Root length 7.420° 8.380™  10.410° 8.760° 8.210 8.450° 8.830°
(cm)
48l lad
Stem diameter 0.092° 0.091° 0.090° 0.080° 0.090° 0.090° 0.091°
(mm)
S g
Leaf area 0.462° 0.612° 0.571° 0.102° 0.458° 0.540° 0.337°
(cm.plant)
b glbazalS
Abnormal seedling 4170 4170 5.210° 4170 14.580° 10.000°  2.920°
(%)
axalS )3 05 sl ab a ab c b b a
5.630 5.800 5.250 4.210 5.090 4.890 5.520
Nod number
pals 2 sl s 1.000° 1.010° 1.020° 1.030°  1.140° 1.020*  1.060%
Branch number
0,5ke dlols
Nod distance 1.240° 1.090™ 0.960° 2.140° 0.930° 1.140° 1.400°
(cm)
azelS 5 s
Fresh weight 0.111° 0.160°% 0.133%® 0.162° 0.129%® 0.149% 0.129°
(g.plant™)
Sis odle duoyd
Dry matter 3.500% 2.620% 3.850° 2.760% 2.540° 3.000% 3.100%
(%)

35,15 (g b e M) dop> gty Jloss] gdaws )3 LSD (yg03 (ol p3 oy p3 ailiie By > (sl (gla nSSle™
*Means with similar letters in each treatment are not significantly different (P<0.05) based on LSD test
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Figure 1- Leaf area in potato cultivars under different sources of light in in vitro condition
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Table 2- Means of plant height, leaf area, fresh and dry weight in potato cultivars at harvest time

L Light sources (5,4 gsle Cultivar o3,
Traits S5l S el )8 <! oYl LS
Fluorescent White Blue-Red Red Blue Savalan Agria
43'93 8@)‘
Plant Height 27.19% 2424> 3460  2361°  31.23° 26.95°  29.39°
(cm)
Leaf area 524.63° 455.00°  566.21°  387.20°  529.48° 482.61°  502.00°
(cm™.plant)
Ny ¥ 09
Fresh weight 19.81% 17.46%® 21.68° 14.66° 20.34%® 20.68° 16.90°
(g-plant™)
Wy SS o
Dry weight 1.88% 1.70% 2.142 1.41° 1.75% 2.11° 1.44°
(g.plant™)

B85 ()b gime BBl y> gy Jlein] gaws j3 LSD (9051 olol 2 sy 55 aliia Gy > (sl (sl Sileo™
*Means with similar letters in each treatment are not significantly different (P<0.05) based on LSD test
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Table 3- Means of Number of minituber in different groups weight in potato cultivars at harvest time

39 WegyS ;0 0ad 5 dlas

Loud Ay 4D bAEyy dluwd
’ #2 7 Number of minituber in different groups weight
L. < § §Y-0 $0-Y« $Ye—Y0 >)Y0,,5
Treatments Minituber per plant Ver ef) £ o) pr Y- id
<lg 1-59 5-10¢g 10-15¢ >15¢
) LSl 5.00% 134 114 0.99° 0.89° 0.88°
w5y Agria
Cultivar oYl 5.28° 058"  1.01° 1.23 1.11° 1.38°
Savalan
! 5712 1.23% 1.28% 0.98% 1.01% 1.23°
Blue
s 5.00° 1.10° 0.97° 157 0.54° 1.10°
Red
¥ el rA 5.10% 1.01° 1.55° 1.05° 0.82 0.92°
Light sources  Blue-Red
e 5.00% 0.82% 0.76% 0.69% 1.38° 1.38°
White
o9l 4.88° 057 0.82 1.26° 1.26° 1.01°

Fluorescent

B85 (I me BOMS] aoy> g Jlein! aws 13 LSD (9051 bl oy 1 aliie Gg o (sl (sl puSiloot
#Means with similar letters in each treatment are not significantly different (P<0.05) based on LSD test
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Figure 2- Number of minituber per plant in potato cultivars under different source of light
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Figure 3- Minituber weight per plant in potato cultivars under different source of light
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Table 4- Means of minituber weight per plant in different groups weight in potato cultivars at harvest time

Sy 3 0x R Ui (539 SWog)S )3 0xn) (i
Sloss Minituber weight per plant in different groups weight
(g.plant™)
- . <Ves pS V-0 SOV PN = \0p S
Minituber weight <1 15 5-10 10-15 -
(g.plant™) 9 9 g g 159
Treatments
lJ)f" #h a a a a b
. 41.06 0.47 2.95 7.37 11.05 19.28
o) Agria
Cultivar oYlgle 2.93° 13.71°
Savalan 58.02° 0.17° 9.51° 31.71°
o 3.68° 12.88°
Blue 52.33° 0.34% 7.66° 27.80°
o5 0.32° 2.42% 12.32% 6.26° 21.84%
8
Red 43.15°
. P a a a a a
o5 wie 5058 sl 0.33 4.02 7.59 10.09 23.83
Light Blue-Red 45.842
sources Sdes 0.34% 2.18° 5.20° 16.73° 27.99%
White 52.41°
0.20° 2.39% 9.44% 15.94% 26.02°
Sl yold
Fluorescent
53.96%

B85 gyl gime M doyd iy Jlon] pedas 53 LSD 051 olsl oy 5> duliio g y> (sl (glauSila”
*Means with similar letters in each treatment are not significantly different (P<0.05) based on LSD test
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Introduction: Conventional seed programmes take more than 10 years and diseases during each round of
field multiplication become increasingly common and especially those transmitted through seed tubers. In
contrast, the production of large volume of propagation material in protected environments requires only a few
additional years of traditional seed multiplication in the field to produce the desired seed with an improved
health status. This is useful especially in countries where there are no vector-free production areas for producing
high quality potato seed tubers. In the last few decades, alternative seed production programmers have been
developed in which the first multiplication steps are speeded up using in vitro plantlets, microtubers or
minitubers. In the area of controlled environment agriculture (CEA), one of the most commonly discussed topics
is lighting. The lighting system is generally the most expensive component of a controlled environment
agriculture facility in terms of upfront costs as well as ongoing expenses (electricity use as well as replacement
lamps). Naturally, advances in lighting technology are of great interest to the controlled environment agriculture
community for these very reasons. Light emitting diodes (LEDs) are the most recent lighting technology to enter
the controlled environment agriculture arena and have great potential to improve performance and reduce the
overall cost of controlled environment lighting. Growth and morphogenetic effects of light (quality, intensity,
and duration) and phytohormones are well documented, but their modes of action and mutual interactions are far
from clear. One of the important questions is whether at least some of the morphogenetic effects of light are
mediated by changes in phytohormone levels. This experiment was conducted in order to study the effect of
different light sources on morphology and growth of potato plantlets under in-vitro conditions and their effect on
minituber production in greenhouse to decrease energy consumption and production costs.

Materials and Methods: A factorial experiment was conducted based on completely randomized design
with six replications under in-vitro conditions and four replications in greenhouse. Factors were consisted of
cultivars (cv. Agria and Savalan) and light sources (LEDs emitting red, blue, white, combination of red and blue
and also tubular fluorescent lamps as control). The experiment was carried out at the tissue culture laboratory of
Yeka Seed Technology of Iran. Disease-free potato in vitro plantlets of Agria and Savalan cultivars were derived
from the potato germplasm bank of Agricultural Biotechnology Research Institute of Iran. The plantlets were
propagated using single-node cutting. Eight explants were cultured in sterilized culture vessels containing 30 ml
of MS and pH was set to 5.8 before adding agar and autoclaving. Culture vessel were closed with polycarbonate
caps and sealed with household plastic foil and were placed in a growth chamber at 24 °C and 16 h photoperiod
for 4 weeks.

Results and Discussion: Results indicated that red spectrum caused an increase in plantlet height and Agria
had a higher plantlet height under in-vitro conditions. Root length was higher in red-blue combination and no
difference was observed between cultivars under in-vitro condition. The highest and lowest leaf area was
obtained in white and red spectrum, respectively. Also, Savalan showed a higher leaf area in comparison with
Agria. The lowest node number in plantlets was observed in red spectrum and the highest in white. The highest
and lowest internode length was related to red and blue spectrum, respectively. Fluorescent light was resulted in
the lowest plantlet fresh weight and no significant difference was observed among other treatments according to
this parameter. Stem diameter and number of branches was not affected by different lights. Results of
greenhouse study indicated that light conditions before transplanting of plantlets did not affected minituber
number, while minituber weight was significantly affected by this factor and the lowest mean of this parameter
was obtained in red spectrum compared to the other treatments.

Conclusion: Generally, results showed that less leaf area plantlet in vitro was also less leaf area in
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greenhouse (red light emitting diode). Leaf area is an important criteria for photosynthetic and biomass
production. Therefore, in this experiment fresh and dry matter production was affected by this characteristics and
red light showed the lowest dry matter production. LEDs could be considered as suitable light sources producing
plantlets comparable with those grown under fluorescent light under in-vitro conditions along with saving energy
and ultimately lower production cost.

Keywords: Agria, Fluorescent, LED, Savalan, Spectrum
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Table 1- Nutrient solution formulation used for broccoli production in outdoor hydroponic system

s N P K Ca Mg S B Cu Fe Mn Mo  Zn
Element
Concentration 1537 70 144 170 61 82 07 008 5 2 005 025

(mg L)
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Table 2- ANOVA for vegetative parameters and yield components of broccoli in different substrate culture

oo e
S . Mean of Squares
o gl &3l as 4> d
Source of df
variation &g g5l 39 Juol aa yhad B ) . )
Plant Height ~ Head diameter kel "h_‘”’ ol &y ’_a_wl" A Sl
Head weight Dry matter  Auxiliary head No.
cusls dLh).}'.m_.v
Substrate 9 45.91m 4357.21™ 14693.40™ 2.24m 5.41m
S
20 20.60 1048.95 2168.07 2.46 8.03
Error
‘“"”Z\;""” - 13.12 21.95 33.75 13.67 50.92

TN 5 70 Jlain] dans 3 45 cize )b re BMiS| 32 g pac ) Sily iy 4 *F 4% NS
ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively
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Table 3- ANOVA for mineral elements of broccoli in different Substrate

Sake @ Slaryo (00ke
S’““ : ; 4 Mean of Square
ource 0 83 i A R o . — .
variation Df) Oior Ad el 358 e el o2l $9) e P
N P K S Mg Ca Fe Zn Cu Mn
il sl 9 34,70 11.78™ 7.75™ 12.23™ 3.55™ 0.03" 4070.67™  159.97™ 6.43"™ 701.59 ™
Substrate
ks 20 11.53 7.81 15.79 9.29 3.29 0.02 4347.96 26.31 5.23 312.27
Error
)M(J:UV e - 9.09 8.34 12.93 85.97 39.37 19.54 56.42 10.89 21.30 42.17

TN g 7 Jlass] gdaw j3 o e ¢yld dime WIS 393 pie ,Silo Lud i 4 ¥ 5 * NS
ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively
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Table 4- Vegetative parameters and yield component of broccoli in different media

ews)! .
CoilS el & 039 Jeol a2 ;-]ﬂﬁ ol A yig Swad aabe o b slass
il % Head diameter ~ Head weight Dry matter el
Substrates Height (mm)™ (@)" (%)™ Auxiliary head No."™
(cm)ns
C:;;;f;t 37.67°¢ 169.35 % 172.00% 13.842 3.332
oy . ,
Perlit 32.67° 11534° 83.72 ¢ 11.61° 5.33
erlite
dwlo
sand 36.33 2 13430 < 111.49 bed 11482 5.00°
an
sb)l jut 30.33° 107.63 87.62 ¢ 11.47¢ 6.00°
awaus
S;r:ldf:;—d:;u t 32672 130.05 bed 72644 11.26 2 8.002
Waus
San::\;e hﬁoﬁo t 39.67° 222.18° 296.082 11.20° 6.67°
rmicompos
CO:;;;;;Z ﬁite 27,672 104.42 74.64 ¢ 11.11° 5.00°
Cocli;;);::iéCA 37.67° 168.70 164.91 11.042 4,002
Co;;Z;;frice 33.00° 137.06 b 127.32 bed 10.80° 6.00°
NN 38.332 186.24 2 189.22 b 11.042 6.332

Cocopeat+Perlite+Vermicompost

2l g0 Sl (glasaly dix g0l o3kl b (P<O.01) o sme BMS! (gl gt s )3 S yidio g > b dlucl
Numbers followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test

P el 0 ib ccdS yiw ool o (olie dlge i ds cle
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Table 6- Correlation between some important traits of broccoli in this experiment
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Plant Height
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Head Weight
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Introduction: Broccoli is one of the valuable vegetables among brassicas which has received great attention
throughout the world and is cultivated both in soil and soilless culture. Currently, we face restriction in high
quality of the soils and water resources as two essential inputs in agriculture. Like other parts of the world, Iran
is losing hundred hectares of its arable and fertile land annually due to salinity, alkalinity and waterlogging. One
of the important strategies to overcome these adverse conditions is soilless culture systems. Among the different
methods of soilless culture, substrate culture is more common and cheaper than others. Different kinds of
organic and inorganic substances are used in soilless culture system, but the optimum mixture of growing
medium is still a challenging issue. Physical and chemical characteristics of growing media can potentially affect
the yield and product quality in direct and indirect ways. A good medium for soilless culture should have easy
drainage, appropriate aeration, high water holding capacity and low price, as well as no weed seeds and
pathogens. Therefore, this research was aimed to evaluate different prevalent growing media in broccoli soilless
culture system.

Materials and Methods: This experiment was conducted as an outdoor soilless culture system in outdoor
hydroponic site in Sari Agricultural Sciences and Natural Recourses University (SANRU). To begin with,
broccoli seeds were sown in transplanting tray, and after five weeks, the developed transplants were cultivated in
growing bags in a soilless system. In this work, different mixtures of culture media were evaluated for yield
component and mineral elements of broccoli. Ten kinds of different media comprising of cocopeat, perlite, sand,
sawdust, sand+sawdust, sand+vermicompost, cocopeat+perlite, cocopeat+LECA, cocopeat+ pumice, and
cocopeat+perlite+ vermicompost were compared in completely randomized design with tree replications. At the
end of the growing season, vegetative growth and yield components of broccoli were measured. The macro
nutrients including nitrogen (N), phosphorus (P), potassium (k), magnesium (Mg), calcium (Ca) and sulfur (S)
were then analyzed in the harvested broccoli. Four important micro elements such as Iron (Fe), cooper (Cu),
boron (B) and zinc (Zn) were measured as well. A statistical analysis was performed using analysis of variance
in Statistical Analysis System (SAS) software (version 9.1) and means were compared using Duncan’s multiple
range test at 0.05 and 0.01 probability levels.

Results and Discussion: According to the results, culture medium showed no significant effect on plant
height, dry matter and the number of auxiliary heads, while it significantly affected diameter and weight of main
head (p<0.01). The highest head diameter was seen in sand+vermicompost mixture which had no significant
difference from cocopeat, cocopeat+LECA, and prlite+cocopeat+vemicompost. The mixture of
sand+vermicompost resulted in the heaviest broccoli heads that were significantly greater than all other growing
media used in the experiment. Since vermicompost contains some mineral elements like calcium, magnesium
and phosphorus and some growth stimulators as well, mixing this substrate with sand can create an appropriate
and ideal culture for root growth and development. Pure perlite and sawdust media contributed to the lowest
yield with no significant differences from each other. The macro and micro nutrients of broccoli head were not
significantly affected by growing medium, except for nitrogen and zinc. The highest concentration of nitrogen in
broccoli head was recorded for pure perlite and sawdust which was significantly more than other media. The
highest zinc concentration in broccoli head was observed in Sawdust medium (p<0.05). A significant negative
correlation was observed between plant height and three main macro nutrients (N, P and K). The negative
correlation between some macro nutrients and plant growth can be related to the excessive amount of these
elements in nutrient solution. Positive and significant correlation was also seen among plant height, head
diameter and head weight. In other word, the tallest plants could produce bigger and heavier head.

1 and 3- Assistant Professors of Department of Horticulture, Faculty of Crop Sciences, Sari Agricultural Sciences and
Natural Resources University, Sari, Iran

(*- Corresponding Author Email: kamranghasemi63@gmail.com)

2- Assistant Professor of Department of Soil Sciences, Faculty of Crop Sciences, Sari Agricultural Sciences and Natural
Resources University, Sari, Iran


mailto:kamranghasemi63@gmail.com

RS cyliano F oylads 1Y ol o(6559LaS a1ls g pole) il pole g pti Vo F

Conclusion: Based on the obtained results, it can be concluded that a mixture of organic and inorganic
substances can be better than a single substance medium. On the other hand, our results showed that role of
medium substances and composition is not as important as nutrient solution, so an appropriate nutrient solution
with a proper rate can potentially provide all plant's needs regardless of media composition.

Keywords: Cocopeat, Growing media, Perlite, Sand, Vermicompost
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Table 1- Physcal and chemical parameters of the soil before experiment
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b gk B XY o) ©jgodn Sagn (lyien
bssyo slaodly ayjor b Ial LSS ¥ o olay oS slacssls
390 04 (65503l gy dlsye dw > A Lingy Claw &
Sy Jold (mialojl )3 50 085 plrl (S50 o8 g0y
JuS1 g MSTATC l33le 5 51 aosls U1 (gly gr (655 S 5
P LSD ygjl 5l ooliiwl L Lavodls ke dulio s osliel

A pbol 7y Jleis] s

wb F RV D&Y Jslia) bl 455 Jodo 4 425 L
L3 Jsb g )l pasls bl Ol Jruily Slaoguas 350 5
Ao 0l Jyb (Sl s wlae o (gLl (Sl
Loyd SO Jloin! o o (Sl Sl wd) ey g (Sloods;
)il o8y gy bl sl 6l Lol il o o sine
0= () Al Ol Jeily Slogad 3)00 5 Sadgy
a5 (A)) oS glis)) (0) (g Ll Slasi (70) Jibo)lS
3y > Sas gl blite Sl adl e oine (V) a5 glaiie
Dgr I gixe LV Jloin! pdaw 55 a8l O Juwily Cuoguas

S ol Jaeiliy
1y (ol ine BN S Ol il jlas 5l cliseo slaasly
P 3550 55 b Jobo )3 S o Jwiliy (Y Jgaz) ol s
4S9l 392 )3)95 p b K9, S Al pled () 2 ¥
ol jl g (il S OF Jouilty i Jad Jobo )3 Lo il 8l L
gy Bl il S el lgp (08 S b s @ )9 008

Bl 98 g3 o Jaeailiy (5 S0 510l
sl (9) s¥igy pB)) 4Bl 9 Sy Ol Jwiliy (5503l
oS oA0] 1) als po dus >yt (SBBI ] o3lizl | Cilises
2 ey (g) bslgl) Bl 5 Sy dizaS O Juuilty 10,5
390 )b ez by g (lej U L @y Ay dls g
slaS 1y 8l ol Jeiliy cpand slyy 8 18 6,805l
ol sogrmagll higd 0 (683l 5l U el g3 4 Sooj
o Jsdlty 22,8 )18 ST clbdS J515 55 s 5 S5
O a5l e Aol VY B Y el oo a8l 5 S dieS
)1 cj)_’ L.Ji JWLJ d)ja)Lbl dl).s W) dﬁo)lxl’w)s )l ;?).s
9ol 5l b )3 &Bly Sy g olidl )5 @Bly Al Mels Sy aws
laea b udS s Sy Obal floj 40 .00,5 solatwl csyo
ol Bl S35 5 LSy €83 g9y 2 bl Cusbe L
Oy paswedn £ bl 5law o Tty (5803100 il
A ploal oLl ey )0 g ae)ie cudils ds a4 S cogb,
@j J»_“ul» d)ﬁfo)'l_\ﬂ Qla)‘ Bl Sk w9]o) O‘}ﬁ"’ O )915.1.“\;.
015 plol 5ol 31 edlitiol b B (g o 5l B os I 5 pSged
S o S 05 xS03lNl g Loy 4 S Cask) Gl
o YAY+ 3o asnet wat I3 8la, 5 oy asei b oM Al gL
e 4 45 008 s s (bl 1S 5o Lo 3 e
o ougy s Joli o b ileg] sl ¢ b
by 5 C uiasS (sag) 4bS olpen 4 B)lsdg sy 5 Sl
ol 5 s 3l 5 3y 5 55559 o3y U5 Jais



Syl by

leaf waret potential(M Pa)

WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s YA

OnieS 5 (391 site yiaS) ikt 08 &y bgyye o Juwily oy ol 01 03)51 V IS5 )3 S O Jeiliy s
(Y JS5) 590 5y o8) 4 bogayo a5 gygba (P<UL) 34 )y dxe S Ol Juwily o o8,

(C iz S «Blghol «dyladgpm) (M (oing) SBAY S 0 O Jamudlly (535 32 Skigm 5 arly F1 wilyyly 42525 =Y Jogso
Table 2- Analysis of variance of rootstock and scion on leaf water potential of Pyrus communis vegetative rootstocks
(Pyrodwarf, OH.F and Quince C)

O i golio ©lazpo nSike
- Mean of Squares
S.0.v 9 8 7 6 5 4 3 2 1
NSS 0.002™ 0.004™ 0.008™ 0.002™ 0.004"™ 0.001"™ 0.002" 0.005"™  0.005"™
Replication
L
Roo‘rs}ock 0.006"™ 0.008™ 0.002™ 0.010™ 0.012™ 0.009™ 0.010™ 0.009"™ 0.007"
S
SC?ST; 0.077™ 0.143™ 0.077™ 0.067* 0.089™ 0.093™ 0.110™ 0.118™ 0.134™
‘SAJ’HX bb ns ns ns ns ns ns ns ns ns
RootstockxScion 0.009 0.007 0.005 0.006 0.004 0.010 0.006 0.003 0.001
s 0.004 0.007 0.005 0.005 0.009 0.003 0.007 0.005 0.006
Error 6.8 7.5 6 5 6.7 4.2 5.9 6.6 7.6

s Y1 xe NS o yd G s ) 5 ottt duo pd O rdaww jd o Jixo
ns= Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively
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Figurel- The changes of leaf water potential in pear cultivars
during of growth season. Barsindicade the standard error of the distribut
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Table 3- Analysis of variance of rootstock and scion on stem water potential of Pyrus communis vegetative rootstocks
(Pyrodwarf, OH.F and Quince C)

Wt gile Olazpo (ileo
Mean of Squares
S.0.vV 9 8 7 6 5 4 3 2 1
I .
’_’S’_ 0.002"™ 0.001™ 0.001"™ 0.000™ 0.001"™ 0.000™ 0.000™ 0.001"  0.004"™
Replication
4k 0.146** 0.129** 0.173** 0.180** 0.164** 0.172** 0.103** 0.100** 0.162**
Rootstock
g;'\”” 0.050** 0.039** 0.040** 0.049** 0.039** 0.043** (0.034** 0.055** 0.061**
cion
d””’f‘x%_ 0.009™  0.007™ 0.013™ 0.011** 0.016** 0.013** 0.012** 0.016** 0.015**
Rootstock x Scion
Elb 0.004 0.004 0.005 0.003 0.003 0.003 0.003 0.003 0.003
rror
CcV 8.6 9 9.1 6.6 6.7 6.8 7.4 7 7

s JB xe NS o pd S g 53 5 i 3 duoyd O g 3 > Jimo %
ns= Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively
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Figure 3 - Steam water potential in pear cultivars during of growing
season. Bars indicate the standard error of the distribution of averaaes
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Table 4- Comparison of scion effect on stem water potential of pear cultivars during growing season

o,
G2 JOVES P 919 &
Gl Date
[XoAY/ 2016430 2016510 2016.6.13 2016.6.26  2016.7.11  2016.8.04  2016.9.11  2016.9.21  2016.10.5
N;:’ n (0.67)a (068 (-0.76)a (0.79% (-0.78)a (0.78}a  (-0.69)a (-0.68)a  (-0.66)a
z
bl 0.70)ab 0.69)a 0.79)a 0.81)a 0.80)ab 0.79)a 0.72)ab 0.73)a 0.72)ab
Spacona (070AD (0692 (0792 (08la (080RD (079a (072D (073 (072
S“;e’;i (-0.78b  (-0.77)a (-0.86)b (-0.89)b  (-0.87)b  (-0.87)b  (-0.79)b  (-0.80)b  (-0.78)b
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Figure 4- Effect of pear rootstocks(pyrodwarf, O.H.F and Quince
C) on growth rare in diffrent months
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Table 5- Analysis of variance of rootstock and scion on growth rate of pear

) JOVes g 319 i y S g
SYOAY Growth Rate (cm/month)
29 R0 320 » 22,5 ol Or25958
August-Septmber  July-Agust  June-July  May-June  April-May  March-April
,I,i; 58.8M™ 0.4ms 1.3m 240 35.2M™ 22.2M
Replication
“b 680.1"™ 129.5** 270.8**  749.6**  14364.9** 6085.7**
Rootstock
J'_U”'*’ 524.3" 1.9* 25.4%* 26.8* 516.9** 343.6**
Scion
Sdgw Xdb
P 321.3™ 1.2* 7.0* 9.7m™ 136.1* 121.3*
Rootstockx Scion
s
420.6 0.5 2.9 6.4 54.6 35.6
Error

s iz NS Mo pd S e 53 Jb mottit Mo jd O gl )3 Hl> imottt

ns= Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively
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Table 6- Rootstock xscion interation effect on branch growth rate of pear cultivars

0233958 Canligend 33 55 » 3150 292 e
March-April  April-May May-June June-July  July-Agust August-Septmber
A 55.93bc 58.8cd 20.6a 14.7cd 2.9bcd 29.4a
Natanz
L_é)‘sjsﬁ l.:.)l.u.ul
- i 53.55hc 56.3cd 19.7b 14.1cde 2.8cd 33.0b
Pyrodwarf Spadona
‘5”“)_ 59.5b 57.5cd 21.9b 15.6¢ 3.1bcd 19.7b
Sebri
s 57.12bc  600cd  21.0a  150cd  4.3bcd 26.8a
Natanz
Selsh o Bl s athed 488de 17.4b 122ef  3.8bed 39.9b
OHF Spadona
‘S’W, 42.84cd 45.0ef 15.8b 11.3f 2.4d 50.1b
Sebri
b 49.39bcd 52.5cde 17.1a 13.1def 2.6¢d 32.5a
Natanz
“”,M’f Lake! 41.65cd 43.8ef 15.3a 10.9f 2.2d 35.6a
Quince C  Spadona
ol 35.7d 37.5f 13.1a 9.4g 1.9d 51.8a
Sebri
b 98.3a 127.5a 34.3b 23.6a 9.8a 36.4b
Natanz
Jue> Lok 83.3875a  107.5b 31.9b 19.9b 8.8a 54.3b
Seedling  Spadona
S 96.31125a 123.5a 33.2b 22.3ab 9.6a 44.9b

Sebri
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Table 7— Anova of the effect of rootstock and scion on vegetable characteristic of pear cultivars at the third year
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Oyt @ilie NEEPIVU IR o= s - Vo> als Ye<als
" Judg 5 2,55ke o
S IRby
N.Vegetativ  Chlorophyl d hesge hs30c
SOV df e | Irll_tglr']n?he Y%survival Brancr:n <30 Bran(r:n >30
bud break index 9
s
2 )S" 3 0.45 " 3.241m 0.000m™ 9.1 8.1 1.1ms
Replication
4b
N 3 0.08 ™ 119.97** 0.084** 9653.6** 36.9** 38.8**
Rootstock)
(5))5.\.)
s 2 0.79* 10.33* 0.005m™ 1704.1** 2.8™ 1.0m
Scion
éﬁ_ﬁgx 441,
RootstockxScio 6 0.38 ™ 3.78 ™ 0.003™ 511.4** 7.7"m 5.3m
n
s
33 0.23 2.88 0.002 7.6 35 5.0
Error
Ccv 11.87 3.73 6 3.7 8 5

n

B Y ime o> S grdaw 3 b ne™ o yd B oy I me®

ns= Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively
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Table 8- Rootstock effect on vegetative characteristics of pear cultivars
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Treatment Inﬁi;”iﬂe Survival Number of lateral Number of lateral Chlorophyll
(crr?) (%) branch<30cm branch>30™ index
Slpam 0.27bc 83.58b 13.5a 10.3b 48.8a
(Pyrodwarf)
Sl 0.31b 84.92b 12.3a 12.3ab 45.4b
OHF
Cormirs? 0.25¢ 32.50¢ 13.8a 10.8b 41.3c
Quince C
o Jed> 043a 95.92a 9.9b 14.3a 46.7b
Seedling
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Table 9— Comparison of scion effect on chlorophyll index and number of vegetative points of pear cultivars
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Treatment Chlorophyll index(degree) Number of budburst
e a 46.4 a 4.2

Natanz
Lok b 449 ab 41
Spadona
S ab 452 b 38
Sebri)
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Means followed by the same letter are not significantly differentns at P<0.05 probability
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Figure 6- Interaction effect of rootstock =scion on survival
percentage of pear cultivars

23b 0 LSD 9051 51 oalisanl b 740 Jloss! gdaw 53 jb gize N3] pie oximd yLis aslite g >
Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Figure 10- Combined analysis of growth characteristics of pear cultivars in three years

. A PJUIRNCE WS
. ' Uw < .)"° - £y
Sl & Mean of Squares
S.OV. df ol SloJsb 4 g ew|
Lateral branch Length TCSA Height
Ju 2 53061.54** 736.32** 109702.59**
Year
- 9 248.35"™ 211" 10.66™
Replication
ab 3 68519.44** 160.94+ 2608.94**
Rootstock
abXJl 6 8706.81** 10.68* 285.73**
(Rootstock*year
S 2 365.83" 2656+ 210.66**
Scion
S5 s 4 49,947 0.69" 22.87*
Scion*year
SwgXal 6 502.95™ 3.71™ 8.40™
Scionx rootstock
shxssm xJl qp 102.48™ 1.48" 13.29"
Rootstockxscionxyear
s 99 250.48 2.97 7.88™
Error

s JB xe NS o > S5 s ) 5 moitt cduo )d O prlaws )d Hd ot
ns= Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively

I Pyl gy liao (g5 sl X Jleo Jolito S1-9Y Jgso
Table 11- Interaction effect of year xrootstock on vegetative characteristic of pear cultivars

©la o nbe
Mean of Squares
05, o sl Wi ghe A S el
Rootstock TCSA Lateral branch length  Height
Solpa 14.6 ab 199.6 de 107b
Prodwarf
Jsl Jlo Sl 14.6 ab 209.6 cd 106.4 b
OHF
o s 115 cd 172.6 fg 91.8¢
Quince c
i 16.7a 2309¢ 11642
Seedling
)93 (Pyrodwarf) 9.4cde 262.7b 234¢e
pod Jlw Jlglgl(OHF) 9.1de 270 b 233e
= umsS(Quince c) 8.1ef 2105¢cd 18.7 f
Jlglx(Seedling) 11.9bc 3103 a 45d
,lg34 ,o(Pyrodwarf) 5.6 fg 179.6 efgy 152 f
pows Jlu Gl.gls(OHF) 5.6 fg 188.6 def 185f
= o2s5(Quince c) 469 155.3 g 148f
Jlglx(Seedling) 10.8 cde 311.7a 25.1f
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Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Figure 6- Effect of year xcultivar on height of pear cultivar tree
Means which follow the same letter, are not statistically different at 5% probability level based on LSD test
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Introduction: Pear producers around the world are looking for faster return of capital and saving in labor
costs, achieved well by high density orchard planting. Choosing a good combination of scion and rootstock is
critical for production of fruit trees because the relationship between the rootstock and scion has a decisive effect
on plant water relations, leaf gas exchange, plant size, flowering, fruit production, fruit quality and production
efficiency. Nowadays in some regions, growers are using quince rootstock for pear orchard establishment. Using
the quince rootstock alleviates many problems in pears orchard, but graft incompatibility between pear scion and
the quince rootstock, and resistance to frost and alkaline soils are some problems restricting the use of this
rootstock. In most pear-producing regions in Iran, pear seedling is used for pear propagation. Due to the
problems of pear including overgrowth and late precocity (after 4 -5 years), this research evaluated the effects of
pear clonal rootstock (Pyrodwarf, OHF and Quince c) on some growth characteristics in comparison to pear
seedling (Pyrus communis).

Materials and Methods: This research was conducted during 3 years from 2014-2016 in Chenaran (36.6,
59.1) in northeast of Mashhad. Maximum and minimum temperatures were 40 and -22 °C, respectively,
elevation 1176m and the average annual rainfall 240mm. The same tissue culture rootstocks from two cultivar
Pyrodwarf and OHF with Quince rootstock and annual seedling from Dragazi pear were selected in August 2013
and T-budded with three commercial cultivars Spadona, Ntanz and Sebri. In the spring of 2014, after relieving
frost danger, the trees were planted in field with row space 4x2m. In order to investigate dwarfing effect of
rootstock on scion cultivar, some important vegetative factors that represent dwarfing effect of rootstock
including trunk cross sectional area, height of tree, amount of lateral branch growth, tree growth rate during
growth season, mean of growing buds on each lateral branch, and stem and leaf water potential were measured.
This test was conducted in factorial based on randomized complete block design with 4 replications. Each plot
was included one hybrid combination. MSTATC and Excel software were used for data analysis, and differences
among means were compared by using LSD test.

Results and Discussion: Different rootstocks did not show any significant difference in terms of leaf water
potential. Leaf water potential during the seasons had a constant time course about scion cultivar on all rootstock
so while temperatures rise throughout the season it reduced the amount of leaf water potential. The effect of
cultivar was significant on leaf water potential so that the highest water potential was related to Natanz and the
least water potential was related to Serbi cultivar. The effect of rootstock and scion both on stem water potential
was significant. Therefore the highest and lowest stem water potential was recorded for cultivars grafted onto the
seedling and quince rootstock, respectively. In this study, a significant relationship was observed between
minimum stem water potential (mid-day) and branch growth rate during the growing season. With reducing stem
water potential as a result of temperature increase, the amount of branch growth reduced. The effect of both
scion and rootstock on chlorophyll index was significant. In this investigation, all 4 rootstocks had different
effects on chlorophyll index. The highest chlorophyll index was related to cultivar Natanz and the least was
related to Spadona. Sebrie had medium chlorophyll index. Rootstock effect on vegetative growth of the scion
was not significant but the effect of scion was significant at 5% level. Pear seedlings with vigorous growth had
more long branches than other rootstocks. In the present research, seedling rootstock also induced higher growth
of lateral branches. Furthermore, quince rootstock induced the least growth of lateral branch during 3 years of
the investigation. In addition, quince rootstock had the minimum tree height and pear seedling had the maximum
tree height. Internode length in dwarfing rootstock was less than seedling. Both scion and rootstock had
significant effect on trunk sectional area so that at the end of three years, cultivars grafted on seedling rootstock
had the highest trunk cross sectional area, and cultivars on quince rootstock had the lowest TCSA. Two

1, 2 and 4- Ph.D. Student, Professor and Associate Professor, Department of Horticultural Science, Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran, Respectively

(*- Corresponding Author Email: davarynej@um.ac.ir)

3- Associate Professor, Department of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

5- Associate Professor, Khorasan Razavi Agricultural and Natural Resources Research and Education Center, Mashhad



VYV o 6l O Josily 9 (i g) Sloogas g (o (5o 5 gy gbarly 1

vegetative pear rootstocks (Pyrodwarf and OHF) did not show significant difference from each other. Pyrodwarf
and OHF rootstock showed good compatibility with Natanz and Spadona scions like seedling rootstock. On the
other hand, the survival percentage on quince rootstock was really low.

Conclusion: This investigation showed that pear rootstock had less vegetative growth than seedling
rootstock and induced dwarfing effect on scion growth during 3 years but quince rootstock had more dwarfing
effect.

Keywords: Dwarfing effect, OHF, Pyrodwarf, Quince ¢
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Table 1- Physical and chemical characteristics of experimental field soil

SK céb 39 Hud o Uy o] S S Cylan
Soil textu}e Nitrogen Phosphorous Potassium pl:| EC
(ppm) (ppm) (ppm) (dS.m™)
ey 15.7 131 421 7.1 13
Silty loam
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Table 2- Used organic fertilizers characteristics in experiment
Sl g9 O3 Yo o
Type of organic fertilizer Nitrogen Phosphorous Potassium
ype orors (%) (%) (%)
SeosieSisns 0.21 153 0.96
Vermicompost
S8 255 0.05 0.29 1.04

Cow manure

~ ol o Sy e e ol Candy bajlas ol plgs 3,8 51 s
(S 95 LSl odliiwl a8 A 55)S (5135 (VA) jo—
hobe ddsen (52 ) 5 StS (g 32095 9 Mg g
Wals L duwlio 0 sl VY o W AR ili 8l 5l s gay
S 5l edlatwl a8 w5155 500 g 0 il Joyes p
3y Sdas aljdlany yoxie joilgwsn 9 jhudon (oS 9y (S
aSe 0 JS olasy g o8 aBlw sl Wy elas,l (St (go0lo
555" Ly auslds 4> (Echinacea angustifolia DC.) 5,6, w
il salo jl S5 godliiwl a5yl peud A Jald g ol
o |y Sid go3lo 3 )Shos line (i Jhadon § (S 9k
ko yShos) 45 2535 ()15 (00) GhlSes 5 )53k (V) 43
s Pseudomonas  fluorescens (sl =) olS 4y Sy, 5w
e pluil Sis 59 Liulisl ey (Azospirillum lipoferum
O g (ywlssg .o sald 4y cuws (Phaseolis vulgaris) L)
oS 0y Sy slayiSkgs, 9 Glomus mosseae sl (aY)
Lactuca ) gals” sloa slaslul ai, 4 1) (Bacillus sp. sql>)
3,50 158 cose (sativa L.
polie (g s s an g b (I cladgS a8ty oo yasay
gt el (VW) a8y 0)93 Jsbo 53 mamliy 9 jhd gy cuslio
5 4S5 gLl aoeii ) 9 AD olS Ldulj g (odug) slaplul Al
oo 3l om o oy Bl SRl oles plil SiS (g
oS ity (S 5 (oS Slogad Gl JT slasgS

308 9ol a8y S e sl Sl Jlite SIS )y 5
aigy 165y ynites 45 03 snlite il s 5 T slassS
Jasi 3 (ps5 MY ) olom plul (K25 55 5 (se sl YY/SS)
{8 Jgiz) dsl ooy CsgraS 00y 5 (S 9y (lojod 208
olyon & ClliS &g gl5)) o Sloj 1) 58U oyt 595 295
Cows Lo V¥ 5 Vol iay (655 355 5 yamdon ylojon 3,
28 9 595 295 9 LS g plojem 2 )8 slajles 4
aBl2 2L (0 Jgin) 29— yinde (59l5 355 (sebla>
o sl Sid (59 d9me ) S I Judn 5 (S gt
I eledeS js > s sdeS ol ool Jg il
lon plul Sis (g o gae Gl 95 398 5 CuwgeaS o0y
D Jodn) 0 s (355 51 oolaw] pae) dals & o 1y
o8l e (il lapuslSe )b 1 ) sladgs
OS5 1Y) (59t Sl dlommwgdy (59t Ay (o yiud
sl (V) SiSs slagjgly Safglon JuS 5 ale Slge
oyl ol p —iulejl (b (FA) YL Xgad oo oLS ASy dgup0
ey 545U 2w ol glisy) &8 3,8 )l syl oljslS
Sl 5 bl 80y 3y 3,8kas oS 2 9 S5 S 5 5
g (lawd gou S | > o) Bacillus 5yl s L sl
Ok 9 Cadl ol 8l CunguaS” calisee olaw o AzOSpirillum



WWAF (lwo oF o)lols VY ol (559l guluo g pole) Ll pole a4 s \Ald

(VA) x5 (Melissa officinalis L.) saTe gLl il 8l el CuvgroS ooy S A5 5155 gl
@525k ol lep claplul Suid 5 5 0)jg alil g JS )6 e

—— Nitroxin CsesS g i —A—Biophosphorous i s —&— Control 2Ll

Plant height

hoot dry weight

Economic yield

Bulb diameter

Biological yield

Bulblet weight per plant

Bulblet number per plan

Sl (55l (o 2 ;3) 0l ) Sy (S S Loy il OBy (29,15 0LS 13 (w2 3,90 Silhuo I By Ol ek - JSUS
(599 sIade oy yining (51,10 45 C8 5,158 dun o
Figure 1- Changes of some studied traits in Allium sativum L. affected by interaction effect of plant growth promoting
rhizobacteria (In each trait, base of comparison was treatment with the highest amount)
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Table 3- Analysis of variance (means of square) of some characteristics of Allium sativum affected by plant growth promoting
rhizobacteria and application of organic and chemical fertilizers
©lape 5aSle
Mean of Squares
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Ol pudi gho A gws)! . o P Sgw ) SEgw 3, 8des 2,8das
Source of variations Degree of 5 plal T we ’ S § 55
freedom g | Bulb aig aig ) sdbadl
Plant <% giameter  Bulblet Bulblet ~ Biological  Economic
hieght ~ Shoot weight number yield yield

dry per plant  per plant

weight

Y 55.88*  9.48** 2.18ns 8.41** 1695516**  1978402**

ol ) d)"" LSL“);{[{?}:’.) 3.46ns
PGPR
wbasd 5 J1os8
Organic and chemical 61.86** 5.81**  19.45** 75.42*%* 11.44%* 2551068** 1147656**
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Ay S pome slo Sl 5
athord 5 JI ogxelS 4770%* 507  1413*%*  1047** 2.68%* 363791*  611180*
PGPRxOrganci and
chemical fertilizer
“:f*'u’" ol v 11.04 0.83 0.84 2.60 0.60 141762 95625
Experimental error
e S 22 1102 16.59 4.49

Cv (%)
B repie 5 doyd iy 9 SO Jloin] o 53 )b Sxe i NS g %
** *and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively

9.03 7.94 8.72 8.22
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Table 4- Mean comparison of some characteristics of Allium sativum affected by application of organic and chemical

fertilizers
51 3590 Slio CuwgnoS (59 98 395 cstleonsd 395 b
Studied traits Vermicompost Cow manure Chemical fertilizer Control
Plant height 33.13a 27.52c 31.48ab 28.41bc
(cm)
sl plul Sas 5
Shoot dry weight 6.35a 5.97ab 5.12bc 4.58¢
(9)
Cow S
Bulb diameter 20.25b 22.55a 19.66bc 19.26¢
(cm)
4 3 S g 2las 8.46¢ 9.68b 9.72b 11.22a

Bulblet number per plant
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In each row, means followed by the same letters are not significantly different (p<0.01) based on Duncan’s multiple range test

9 T 395 5,15 5 8LS iy S oo (Sl S Lg sy Jalie O 1 S BCow jwr (29,15 8L Cluoguad (S (ke dmlio -0 Jga
st ot

Table 5- Mean comparison of of some characteristics of Allium sativum affected by interaction effect of plant growth
promoting rhizobacteria and application of organic and chemical fertilizers
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Fertilizer i?el%r;ltt Shoot‘dﬁ‘y’wei ht difrﬁé?er Bulbleg\l/;%lght per Bulblet number per
treatments (cm) {YQ) g (cm) ) plant
Nitroxin ys's s
“‘”9“’5 i 37.33a 8.10a 23.16ab 16.79cd 6.86f
Vermicompost
s 23.63d 6.59abc 23.16ab 25.32a 10.00bc
Cow manure
@L‘“‘“ . 29.90cd 5.29cd 19.50de 16.16d 9.20cde
Chemical fertilizer
sl 29.63bcd 5.00cd 17.83e 15.02d 10.66abc
control
BL T
Biophosphorous
“’““9“‘5 =t 33.66ab 7.03ab 18.33e 16.79cd 8.53de
Vermicompost
98 33.56ab 7.34a 20.66¢d 20.21b 8.00ef
Cow manure
ohesd 34.53ab 4.56d 21.66bc 19.30bc 9.56¢d
Chemical fertilizer
aals 28.530cd 4.11d 20.50cd 15.53d 1153a
control
Jals
Control
“““9“’5 A 28.40bcd 3.92d 19.26de 17.03cd 15.00def
Vermicompost
s 25.36d 4.00d 23.83a 20.50b 17.33cd
Cow manure
@L“’“‘“ . 33.03abc 5.53bcd 17.83e 16.15d 15.00def
Chemical fertilizer
sl 27.06¢cd 4.63d 19.46de 15.37d 11.66g
control
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* In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on
Duncan’s multiple range
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Figure 2- Effect of different organic and chemical fertilizers on weight of bulblet per plant in Allium sativum L
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In each trait, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s
multiple range
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Figure 3- Effect of different organic and chemical fertilizers on economic and biological yield of Allium sativum L
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In each trait, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan'’s
multiple range
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Figure 4- Interaction effect of plant growth promoting rhizobacteria xapplication of different organic and chemical fertilizers
on biological yield of Allium sativum L
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Means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range
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Introduction: In recent years, the effect of exogenous organic amendments on soil properties and plant
growth characteristics has received renewed attention. Although the utilization of mineral fertilizers could be
viewed as the best solution in terms of plant productivity, this approach is often inefficient in long-term in
tropical ecosystems due to the limited ability of low-activity clay soils to retain nutrients. Intensive use of
agrochemicals in agricultural systems is also known to have irreversible effects on soil and water resources.
Vermicompost is currently being promoted to improve soil quality, reduce water and fertilizer needs and
therefore increase the sustainability of agricultural practices in tropical countries. Vermicomposting is a process
which stabilizes organic matter under aerobic and mesophilic conditions through the joint action of earthworms
and microorganisms. The products of vermicomposting have been successfully used to suppress plant pests and
diseases, as well as increase crop productivity. Cow manure is an excellent fertilizer containing nitrogen,
phosphorus, potassium and other nutrients. It also adds organic matter to the soil which may improve soil
structure, aeration, soil moisture-holding capacity, and water infiltration. Biofertilizers are defined as
preparations containing living cells or latent cells of efficient strains of microorganisms that help plants' nutrients
uptake by their interactions in the rhizosphere when applied through seed or soil. They accelerate certain
microbial processes in soil which augment the extent of availability of nutrients in a form easily assimilated by
plants. Very often microorganisms are not as efficient in natural surroundings as one would expect them to be
and therefore artificially multiplied cultures of efficient selected microorganisms play a vital role in accelerating
the microbial processes in soil. Garlic (Allium sativum L.) is a very powerful medicinal plant that is often
underestimated. Garlic is easy to grow and can be grown year-round in mild climates. Garlic cloves are used for
consumption (raw and cooked) or for medicinal purposes. They have a pungent characteristic, spicy flavor that
mellows and sweetens considerably with cooking.

Materials and Methods: In order to evaluate the effect of biofertilizers and organic and chemical fertilizers
on yield and yield components of garlic (Allium sativum L.), a split plot experiment based on RCBD with three
replications was conducted in 2015-2016 growing seasons, in Gonabad University, Iran. Main plot included
different organic and chemical fertilizers (1- vermicompost, 2- cow manure, 3- chemical fertilizer and 4- control)
and sub plot included plant growth promoting rhizobacteria (nitroxin, biophosphorous and control). In order to
determine physic-chemical properties of soil, sampling was performed at the depth of 0 to 30 cm. Before
cultivation, 7 and 30 t.ha-1 vermicompost and cow manure were added to the soil, respectively. Nutrient
requirement of garlic for nitrogen, phosphorous and potassium from the chemical source was considered 40, 50
and 60 kg.ha. For application of biofertilizers, bulblets inoculated with plant growth promoting rhizobacteria
for 15 minutes. Distance in and between rows was considered 10 and 20 cm, respectively. Weeds were
controlled manually three times. At the end of the growing season, economic yield, biological yield, plant height,
shoot dry weight, bulb diameter, bulblet weight per plant, bulblet volume per plant and bulblet number per plant
were measured. Analysis of data variance was performed by using SAS software (Ver 9.1).

Results and Discussion: The results showed that simple effect of chemical fertilizer on bulb diameter was
not significant but combined application of chemical fertilizer and biophosphorous increased bulb diameter as
much as 18% compared to control. Combined application of nitroxin and cow manure increased bulblet weight
per plant by 41% compared to single application of nitroxin. Biophosphorous plus vermicompost, cow manure
and chemical fertilizer increased biological yield, respectively, by 25, 18 and 15% compared to single
application of these fertilizers. The highest economic yield obtained in treatment of nitroxin plus cow manure.

1 and 2- Assistant Professors of Gonabad University
(*- Corresponding Author Email: amiri@gonabad.ac.ir)
3, 4 and 5- B. Sc. Students of Plant Production, Gonabad University
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Organic and biological fertilizers are among the most significant resources for improvement of agricultural soil
quality and increase in the yield of different medicinal plants. It has been reported that these ecological inputs
provide favorable conditions for plant growth and development through improvement of physical, chemical and
biological properties of the soil (10, 39), therefore, it can be concluded that improvement in most studied traits in
the present study was due to the use of organic fertilizers. Fallahi et al. (22) reported the positive effects of
organic and biological fertilizers on the improvement of quantitative and qualitative characteristics in chamomile
(Matricaria chamomilla L.).

Conclusion: In general, the results of this research showed that combined use of organic and biological

inputs can improve quantitative characteristics of plant, and thus decrease the environmental risks of chemical
inpus.

Keywords: Biological Yield, Biophosphorous, Crop Health, Eco-Friendly, Nitroxin
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Table 2- Interaction effect of temperature x getotype on water soaking percentage of semi-orange genotypes leaves

9
ol Genotype
‘;i;;‘ vl b Josio sl >
1 2 3 4 5 6 Sensitive Control  Resistant Control Tem?oeé‘)"‘ture
0.00D 0 o] 0 0l 0 0l (o] 0 3
2.60C 0 5.27h 0 0l 5.27h 5.27h 5hi 0 0
14.20B  5.270 20.27f 5.27h 5.27h 12.279 15.27% 500 0 -3
42.62A 2827 4227 46.27¢ 32.27¢  38.27¢ 48.27° 99.332 6" -6
8.39D 16.95B 12.89C 9.39D 13.95C 17.20B 38.58A 1.5E ﬁj;:

(oobes I3l (gl S5 By g it Sl (el SorsS Bg2) )15 o sine BMEN (S5 (pg0i] 203 B s )3 S o By o (Sl Slo ik i) g s 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 3- Interaction effect of temperature x getotype on electrolyte leakage (percent) of of semi-orange genotypes

W)
Genotype
o ol s0LS b:’wtm L: T o t
. esistan emperature
Mean 1 2 3 4 5 6 Sensitive Control Control =C)
8.13D 8.39im 8.601™ 8.074Im 7.94Km 7.63Km 8.60i™ 8.8gim 6.97™ 3
950C 872" 1062 90U™ g™  10.95™  11.58" 9.75" 7.42" 0
17.12B 11.74Mi 39.80¢ 12.72N 11.50Mi 17.79 18.52f 16.331 8.56I™m -3
57.66A 41.50¢ 68.52¢ 71.83¢ 45,294 47.85¢ 81.11° 91.63° 13.55%" -6
ke
17.58E 31.88A 25.40C 18.18E 21.05D 29.95B 31.65A 9.12F ;\;ﬁ
ean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 4- Interaction effect of temperature x getotype on lipid peroxidation of semi-orange genotypes
c )
Genotype
lo ool sl Joxio sl ")
Mean 1 2 3 4 5 6 Sensitive Control ~ Resistant Control  Temprature(°C)
0.81C  0.83" 0.82 0.6 0.877  0.88" 0.86" 0.81¢91 0.59' 3
0.89C  0.82F 0.87%  0.91% 0.89%  0.89F = 1.12¢h 0.98¢ 0.69' 0
1.36B 0.93¢ 1.20¢f9 1.23¢f 1.33¢ 1.22¢f 1.87¢ 2.340¢ 0.78N -3
2.11A 1.12¢h 2.41Pc 2450 2114 2 15bd 2.56° 3.33? 0.78N -6
092D 132C 1.36C 1.3C 1.28C 1.60B 1.86A 0.71E '\‘;I’Z:;
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test
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Table 5- Interaction effect of temperature x getotype on proline of semi-orange genotypes

c 9
Genotype b
— N b
oSbe . Josxio sl
1 2 3 4 5 ol sl . Temperature
Mean o resistant o
Sensitive Control Control (°C)
7.33D 6.40P4 5.294 7.27™9 7.17°P0 7.29m4  7.62"P 8.73"0 8.89k0 3
9.83C 7.29™4 6.43rd 9.44i 9.93im 8.25mp 9.17i0 10.76"! 17.37¢ 0
18.01A  19.62°  14.84°" 1373f" 17.40¢% 16.27%  12.73" 17.49¢% 32.018 -3
16.11B  17.40% 1295  11.21i 15.51%F  1511¢f6 1110k 16.40¢% 29.17° -6
1268B  9.88D 1041D 1250CB 11.73C 10.16D 13.34B 21.86 A ;\‘)/Itijlfo
ean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 6- Interaction effect of temperature x getotype on antioxidant capacity of semi-orange genotypes

L]
Genotype

o 1 2 3 4 5 6 ol 22l o e o
Mean Sensitive Control Rg;'nsttf(;t Temperature(“C)
33.92D 36.13%" 3338 3140  36.34%" 340200  30.80" 33,9710 35.35¢ 3
36.68C 39.80°" 35.73°" 337500 38790  36.47%"  33.15W 35,51 40.29¢ 0
4897A  6751°  40.80°T  38.82°9  44.77° 42457 3822 45.82¢ 73.36° 3
4509B 5581° 38.20°" 36311  4179%%  3947°1 3571 43.71% 69.63° 6

49818 5% 3507FE  4042C  38.ADCE  34.47F 39.75DC 54.66A ok

Mean Mean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 7- Interaction effect of temperature x getotype on chlorophyll a of semi-orange genotypes

G
Genotype s
ol . Joscie aalis
Mean 1 2 3 4 5 . ol (-:“"'*'t | resistant Temperature
ensitive Contro Control (°C)
1.97A 2.03%¢ 1.98%¢ 1.96%¢ 1.70%f 1.78f 2.01>¢ 1.89%f 2.45° 3
1.86BA  1.89% 1.91%¢ 1.88%f 1.550%f 1.630%f 2% 1.66%f 2.33%c 0
1.74B 1.73°f 1.76"f 1.74°f 1.40° 1.48%f 1.99% 1.520€f 2.34® -3
1.75B 2.14%4 1.57%f 1.55%f 1.81°f 1.88%f 1.47¢ 1.27f 2.32%¢ -6
195B 1.81CBD 1.78CBD 161D 169CD 1.87CB 1.58D 2.36A L;Af:;

(o3b I3 (gl S)i By 5 Blito B3l (e S8 B9 2) 5,85 )l stme M (S5 03] )3 D s 53 S e By (gl (sloeSilio i) 5 g 2 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 8- Interaction effect of temperature x getotype on total chlorophyll of semi-orange genotypes

w9
Genotype

P 2 3 4 5 6 ol 2L —— -
Mean Sensitive Control rézlﬁﬁglt Temperature(“C)
251A 2.63*¢ 2.47%F 2.44%f 2.26%f 2.32%f 2.47%f 2.55%¢ 2.93® 3

243A 2.54%¢ 2.38*f 2.34%f 2.17°f 2.23*f 2.44%f 2.41%f 297 0

2.32B 2.32¢F  2.11¢f  2,08%  1.95% 21 2.31%f 2.17°F 2.89%c -3

2.19B 2.65%¢ 1.92¢%F  1.89df 2.27%f 2.34%f 1.79¢f 1.69f 2.94% -6

253B 222C 219C 216C 222C  2.25CB 2.20C 2.93A Orls

Mean

(o3l il sl S5 By o g Jlite Il (el SosS Bgyn) )15 o ine BMBN (S5 (19051 2103 B s )3 S o By (sl (sl s Sile i) 5 s 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test
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Figure 1- Effect of semi-orange genotype on fruit solution carbohydrate
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Introduction: Among citrus producing provinces in the country, Mazandaran province ranks first with 1.88
million tons yields. Orange is one of the horticulture crop which is sensitive to low temperature stress. Low temperature
stress is one of the abiotic stresses that its negative effects is the disruption of the electron transfer process through the
thylacoid membrane. Actived oxygen radicals can be reacted with methyl unsaturated fatty acid groups and produce
active fatty acid radicals. Very reactive formed radicals are capable of initiating lipid peroxidation chain reactions,
which leads to the accumulation of free oxygen radicals that can lead to degradation of plant chlorophylls and
membrane peroxidation and disruption of photosynthesis, accumulation of ROS, damage to cell membranes, destruction
of plant pigments and nucleic acids. Plants can resist against low temperature stress by water saving and utilization of
antioxidant system. The amount of free proline in many plants increases in response to environmental stresses such as
cold and drought stress, and this physiological response can affect the resistance of the herbal substance under stress.
Due to the diversity of citrus native genotypes in the country, the aim of this study was to determine the tolerance of
native genotypes against low temperature stress in north of the country.

Materials and Methods: This experiment was conducted during the years 2015 2016 at the Citrus and Semi-
Traditional Fruit Research Center in Ramsar with the aim of determining the low temperature tolerance of six native
pseudo orange genotypes at 4 temperature levels (3, 0,- 3,- 6), compared to The test was carried out by Unsho and
Sensitive Persian Lime (low temperature stress). Therefore, in this study, the vulnerability to low-stress conditions in
controlled environmental conditions was compared with that of temperature treatments (3, 0, _3 and -6 degrees Celsius)
in six genotypes of native pseudo-orange (number 1-6) sensitive cultivar (Persian lime) and resistant cultivars (Unsho)
were investigated. This experiment was conducted as a factorial in a completely randomized design. The results of
analysis of variance showed that temperature, genotype and interaction of these two treatments were significant in lipid
peroxidation, proline, antioxidant capacity, ion leakage, hydroxylation, chlorophyll a and chlorophyll content. The
temperature of the device began to decrease at a temperature of 6 © C. The temperature of the device was 1 ° C / hour,
after which the samples were kept at the specified temperatures for 3 hours and at the end of this period (3 Clock)
sampling was performed to measure the traits. Accordingly, the leaf aquaculture was calculated by calculating the leaf
area using a leaf surface gauge device. lonic leakage measurements were also investigated using the method of the
conversation and Meg Donald method. The presence of genotypes under cold stress led to an increase in
malondialdehyde. In these conditions, due to increased oxidative activity, the accumulation of antioxidant compounds
such as superoxide dismutase, glutathione peroxidase and catalase increased. The data obtained from this research were
based on factorial experiment in a completely randomized design with three replications of analysis of variance and
then averages were compared by Tukey test at 5% level using SAS software.

Results: Orange is a low temperature stress sensitive horticultural plant. Therefore, in this study, the vulnerability
to low temperature stress in controlled environment (3, 0, 3- and -6 degrees Celsius) in six native poderotal genotypes
(No.1-6) sensitive cultivars (Persian Liam) and resistant cultivars (Unsho) were studied. This experiment was conducted
as a factorial in a completely randomized design. The results of analysis of variance showed that temperature, genotype
and interaction of these two treatments were significant in lipid peroxidation, proline, antioxidant capacity, ion leakage,
hydroxylation, chlorophyll a and chlorophyll content. Meanwhile, soluble carbohydrate was only affected by the simple
factor of genotype. No effects on chlorophyll b and carotenoid pigments were significant. The highest incidences
(99.33%), ion leakage (91.63%) and lipid peroxidation reaction (with a mean of 3.33 pg / kg of fresh leaf weight) were
recorded in sensitive lambspeed control at 6 °C. In contrast, the highest amount of proline (32.01 mg / g leaf weight)
and antioxidant capacity (73.36%) was recorded in the control group at 3 °C. Among the native pseudo-orange
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genotypes, in this study, different reactions were also observed under low-temperature stress conditions. Accordingly,
after the control of the bird, the native pseudo-orange genotype number one was better than the one under temperature
decrease. However, in most of the studied orange genotypes, in most of the destructive traits, the native pseudo-orange
genotype number 6 was in the same statistical position or close to the sensitive Peninsula. The presence of genotypes
under cold stress led to an increase in malondialdehyde. In these conditions, due to increased oxidative activity, the
accumulation of antioxidant compounds such as superoxide dismutase, glutathione peroxidase and catalase increased.

Keywords: Citrus genotype, Chlorophyll, Free radical, Lipid peroxidation
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Table 1- Weight loss and juice percentage of Noushin and Shahin mandarin fruits at harvesting time and during common
and cold storages

(%) o9 lals 8,las sy
(G9s) oyl o Weight loss Juice percentage
Storage period (%) (%)
(day) Syora Hll w5 Syore Hll a3
Common S. Cold S. Common S. Cold S.
Oy (S5
Noushin mandarin
0 0.00 b* 0b 36.11a 36.11 ab
20 7.36 a 6.47 a 38.49 a 3473 b
40 6.99 a 5.68 a 38.40 a 37.86 a
60 7.36 a 5.85 a 36.68 a 38.66 a
oals (S5
Shahin mandarin
0 0.00 d* 0.00d 49.85 a 49.85a
20 400c 345¢ 51.87 a 4751 a
40 427b 5.16 a 47.16 a 51.37 a
60 5.11 a 459 b 48.74 a 48.62 a

)b b b (gl gme cglis (S5 yg0il 5l ookl b doyd gy Jlein] zaws 13 o8 g9 Cuduo pir (gl Coglite gy gyl (gla 1 Sile gt o 0¥
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test

2 osald laogs (poas 8 (9oil olsl 2 (M) AL oge CusS
oLl o g aidh CodoS Al gy Tedm e Cawe (b)lsl gl

(¥ Jp2) 15 o b S 1 Sl 4y gy o510 (50,1

0530 Cuugy Sy slagadlid ) j1e
2 opld g by pB)l oge gy ) sloadld (a8
S o b i Solis iyl (b ()45 Ll 93 yn
Earb 3 (g o3, (CCI) gy (5555, sl Lo s

D9 bl 1 S Jgame Jlil )3 ()l

S S a9y &l ggan
93 o ol Sanl (68 3o &S s it o] gl gl
333140 5] (o sine g 5 VIAS Jgaso sl 55 cyealis (S50
Cgp 3oyt o (e HL (558 98 5l (SLs aS
090 D9 (Jgeze Ll )3 (eSS (b o8, (pl > s xSy
Sgre gl (5155 Ll yd 93 2 55 (peds g WD 13 (ol
a8 oLB)] ol 5 Lo SS)U (Y Jgi) w39 (s (6585 Cangy
5 $2L Cluogad (Uil j ogMe Wgd o Bpas ofli )90
el gad e B L S3b twg b bl gl (A5



VOO (g (536 wu Bl sogm0 (2 beoniian g i s S hg U3

W3y g (Jygomo Jlil 45 (5,1 (b g Cdls 2 yloj 43 (SIS (b (b 9 (g (S SUU (5305 Cowgy gt (3o =Y Jg
Table 2- Amount of easy peeling of Noushin and shahin mandarins at harvesting time and during commn and cold storage

ol (S,U Oy (N,U
Shahin mandarin Noushin mandarin

sa) o bl e J9oxe ,! ABd Jyoxe )l Al
Storage period c s Cold S c s Cold S
(day) ommon S. old S. ommon S. old S.

0 2.2+0.35* 2.2+0.35 1 1

20 2.5+0.00 1.17 £0.29 1 1

40 1.25+0.25 15+£05 1 1

60 158 £0.14 1.33+0.14 1 1

Chi-square 7.96 6.54 - -

Sig 0.047 0.09 - -

*Mean + Sd
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Table 3- Amount of L*, a*, b*indices in Noushin and Shahin mandarins at harvesting time and during common and cold

storage
(595) to,Wl o L* ar b*
Storage period Sgoro )Ll SB pw Sgoro )Ll GBS Sgoro )Ll AL
(day) Common S. Cold S. Common S. Cold S. Common S. Cold S.
g (5L
Noushin mandarin
0 64.24 a* 64.24 a 16.77 b 16.77 a 72.72 a 72.72 a
20 66.36 a 66.29 a 18.57 ab 15.99 a 74.18 a 74.17 a
40 64.05 a 65.74 a 218a 18.71 a 74.35 a 73.36 a
60 63.35 a 64.23 a 22.36 a 20.25 a 73.62 a 75 a
ool (5L
Shahin mandarin
0 60.24 a* 60.24 a 31.82b 31.82a 64.21 a 64.21 a
20 58.52 a 59.23 a 31.73b 33.50 a 63.03 a 66.55 a
40 57.26 a 62.44 a 34.04 a 34.10 a 62.00 a 64.60 a
60 58.18 a 57.93 a 34.99 a 32.15a 64.62 a 61.61 a

Byl om b gl xe coglis (S5 905l 3l ookl b s ps g Jless] pdaws )3 o8y 5 G o (gl cglie gy (chly (olo uSibe g o 3 F
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey

test



WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s Yor

9 Fgore JLl 3 (IS (b g iy o 43 (sl g (gl (S (S9,U (£ 9 Uy gl clog S (S pas L lime € Jos>
QOB
Table 4- Amount of Chroma, hue and CCI indices in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

(395) 13,1 e Chroma hue CClI
Storage period ooyl A2 9oyl A2 s Fgexe , bl W3
(day) Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oy (S50
Noushin mandarin
0 74.69 a 7469 a 7714 a 77.14 a 354 b 354 a
20 7649 a 7599 a 7595 a 7790 a 3.78 ab 324 a
40 7751 a 7563 a 73.67 a 7555 a 46 ab 392 a
60 66.84 a 76.64 a 7347 a 7468 a 472 a 421 a
oels ()L
Shahin mandarin
0 7167 a 7167 a 641 a 64.10 a 823 a 823 a
20 7057 a 7453 a 63.17 a 63.27 a 866 a 851 a
40 70.75 a 73.14 a 6151 a 6221 a 9.67 a 848 a
60 735 a 6951 a 6155 a 6235 a 933 a 9.11 a

35 o0 b (g)b me iglds duoyd gty Jlain] g j5 08 5 Cdio o sl Sl gy gyl sla 1Kk g o > F
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey

test
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Table 5- Amount of TSS, TA and TSS:TA indices in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

TSS TA .
(39)¢ gt )bl e (%) (%) TSS:TA
Stor&zg; p)eriod Syore ;! PHECYOW Sgexe 5Ll PHEEYOW Sgore ! &85 yaw
Y Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oy (N,
Noushin mandarin
0 1153 b 1153 b 057 a 057 a 2043 ¢ 2043 ¢
20 1271 a 12.29 ab 053 a 056 a 24.01 bc 22.08 bc
40 13.07 a 11.89 ab 048 a 0.47 ab 2764 b 2573 b
60 13.06 a 1272 a 034 b 041 b 39.64 a 31.04 a
oals (S50
Shahin mandarin
0 1262 b 1262 ¢ 142 a 142 a 9.00 ¢ 9.00 ¢
20 1260 b 1360 b 116 b 123 ab 1096 b 1131 b
40 13.12 ab 13.87 ab 120 b 113 b 1111 b 1256 ab
60 1432 a 1461 a 108 b 109 b 1334 a 13.62 a

)15 o b () gime Cglis (S5 g0l 5l ookl b duoyd gy Jloin] o 10 o8 9 oy (gl oglite g pn gyl slo pSilie gt o 0 *
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test
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Table 6- Amount of EC, pH and T1 in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

(595) 813,11 o (e Sl pH SIPFS oatld
’;: Sl . EC (ms.cm) TI (%)
ora(%zg)e”o Joore bl A Jeere )Ll Ao (Joere Ll A2
Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oebgs (S5L
Noushin mandarin
0 218 b* 218 b 440 d 440 c 416 b 416 b
20 213 b 220 b 460 c 447 ¢ 488 a 426 b
40 248 a 228 b 487 b 478 b 502 a 450 ab
60 251 a 274 a 551 a 533 a 479 a 492 a
omls ()b
Shahin mandarin
0 213 b* 213 a 369 b 369 b 6.29 ab 6.29 b
20 217 ab 207 a 399 a 437 a 6.53 ab 6.46 b
40 244 a 227 a 374 b 376 b 6.15 b 709 a
60 240 ab 228 a 3.82 ab 380 b 6.96 a 709 a

) o b (o) gime cglis (S5 yg0j] 5l ookl b doys g Jlein! glaws 53 b3 g Cuduo i sl Coglisio Gy (gl slo Sl (gt o 3 *
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05)
based on Tukey test
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Table 7- Losses amount of Noushin and Shahin mandarins during common and cold storage

(72) crmigh dgme Oilasls
Noushin fruit losses

(595) 512,W1 o

(72) cr s pgme Oyl
Shahin fruit losses

Storage period (day)

Common S. Jgexe ;L1 Cold S. 6lddpw  Common S. Jgoxo ,L5l Cold S. aild pw
20 6.00 a* 208 a 000 b 000 a
40 459 A 516 a 215 ab 107 a
60 577 A 538 a 508 a 251 a

L) o b ()b gime cglis (S5 yg0j] 5 ookl b by g Jlein] gaws j3 Coglise gy (gl (slopuSilie (ygim ya 0%
*Values in the same column for each variable having different letters are significantly different (p<0.05) based on Tukey test
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Table 8- Skin disorder index and percentage of Noushin and Shahin mandarins at the end of common and cold storage

o) Sl gy gy 4 G Sy & ao s
Variety Storage type Skin disorder index Rind disorder percent
Osds (5,6 Common S.  Jsesxs Ll 0.01+0.01* 1.33+1.15
Noushin mandarin Cold S. x5y 0.05 £0.05 4.67 £4.16
oeals S5,k Common S. Jsass Ll 3.74 +5.93 26.19 £11.1
Shahin mandarin Cold S. x5 23+243 18.09 £ 1.65
*Mean * Sd
£ 05 (solos & Aty OUS po (L8 ClaS 5 Jlade s ooyl 0930 JS J3d () jue
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Table 9- Amount of total phenol and vitamin C in Noushin and Shahin mandarins at harvesting time and during common and
cold storage

Cawgy JS Jid Cuigs JS Jid Cligs C ool
(595) oty e Peel phenolics (mg.gtFW) Pulp phenolics (mg.g*FwW) Pulp vitamin C (mg.100g*FW)
Storage period (day) Sgoro ,Ll 3 s Sgoro HLl PHEN Yo Sgoro ,Ll PHEYo
Common S. Cold S. Common S. Cold S. Common S. Cold S.
Osdy (Kb
Noushin mandarin
0 046 a 033 a 034 a 038 a 2533 a 30.00 a
20 047 a 032 b 031 a 036 b 23.67 a 2467 a
40 034 b 0.18 ¢ 030 a 033 ¢ 15.33 ab 21.00 ab
60 023 b 0.13 d 022 b 0.27 d 933 b 1433 b
oels (S50
Shahin mandarin
0 041 a 041 a 0.153 b 0153 b 58.30 a 583 a
20 037 a 039 a 0.143 d 0.148 ¢ 66.55 a 58.05 a
40 0.40 a 036 a 0.147 ¢ 0.17 a 63.80 a 69.8 a
60 0.38 a 035 a 0.163 a 0.153 b 7180 a 5855 a

)b o b () gme cglis (S5 ygeil 5l ookl b doyd gy Jloin] aaws )3 03 g cudo o (gl gliste g o gl (slo Sk oygian o 0¥
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test
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1- Escarpa et al
2- P-vinylguaiacol
3- P-vinylphenol
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Table 10- Peel and pulp antioxidant capacity of Noushin and Shahin mandarins at harvesting time and during common and
cold storage

(1) oy (a1 b () s (sl 551 b
(390) 5519, W1 e Peel antioxidant capacity (%) Pulp antioxidant capacity (%)
Storage period (day) S Ll Y E oW S Ll &l pw
Common S. Cold S. Common S. Cold S.
Oy (SO
Noushin mandarin
0 7735 a* 7268 a 6951 a 56.58 b
20 75 a 70.75 ab 67.04 a 6181 a
40 65.62 a 68.02 b 53.01 b 48.77 ¢
60 462 b 4797 ¢ 409 ¢ 4062 d
ool (S5)b
Shahin mandarin
0 29.84 b* 2984 ¢ 3876 b 38.76 a
20 4518 ab 58.74 a 4566 a 4031 a
40 52.26 ab 4987 b 42.09 ab 4426 a
60 5541 a 62.15 a 3954 b 4147 a

)15 w2 b o)l sime olis (S5 9050 5l ookl b doys iy Jlein] pdaw )3 b3 9 o b (gly ciglisa Cgys (hld (ola y,Siko gt ya 0*
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
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Table 11- Results of Sensory evaluation of Noushin and Shahin mandarins at harvesting time and during common and cold

storage
. Cawgy b Cwigs ,alb e o2k by
&3, e
: Peel appearance Pulp appearance Aroma Flavor Off-flavor
(39,) ! S Sl Sl Sl
Storage PHES PHITES PHIES PHIES FHIES
period «:‘9“"" .3)&-’ LJ]W Q)M t.?‘w 3)M ‘.f‘w a)M LAM b)M
(day) Common ColdS.  common ©0ldS.  common  ColdS. Common ColdS.  common  ColdS.
s. s. . s. s.
O (S5b
Noushin mandarin
0 7331 733  733% 733+ 633t 633+ 11 11 133+ 133+
2.08 2.08 058 0.58 153 153 0.58 0.58
6.33+ 6.67 + 733+ 533+ 567+ 6.67 + 767+ 133+
20 0.58 [ 0.58 0.58 115 0.58 153 058  2*¥000 45
467+ 667+ 467+ 533+ 533+ 333+
40 5+l 641 0.58 0.58 115 115 0.58 Tl 0.58 2+l
333+ 333+ 5.67 + 333+ 6.67 + 433+
60 0.58 61 0.58 05g  4*000 5000 0.58 115 115 31
Chi-square 718 1.39 8.79 72 404 263 8.46 46 857 72
Sig 0.066 071 0.03 0.07 0.26 0.45 0.037 02 0.036 0.066
ol ()0
Shahin mandarin
711+ 889¢ 889+ 689t  689¢% 622+ 622+
0 711219 1.9 0.93 0.93 0.93 0.93 2.05 205 ¥4 2£194
20 767+ L., Bz 856+ 741+ 756+ 6.33+ 7.56 + 144+ 122+
0.71 o7+ 0.73 1.01 1.05 0.88 158 1.01 1.01 0.44
767 + 7.44 744+ 767+ 633+ 644+ 6.56 + 178 178+
40 132 +1.13 1.24 1.22 0.87 073 867%£05  ygg +0.97 1.39
444+ 633+ 567+ 578+ 411+ 444+ 511+ 378+
60 188 212 158 222 161 1.81 183 533+2 456+24 543
Chi-square 11.89 438 16.68 18.96 16.82 1567 478 1151 142 1134
Sig 0.008 022 0.001 0.000 0.001 0.001 0.19 0.009 0.003 0.01
* Mean + Sd

AlEd w9 (Jgoxe JLl )3 (5N (b (bl g (nigh (NjU SBog o0 (ows (2L, - YY) Jgaa ol
Continued Table 11- Results of Sensory evaluation of Noushin and Shahin mandarins at harvesting time and during cold and common

storage
g (5L
Noushin mandarin
(395) 8,13, 1 oo e s Kl o oird
’;’ SIH p Sweetness Sourness Bitterness Acceptance
tor?ggs)erlo oo )l wWbopw  Jeere bl albaaw daeme il Al Jgeme bl ailda s
Common S. Cold S. Common S. Cold S. Common S. Cold S. Common S. Cold S.
0 8+ 1* 8+1 1.33+0.58 1.33+0.58 1+0.00 1+0.00 7 +£0.00 7+0.00
20 8.33 +0.58 8.33+0.58 1+0.00 1+0.00 1.67 +£1.15 1+0.00 6+1 6.67 +0.58
40 8.33 +0.58 8+0.00 1+0.00 1.33+0.58 3.33+058 1.67+1.15 4.67+ 0.58 6+1
60 8.33 +0.58 8.33 +0.58 1+0.00 1.33+0.58 4+1 2+1 2.33+1.53 6+1
Chi-square 3 2 3 1.29 7.17 3.8 8.46 4.5
Sig 0.39 0.57 0.392 0.73 0.067 0.28 0.037 0.21
oald (S5
Shahin mandarin
0 5.33+1.94 533+1.94 322+198 3.22+1.99 1+0.00 1+0.00 6.56+1.59 6.56 +1.59
20 6.78 +0.83 6.56+2.18 2.11+1.96 1.78 +0.83 1.11+033 167+166 6.67+122 7.11+1.17
40 6.22+2.17 6.33+2.12 144+073 167+0.71 1.33+071 133+0.71 6.22+0.67 6.22+0.97
60 4,89 +2.03 4,78 +1.86 189+136 1.56+0.88 2+0.87 2+0.71 3.89 +1.27 4,67 £1.94
Chi-square 5.57 7.99 5.32 9.38 11.49 10.68 14,57 15.83
Sig 0.13 0.05 0.15 0.02 0.009 0.01 0.002 0.001

*Mean + Sd
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Introduction: According to a breeding program that was carried out in Citrus and Subtropical Fruits
Research Center, Noushin (C. reticulata cv Clementine x C. sinensis cv. Salustiana) and Shahin (C. reticulata cv
Clementine x C. sinensis cv. Hamlin) mandarins were released by using crossing method in 20-year program. In
general, mandarins do not have the ability of being kept in common or cold storage for long time compared to
oranges. The main problem is the change of fruit taste during storage, therefore, it is an attracted subject for
researchers. Furthermore, storage temperature plays an important role in the quality of the taste of mandarins.
The new released mandarins, which hve not been yet studied completely for their storability, need to be
evaluated. Therefore, the aim of this study was to investigate fruit physico-chemical and sensory characteristics
of Noushin and Shahin varieties in common and cold storages for two years.

Materials and Methods: In this study, fruits of Noshin and Shahin mandarins were harvested at seasonal
harvesting time and then placed in could storage (5 °C and 85% RH) and common storage (7-10 °C and 60-70
%RH) based on completely randomized design with three replications for 60 days every year. Fruits on days 0
(at harvesting time), 20, 40 and 60 of storage were sampled. Various physico-chemical and sensory
characteristics were evaluated including iuice percentage, weight loss, peel color indices (L*, a*, b*, hue angle,
chroma and CCl), total soluble solid (TSS), titratable acidity (TA), technological index (T1), skin disorder index
(SDI), pH, electrical conductivity (EC), total phenolic, ascorbic acid, antioxidant capacity and sensory
parameters during experiment. Statistical analysis of the data was performed using statistical software MSTAT-
C. Analysis of variance combined in a randomized complete design (two years) with three replications for each
variety.

Results and Discussion: The results showed that the amount of fruit weight loss and juice percentage did not
show significant changes during storage. The ranges of weight loss in Noushin and Shahin varieties were 7-8%
and 3.45-5.1%, respectively. Generally, peeling in Shahin was harder than Noushin but it gradually decreased
until the end of storage. With the exception of citrus color index (CCI) in Noushin that was high at the beginning
of storage, other color indices had no significant differences according to the type of variety and storage. Totally,
TSS: TA ratio increased during storage depending on the type of storage, so that the ratio was higher (Noushin
with 39.64 and Shahin with 13.34) in common storage than cold storage (Noushin with 31.04 and Shahin with
13.62) at the end of storage. Amount of electrical conductivity (EC) and technological index (TI) increased
significantly in both varieties and storages. Shahin variety with 3.74 and 26.19% was so sensitive to rind
disorder index and rind disorder percentage, respectively. Phenolic compounds in both varieties declined during
both cold and common storages. The amount of reduction depends on the type of mandarin, with Shahin
showing higher decline than Noushin variety. Besides, the content of ascorbic acid and antioxidant capacity in
both peel and pulp showed a decreasing pattern with the passing of harvesting time during storage. According to
sensory analysis, Noushin fruit can be stored in common storage for 20 days and in cold storage for 40 days.
Moreover, results revealed that Shahin fruits did not have storability more than 40 days in common and cold
storages.

Conclusion: Generally, Noushin variety was sensitive to low moisture of the storage and fruits lost extra
moisture during storage. Since Noshin was an early ripening variety, TSS: TA ratio increased rapidly at the end
of storage. Although Noushin had the lowest ascorbic acid content but its fruit antioxidant capacity was higher
than shahin at the end of storage. On contrast, Shahin was a mid-ripening variety with higher ascorbic acid
content. On the other hand, shahin peel was so sensitive to skin disorder index (SDI), therefor it should not be
maintained in low moisture and temperature storage. Based on sensory analysis and physicochemical
measurements, Noushin can be stored for 20 days and shahin for 40 days in common and cold storage. Finally,
we found that Noushin and Shahin cannot be maintained in storage longer than other mandarins.

Keywords: Mandarin, Noushin, Quality, Shahin, Storage
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1- Polyamines (PAs)
2- S-adenosyl methionine (SAM)
3- Anti-senescence agent
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Figure 1- Comparison of the effect of different spermidine concentrations on fruit weight changes during 24-days of storage.
Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple
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Figure 2- Comparison of the effect of different spermidine concentrations on fruit firmness during 24-days of storage.
Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple
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Figure 3- Comparison of the effect of different spermidine concentrations on fruit flavor index during 24-days of storage.

Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple
range test
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Figure 4- Comparison of the effect of different spermidine concentrations on fruit phenol during 24-days of storage. Vertical
bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple range test
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Figure 5- Comparison of the effect of different spermidine concentrations on fruit ascorbic acid (vitamin C) during 24-days of

storage. Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s
multiple range test
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Figure 6- Comparison of the effect of different spermidine concentrations on fruit ascorbic acid (vitamin C) during 24-days of

storage. Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s
multiple range test
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Figure 7- Comparison of the effect of different spermidine concentrations on fruit juice pH during 24-days of storage.

Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple
range test
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Vertical bars in each period represent a significant difference (P < 0.05) between treatments based on Duncan’s multiple
range test

paseils bl jo 0ge ylae (ad L (8300 ((pe il
g S0 28 s il g ey (b g YL B Sl
o9 bl 3 LS g byl daJsUl oz 15118 5 jlans Slga
B g Ce e Wl e Gll g oaimy el dlge 9
5 Sl slmlos Jio cpl b (1)) dimd ,ialS |, oo slge
bt e B 51 ool )18 0lge M5 (381 o ol 20
sl Syl sl Sl sl Stiolly a5ilo nsalgiel
(Y% 9 1)) ol 0as s A le Y gate 50 Sl gl
JLos 4 g b W (3 1ul Cls & o oS lola ol
2050 0 |y s llae Jlae wilg o igd Jlase 113 dlge 1
Opwe ol clale yiol38l sy oy 4 aiS sloo) ey lol (ol

0930 (oS S g 050 las B gy K x5
il s el plod (e ppsl il slaclale
Sy yralyl () Jgaa) 135 sl doyd gy gdaw jd )by ize ]
9292 (e el Yoo oo ¥ g ) lylasd ) Cngy
L)"‘"I)J1 [y aS cwl L;L"‘?—c )‘ Ls—(o 050 Cwgy u5_na.n
35S g ol a5l opSale L bl (23,5 oo (gl
Ky Wilgs oo il ) Lié s 5 S0y Olyuss Ngy 9 (Sym (055
cdale yili 8l L e o odnlin V Jodn j3 a8 jeb len



YV Sloylil Coi 1 (5y9abgl byl pid 53 oo sl (ool (oly Sl 2 51 (g 82,18

JS5) vyl Yoo Vg V) (glajlans 5 (48 ) sl )
S 59 (F) s 5 (20500 b el L 4l o0 05
Laslas plow G g 9315 et cpdwe el j¥ 50 e ¥ slas 5

c2ge ) Glojlsl (bl ) sl ogee jlas (ial38l 18 e b 3
W] AW

390 ) 5l (S oga0 030 Caduo 3590 53 0aiiS byl o]l s

) oge sl oyt Cntpe sl Yoo o V slass slaogee o5

S =S 0j Camgllas | ;Yoo Lo /0 5 aald (glajlas g aiil>

b el Glaljdl dy ey L3 4 () Jgaz) 392 )10y 0

o3s S Gk 5 030 (e gy U e gm (o113,] Syl 2 eyl o 1Y S
Table 1- The effect of spermidine treatment on sensory evolution, skin color, aroma, taste, and total fruit quality

) (1Y 90 s40) 2000 yno!
byl Spermidine (mM)
Parameters 0 0.5 1 2
Cangy )
2.88+0.012 b 2.81+0.018 b 3.09+0.022 a 3.07 £0.024 a
Skin color
ogea jlae
2.78£0.019 b 2.84 +£0.018 ab 2.84 £0.015 ab 2.96 £0.013 a
Aroma
oy
2.71£0.013 b 2.66 +0.018 b 2.83+0.022 a 2.79 +£0.015 ab
Taste
2.75+0.009 a 2.75+0.008 a 2.79+0.012 a 2.89+0.016 b
Quality

3,85 50086 b oSl (slatals din 03l 31 ookl b (6l sime M (g ylal o 31 sl o S jiitio gy s> &S olacpSiba jlaw ya >
Numbers followed by the same letter do not have statisticly significant differences (P<0.05) based on Duncan’s multiple range test

i il s 4y el (gl stne olis Giliee (sla o
23U 0 b eyl oy g0 515 & syl o L ogen jlac
0445 0540 ) ylaxo dlg o Agi Ioli8) o dadn] W)y sl
aS 391 (gal )b ogeenl Zl o il g ol Ll eiomen sl
alas Mo daallas ol 0 b ) paue pol clale i3l Jlos &
OBl o (gue S Cpdpe penl Y go e ¥ Clale 10)S
4l eSS o)Ll > arogs B 5 01 il og e it

bl oo

IS (8 5 dom

@ oDl 53 2990 b el sloog)S 5l (S e

el 2,8 3l s (il ol gl Adloe (lalS o
aslogee (Slojll poe aljal g (e Gline Lads o (0 pou
B b Shy n Gl (b (ae g JB dde Sl g 398
Owelizg 9 slas uab () (g dler sl Slo)lil CudS Coonl
copdwe puwl clale ol3 8l L a ST ud asuie cpicren )b &
Shoslsl 0y93 Slail )3 48 (oo M Gal33l 0gee CudgS S (s
239290 GLadges (e J5 Jodome dsla Dlge 5 (i lise

&l

1-  Agricultural statistics. 2014. Horticultural products. Ministry of Agriculture, Planning and Economic Department,

Office of Statistics and Information Technology, 3. p. 91.

2- Arzani K., and Koushesh M. 2005. Enhancement of Sultana grape (Vitis vinifera L.) maturity by preveraison
ethanol and methanol spray, Indian Journal of Agricultural Science, 75(10): 670-672.

3- Azarkish P., and Shamili M. 2014. Effect of putrescine and cold water quality characteristics and shelf Mango
(Mangifera indica L.), Journal of Food Science and Technology, 47 (12): 65-74.



WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s yvy

11-
12-
13-
14-
15-
16-

17-

23-

24-

25-

26-

27-

28-

29-

Bhat A., Kumari Kaul R., Reshi M., and Gupta N. 2014. Effect of polyamines on shelf life and chiling injury of
mango CV. Dashehari, The Bioscan, 9(3): 1097-1100.

Bregoli A. M., Scaramagli S., Costa G., Sabatini E., Ziosi V., Biondi S., and Torrigiani P. 2002. Peach (Prunus
persica L.) fruit ripening: amino ethoxy vinyl glycine (AVG) and exogenous polyamines affect ethylene mission
and flesh firmness, Physiology Plant, 114: 472-481.

Dastjerdi A. M., Kalantari S., Babalar M., and Zamani Z. 2013. The effects of post-harvest shelf-life and storage
of mango fruits harvested at different stages of ripening, Iranian Journal of Horticultural Sciences, 94 (1): 43-59.
Davarynejad G. H., Zarei M., Ardakani E., and Nasrabadi M. E. 2013. Influence of putrescine application on
storability, postharvest quality and antioxidant activity of two Iranian apricot (Prunus armeniaca L.) cultivars,
Notulae Scientia Biologicae, 5 (2): 212-219.

Djioua T., Charles F., Lopez-Lauri F., Filgueiras H., Coudret A., Freire M., Ducamp- Ollin M., and Sallanon H.
2009. Improving the storage of minimally processed mangoes (Mangifera indica L.) by hot water treatments,
Postharvest Biology and Technology, 52: 221-226.

Ebrahimzadeh M. A., Hosseini Mehr S. C., Mahmoudi M., Qaykhlv M. R., and Hosseini C. M. 2006. Vitamin C
measured by oxidation- reduction two-stage titration oxidation in a variety of citrus, Mazandaran University of
Medical Sciences journals, 15 (48): 31-26.

Echeveria E., Gonzalez P. C., and Brune A. 1997. Characterization of proton and sugar transport at the tonoplast
of sweet lime (Citrus limmetioides) juice cells, Physiology Plant, 101: 291-300.

Fan X., Mattheis J. P., and Fellman J. K. 1998. A role for jasmonates in climacteric fruit ripening, Planta, 204:
444-449,

FAQ. 2014. FAO Land and Plant Nutrition Management Service.

Galston A. W., and Sawhney R. K. 1990. Polyamines in plant physiology, Plant physiology, 94: 606-610.
Harindra Champa W. A., Gill M. . S., Mahajan B.V.C., and Arora N. K. 2014. Postharvest treatment of
polyamines maintains quality and extends shelf-life of table grapes (Vitis vinifera L.) cv. Flame Seedless,
Postharvest Biology and Technology, 91: 57-63.

Hertog M., Nicholson S. E., and Jeffery P. B. 2004. The effect of modified atmospheres on the rate of firmness
change of ‘Hayward’kiwifruit, Journal of the Postharvest Biology and Technology, 31: 251-261.

Jawandha S. K., Gill M. S., Singh N. P., Gill P. P. S., and Singh N. 2012. Effect of post-harvest treatments of
putrescine on storage of Mango cv. Langra, African Journal of Agricultural Research, 7(48): 6432-6436.

Jhalegar M. D. J., Sharma R. R., Pal R. K., and Rana V. 2012. Effect of postharvest treatments with polyamines on
physiological and biochemical attributes of kiwifruit (Actinidia deliciosa) cv. Allison, Fruits, 67: 13-22.

Jimenez A., Creissen G., Kular B., Firmin J., Robinson S., Verhoeyen M., and Mullineaux P. 2002. Changes in
oxidative processes and components of the antioxidant system during tomato fruit ripening, Planta, 214: 751-758.
Khan A. S., and Singh Z. 2010. Pre-harvest application of putrescine influences Japanese plum fruit ripening and
quality, Food Science and Technology International, 16: 53-64.

Leiting V. A., and Wicker L. 1997. Inorganic cations and polyamines moderate pectin esterase activity, Journal of
Food Science, 62: 253-255.

Li N., Parsons B. L., Liu D., and Mattoo K. 2005. Accumulation of wound-inducible ACC synthase transcript in
tomato fruits is inhibited by salicylic acid and polyamines, Plant Molecular Biology, 48:477-487.

Malik A. U., Singh Z., and Khan A. S. 2005. Role of polyamides in fruit development, ripening, chilling injury,
storage and quality of mango and other fruits: A review. Proceeding in international conference on mango and date
palm: culture and export. University of Agriculture. Faisalabad, pp.182-186.

Malik A. U., and Singh Z. 2005. Pre-storage application of polyamines improve shelf life and fruit quality of
mango, Journal of Horticulture Science and Biotechnology, 80: 363-369.

Martinez-Romero D., Valero D., Serrano M., Burlo M., Carbonell A., Burgos L., et al. 2000. Exogenous
polyamine and gibberellic acid effects on peach (Prunus Persica L.) storability improvement, Journal of Food
Science, 65: 288-294.

Mellenthin W. M., and Wang C. Y. 1977. The relationship of premature ripening of Bartlett pears to preharvest
temperatures, Acta Horticulture, 69: 281-286.

Mirdehghan S. H., Rahemi M., Serrano M., Guillen F., Martinez-Romero D., and Valero D. 2007. The application
of polyamines by pressure or immersion as a tool to maintain functional properties in stored pomegranate arils,
Journal of Agriculture Food Chemistry, 55: 755-760.

Mirdehghnan S. H., Rahemi M., Castillo S., Martinez-Romero D., Serrano M., and Valero D. 2007. Prestorage
application of polyamines by pressure or immersion improves shelf life of pomegranate stored at chilling
temperature by increasing endogenous polyamine levels, Postharvst Biology and Technology, 44: 26-33.
Mirdehghan S. H., and Rahimi S. 2016. Pre-harvest application of polyamines enhances antioxidants and table
grape (Vitis vinifera L.) quality during postharvest period, Food Chemistry, 196: 1040-1047.

Moore J. P. 2003. Carotenoid synthesis and retention in mango (Mangifera indica) fruit and puree as influenced by
postharvest and processing treatment. PH, D. Thesis. University of Florida. U.S.A. 96 P.



VO Slo )il kS’ 31 (5 94b98 Ll o 50 cyzbmo sl (ool (g il s 51 g 032,18

30-

31-
32-

33-

34-

35-

36-

37-

39-

40-

41-

42-

43-

44-

45-

47-

48-

Mousavi S. K., and Javanmardi S. 2012. The effect of spermidine, warm water and vast life on quality of
Washington navel orange, Journal of physiology and postharvest technology of horticultural products, 1 (1): 63-
77.

Nagy S. 1980. Vitamin C contents of citrus fruit and their products: a review, Journal of Agriculture, 28: 8-18.
Ponnapa T., Scheerens J. C., and Miller A. R. 1993. Vacuum infiltration of polyamines increases firmness of
strawberry slices under various storage conditions, Journal of Food Science, 58(2): 361-364.

Rathore H. A., Masud T., Sammi S., and Soomro A. H. 2007. Effect of Storage on physico-Chemical Composition
and Sensory Properties of Mango Variety Dashehari, Pakistan Journal of Nutrition, 6 (2): 143-148.

Razzaga A., Khana S., Malika A. U., Shahidb M., and Ullah S. 2014. Role of putrescine in regulating fruit
softening and antioxidative enzyme systems in ‘Samar Bahisht Chaunsa’ mangoKashif, Postharvest Biology and
Technology, 96: 23-32.

Roussos P. A., Sefferou V., Denaxa N. K., Tsantili E., and Stathis V. 2011. Apricot (Prunus armeniaca L.) fruit

quality attributes and phytochemicals under different crop load, Scientia Horticulturae, 129: 472-478.

Rudell D. R., Mattinson D. S., Mattheis J. P., Wyllie S. G., and Fellman J. K. 2002. Investigation of aroma volatile
biosynthesis under anoxic conditions and in different tissues of Redchief delicious apple fruit (M.domestica
Borkh.), Journal of agricultural and food chemistry, 50: 2627- 2632.

Saftner R. A., and Baldi B. G. 2007. Polyamine levels and tomato fruit development: Possible interaction with
ethylene, Plant physiology, 92:547-550.

Salehi D. 1391. Evaluation of different compounds and calcium concentration on Red Delicious apples at harvest
and post-harvest varieties, Journal of Physiology and postharvest technology of horticultural products, 1 (2): 105-
89.

Singh S. P., Singh Z., and Swinny E. E. 2012. Climacteric level during fruit ripening influences lipid peroxidation
and enzymatic and non-enzymatic antioxidativesystems in Japanese plums (Prunus salicina Lindell), Postharvest
Biology and Technology, 65: 22-32.

Singh Z., Singh R. K., Sane V. A,, and Nath P. 2013. Mango — postharvest biology and biotechnology, Critical
Review of Plant Science, 32: 217-236.

Singleton V. L., and Rossi J. A. 1965. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents, American Journal of Enology Viticulture, 16:144-158.

Shamili M., Fatahi R., and Hormaza J. |. 2012. Characterization and evaluation of genetic diversity of Iranian
mango (Mangifera indica L.) genotypes using microsatellites, Scientia Horticulturae, 148: 230-234.

Sharma R. R., Singh C. N., and Goswami A. M. 2001. Polyphenol oxidase activity in mango (Mangifera indica
L.) in relation to flowering behavior and the malformation incidence, Fruits, 56: 219-224.

Ullah S., and Jawandha S. K. 2013. Effect of post-harvest treatments of polyamines on colour of stored peach
fruits, Theasian Journal of Horticulture, 8: 785-787.

Valero D., Martinez-Romero D., Serrano M., and Riquleme F. 1998. Influence of postharvest treatment with
putrescine and calcium on endogenous polyamines, firmness, and abscisic acid in lemon (Citrus lemon L. Burm
cv. “Verna’), Journal of Agricultural and Food Chemistry, 46: 2102-2109.

Valero D., Martinez-Romero D., and Serrano M. 2002. The role of polyamines in the improvement of the shelf life
of fruit, Trends in Food Science and Technology, 13: 228-234.

Wang C. Y., Conway W. S., Abbott J. A., Kramer G. F., and Sams C. E. 1993. Postharvest infiltration of
Polyamines and calcium influences ethylene production and texture changes in Golden Delicious apples, Journal
of American Society of Horticulture Science, 118: 801-806.

Wang C. Y., and Qi L. 1997. Modified atmosphere packaging alleviates chilling injury in cucumbers, Postharvest
Biology Technology, 10: 195-200.

Zokaee-Khosroshahi M. R., and Esna-Ashari M. 2008. Effect of putrescine application on post-harvest life and
physiology of strawberry, apricot, peach and sweet cherry fruits, Journal of Science Technology Agriculture
Natural Resource, 12(45): 219-23.



Journal of Horticultural Science (323U @bio 5 pote) (SLbl pole & 1 i3

Vol. 31, No. 4, Winter 2018, P. 765-777 =, VEO-YYY .o AR ylians oF o5bas ) il
ISSN: 2008 - 4730 LA oA BYTe s

Postharvest Application of Spermidine Polyamine on the Storage Quality and
Vase Life of Mango (Mangifera indica L.) in Dipped Conditions

M. S. Hosseini'- S. M. Zahedi**- M. Karimi3- A. Ebrahimzadeh*
Received: 29-01-2017
Accepted: 03-09-2017

Introduction: Mango (Mangifera indica) is a tropical fruit native to India whose global production in 2014
reached nearly 45 million tones. Mango is a commercially important fruit and improvement in its storage is of
special importance. Mango is a Climacteric fruit whose ripening is done by exogenous or endogenous ethylene.
In plants, Polyamines such as spermine, spermidine, and putrescine contradict ethylene because of a common
precursor (s-adenosyl methionine (SAM). During ripening, different qualitative and nutritional changes occur in
the fruit, e. g. changes in color, tissue softening, accumulation of sugars and organic acids, and great changes in
taste, flavor, aroma and plant biochemical materials. Fruit ripening is a complicated process, complementary to
fruit development, and a start to its senescence. In general, senescence of a fruit is related to loss of membrane
lipids, destabilization of membrane matrix, and lipid peroxidation. Recently, naturally active biological products
are applied in a large amount for increasing the storage life and quality of the fruits and delaying their
senescence.This study was carried out to investigate the effect of different concentrations of spermidine on the
quality and vase life of a local mango variety of Minab.

Materials and Methods: Healthy fruits, uniform in size, shape, color, and degree of maturity were selected
from a mango orchard in Minab and their original physical and chemical characteristics on the first day were
measured after washing with water and drying. Statistical analysis of data was done by a general linear model
(GLM) with SAS (version 9.1) and mean comparisons were performed using Duncan's multiple range test.
Treatment solution in the rate of 0, 0.5, 1, and 2 mM spermidine (SIGMA) was made and its pH was set to 5
using NaOH. One liter of distilled water was used in the control treatment. The treated samples were immersed
in solutions of different concentrations of spermidine just once for 30 minutes. During 24-days of shelf life,
storage temperature was 15 °C and the relative humidity was 85 to 90 percent. Measurements were on the zero,
8th, 16th, and 24th days. Characteristics such as weight, firmness, flavor index, phenol, ascorbic acid, qualitative
characteristics (PH, TA and TSS), and sensory evaluation were measured.

Results and Discussion: The results showed that physical and biochemical qualities in the control fruit were
lower compared to the other treatments. The Polyamine treatment with spermidine, especially at the
concentration of 2 mM, significantly maintained weight loss and reduction of vitamin C during storage of fruits.
Spermidine treatments increased ascorbic acid and other organic acids in fruit juice and reduced pH. Increased
acidity in spermidine treatments of these substances play an active role in coping with storage stress. Moreover,
with reduction of tissue respiration, the consumption of organic acids decreased during storage. The results
showed that increasing the concentration of spermidine leads to the least decrease in the phenol flesh. Firmness
gradually decreased during storage and at the end of shelf life, there was significant difference between the
treatments. It was found that treatments with 1 and 2 mM spermidine were the best. Furthermore, the effect of
spermidine on the total soluble solid solutions in the flesh of mango fruit was not significant during storage. But
skin color, taste, flavor, and aroma index were more favorable. Treatments that delay production of structural
lipids led to the production of aromatic volatile substances, which produced a favorable aroma in fruits. It seems
that increasing spermidine concentration plays an important role in mango fruit fragrance at the end of shelf-life.
The 2 mM spermidine treatment led to the highest total content of phenol and showed the lowest pH in fruit
juice.

Conclusions: Spermidine, that is naturally present in animals and plants in particular, belongs to the amine
groups. The results indicated that spermidine maintains firmness and extends shelf life of mango fruits and has a
significant and beneficial impact on the quality characteristics including weight, color, taste, aroma, and vitamin
C during storage. It seems that spermidine of 2 mM concentration has tangible impact on mango fruits and it is
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recommended in mango store rooms. There is a competition in production of Ethylene and polyamides of
sperminge, spermidine, and putrescine in plants, due to their common precursor namely S-adenosyl methionine,
yet they act oppositely in ripening and senescence processes. Application of polyamides had extraordinary

effects on the quality of some fruits during storage.
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Table 1- Treatments and combinations of lignocellulosic materials in each treatment
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Table 4- Properties of substrates
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gypsum (3%), lime (3%)).
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Figure 1- Growth rate of king oyster mushroom mycelium in extract of media culture treatments in different PH
Treatment: 1- (saw dust (47%), wheat bran (47%), gypsum (3%), lime (3%)), 2- (saw dust (85%), soybean meal (9%), gypsum (3%),

lime (3%)), 3- (saw dust (47%), rice bran (47%), gypsum (3%), lime (3%)), 4- (saw dust (85%), tea waste (9%), gypsum (3%), lime
(3%)), 5 or Control- (saw dust (94%), gypsum (3%), lime (3%))
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Table 2- The mycelium growth amount of P. eryngii (mm?%day) in different treatments (pH= 7)
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Treatments: 1- (saw dust (47%), wheat bran (47%), gypsum (3%), lime (3%)), 2- (saw dust (85%), soybean meal (9%), gypsum

(3%), lime (3%)), 3- (saw dust (47%), rice bran (47%), gypsum (3%), lime (3%)), 4- (saw dust (85%), tea waste (9%), gypsum (3%),
lime (3%)), 5 or Control- (saw dust (94%), gypsum (3%), lime (3%))
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Figure 2- Right) Pleurotus eryngii mycelium radial growth in treatments after 16 days Left) Oyster mushroom cultivation
substrates in fruiting phase
Treatments: 1- (saw dust (47%), wheat bran (47%), gypsum (3%), lime (3%)), 2- (saw dust (85%), soybean meal (9%), gypsum
(3%), lime (3%)), 3- (saw dust (47%), rice bran (47%), gypsum (3%), lime (3%)), 4- (saw dust (85%), tea waste (9%), gypsum (3%),
lime (3%)), 5 or Control- (saw dust (94%), gypsum (3%), lime (3%))
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Figure 3-The average number of mushroom in various substrates formula in Pleurotus eryngii
Treatments: 1- (saw dust (47%), wheat bran (47%), gypsum (3%), lime (3%)), 2- (saw dust (85%), soybean meal (9%), gypsum
(3%), lime (3%)), 3- (saw dust (47%), rice bran (47%), gypsum (3%), lime (3%)), 4- (saw dust (85%), tea waste (9%), gypsum (3%),
lime (3%)), 5 or Control- (saw dust (94%), gypsum (3%), lime (3%))
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Table 3- Produced fruiting body quality in different treatments (stem thickness, diameter and color cap)
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Quality grading
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Quality grading, respectively High (+++++), very good (++++), Good (+++), Average (++) and Bad (+)
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Treatment: 1- (saw dust (47%), wheat bran (47%), gypsum (3%), lime (3%)), 2- (saw dust (85%), soybean meal (9%), gypsum (3%),

lime (3%)), 3- (saw dust (47%), rice bran (47%), gypsum (3%), lime (3%)), 4- (saw dust (85%), tea waste (9%), gypsum (3%), lime
(3%)), 5 or Control-(saw dust (94%), gypsum (3%), lime (3%))
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(3%)), 5 or Control-(saw dust (94%), gypsum (3%), lime (3%))
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Introduction: King oyster mushroom (Pleurotus eryngii) belongs to Basidiomycota division,
Agaricomycetes class and Pleurotaceae family. This mushroom generally grows on wood wastes of Apiaceae
family. The Pleurotus eryngii is found in pastures, meadows, gardens and seldom in grassy forest clearings and
hilly areas. The Pleurotus of the Umbellifers occupy an area in the Northern hemisphere between the 30 and 50°
N. These species are mainly found in the subtropical regions of the Mediterranean, Central Europe, Russia,
Ukraine, Central Asia and Iran. The P. eryngii sensulato is the only taxon within the genus, which grows in
association with plants. P. eryngii has distinguishable characteristics such as coherent texture, unique form,
favorable taste and high durability. Mushroom cultivation represents the only current economically viable
biotechnology process for the conversion of waste plant residues from forests and agriculture. The species of
these genera show much diversity in their adaptation the varying agro-climatic condition which makes more
cultivated species than other mushrooms. Special ability of Pleurotus family is growing in lingocellulosic plant
or agricultural wastes without needing to prepared compost and casing soil. Pleurotus is an efficient lignin-
degrading mushroom and can grow and yield well on different types of lignocellulolosic materials. Type of
substrates for mushroom growing depends on available plant or agricultural wastes. In Europe, wheat straw is
used for mushroom growing; whereas in Asian South-East countries sawdust is more popular. Different
materials for cultivating of P. eryngii have been suggested in different regions of the world; but a few studies
have been done on suitability of various lignocellulosic affordable wastes for P. eryngii production in Iran.
Therefore, the current study aims to evaluate effects of various locally available agro wastes on the growth
characteristics of King oyster mushroom (P. eryngii).

Materials and Methods: Sawdust was utilized as the main substrate obtained from beech and populous trees
(1:1). After being rinsed off in water and supplemented with calcium sulfate (3%) and calcium carbonate (3%),
the substrate was filled in 20 x 40 cm polyethylene bags weighted to 800 grams. Sterilization was performed at

121 °C under pressure of 1.5 bars for two hours. A cultivated P. eryngii strain was then inoculated in the cooled
material at a rate of 3% of dry/fresh substrate. The experiments were conducted based on a completely
randomized design with five treatments and four replications, measuring mycelial growth (MG), number of
fruiting bodies (NFB), mushroom weight, and biological efficiency (BE). AMG was measured in both test tubes
and in petri plates in different pH levels (5.5, 7, and 8.5). Data were analyzed by JAMP 4.0, while graphs were
drawn by Microsoft Excel 2007 and SigmaPlot 12.0 software.

Results and Discussion: The pH of 7 was found to be the best for obtaining maximal MG under all
treatments after seven days. The highest amount of MG was obtained with substrate No. 1, while the least was
observed in the culture of substrate No. 5. The substrates No. 1 and No. 5 generated the highest and lowest NFBs
(p<0.05). However, there was no significant difference (p>0.05) in NFB between substrates No. 1 and 3 or
between substrates No. 2, 4 and 5. The BE percentages obtained from experimental treatments No. 1, 2, 3, 4, and
5 were 64.81, 49.74, 59.22, 28.72, and 19.8, respectively. The comparison of means of different growth
characteristics revealed that there was no significant difference between substrates No. 1 and 3 or between
substrates No. 4 and 5 (p>0.05).

Conclusion: In this time, only two species (Agaricus bisporus and P. ostreatus) are producing in Iran,
whereas at least 10 species of edible mushrooms are cultivating in the world. King oyster mushroom has low
cost of production and distinguishable characteristics. Therefore, this mushroom can be use as alternative for

1, 4 and 5- Members of Academic Staff, Department of Industrial Fungi Biotechnology, Academic Center for
Education, Culture and Research (ACECR)-Khorasan Razavi Province Branch, Mashhad, Iran, Respectively

2- Professor, Department of Plant Breeding and Biotechnology, Ferdowsi University of Mashhad, Iran

(*- Corresponding Author Email: Javadjanpoor@gmail.com)

3- Graduated of Agricultural Biotechnology, Azad University of Mashhad



AP lwo oF oylods VY ol (559l guluo g pole) Ll pole @ s YAA

button mushroom (A. bisporus). Many kind of agricultural wastes are in use for mushroom cultivation.
Understanding the effects of substrate materials on mushroom production will be very valuable. The average
number of fruits and biological efficiency of treatment No.1 showed significant difference with other treatments.
Hence, the treatment No. 1 could be used for commercial production of King oyster mushrooms in Iran. Growth
rate of P. eryngii was very diverse, in respect to the determinate values of the environmental factors. On the
basis of the average growth rate of the strains, we could conclude what are the optimum ecological values of the
species, though these conclusions did not always coincide with the optimum values of the certain strains.
However, more research needs to be done to obtain regular and homogeneous supply of this mushroom.

Keywords: Biological efficiency, King oyster mushroom, Lignocellulose plant waste, Substrate optimization
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Table 1- Evaluated plum cultivars and genotypes

3, LA T 89,5 3, o2 b e 89,5
Row Cultivars or genotypes Group Row Cultivars or genotypes Group
1 sl S P. salicina 9 bl P. salicina
Black Star Santarosa
2 Ao oot P. domestica 10 Okl P. salicina
Golden Drop Shablon
3 o P. salicina 11 Sl P. domestica
Simka Ozarak
4 s P. domestica¥l.:s! 12 S 3135 5 ol b yud
Sugar Tanasgo
5 o P. domestica 13 ) P. salicina
Stanly Japanese
6 b P. domestica 14 $F» P. salicinaYL.s!
Bokhara Dargazi
7 et P. domestica 15 oS ) P. domesticaYle!
Shams Compooti
8 o P. cerasifera 16 J 2 P. cerasifera
Gogeh Germez Gogeh Sabz
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Table 2- Analysis of variance of fruit quality in plum cultivars and genotypes

©lapo (ke
Mean of squares

=
. © © = c —{ 2
c
&tbo « £ x £ « E \2:& L%*ﬁ*%\?‘ﬂgﬁgiw % .g',%
. e n - X © X o x 3§ QO v ® & o L 38 g D¢ DL N O = ) &2
ulxﬁx N ¥ © 3‘: 3\2 v 3 = \\,‘)\H— \\,&"'- vy o '30‘3:“_:—0 :_O ,_8
4 — = = ‘5 . © * b= - b= ° = \ © a © Ry g < 9 (2] v GC) 3 —
sorce =5 32 j2 J2 ¥ 35 J2 JE %g FOoRgiwE Q2L Mg
KX = : : g ) &= ) & d 3 c ~ O B vy
of ?0 3;‘1— .5 .5 :}m 3::: = = ;}.,,—_ "-—_}:EE §3‘C :g(—u =]
Variati FANN = s %5 %¢° = ERE $H2 ws 3%
ariati X a-)éG o'kD 3:2 °.)<_ a-):ts a-kD 3{'5 ) 8 3):6 3*8 S ._g
z 2
on Q= Q' & S g Y =
S
I ’l"k 2 173™  107™  127™ 2677 1277 147 1057  044™ 003 000 gggm 94980 goan
Bloc
o5, 372.33 1106 36578 27948 36568 2964 26674 20129 3197 ~ 36613 23420 21474
15 0.05
Cultivar ” v - - v v v - - ' v 347 67
6”95
gl 30 1.73 0.53 112 1.10 0.79 0.20 0.86 0.85 0.03 0.01 094 36428 845
Error
Oy g >
Coefficient of 1.08 6.49 7.22 5.29 215 1068 338 3.29 1.24 6.65 273 10.55 5.10
variation
(%)

o ) il e )3 (g5 gime g Ao )d B Jleis] s )3 (6)1 Gxe (gD gime pis i 4 ; d

ns

ns, *, **, non-significant, significant at p< 0.05 and significant at p< 0.01, respectively



A5 oyl F oyl F) Al (553l pobio g pale) SLél pole s pis VAY

w5 9 I SBewigij 9 Byl 5| (A bgme (A Olwogad (Sl dmnlile -V Jga
Table 3- Mean comparison of fruit quality in plum and prune cultivars and genotypes

w8y ’ ogro* oy a* g b ogee Cuwgy o9 I* dgs0 A* dgo D*  ags0 CuieS
Row Cultivar I* of a* of b* of Fruitskin  I* of fruit  a*of fruit b* of Fruit flesh
fruit skin  fruit skin  fruit skin chroma flesh flesh fruit flesh chroma
el Sy 33.90e 12.31d 7.62¢ 1.48¢ 56.54 a 298 f 4317 a 43.27 a
Black Star
M o Jaé
2 Golden 44.81b 444 h 26.61b 26.98 ¢ 37.69 h 571 cd 27.98 ef 28.53 ef
Drop
o8 425
3 Gogeh 30.33f 16.62 b 12.49d 20.81d 57.39a 12.8a 19.32h 23.18¢g
Germez
5, ke . .
4 31.17f 6.09 fg 0.56 f 6.12¢ 30.82j 424 ¢ 16.221i 16.86 h
Santarosa
5 . 20.68 h 16.00 bc 1.54f 3.27h 22441 2.87fg 16.101i 16.34h
Sugar
Fos 58.31a 4.79¢g 34.84a 30.17a 51.57 bc 3.06f 38.68b 38.80 b
Tanasgo
7 o 34.09 e 14.38¢ 16.77c 22.39d 26.40 k 7.98b 13.66 15.84h
Japanese
Ko
. 35.80 de 15.65¢ 11.91d 19.96 d 53.23b 5.43d 34.89¢c 3531l¢c
Simka
9 oS . 60.66 a 5.99 fg 3441a 35.92a 4527 ¢ 3.21fg 32.76d 32.82d
Compooti
10 $F . 38.33 cd 1454 c 13.61d 19.94d 50.48 ¢ 185¢g 38.04b 38.09 b
Dargazi
11 Jo s2s 21.34h 293h 19.21c¢ 21.14d 34.42i 3.32¢f 28.23 ef 28.43 ef
Gogeh Sabz
12 Ol 26549  1633bc  14.3d 21.71d 2046j  668c  2269g 2367
Shablon
! -
13 3994 ¢ 9.05e 2.00f 9.28 f 34.37i 5.80 cd 22.27¢ 23.10¢
Stanly
14 s 44.03 b 6.60 f 19.21c¢ 20.35d 4325 f 0.29h 2750 f 2750 f
Shams
15 b 37.67cd 8.85¢ 0.57f 8.87f 40.27g 2.90fg 28.21 ef 28.35 ef
Bokhara
16 S 39.51c 24.96 a 1757¢ 30.62b 47.53d 0.26h 29.83¢ 29.83¢
Ozarak
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Means with similar letters have no significant differences based on Duncan’s multiple range test at p< 0.05
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Figure 1- Mean comparison of vitamin C content in plum and prune cultivars and genotypes according to milligram per 100
grams of fresh fruit Weight. Means with similar letters have no significant differences based on Duncan’s multiple range test
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Figure 2- Mean comparison of carotenoid content in plum and prune cultivars and genotypes according to milligram per 100

grams of fresh fruit weight. Means with similar letters had no significant differences based onDuncan’s multiple range test at
p< 0/05
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Figure 3- Mean comparison of the anthocyanin index in plum and prune cultivars and genotypes according to absorption at a
wavelength of 530 nm. Means with similar letters have no significant differences by using Duncan’s multiple range test at p<
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Figure 4- Mean comparison of total phenol content in plum and prune cultivars and genotypes according to milligram gallic

acid per 100 grams of fruit weight. Means with similar letters have no significant differences based on Duncan’s multiple
range test at p<0.05
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Figure 5- Mean comparison of antioxidant activity percentage in plum and prune cultivars and genotypes. Means with
similar letters have no significant differences based on Duncan’s multiple range test at p< 0.05
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Table 4- Simple correlation coefficient of 16 plum and prune cultivars.
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Introduction: Plums (Prunus spp.) as one of the most popular stone fruits, have low calories and high
nutritional value. Over the past decades global production of European and Japanese plums reached from
6,110,870 tons in 1990 to 11,528,337 tons in 2013. In the same period plum production in Iran reached from
118,936 tons to 305,262 tons. Great variety of plum fruits caused differences in chemical composition as well.
Plum fruits are rich in bioactive compounds or biochemicals such as vitamins (A, C and E), anthocyanins and
other phenolic compounds which have high antioxidant activity.

Materials and Methods: This research was done in a randomized complete block design with three
replications in Horticultural Research Station at College of Agriculture and Natural Resources of Tehran
University in 2013-2015. Fruit quality characteristics such as vitamin C content, color traits of the fruit skin and
flesh, the content of carotenoids, anthocyanins, total phenolics and antioxidant capacity of 16 plum and prune
cultivars and genotypes were evaluated.

Results and Discussion: Analysis of variance showed significant differences in terms of all measured
factors. The highest L™ index (brightness) of fruit skin was observed in 'Tanasgol" and "Compooti" and then in
"Golden Drop™ and "Shams" cultivars and the lowest level of that was measured in "Sugar" and "Gogeh Sabz"
cultivars. "Black Star" and "Gogeh Germez" Showed the highest brightness of fruit flesh among examined
cultivars and the lowest brightness of fruit flesh was investigated in "Sugar”. A" color index of skin and flesh of
fruit also showed significant differences among investigated cultivars and the highest level of that in "Ozarak"
cultivar was observed. "Gogeh Sabz" and "Golden Drop™ also had the lowest level of this index. "Gogeh
Germez" had the highest of a"color index of fruit flesh and "Japanese™ cultivar was in second place. The lowest
level of this index was measured in "Ozarak™ and "Shams" cultivars. "Tanasgol™" and "Compooti" had the highest
fruit skin b"color index among cultivars and "Santarsa”, "Sugar," "Stanley" and "Bukhara" showed the lowest of
that. "Black Star" and after that "Tanasgol" and "Dargazi" had the highest b*color index of fruit flesh. "Japanese"
had also the lowest b” color index of fruit flesh. The intensity or color purity varied among cultivars and the
highest of that was observed in "Tanasgol" and "Compooti" and then in "Ozarak". "Black Star" had the highest
chroma of fruit skin and the highest fruit flesh color intensity. The lowest of this index in the fruit flesh was
observed in "Santarosa", "Sugar" and "Japanese" cultivars. Vitamin C (ascorbic acid) content varied in
investigate cultivars. "Gogeh Germez" and "Japanese" had the highest vitamin C content and "Stanley" was
showed the lowest amount of vitamin C. "Golden Drop ","Santarosa” and "Compooti" showed the highest total
carotenoid among examined cultivars and "Gogeh Germez" had the lowest total carotenoid. "Gogeh Germez"
and "Compooti” had the highest and lowest amount of anthocyanin index respectively. The highest total phenol
and antioxidant activity was measured in "Ozarak". The lowest total antioxidant capacity was in"Gogeh Sabz".
The results showed that There was high correlation (r= 0.93) between antioxidant capacity and a” fruit skin color
index. High correlation (r= 0.83) between phenol content and antioxidant capacity of fruits was also observed.
Between a” color index of fruit skin and phenolic content was observed high correlation (r= 0.89). As well as
between anthocyanin and phenolic content and between anthocyanin and a* fruit skin color index, respectively
(r=0.86) and (r= 0.59) high correlation was detected.

Conclusions: "Ozarak" in terms of antioxidant activity and total phenol component was superior. The
highest amount of anthocyanin related to the "Gogeh Germez". "Golden Drop"," Santarosa" and "Compooti "
had the highest total carotenoid and "Gogeh Germez" and "Japanese" had the highest vitamin C content among
investigated cultivars. By identification of superior cultivars In terms of phytochemical compounds, these
cultivars can be used in breeding programs to improve these nutritional quality of fruits. The results showed that

1, 2 and 3- MA Degree Graduated in Physiology and Breeding of Fruit Trees and Professors, Deportment of
Horticultural Science and Landscape, College of Agriculture and Natural Resources of University of Tehran,
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the major phenolic compounds were gathered on the skin of plum fruits. Hence the "Ozarak" cultivar having the
highest a“color index of fruit skin had the highest total phenol and antioxidant capacity among the investigated
cultivars but "Gogeh Germez" by having the highest a"color index of fruit flesh and anthocyanins content higher
than "Ozarak" cultivar, had low phenolic content and antioxidant capacity compared to the "Ozarak™.

Keywords: Antioxidant capacity, Anthocyanins, Carotenoids, Total phenolics, Vitamin C
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Table 1- Hormone concentration in different culture media for callus induction and direct shoot regeneration in Nicotiana

tabacum
AU Wy goails paliid S s
Plant growth regulators Medium
(mg/f)
BAP NAA
1 0.1 M1
15 0.15 M2
2 0.2 M3
2.5 0.25 M4
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Figure 1- Callus induction (A), shoot regeneration (B) and shoot elongation (C) in of Nicotiana tabacum explants
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Tablel 2- Stocks solution for MS media
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Table 3- Oligonucleotide sequence of nptll gene primers

S5 S P IN Il
Primer Oligonucleotide sequence
9 5 CACGGTTCAACAACATCCAG 3’
Forward
9 5 TGAAGACCCTGACTGGGAAG 3’
Reverse
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Table4- Comparison of the the callus induction of Nicotiana tabacum in different concentration of sucrose based an Waller-
Duncan T test

Sucrose concentration Medium
(g
30 15
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b41 300 M3
340 20°¢ M4
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Numbers followed by the same letter are not significantly different (P<0.05) based on Waller-Duncan T test
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Table 5- Comparison of the the shoot regeneration frequency of Nicotiana tabacum leaves in different concentration of

sucrose
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Average Sucrose concentration (g I'%) Medium
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Numbers followed by the same letter are not significantly different (P<0.05) based on Waller-Duncan T test
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Figure 2- Comparison of the root regeneration frequency of Nicotiana tabacum in different concentrations of sucrose, NAA
and BAP
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Figure 3- PCR analysis for detection of nptll gene in transformed leaves of tobacco. 1) 100bp size marker (parstous); 2)
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Development of an Efficient Regeneration and Transformation Method for
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Introduction: Plant tissue culture is a collection of techniques used to maintain or grow plant cells, tissues or
organs under sterile conditions on a nutrient culture medium of known composition and widely used to produce
clones of a plant in a method known as micropropagation. Plant research often involves growing new plants in a
controlled environment. These may be plants that we have genetically altered in some way or may be plants of
which we need many copies all exactly alike. These things can be accomplished through tissue culture of small
tissue pieces from the plant of interest. These small pieces may come from a single mother plant or they may be
the result of genetic transformation of single plant cells which are then encouraged to grow and to ultimately
develop into a whole plant. Tissue culture techniques are often used for commercial production of plants as well
as for plant research. Tobacco (Nicotiana tabacum L.) is one of the most important model plants used in the
physiologic, genetic and tissue culture studies. The manipulation of tobacco genetic structure requires an
efficient technique of gene transferring and regeneration. Whereas, the tobacco plant is a very effective
bioreactor in the production of recombinant proteins, in this research we optimized the best tissue culture system
and also, genetic transformation process of this plant.

Materials and Methods: Our plant tissue culture protocols, Include helpful information for Murashige and
Skoog media, plant growth regulators, plant growth hormones, plant transformation systems, and other products
for plant tissue culture. For this purpose, different concentrations of sucrose and 4 combinations of growth
regulators (BAP and NAA) on callus induction, direct shoot regeneration and rooting were examined in a
factorial experiment based on completely randomized design with 3 replications. The sensitivity of tobacco
explants to kanamycin was examined through the cultivation of them on the selective medium with different
concentrations of antibiotic. For genetic transformation, agrobacterium tumifacious (GV3101) harboring plasmid
pBI1121 was used and the transgenic plants were confirmed by PCR analysis.

Results and Discussion: The results of variance analysis and the means comparison showed that the best
medium for callus induction was M1 (0.1 mg/l NAA and 1 mg/l BAP) with 15 g/l sucrose in the leaf explants,
while the most direct shoot regeneration rate was obtained on the M1 medium with 30 g/l sucrose concentration.
High-frequency of rooting was also influenced by 0/1 mg/l NAA and 60 g/l sucrose. So, supplementing the
medium with NAA and BAP at different concentrations facilitated induction of multiple shoots from explants.
NAA was proved to be the best and the number of shoots increased with increase in the concentration up to (0.1
mg/l), and exceeding this concentration resulted in decline in percent response as well as number of shoots was
recorded shoot regeneration. The concentration of BAP was further increased a linear increase in the number of
shoots was observed up to an optimal level (1 mg/l). Beyond the optimal concentration (1 mg/l), a decrease in
the response as well as number of shoots was recorded due to profuse basal callusing. The effect of cytokinins on
multiple shoot regeneration, higher concentrations of NAA found to be inhibitory for shoot regeneration because
of huge callusing which hampered the growth and development of new shoots. Also different concentrations of
sucrose have a different effect on the shoots and callus. The concentration of sucrose had significant effect on
direct shoot regeneration. The main effect of sucrose concentration, concentration of 30 grams per liter,
compared with a concentration of 15 grams per liter had the highest direct shoot regeneration. Concentration of
50 mg/l kanamycin could completely prevent the regeneration of untransformed explants so was used in the

selective culture medium. Subsequently, the presence of nptll gene (798 bp) in the transgenic plants was
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Ferdowsi University of Mashhad, Iran, Respectively
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confirmed and the transformation efficiency obtained by using the agrobacterium-mediated transformation was
more than 95%.

Conclusions In present research, an efficient in vitro regeneration protocol has been developed for tobacco,
where different factors including the age of the explant and plant growth regulators were optimized for
maximum propagation of tobacco. The results showed that regeneration and transformation method described
here is highly efficient and fast for the introduction of any foreign gene directly in tobacco plant.

Keywords: Direct shoot regeneration, Nicothiana tabacum, nptll selective gene, Tissue culture,
Transformation
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Table 1- The physical and chemical characteristics of the soil in the Srpl-=Zhab Olive Station (Kermanshah Laboratory of
Soil Science, Agricultural Research and Education Center)

SBoges ol JB ply B s el M ons ey S
wgod Soil Siltedws  Sandys  Absorbable  Absorbable Cis  Total Organic CaCo. ]
Sample depth (%) (%) potassium phosphorus nitrogen  Carbon 03“"*‘“5 PH
(cm) (ppm) (ppm) (%) (%) (%)
1 0-30 44 24 322 11.82 0.18 1.94 33 7.31
2 30-60 37 27 101 6.3 0.06 1.21 35 7.49

(oWiilo S (5359WeS (w5901 9 Coliudod 35 po ewlind S syl j1) iulo;l Jome O Claseiiio - Joua
Table 2 ~Water characteristics of experiment (Kermanshah Laboratory of Soil Science, Agricultural Research and Education

Center)
_— o oS’ g - olyS olo,s S g
T Na Ca S04 Cl Coz Cos EC
PH (megf) (meq/l) (meq/l) (megfl) (mea/l) (meg/l) (ds/m)
7.29 0.19 6.61 1.89 0.31 4.59 0 551
(VAL Jls) QLS put ¢ 5051 g pudad ¢ ommmnd Caghy iyl dn 53 ol ja0 alalo (il - Joun
Table 3- Mean monthly temperature, relative humidity, evaporation and rainfall, Srple=Zhab (1394)
olo Lod o Cagb alalo yused alalo Sa,b
Month Temperature Relative humidity Monthly evaporation Monthly rainfall
Q) (%) (mm) (mm)
“ i) 23.40 33 244.40 3.70
May
IYES 30.30 22 353.10 0
June
v 33.20 21 391.30 0
July
N 35.10 21 435.20 0
August
JYRS 31.30 26 356.70 0.10
September
e 25 36 200.70 1.90
October
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Table 4- Mean comparison effect of Irrigation interval on traits of Fruit Weight, Pulp Fresh and Dry Weight, Dry matterand
Pulp/Pit ratio of olive cv. Sevillana

&bl 590 FrUit saw - CwisS 3 (339 Cadgs Suid (439 S a3lo o yd Lond &y oS Comned
Irrigation Wei I::A(‘;” Pulp Fresh Weight ~ Pulp Dry Weight Dry matter Pulp/Pit ratio
interval s @) @ (%) (%)
2390 4.07a 3.14a 0.60a 27.16¢ 1.02a
3 days interval
2392 O 3.27b 2.48b 0.49b 29.43b 0.98a
6 days interval
°39) 02 2.92¢ 2.24c 0.39¢ 34.14a 0.92a

10 days interval

M (613 gme iglis glyly SOl (claiels win (905l doyd B prhaw )3 Wb o D LSy Bgys iy (ola ke
Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%
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Table 5- Mean comparison effect of Irrigation interval on traits of Pit Length and Diameter, Fruit Yield per tree and hectar
of olive cv. Sevillana

ol 490 Lumd Job EV Y Ca 0 40 5 Shas SUSR )3 0 ,Slos
Irrigation interval Pit Length Pit Diameter Fruit Yield Fruit Yield
(cm) (kg/ tree) (kg/ hectar)
059y duw 1.20a 0.75a 39.43a 15774.20a
3 days interval
039y b 1.17b 0.74a 33.48b 13395.10b
6 days interval
1.11c 0.67b 28.20c 11280.00c

0j9s 03
10 days interval
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Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%
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Table 6- Mean comparison effect of mulch on traits of fruit weight, pulp fresh and dry weight, dry matter and Pulp/Pit ratio
of olive cv. Sevillana

Feo L") 598 (139 CuigS 35 (39 S 49 Sid o3l Qo & Cai S Cnsd
Mulch Fruit Pulp Fresh Cudigs Dry matter Pulp/Pit ratio
Weight (g) Weight Pulp Dry (%) (%)
@ Weight
(9)
bl 3.88a 2.99a 0.55a 25.71b 0.97a
Polyethylene
OilS g ol8 3.78a 2.91a 0.54a 25.88b 0.97a
Organic materials

o oo 2.61b 1.97b 0.39b 39.13a 0.97a

Control

M (6l ime 9ld5 (hyls Sl (glasals Mix (y90j] o> B o ,d o yb 3 LSy By (s (sla Sl
Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%
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Table 7- Mean comparison effect of mulch on traits of Pit length and diameter, fruit yield per tree and hectar of olive cv.

Sevillana
- L b EVWERNTY: g paSles LIS 0 3 Sos

Mulch Pit Length  Pit Diameter Fruit Yield Fruit Yield

(cm) (kg/ tree) (kg/ hectar)

ol 1.27a 36.64a 14658.20a

Polyethylene
5o 1.25a 35.54a 14218.20a
Organic materials

&l oo 0.97b 28.93b 11572.90b

Control

M (610 ixo gl gy ySly (glaiely Lin 903l )3 O paws 13 o ya 3 LSS g )b (sla Sl
Means having the same letter in traits are not significantly different by Duncan’s multiple range test at 5%
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Table 8- Interaction effect of days interval and mulch on traits of fruit length and diameter, fruit moisture and pit fresh and
dry weight of olive cv. Sevillana

; o0 Jsb o900 ylab dge0 Cagh) G P08 s S8
Sles Fruit S . . Pit Fresh . .
Fruit Diameter  Fruit Moisture . Pit Dry Weight
Treatments Length (cm) (%) Weight @)
(cm) ()]
AL o 5 o, e 2452 1.74a 76.41a 1.03a 0.66a
3 days interval and Polyethylene
bl 2.40a 1.73a 76.15a 1.01a 0.64a
3 days interval and Organic materials
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Introduction: Olive (Olea europaea L.) is one of the drought tolerant ever green fruit trees. Olive is an
economically important species of the Mediterranean area, so understanding the mechanisms by which olive
plants face drought stress under environmental conditions is essential for the improvement of olive yield and oil
quality. Olive is one of the fruit trees which become important in the Iranian fruit industry at the near future.
Mulch is an optimizing strategy under which crops are allowed to sustain some degree of water deficit and yield
reduction. Increasing crop water-use efficiency (WUE) through water conservation in the soil is an important
component of dry land farming. Mulching is among the water management practices for increasing WUE. Mulch
is referred to as any material that is spread onto the surface of the soil for protection against solar radiation or
evaporation. Different materials, such as wheat straw, rice straw, plastic film, grass, wood, and sand, are used as
mulches.

Materials and Methods: This experiment was conducted to study the effect of irrigation interval and mulch
on Pomological characteristics and yield of 11-years old Sevillana olive cultivar. A factorial experiment was
carried out in Dallaho Olive Research Station at Sarepole located in Kermanshah province. Field experiment
based on randomized complete block design with three replications and two factors (irrigation interval and
mulch) were conducted in 2015. Each experiment unit consists of 4 trees and 108 trees were used. Irrigation
treatments period for experiment were 3, 6 and 10 days interval and mulch treatments for experiment were
polyethylene, organic materials and non-mulch (control). Geographical characters was longitude of 45°, 51" E
and latitude of 34°, 30" N and the height of sea level 581m. The measured tree characteristics were: Fruit
Weight, Pulp Fresh Weight, Pulp Dry Weight, Dry matter, Pulp/Pit ratio, Pit Length, Pit Diameter, Fruit Yield
(kg/ tree) and Fruit Yield (kg/ hectare). Reproductive traits were determined by the methods of 1.0.0.C.(2002).
Collected data were analyzed using SAS program.

Results and Discussion: Obtained results showed that mulch and interval irrigation treatments had
significant differences in Pomological traits so that mulch and 3 days interval irrigation treatments increased fruit
weight, pulp fresh and dry weight, fruit moisture percent, fruit yield kg/ tree and kg/ hectare but fruit weight,
pulp fresh and dry weight, fruit moisture percent and Fruit yield kg/ tree and kg/ hectare reduced by drought
stress. Mulch application increased fruit weight, fruit length and diameter, pulp fresh and dry weight, fruit
moisture percent and fruit yield. Mulch application improved Pomological characteristics such as fruit weight,
pulp fresh and dry weight, fruit moisture percent, Fruit yield kg/ tree and kg/ hectare of olive Sevillana cultivar
under drought stress and helped to save irrigation water in olive orchards. In the arid and semi arid as well as
sub-tropical regions, water shortage is a normal phenomenon and seriously limits the agricultural potential.
Therefore, under irrigation or rain-fed conditions, it is important for the available water to be used in the most
efficient way. The proper irrigation interval can play a major role in increasing the water use efficiency and the
productivity by applying the required amount of water when it is needed. On the other hand, the poor irrigation
interval can lead to the development of crop water deficit and result in lower yield due to water and nutrient
deficiency. Early in the season when plants are small, it is beneficial to encourage the roots to explore as much
of the soil profile as possible. This maximizes nutrient uptake and stress tolerance later in the season. The effect
of mulch on yield and its components have been reported in various studies. The effect of mulch on plant yield
through changes in soil conditions that can change the soil temperature and soil moisture that influence on the
growth and vyield. The effect of mulch can be done through weed control, make favorable conditions of
temperature and soil moisture, reduce leaching of nutrients and soil fertility, increase the efficiency of water use,
increase availability of absorption of nutrients, increased root growth and control of diseases and pests.

Conclusion: According to the results of this research, it can be concluded that mulch and interval irrigation
had a significant effect on reproductive characteristics. Using mulch improved Pomological characteristics of
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olive including fruit weight and yield per tree and hactar, fruit length and diameter, pulp fresh and dry weight,
fruit moisture percent Under drought stress and helped to save irrigation water in olive orchards.

Keywords: Irrigation interval, Olive (Olea europaea L.), Mulch, Pomological characteristics
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Figure 2- The effect of harvest time (cut) on leaf dry weight of two ecotypes of spearmint (Mentha spicata L.) “Kashan” and

“Shushtar”
Columns with different letters show significant difference (P<0.5) between harvest times based on Duncan’s multiple range
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Figure 3- The effect of harvest time (cut) on essential oil content of two ecotypes of spearmint (Mentha spicata L.) “Kashan”

and “Shushtar”
Columns with different letters show significant difference (P<0.5) between harvest times based on Duncan’s multiple range
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Figure 4- Effect of harvest time (cut) on essential oil yield of two ecotypes of spearmint (Mentha spicata L.) “Kashan” and

“Shushtar”
Columns with different letters show significant difference (P<0.5) between harvest times based on Duncan’s multiple range

Jol by j3 (9o yd 0+ ) Wiy s LS Jliie oy iy o8l
B LS pos g pod sl (b o ) g 9 2 odalie
il Gl iz vy Cudld g )3 g Moy duo > T/TA
el b sl gl alie jdsd gl bl ol aluS s
A G yidgd glin )0 ol plwld wluS ol o cglas
sl ol lial j1 (S plgis @ Giged g2y QLIS
ol vy cuily ) g cusly ulj8l Wy pylea B ol cudly
e ey (Ao )d FIVY) jlade opysioS 4 g cubly (6 pSeuis
oo B ol poiy B gl atlsy 51 55,500 53 (e
Il csls 33 (3o yd SYIVY) (5, Hlade oy bl (6l
3 9 b s pylaa U pgd cudldp 3 o 5l L g A5 sdaliie
A oo Codb iy Jg <l )18 nopd SFF B EYIYE alls

slead (5153
o3y s VY Jga jo olsls glx bl slial @z Ko,

Sl o855 09) (9 63 e ciged) Sl 0
e oy yieS 3l peed Hlide adg LSl gl uilel Lol
2 (o> Y4/00) Jlade oyt 4 Jgl cudldy yd (1o )d VY/TVY)
ErSandy Gl pilaz il )3 Gl 5l ey g Sy pod el
Sy 259y BMS 1 (95 9)0 (63 s Sy g,
O eS) 2o YIYY a4 Jol cudloyy 13 o pd ¥/20 51 5 390 (yige)
pow sl y (b oSy cpl ke )y pgd cubldy o (Hlade
Mo (i & poxiy Culbyy 3 Jg <l Gl (Saile)ler
Ol ol e S plgis @ 5) ke e (203 WVNY)
O i) o3 YEIVY al ol ey 45 doys FAAY I olS
Cailyy p Sl ialS 1 s g sy paw cdlyy jd (Hlade



WWAF (lwo oF o,lods VY ol (559l guluo g pole) Ll pole a4 s AY

e 9 05l (9, olie 5l sloole y3 o> EalS' L lojen
> @ Wl Sl cal o SRR 058 500 (63 s
Jhan Lols el (g9 Jolye )0 calise glogj o
9y e (4) amsb Las s ) e Jase (sla g
@3¢ g9 ol e a5l glate jluws 153 glins ,d odd 3,155
Shes glbim adb oo olS (i3 b (g (S5 Joie
st 03N (JPIlid liseS” Jte il glacyligeS
e 598 ubigeS )l Glar o )3 0pf g LlST (g0 ye
gl bl ()l ke (JS )3 355 0 S8 g S (gl
EL».'.; qu.;L»)l ‘_’);)K)Im .(YV) AA—&A‘)L? .-\_1.0).) A' }I u;:».H L;L».\Jl.g
Ol 090 7 0% ) G il plod )3 2395 5 (L3 CobisS]
cusby dilise saglej g i sla Jlo )3 gl (uill ()8
Oy (glixi g9y 00 plodl 3o ) Wl Ciglaie b sl
(1> A=TY) YN 558 5 (dyd AY/F) VY 55l8 51 58 ol
3 09SOl Oy (65D i 50 (YY) el Cty
i Sy 03 ol liae g 03,5 sdalidie (Y en) pad cuilyp

(Y5) cdl il (yoliow)

(¥ Jgte) cubls otinlS S5y o3y b gl (sl
A Al Oladg ey S5 Lo gtge jiiw sl jpe 5
g S o o |y (glite (glb jpus cilies slapy 3l collad
5 QLS i S 53 55 48 s o Jai 4y ol Gy gl
Sy e g S A g ) Fihao ywo clom 3l (jubsd
JLs 5olS S s ] GBS 53 5 35,05 (o35 cllab Jgtte
cilwl s3> o5 ol laie 4 edle pl Bl oads el g ol
Jolys e oyl 5o il an il bl glial 5 ool opm
e e 9 g 4 i (iged Ly bl lindg
il g Jgo)S il 4 jBgenSTsige £ (iged mjil Lo
o i S & 33,000 Sl il ol bawsss J559)lS
4 LS50, 09lS el callad 3l )5 Wl o op 3 (A) 29
okS 5)8 5 yigedd ke (V) 33,5 i 5) p9 (63 e
Olje a8 Jlo 53 b Gl g g pgd cudlyy )3 (LI glias
CdyS o Ol o ol (28l Sl 5500 (63 e
s sl 03 Jlb 9)l8 5t s 595k gl caiby (b oS
e Gl 8l el jUS90) 9 ik callad oomy by 5
by (pelde 4o Casl 03,5 135 75)02 (63 o &1 09)
S 1ol s Ll cl o o)) 55 (VS 9 10) 03351 g (63900

Blswe s Cudly 45 (Ll culigST (Mentha spicata L.) (> glai (wilwl gl3a1-Y Jgas
Table 1- Oil composition of spearmint (Mentha spicata L.) “Kashan” at different harvest times (cuts)

Caild pr o
Harvest time (Cut)
No Compounds Retention Index
1 o-Pinene 938 0.60 0.54 0.44 0.60 0.78
2 Sabinene 971 1.03 0.97 0.85 0.98 1.15
3 [B-Pinene 974 0.45 0.40 0.40 0.61 0.47
4 [B-Myrcene 986 - - - 0.18 -
5 Limonene 1024 1222 2055 1892 1392 15.28
6 o-Terpinolene 1082 0.13 0.27 - 0.24 0.30
7 Cis-Dihydrocarvone 1192 4.95 2.34 2.38 361 1114
8 Pulegone 1235 - - - 0.24 0.39
9 Carvone 1250 68.94 7092 7421 7338 65.15
10 Carvacrol 1300 0.18 0.34 0.26 0.18 0.30
11 Dihydrocarveyl acetate 1323 - 0.14 - - -
12 Piperitenone 1337 0.79 0.29 0.12 0.13 0.46
13 Carveyl acetate 1357 0.66 0.76 0.52 0.80 0.88
14 [-Bourbonene 1380 1.62 0.40 0.31 0.57 0.70
15 Isocaryophyllene 1401 0.40 - - 0.10 -
16 Caryophyllene 1415 5.06 1.13 0.96 3.29 2.00
17 o-Humulene 1450 0.21 0.11 - - 0.10
18 Germacrene D 1463 0.65 0.12 0.12 0.31 0.17
19 v-Cadinene 1509 0.41 - - 0.22 -
20 4-Methoxycinnamaldehyde 1562 0.66 0.23 0.11 0.19 0.25
Total 98.96 9951 99.60 99.55 99.52
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Table 2- Oil composition of spearmint (Mentha spicata L.) “Shushtar” at different harvest times (cuts)

Harvest time (Cut)
No Compounds Retention Index
1 a-Pinene 938 0.83 0.66 1.03 1.07 0.68
2 Sabinene 971 0.26 0.19 0.24 0.30 -
3 B- Pinene 974 1.17 1.15 2.10 1.54 1.08
4 - Myrcene 986 1.07 0.79 1.01 1.19 0.93
5 Limonene 1024 17.48 19.20 19.61 2153 14.22
6 Isomenthone 1158 0.40 0.76 - 0.42 0.59
7 Borneol 1161 0.21 0.61 - 014 033
8 Cis- Dihydrocarvone 1192 2.40 491 4.56 448 1354
9 Trans- Dihydrocarvone 1198 - 0.83 0.74 0.45 3.12
10 Carvone 1247 67.72 64.60 63.36 64.25 58.56
11 Dihydrocarvyl acetate 1323 - - - - 0.34
12 Piperitenone 1337 0.23 0.33 131 017 0.99
13 Carvyl acetate 1357 - - 0.21 - 0.21
14 B-Bourbonene 1380 1.01 0.75 0.71 0.58 0.81
15 B-Elemene 1385 0.16 - - - 0.10
16 Methyl eugenol 1396 0.12 - - - -
17 Trans-Caryophyllene 1414 3.08 2.24 2.07 1.63 1.73
18 a-Humulene 1450 0.14 0.10 0.13 - 0.19
19 y-Muurolen 1474 0.37 0.26 030 0.19 0.22
20 Germacerene D 1478 0.38 0.29 0.28 0.19 0.24
21 y-Cadinene 1510 0.61 0.47 026 0.12 0.18
22 cis-Calamene 1518 0.28 0.19 0.11 - -
23 a-Cadinene 1534 0.28 0.18 019 015 0.17
24 4-Methoxycinnamaldehyde 1562 0.17 0.11 0.20 0.27 0.45
Total 98.37 98.62 98.42 98.67 98.68
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Introduction: Spearmint (Mentha spicata L.) is an aromatic plant belonging to the Lamiaceae family. The
ground fresh biomass and dried leaves of the plant are used as spice and herbal tea, and cultivated commercially
in the entire world. Spearmint oil also has economic importance and is used in perfumery, confectionary and
pharmaceutical preparations. Major components in cultivated spearmint oil are carvone, limonene, and 1,8-
cineole. Essential oil compositions of aromatic plants depend on their genetic structure, the climatic factors and
the agronomical practices as well as harvest and post-harvest managements. A climate with adequate and regular
rainfall and good sunshine during its growing period ensures a good yield. Climatic condition is one of the most
important factors influencing the growth and accumulation of active ingredients that its effect is concealed at the
harvesting time of plants. In addition, harvest time (cut) and phonological stages can affect herbage yield and oil
content and composition of perennial medicinal plants.

Materials and Methods: Plant materials were harvested from a farm in Safiabad city, Khuzestan province,
Iran. Five samples from each ecotype of spearmint (Kashan and Shushtar) were collected during growth season
at the beginning of flowering stage, from May to the end of November. Plants were hand-harvested by cutting
the herbage at 5 cm above the soil. Then the plants were dried at room temperatures (approximately 40 °C).
Spearmint essential oil was extracted via steam distillation using a Clevenger apparatus. The distillations were
carried out on a sample size of 50 g of dry aerial parts with a distillation time of 180 min. The oil was dried over
anhydrous sodium sulfate and was kept in a refrigerator until further analysis. The essential oil’s chemical
composition was analyzed by GC and GC/MS.

Results and Discussion: The results showed that temperature and humidity conditions prevailing in the area
at the time of harvest had significant effect on plant growth and ultimately leaf dry weight, oil content and
composition. The highest leaf dry weight of the Kashan (250.67 g.m™) and the Shushtar (290.23 g.m?) were
observed at the third and fifth harvest time, respectively. There was no significant difference between the first to
fourth harvest times of the Kashan and the first, third, fourth and fifth harvest time of the Shushtar. The highest
(3.33%) and the lowest (1.72%) amounts of essential oil of the Kashan ecotype were obtained from the third and
the first cuts, respectively. The Shushtar ecotype had lower oil than the Kashan ecotype. The second harvest time
of the Shushtar ecotype had the highest (2.53%) amount of essential oil and the lowest (1.36%) amount was
observed at the first harvest time that had no significant difference with the third and fifth harvest times. The
highest amount of oil yield of the Kashan (8.34 g.m) and the Shushtar (4.89 g.m) ecotypes was recorded at the
third and the fourth cuts, respectively. It seems that plants during the second to the fourth harvests encouraged
with hot stress and they produced more essential oil in response to high temperature. Limonene, cis-
dihydrocarvone, carvone and caryophyllene were the main oil components at five harvest times. Both ecotypes
were similar in regards of main oil components but the Shushtar had more oil composition than the Kashan. In
the Kashan ecotype, limonene was at the lowest amount (12.22%) and reached to the maximum amount
(20.55%) at the second harvest time. In contrast, cis-dihydrocarvone decreased from 4.95% to 2.34% at the
second harvest time and finally the maximum amount (11.14%) was recorded at the fifth harvest time. Carvone
content was 68.94% at the first harvest and after that increased to the highest level (74.21%) and finally
decreased to the minimum level (65.15%) at the fifth harvest time. In the Shushtar, limonene increased from the
first until the fourth harvest and ultimately declined in the last cut. The maximum amount of carvone (72/67%)
was observed in the first harvest and then was relatively constant during the second to fourth harvests, and
reached to the lowest level (56/58% ) at fifth harvest. The Kashan ecotype had more carvone than the Shushtar
ecotype. The fluctuation of carvone and cis dihydrocarvone were in opposite of each other and it seems that
lower temperatures in the fifth harvest caused to carvone convert to cis-dihydrocarvone. However, the amount of
carvone was more than 50 % at all harvest times.

Conclusion: Although harvest times had a significant effect on the traits, both ecotypes showed a good oil
content and yield at five cuts. Oil composition was also changed during different harvest times. Nevertheless,
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Carvone content was up to 50% at all harvest times and it seems that we can recommend harvesting of plants
from May to the end of November.

Keywords: Carvone, Cis-dihydrocarvone, Harvest time, Limonene, Mint
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