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Figure 1- Effect of Essential Oils on Bulb Number of Fritillaria. The data in each column followed by same letter are not
significantly different by Duncans multiple range test at S % of probability level
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significantly different by Duncans multiple range test at S % of probability level
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Figure 4 — Effect of Essential Oils on Leaf Number of Fritillaria. The data in each column followed by same letter are not
significantly different by Duncans multiple range test at S % of probability level
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Figure 5 — Effect of Essential Oils on Leaf Length of Fritillaria. The data in each column followed by same letter are not
significantly different by Duncans multiple range test at S % of probability level
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Figure 7- Effect of PGRs on Bulb Number of Fritillaria. The data in each column followed by same letter are not significantly
different by Duncans multiple range test at 5 % of probability level
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Figure 8- Effect of PGRs on Bulb Diameter of Fritillaria. The data in each column followed by same letter are not
significantly different by Duncans multiple range test at S % of probability level
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Figure 9- Effect of PGRs on Root Number of Fritillaria. The data in each column followed by same letter are not significantly
different by Duncans multiple range test at 5 % of probability level
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significantly different by Duncans multiple range test at S % of probability level
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Introduction: Fritillaria imperialis L. is an ornamental and medicinal plant native to mountainous regions of
Iran. This plant genetic resource is in danger of extinction, Because of grazing livestock and pest outbreaks.
Therefore, micro propagation of Fritillaria through in vitro regeneration is essential for conservation and
commercial production. Thymol and Carvacrol are one of the main essential oil compounds in family
Lamiaceae.

Material and Methods: Fritillaria imperialis L. bulbs in dormancy stage obtained from mountainous
regions of Lorestan in Iran and were placed in cold room at +4 °C for 4-6 weeks. Then, Bulbs were surface-
sterilized with 70% ethanol for 45 s followed by immersion in 5% (v/v) NaOCI solution for 20 min with gentle
agitation, and then rinsed three times in sterile double distilled water. Present study was conducted in two
separate experiments. In first experiment, effect of different concentration of Thymol and Carvacrol and in
second experiment, different concentration of NAA and BA on in vitro characteristics of Fritillaria was
evaluated. Explants (1x 1 cm) prepared from the lower third of scales with basal plate and were placed in MS
basal medium supplemented with different concentrations of Thymol (50, 100, 150 and 300 ppm), Carvacrol (10,
100, 500 and 100 ppm), BA (1, 2 and 4 mg/l) and NAA (1, 2 and 4 mg/1).All cultures were incubated in a growth
chamber at 24+2°C, and a photosynthetic photon flux of 40-60 pmol m-2 s—1 was provided by cool white
fluorescent lamps with a 16-h photoperiod. This experiment wascarried out in completely randomized designs
with fivereplications.

Results and Discussion: Analysis of variance showed that Thymol and Carvacrol were not effective on
number of new bulblets but had significant effects on bulb diameter, number and length or roots, number and
length leaves and callus induction and diameter of callus obtained from scales (P< 0.05). The highest rate (3
bulblets) of bulblets formation was obtained fromMS medium supplemented with 50 ppm Thymol that showed
significantly difference from other treatments. Medium containing 10 ppm Carvacrol gave the highest Bulblet
formation (2.5 bulblets) between Carvacrol treatments. Investigation of rooting was done by assessment of the
number and length of roots. Mean comparison of the effect of cultivar type on root number showed that the
largest number of roots per explant was obtained fromMS medium containing 50 ppm Thymol. Lowest number
of roots observed in mediums supplemented with 300 ppm Thymol and 100 ppm Carvacrol. The best medium
for increasing the root length per explant (10.90 cm) was MS medium supplemented with 100 ppm Carvacrol,
while the least increasing in root length per explant observed fromculture mediums contained 300 ppm Thymol
and 100 ppm Carvacrol. Also, the largest number of leave formation obtained fromculture medium
supplemented with 50 ppm Thymol that significantly higher than other treatments. Statistical analysis (ANOVA)
of the data showed that high frequency callus induction and formation occurred in MS mediums contained 50,
100 and 150 ppm Thymol and 10 ppm Carvacrol and culture mediums supplemented with 300 ppm Thymol and
1000 ppm Carvacrol showed least callus induction. In contrast, largest callus diameter observed in culture
mediums supplemented with 300 ppm Thymol and 500, 100 ppm Carvacrol.

Statistical analysis of results showed that different concentrations of BA and NAA had significant effects on
bulblets number and bulblets diameter (P<0.05). High frequency of bulblets formation obtained fromMS
mediums containing 2 mg/l and least bulblets formed in culture medium supplemented with 4 mg/l BA. Stimart
and Ascher (1978) observed highest number of bulblets formation in culture of LiliumlongiflorumL. Scales on
LS medium supplemented with 0.3 mg/l NAA that correlated with our study. Also, Pierik and Steegmans (1975)
explained that auxins versus Gibberellins increased number of bulb formation in Hyacinthus orientalis. Analysis
of variance showed that effects of BA and NAA only was significant in root and leaf number and no significant
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in root and leaf length. The highest and lowest number of roots observed in MS mediums supplemented with 2
mg/l NAA and 4 mg/l BA, respectively. Pierik (1998) demonstrated that Cytokinins in low concentrations
induced cell division but in high concentrations inhibited root formation. Nuth (1998) concluded that in
LiliumLongiflorum medium containing NAA significantly increased root formation than PGRs free medium.
Statistical analysis of results showed that different concentrations of BA and NAA had significant effects on
callus induction and formation in Fritillariaimperialis L. (P<0.05). High rate of callus formation was obtained
fromMS mediums supplemented with 2 and 4 mg/l NAA and 2 mg/l BA.

Conclusion: Thymol and Carvacrol as additives to tissue culture medium can improve some parameters of
Fritillariaimperialis L. in vitro propagation like bulblet diameter, roots and leaves number and size. In this
context, Thymol showed better responses than Carvacrol and 50 ppm concentration of Thymol was more
effective. Such plant compounds needs to be more considered in tissue culture mediums. Also we concluded that
Auxins in comparison to Cytokinins was more effective in propagation of Fritillariaimperialis L. through in
vitrobulblet formation.

Keywords: Bulblet, Callus, Essential oil, In Vitro culture, Plant growth regulator
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Table 1- Some physical and chemical traits of the soil used in the experiment

Shedy P SNBSS ol ol ke Cla bty ppliclil
Soil Texture & EC Total nitrogen ~ Phosphorus  Available potassium ~ Titanium concentration
o (dS m-1) (%) (mg/kg) (mg/kg) (mg/kg)
Loamy 509! 7.1 5.5 15 28 190 1.9
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Figure 1- Image of nanosized TiO2 by STM
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Figure 2- Topographic image of nanosized TiO2 by STM
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1. Chl a (ug/ml) =15.65 A666 - 7.340 A653
2. Chl b (pg/ml) =27.05 A653 - 11.21 A666

3. Chl (total) = Chl a + Chl b

4. Cxtc = 1000 A470 - 2.860 Ca - 129.2 Cb/245

GF-300Jae Jlizmd g5l b JS 5 Sy o)ludls 5 o9
A5 e e B b ol el
5 35 plosl MSTAT-C 1381 a5 il eslisl b ()bl &3

1- Scanning tunneling microscope
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Table 3- Triple interaction effects of salinityx anosized and bulk titanium dioxide xleveles of titanium dioxide on chloropyll a,
b, total chloropyll, cartenoid, leaf area, leaf and lateral shoot number in petunia

9999

HKEY
> b cdals

s TS SU e s WSS S oS bldsls  adde,ls

Ll eel ST . g ;
.. 7 s Cartenoi Total Chloropyl Chloropyl

Salinit . TiO2 Tt Sy Leaf
y nanosize concentratio  Lateral Leaf Area d Chloropyl Ib la

(mM) d and shoot (em?) (ng/0.2g 1 (ng/0.2g (ng/0.2g (ng/0.2g

bulk n Numbe | umber fw) fw) fw) fw)
titanium (ppm) umbe
dioxide r

0 0 0 2.66fgh  59.66jkl  236.56h-k 1.18bc 2.27k-n 2.96ab 1.34g-j
0 0 5 3.33d-g 103’666Cd 361.06c-f 0.98c-g 3.70cdef 2.12cde 1.57efg
0 0 10 5.33ab 120.33bc 429.(’156bc 1.52a 4.19bc 1.01h-1 3.18a
0 0 15 433bcd  83.00fgh  349.80d-g 1.12¢d 3.92b-¢ 1.37e-j 2.54bc
0 0 20 433bcd  94.33def  271.68f-i 0.53k-n 4.03abc 0.89i-m 1.38ghi
0 0 40 5.00abc  106.66cd  489.85b 1.10cde 4.45ab 1.41e-j 2.38bcd
0 1 5 3.33d-g  100.66de 435.(;)9bc 1.35ab 4.84a 1.65d-i 3.18a
0 1 10 3.66def  105.33cd  316.78e-h 1.05¢-f 3.49d-g 2.93ab 0.55n0
0 1 15 5.00abc 125.66b 608.67a 0.57j-n 2.74h-k 1.78c-h 0.96h-o
0 1 20 6.00a 148.33a  451.70bc 0.73h-k 4.10bed 3.55a 0.54 no
0 1 40 433bcd  93.66def  450.20bc 0.81ghi 2.98g- 0.78-n 2.20 bed
75 0 0 2.00h 38.00nop  152.18kl 0.62i-m 1.33qrs 2.36bcd 1.01 g-n
75 0 5 2.33gh  51.33k-n  215.25ijk 0.64i-m 2.53i-1 1.10-1 0.420
75 0 10 3.33d-g  43.66l-p  395.00b-e  0.96d-g 1.80n-r 1.26f-k 0.54no
75 0 15 3.33d-g  39.00nop  257.46g-j 0.67ijkl 2.44j-n 2.36bcd 2.07cde
75 0 20 3.33d-g  46.33l-p 149.50k1 0.52lmn 3.37efgh 0.68j-n 0.64no
75 0 40 3.66def  65.66ijk  323.56e-h  0.89fgh 2.45-m 0.20mn 2.24bcd
75 1 5 2.66fgh  68.00h-k  206.20ijk  0.60ijk-n 3.82b-¢ 0.421lmn 1.40fgh
75 1 10 4.00cde  78.00f-hi  279.95f-i 0.62ij-n 3.71c-f 1.07h-1 2.64ab
75 1 15 433bed  73.00g-j 469.01b 0.42n 3.84b-¢ 2.57bc 1.27g-1
75 1 20 4.33bcd  87.33efg  214.18ijk 0.78ghi 3.98b-e 1.91c-f 2.07cde
75 1 40 3.66def  60.00jkl 42833bc 0.74hij 1.83m-r 0.39Imn 1.43fgh
150 0 0 2.00h 33.660pq  151.37kl 0.75hij 2.091-0 1.08h-1 1.09g-n
150 0 5 2.66fgh  54.00k-n  191.81ijk 0.57-n 1.32rs 0.52k-n 0.80jk-o
150 0 10 2.66fgh  44.00l-p  248.00h-k  0.90e-h 1.961-q 1.67d-i 1.95def
150 0 15 3.00e-h  40.33m-p  149.04kl 0.80ghi 1.510-s 0.81jk-n 0.69mno
150 0 20 2.00h 40.33m-p 74.041 0.53k-n 2.18k-n 0.79jk-n 1.30g-k
150 0 40 2.00h 67.66h-k  244.24h-k  0.46mn 2.35-n 1.62d-i 0.731-0
150 1 5 3.33d-g  40.66m-p  159.93jkl  0.47lmn 1.961-r 1.09g-1 0.86h-o0
150 1 10 3.00e-h  57.33j-m  203.20ijk 0.66i-m 2.101-p 0.78jk-n 1.23g-m
150 1 15 3.00e-h  47.66l-0  235.63h-k 0.56j-n 1.40p-s 0.63jk-n 0.76k-o
150 1 20 3.33d-g  58.00jkl  185.40ijk 0.56j-n 3.10f- 1.88c-g 1.22g-m
150 1 40 3.00e-h  66.33h-k  363.75c-f 0.57j-n 0.94s 0.08n 0.85i-0
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level using LSD test.
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Table 5- Triple interaction effects of salinityx nanosized and bulk titanium dioxide xleveles of titanium dioxide on leaf and
shoot weigth and some traits related to flower in Petunia

P 992y 3 la il - . & 5 o 7o
S N o
S99 13 $ldgry  pgwlid AT J5 dlusd Flower 2 s L5
. . Flower Corolla
Salinity nanosized and TiO2 Diameter Length Flower Fresh Shoot
(mM) bulk titanium  concentration (mm) (mm) Number Weight Fresh Weight
dioxide (ppm) (® ©
0 0 0 49.40a-f 31.870pq 7.66¢-] 11.676.e-j 13.28a-d
0 0 5 48.00c-h 44.89bc 8.00e-1 12.00e-1 11.95a-f
0 0 10 48.87b-g 40.73e-h 10.00cde 14.00c-¢ 12.86a-¢
0 0 15 54.00ab 43.41cd 11.33bed 15.33b-d 14.86a
0 0 20 51.27a-d 38.66f-k 12.33abc 16.33a-c 14.55a
0 0 40 46.00d-j 41.95de 11.66bcd 16.67b-d 14.31ab
0 1 5 54.33a 40.90efg 13.00ab 18.33a 10.22d-j
0 1 10 50.23a-¢ 47.95a 10.00cde 17.00ab 11.17b-g
0 1 15 47.16c-1 38.66f-k 13.33ab 14.00c-e 12.39a-e
0 1 20 46.50c-j 32.70nop 11.66bcd 17.33ab 7.42ijkl
0 1 40 46.43¢-j 47.29ab 14.33a 15.67b-d 15.25a
75 0 0 41.48d-j 30.00qr 5.66ijk 9.67i-k 8.74fg-k
75 0 5 44.41j-n 34.35mn 6.66h-k 10.67h-k 8.00g-k
75 0 10 46.39fg-k 37.41jkl 7.46f-j 11.33f-k 9.76e-j
75 0 15 48.00c-h 41.00ef 9.33d-g 13.33d-g 10.52¢-1
75 0 20 43.00h-1 38.77f-k 7.66¢-] 13.67e-j 13.70abc
75 0 40 43. 40h-1 42.00de 8.66e-h 12.67¢-h 12.28a-¢
75 1 5 51.81abc 37.14jkl 7.66¢-] 14.00c-e 10.43c-1
75 1 10 43.37h-1 39.421j 5.66ijk 11.67¢-j 11.05b-h
75 1 15 48.14c-h 46.47ab 8.00e-1 9.67i-k 7.78hijk
75 1 20 36.53n0 40.96ef 9.66def 12.00e-i 6.23kl
75 1 40 44.98e-k 38.50g-1 10.00cde 13.67d-f 10.23d-j
150 0 0 32.670 28.66r 5.00k 9.00k 5.64kl
150 0 5 38.63lmn 36.25Im 6.86h-k 10.67h-k 5.44kl
150 0 10 42.63i-m 33.38no 5.33jk 9.33jk 4.371
150 0 15 40.00k-n 28.12r 5.661jk 9.67i-k 7.05jkl
150 0 20 43.86gh-1 31.480pq 5.00k 9.00k 7.53ijkl
150 0 40 44.511fghijk 38.09i-1 7.00g-k 11.00g-k 13.26a-d
150 1 5 32.430 30.47pqr 6.00ijk 9.67i-k 4.331
150 1 10 45.82¢-j 36.65klm 5.33jk 10.00i-k 8.53g-k
150 1 15 40.3k-n 39.33fj 5.66ijk 9.330jk 6.97jkl
150 1 20 37.54mno 38.30i-1 6.79h-k 9.67i-k 6.25kl
150 1 40 43.40h-1 38.33h-1 5.66ijk 10.67h-k 10.18d-j

515 )3 0 Jleas! o 13 LSD 9051 51 oolitl b (gl (sine cdMib] sl po S yidio gy (sl g yo jd &S oo ke
Means, in each column, followed by similar letter are not significantly different at the 5% probability level using LSD test.

o oanlide poslid Sl (00 gl pl (g (0 ¥ il 5 poslis
L g o9 s p0 50 2y S WEY sals sl a5 )0 S 5 (s
GBS g VPV a Voo (e N0+ 5 VO @ (15 ol il
LSl 3 pl (o (2 0 Jlesl U jYs 0 Lo VO 55y .cily
ST 63 93U ol (g (2 0 Jlosl b g 202V IV IS 5 (g posiliss
P e e &8l Gl aald 4 Cond 1o )d YYIV poslis
Froodale 5p)LS L o(j¥50 (oo VB) ()98 (15 1 o (ypo
S5 039 96 09 9 $U Coge 93 @ peslis auST el 22
poolnd AT (63 0,58 pie 4 Cond 2o Y 5 FY iy @

55 0ig 0 b 5 S 9l g (598 Yo 53 JliSen

ol yl by s aop V Jleis] e w j3 4ly (ixe (33
OiSan yy (poman g poslid bS] (00 il gslaw I edlatsl
pslis domST (03 gl GEiSamyr g2 )b (e 655 Jlosi b ]
DSy Sl I ixe B! Sy 5 9 50 50 3
039 2 S 5 0j9 3 A 38 e 9o o dw A aw Sl
Lo )y (g b0 3 V Jloisl a3 55 (39 9 0jlud Ll 5
pis bulid 53 o)L ls 15 (g ooyt 8 Joi> gl & g
ST @ el 2 Ve 500 b clle 35 (558 5 los]



WAV laali (¥ o )los VY s (5559l @slus g pole) SLil pole apii YA

Dy )by pxe o yd

L (il Jglore 9 5598 5 pas Lulyd p3) (ol aali 5
Slas ey pae byl 50 oad oolaiiwl slaclale plad o bl
ol o ¥ bosd o (gl bl aSty] e 3l il 1, S
5005 o o)l e T L oS a3 ¢ paslisiensles gl
2 2 WIYY JS ol (:Sike L) 55 5 plalS plo 4 Cos
cos bS5 ol il paslis Cute I3l .0e (45
g9k a5 o VB ()55 53 (B Jpaz) A5 edalin 5 i3
3929 peslis L oaits Jles (bl Gy 2 > J5 017 (550ks
NE G YIE &IV YIY &1F 4 s pas sl oyl paslisas] e
Sl Olyis 4 5 Jlad (izmen 5 5 el Job Cidio 93 s,
ok 88 & pria o9 5 05 435 Jai 5 IS 2 ]
0+ g U5 (5558 Gl L aSghe 4 a3 JS 5 ol
395 s3> o b il ol pte Ll 53 Von
ieadeo YV/Z 4 ¥/ 51 S Jlad 5 YAIZ 4 YV/A 5l S pls Job
2 g QS a3 J5 b g ol 5 slas ialS s,
o ly IS5 kB g a o) J5 Sl e 258 Ve (L Y
S el asd VWos Ve e sy

Plimtcn Vo Lodd Jlos sla S (ialojl 5,90 slolod oy 5
Pl Jsb o Ol b (o)l 5 56 b &)50 4 paslissnnsiss
5 poslisdslied s plin o O b oad jlos o J5 g it 5
Syt J5 b jlaiio O L (g)lol 5 paslisaslion ol (o (2 V0
= poslis B e Wdged )55 (V) dieuisld ¢ (cuds ozl
03— Pl_?d‘ u“"l-")] 5 4\_>)§| REO WA gy ol¥ Uua)‘) Ay
angS j0 cdly 5 ojluil g olaad e p3U paslis (slajles
oS 3939 9 IS5 0dlsl yrb> oloj  paslis 45 b ol ()8
Vel )31 S slis 4Shl e ) syl oty 6 &
Ored g il pySbee ¥ e )3 g0l il 1y Sile
D2 Sl (o J5 ol poslis gl

oI5 (S5 e

el pulb] 553 posilisgl 5 paslis jl eslitul ¢ JS sk &
2 00ld ) G oS ()9 9 J5 2l jlai ) las S 5
a poslis L ols cla)log &Sl oud D (5)58 Laalyd
Slino 290 )3 poslitd o S JiaS sl Clale )3 ogad
S (6 g0 (A Sls8 )90

cab il
sloccble ol p» i pae byl s ob ol mlo
(—l) 5 (ingy) oS slial g poslisinmslien b g puSlied
SIS V) Ohlen g 5le (595 @l b et ol aily (o]l
b Ojlud bl g siwgid (il Gk ] peslis 4euST 5)S
Sl 000 Jgmame il el dopd ¥ U laglog g b8 )
Pliss VWO Jlogi cod (b wiar Lugl Jpamee (e 1381 (V)
ol 01 )5S (YA) ) 5 Y g5l Loy posliss S 5
poslis (i 1y (e i Log) Jgamme laljBl W oo (i
GBS (TY) Ghlbsen 5 ploo iy juwgd ()9 cullab )
Fom 403935 Gl 9 CA (I3 L TIO, b o8
45 wbe GBI 5 g ol CBlate g ool Gl L S
(YY) iy aalgs a8l 55 ad)y Slas 9 olS 59 ol Jd 4
(52ig )3 Jdd w1 3l) gy Colled a8l cely THO, b
O30l )3 TiO, 136 4 oo il cpl cudlad 2ol 38l s oS 540 0
Ol 38l cely TiOr 95U wagui oo 0315 s jlauiST sSuunnrg)y Cudlad
5 5 T g o0 ) 5 e g J1 5 i
Ol ogMe S oo oy ) ATP i 5 0035 ()30S1 8 2
SROS (y3ensS1 31j] sla JLSu3), gooss il el THO, 5ib
5 0 grliial Mg IS 3 L 5T b il
Sl a5 g dmd o0 IS | Cadlg)lST slis (60098
aang Ly (1Y) 23,5 oo )98 gl 5o L plSomal ol
5 S o)ludld 5 oy (iS4 pxie (5)98 pob> B0 s
s bl (10) o, Kad 5 ysp Sl b gl ol b IS
Voo cbale b s ypd 5 4538 )15 (V0) ol)Sen g (b
ol o)LLl Sid g 5 (g ol A5 ial eel Vo e

A el 4 G ((audbl 0lS 53 Sy alawd g dldy

J5 b3 g Job (J5 dlaas
(¥ Joiz) loly 4o Joio I Jools Claye (650ke
505 (e S kB g ple Job (J5 0l (6y9d A L
3 g 5y9-d JiiSen 1 g 9 Cl)d 3529 pis 9 3929 o3bu il
(223 ) gaw) J5 Pl Jobo g (103 0 gaw) JS 2l j 9L
Oronen 9 poslis JuST (63 golaw odlow )51ad Iy (ine
g el Job (S5 o) oad S5 lio 1 55 b o] LiiSamy
LSl (60 ola s uiSanyy b LS Hl xe BB (S b
olite ol slcc sl jby xe 31 S slaws p @lyd il g paslins
2 U L 252 pae 50929 «5)9d) plalesl 3,90 o 4w
Slao ) 5 (poslisl deuST (63 gobaw 5 posilis 2puST (63 oS 5
By @ a3y an JS5 -l g el Jsb (J5 sl



AKR)

o 2] (bl S 5glg2 b8 y90 Wlhio 9 (AL 9 juf 9 PU pguiling wamuST 50 WI)5 S

10-

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

&l
Ahmad M.S.A., Ali Q., Ashraf M., Haider M. Z. and Abbas Q. 2009. Involvement of polyamines, abscisic acid
and anti-oxidative enzymes in adaptation of Blue Panicgrass (Panicum antidotale Retz.) to saline environments.
Environmental and Experimental Botany, 66: 409-417.

Armitage A. M. 1985. Petunia. PP. 41-46. In: Halevy, A. H. (Ed.), Handbook of flowering, CRC Press, Boca

Raton ,Florida. 52-59.

Asli S. and Neumann PM. 2009. Colloidal suspensions of clay or titanium dioxide nanoparticlescan inhibit leaf
growth and transpiration via physical effects on root water transport. Plant cell environ, 32:577-584.

Bayat H, Namati S, Tehranifar A, Vahdati N, Selahvarzi Y. 2012. Effects of salicylic acid on growth and
ornamental characteristics of Persian petunia (Petunia hybrida) under salt stress. Journal of Greenhouse Culture
Science and Technology, 3 (11) :43-51

Carvajal M. and Alcaraz C. F. 1998. Why titanium is a beneficial element for plants. Journal of Plant Nutrition,
21(4): 655-664.

Carvajal M., Martinez-Sanchez F. and Alcaraz C. F. 1994. Effect of Ti (IV) on some physiological activity
indicators of Capsicum annuum L. plants Horticulture Science, 69: 427-432.

Chao S. H. L. and Choi H. S. 2005. Method for Providing Enhanced Photosynthesis. Korea Research Institute of
Chemical Technology, Jeonju, South Korea, 10 p

Chinnamuthu C.R. and Murugesa Boopathi P. 2009. Nanotechnology and Agroecosystem. The Madras
Agricultural Journal, 96 (1-6): 17-31.

Cramer G. R., Lauchl J., Lauchl A. and Epstein E. 1987. Influx of Na, K and Ca into roots of salt stressed cotton
seedlings: Effects of Supplemental Ca. Plant Physiology, 83, 510-516.

Dadashi MR, Majidi Hervan I. and Noorinia AA., 2007. Evalution different genotypes of barley to salinity stress.
Journal of Agricultural Science, 1: 181-190.

Dere S., Gunes T. and Sivaci R. 1998. Spectrophotometric determination of chlorophyll - a, b and total carotenoid
contents of some algae species using different solvents. Journal of Botany, 22: 13-17.

El-Fouly M. M., Mobarak Z. M. and Salama Z. A. 2011. Micronutrients (Fe, Mn, Zn) foliar spray for increasing
salinity tolerance in wheat Triticum aestivum L. African Journal of Plant Science, 5, 314- 322.

Feizi H, Rezvani Moghadam P, Fotovat A, Shah Tahmasbi N. 2011. Reaction of wheat seedto different
concentrations of titanium dioxide nanoparticles in comparison with nonnano-particles. Proc. Of 2th congress on
science and technology seed. Nov. 4-5, Mashhad, Iran. pp. 565-569

Fornes F., Maria Belda R., Carrion C., Noguera V., Garcia-Agustin P. and Abad M. 2007. Pre-conditioning
germination of lettuce seeds. Water Air and Soil Pollution, 97:143-148

Fornes F., Maria Belda R., Carrion C., Noguera V., Garcia-Agustin P. and Abad M. 2007. Pre-conditioning
ornamental plants to drought by means of saline water irrigation as related to salinity tolerance. Scientia
Horticulturae, 113:52-59.

Haghighi M., and Daneshmand B. 2012. Comparison of titanium and titanium nanoparticles on growth and
photosynthesis of tomato in hydroponic system. Science and Technology of greenhouse cultures, 4(13): 73-79.
Hawthorne J, Musante C, Sinha S K. and White J C. 2012. Accumulation and phytotoxicity of engineered
nanoparticles to Cucurbita Pepo. Inter. Journal of Phytoremediation, 14: 429-442

Inman O. L., Barclay G. and Hubbard M. 1935. Effect of titanium chloride on the formation of chlorophyll in Zea
mays. Journal of Plant Physiology, 10: 821-822.

Klancnik K, Drobne D, Valant J. and Dolenc Koce J. 2011. Use of a modified Allium test with nanoTio,.
Ecotoxicology and Environmental Safety.74:85-92.

Kumar P. A. and Bandhu D. A. 2005. Salt tolerance and salinity effects on plants: A review. Ecotoxicology and

Environmental Safety, 60: 324-349.

Lee W, An'Y, Yoon H. and Kweon H. 2008. Toxicity and bioavailability of copper nanoparticles terrestrial plants
smung bean (Phaseolusra radiatus) and wheat (Triticum aestivum): plant uptake for water insoluble nanoparticles.
Environmental Toxicology and Chemistry; 27(9):1915 — 21.

Lu C. M., Zhang C. Y., Wen J. Q., Wu G. R. and Tao M. X. 2002. Research of the effect of nanometer materials
on germination and growth enhancement of Glycine max and its mechanism. Soybean Science, 21: 168-172.

Lu CM, Zhang CY, Wen JQ, Wu GR. and Tao MX. 2002. Research of the effect of nanometer Materials on
germination and grow the enhancement of Glycine max and its Mechanisms. Soybean Science; 21:168— 72

Lutts S., Kinet J. M. and Bouharmont J. 1996. NaCl-induced senescence in leaves of rice (Oryza sativa L.)



IAY L (¥ o ylod FY sl (65590 @sboo g pale) SLEL pale 4 pis Yo

25-

26-

27-
28-

29-
30-

31-

32-

33-

34-

35-
36-

37-

38-

ornamental plants to drought by means of saline water irrigation as related to salinity tolerance. Annals of Botany,
8:389-398.

Martinez-Sanchez F., Gimenez J. L., Martinez-Canadas M. A., Pastor J. J. and Alcaraz C. F. 1990. Micronutrient
composition in several portions of Capsicum plants and their relation with red fruit color. Acta Aliment, 19:177-
185.

Martinez-Sanchez F., Nunez M., Amoros A., Gimenez J. L. and Alcaraz C. F. 1993. Effect of titanium leaf spray
treatments on ascorbic acid levels of Capsicum annuum L. fruits. Journal Plant Nutrition, 16(5): 975-981.

Mojalali h. 1995. Salt and sodium soils (principles, dynamics, modeling). 284 p.

Owolade O. F., Ogunleti D. O. and Adenekan M. O. 2008. Titanium dioxide affects diseases, development and
yield of edible cowpea. Journal of Agricultural and Food Chemistry, 7(5): 2942-2947.

Pais I. 1983. The biological importance of titanium. Journal of Plant Nutrition, 6(1): 3-131.

Ram N., Verloo, M. and Cottenie A. 1983. Response of bean (Phaseolus vulgaris) to foliar spray of titanium.
Journal of Plant and Soil, 73: 285-290.

Ruffini Castiglione M. and Cremonini R. 2009. Nanoparticles and higher plants. Caryologia. 2: 161-165.

Saberi S., Ghasimi hagh Z., Mostafavi sh. 2012. Impact and mechanisms of Nano Titanium Dioxide on
physiological processes spinach. Second National Conference on Sustainable Agricultural Development healthy
environment. 16 Page

Seeger, E. M., Baun A., Késtner M. and Trapp S. 2008. Insignificant acute toxicity of TiO2 nanoparticles to
willow trees. Journal of Soils and Sediments, 9(1): 46-53.

Shah V. and Belozerova 1. 2009 Influence of Metal Nanoparticles on the Soil Microbial Community and
Germination of Lettuce Seeds, Water, Air, and Soil Pollution, 197(1):143-148.

Swiader, J. M. 2000. Micronutrient fertilizer recommendation for vegetable crop, Hortic facts, pp 21-35.
Vasilevski G. 2003. Perspectives of the application of biophysical methods in sustainable agriculture. Bulgarian
Journal of Plant Physiology, SPECIAL ISSUE 2003, 179-186.

Yang F, Hong F., You W., Liu C., Gao F., Wu C. and Yang P. 2006. Influences of nano-anatase TiO, on the
nitrogen metabolism of growing spinach. Journal of Trace Elements Research, 110(2): 179-190.

Zheng L, Hong F, Lu S. and Liu C. 2005. Effect of nano-TiO2 on strength of naturally aged seeds and growth of
Spinach. Biological Trace Element Research, 105:83-91.



(5329LiS @aliw g pole) SLEL pole 4y b
1R8-IV .o YAV lawuli (¥ o)leds XY ule
Yook — BYYe Lo

Journal of Horticultural Science
Vol. 32, No.2, Summer 2018, P. 199-212 b
ISSN: 2008 - 4730 Ay

Impacts of Nanosized and Bulk Titanium Dioxide on Flowering and Morpho-
physiological Traits of Petunia (Petunia hybrida) under Salinity Stress

M. Kamali'- M. Shoor?’- H. Feizi®
Received: 10-05-2016
Accepted: 09-01-2018

Introduction: Titanium is the ninth most abundant element and the second most transition metal found in the
earth’s crust (about 6.320 ppm). There has been a rising demand for nanotechnology-based products in recent
years, particularly in areas directly related to humans. Nanotechnology has many applications in agricultural
research, such as in reproductive science and technology, the transfer of agricultural and food waste to energy

and other helpful by-products through enzymatic nanobioprocessing.

An important effect of titanium compounds on plants used for improvement of yield (about 10-20%) in
various crops. Other effects of titanium on plants are increasing contents of some essential elements in plant
tissue; an increase in enzyme activity such as peroxidase, catalase, and nitrate reductase activities in plant tissue,
and research has shown increased chlorophyll content in paprika (Capsicum anuum L.) and green alga (Chlorella
pyrenoidosa). Nanotechnologyapplication is now widely distributed throughout life, and especially in
agricultural systems. Nano particles, because of their physicochemical characteristics, have been considered the
potential candidates for modulating the redox status and changing in seed germination, growth, performance, and
quality of plants.nano-TiO2 has shown to be potential for agricultural application because of its photocatalytic
disinfection and photobiological effects. Also,stalinizationof soils or waters is one of the world’s most serious
environmental problemsin agriculture. During initial exposure to salinity, plants experience water stress, which
in return reduces leaf expansion. during long-term exposure to salinity, plants experience to ionic stress, which
can lead to premature senescence of adult leaves, which led to a reduction in the photosynthetic area available to
support plants growth.However,a few studies have been done on the effects of nanoparticles on ornamental
plants. Nanosized TiO2 is a frequently used nanoparticle, consequently there has been an exponential increase in

data collection on the effects of TiO2 nanoparticles on different species. There is much less information on the
effects of nanoparticles on plants compared to animals. Studies of the effects of TiO2 nanoparticles on plants
provide information about the positive and stimulating effects as well as any negative impact. In this study,
weaimedto findout the phytotoxicity or positive effects of different concentrations of Bulk TiO2 and nanosized
TiO2 on plant growth of Petunia hybridain salinity stress.

Material and Method: experiments were done to assess the effect of different concentrationsof bulk and
nanosized TiO2 on petunia growthin salinity stress in a factorial test based on completely randomized design
with 3 replications in agriculture faculty of Ferdowsi University, Mashhad. There were 3 factors, includingl-
three concentrations (0, 75 and 150 mM) of NaCl, 2- bulk and Nanosized titanium dioxide and 3- six
concentrations (0, 5, 10, 15, 20 and 40 ppm) of TiO2. Titanium dioxide treatments for foliar application was
applied 5 times with intervals of seven days (three times before, and twice after starting salinity stress). The
experiment was performed at the College of Agriculture, Ferdowsi University of Mashhad. during the flowering,
flower number, corolla length, flower diameter and flower fresh weight were measured. At the end of the
flowering phase, parameters such as leaf area, shoot and leaf fresh weight, lateral shoot number, leaf number,
chlorophyll a, b, total and cartenoidwere measured. The data were subjected to Analysis of Variance, was done

using Mstat-C statistical. The means were separated, using LSD test.

Results and Discussion: Results showed that interaction of salinity, bulk and nanosized titanium dioxide and
titanium dioxide concentrationsweresignificanton total chlorophyll, cartenoides, biomass, leaf area and flower
number. The highest amount of total chlorophyll concentrations was measured in 20 and 40 ppm TiO, and 5 ppm
Nano treatments, respectively. The highest leaf area (608 cm?) was in 15 ppm Nano treatment. Among levels of
nano TiO,,foliar application with 5 ppm had the best flower diameter in general, foliar application of nano
titanium dioxide and titanium dioxide have been effective in improving the effects of salinity stress. In addition,

1 and 2- Ph.D. student and Associate Professor, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran

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

3- Assistant Professor, Faculty of Agriculture, University of Torbat Heydarieh, Iran
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the use of titanium dioxide in the highest level (40 ppm) and use of nano titanium dioxide in less concentration
in Petunia plant had better effect on morphological traits. An important effect of titanium compounds on plants
used for various crops is yield improvement. The positive effects of TiO, could be probably due to the
antimicrobial properties of engineered nanoparticles, which can enhance strength andresistance of plants to
stress.

Keywords: Chlorophyll, Fresh weight, Flower number, Leaf Area
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Table 1- Analysis of variance of qualitative traits investigated in strawberry fruits cv. Aromas under foliar application of zinc

and boron
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*, #%: Significant at 5 and 1% possibility level respectively; ns: non- significant
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Table 2-Analysis of variance of quantitative traits investigated in strawberry fruits cv. Aromas under foliar application of
zinc and boron
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Figure 1- Interaction effects of different concentration of Zinc x Boron on vitamin C content and antioxidant activity of
strawberry fruit cv. Aromas
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Figure 2- Interaction effects of different concentration of Zinc x Boron on TSS, TA and TSS/TA of strawberry fruit cv.
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Introduction: Strawberry (Fragaria *x ananassaDuch.,Rosaceae). fruitis rich of fiber, vitamin C, potassium
and antioxidants. Since the balance of nutrients at the appropriate time for commercial fruit production, yield
improvement and fruit quality is essential, so foliar application at key stages could have a positive effect on the
quantitative and qualitative characteristics of perennial crop fruits. Among essential mineral nutrients that are
involved on plant physiology, micronutrients of zinc (Zn) and boron (B) because of their association with
synthetic hormones are particularly important. In a study by Lolaei et al. (2012) conducted showed that the foliar
application at flowering stage increased fruit quality and yield of strawberrycultivar ‘Camarosa’. The results of
Rafeii and Pakkish(2014) indicated that spraying of strawberry cultivar ‘Camarosa’ with boric acid had a
significant effect on yield, fruit weight, chlorophyll and leaf area. So according to the importance of
micronutrients on horticultural yield improving and environmental protection, this investigation was conducted
to evaluate the effect of foliar application of zinc and boron and combination of them on quantitative and
qualitative characteristics of strawberry cultivar ‘Aromas’ in hydroponic system.

Material and Methods: The experiment was arranged in factorial based on a complete randomized block
design with 9 treatments and 9 replications in 2015 and 2016 in greenhouse and laboratory of Genetics and
Agricultural Biotechnology Institute of Tabarestan (GABIT), Sari Agricultural Sciences and Natural Resources
University, Sari, Iran. Experimental treatments were included: zinc at three 1evels (0, 100 and 200 mg I " of
fertilizer source zinc sulfate and boron at three levels (0, 500 and 1000 mg I'") of fertilizer source boric acid as
alone or combined. Spraying of strawberry cultivar ‘Aromas’ at 3 stages in hydroponic system were applied after
the chilling requirement treatment. When Fruits were stained 75-80% and have appropriate size, were harvested.
Traits that were evaluated include: vitamin C, antioxidant activity, total soluble solids (TSS), titratable acidity
(TA), taste index (TSS/TA), pH of fruit juice, chlorophyll a, chlorophyll b, carotenoid, fruit weight, fruit length
and diameter, leaf number, petiole length and plant height. The data collected were statistically analyzed using
the computer software using SAS 9.1 and MSTATC, Analysis of variance techniques were employed to test the
overall significance of the data, while the least significant difference (LSD) test (P < 0.05) was used to compare
the treatment means.

Results and Discussion: Results indicated that foliar application of Zn and B significantly affected on the
vitamin C, antioxidant activity, TSS, TA, TSS/TA, pH of fruit juice, chlorophyll a, chlorophyll b, carotenoid,
fruit weight, fruit length and diameter, leaf number and plant height (1% or 5% of probably level), while the
Petiole length was not significantly affected Between the different nutrient levels of zinc sulfate apphcat1on at
the concentrations of 100 and 200 mg 1", boric ac1d application at the concentratlon of 500 mg 1", the
combination of zinc sulfate at 100 and 200 mg I with boric acid at 500 mg I play a significant role at
increasing studying characteristicsexcept the content of TA. Zinc is effective at the formation of growth
hormones and chloroplasts, it is also necessary for chlorophyll biosynthesis and also plays a very important role
at cell division and the protein synthesis and carbohydrates metabolism. It seems this subject caused increased
plant height, leaf number, petiole length, diameter, length and weight of the fruit and chlorophyll by foliar
application. Boron is an element which increases weight by effect of reproductive growth and help to material
production, production and transfer of carbohydrate, and nutrient by boron is necessary for fruit set and fruit
retention. The results showed that zinc sulfate is effective on TSS, TA, taste index and pH, the increase may be
attributed to their effects on different enzymes which are involved in the formation of proteins, acids and sugars,
also enough amounts of boron in the plant, increased carbohydrate transport to fruit and areas of active growth
and its effect is evident in increasing the amount of fruit sugar. Because of increased vitamin C and antioxidant

1, 2 and 3- Former M. Sc. Student, Assistant Professor and Associate Professor, Sari Agricultural Sciences and Natural
Resources University (SANRU), Sari, Iran
(*-Corresponding Author Email: moradiho@yahoo.com)
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capacity of plants had been sprayed with boron and zinc can be attributed to zinc that plays an active role in
auxin production in plants, and vitamin C increases the production of auxin. Similarly, Kazemi (2014) reported
the highest pH of fruit juice, TSS and TA at 150 mg 1" of Zn for strawberry cultivar ‘Pajaro’ and the lowest of
these parameters was recorded in control. The results of our study is in accordance with Mashayekhi and
Atashi(2012) who reported a significant positive correlation between chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoid content of strawberry cultivar ‘Camarosa’ leaves that had been sprayed by B and
sucrose. As Khan et al. (2015) simultaneously combined application of Zn and B in the ‘Kinnow’ mandarin fruit
increased vitamin C, tree height and fruit weight, diameter and length significantly that was consistent with our
results.

Conclusions: Since the foliar application of zinc sulfate at 100 and 200 mg 1" with boric acid at 500 mg 1!
showed significant effect on quantitative and qualitative properties of strawberry, so to reduce the environmental
effects caused by the indiscriminate use of chemical fertilizers, foliar application of micronutrients is
recommended as an effective management solution in the production of strawberry cultivar ‘Aromas’ under
hydroponic culture.

Keywords: Antioxidant activity, Chlorophyll, Foliar application, Nutrient elements, Vitamin C
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Table 1- ANOVA of the effect of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus
mauritiana cv. khormaee) fruit
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Table 2- Effects of of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus mauritiana
cv. khormaee) fruit
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In each column, each data followed by the same letters indicate no significant difference in the level of 5% by Duncan’s multiple
range test.
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Figure 1- Effects of preharvest application of calcium chloride, putrescine and salicylic acid
on antioxidant activity of Hindi ber (Ziziphus mauritiana cv. khormaee) fruit. Same letters indicate no significant difference
in the level of 5% by Duncan’s multiple range test
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Table 3- Effects of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus mauritiana
cv. khormaee) fruit
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In each column, each data followed by the same letters indicate no significant difference in the level of 5% % by Duncan’s multiple
range test.
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Introduction: Ziziphus mauritiana is a drought-tolerant fruit tree that originated in Central Asia.
Ziziphusmauritiana v. khormaee is one of the cultivars of Hindi Ber which was favored by many people in the
worldand Iran. Maintenance of fruit quality is critical while employing any new technology for increasing
production. Fruit quality such as color, firmness, size, antioxidant and pulp to seed ratio had important role in
marketability of fruits that can be affected by some chemicals. The quality of fruit can be influenced by growth
conditions, developmental stage at harvest and postharvest factors. Calcium treatment, either by prearrest foliar
sprays or by postharvest dips, represents a safe and potentially effective method for increasing the quality of
some fruits. Prearrest treatments are more effective when calcium is applied directly to the fruit surface, since
calcium moves in the transpiration stream and little or no subsequent translocation occurs from leaf to fruit.
Calcium is an essential element which involved in cell division, elongation and fruit growth. Polyamines have
the properties of growth promoters. Exogenous application of PAs has been reported to improve fruit retention
and yield of fruits. Although a number of studies demonstrated the significance of PAs in reducing fruit drop and
improving yield in various fruit crops, information on their effects on fruit quality is scant. Salicylic acid (SA) is
an endogenous growth regulator of phenolic nature, which participates in the regulation of physiological
processes in plants. Little information is available on the effects of foliar application of different Pas, salicylic
acid and calcium on the quality of Ber fruit.

Materials and Methods: In this study, we evaluated the effect of foliar application of calcium chloride,
putrescine and salicylic acid in various concentrations on fruit quality and quantity characters of Hindi
ber(Ziziphusmauritiana khormaee). Fruits selected from trees of the same age with branches of the same height

and spraying with calcium chloride (0.5 and 1.5%), putrescine (1 and 2 mM), salicylic acid (1 and 2 mM) and
distilled water (control) in two stages before commercial maturity. First stage, when fruit were 5-10 mm in size
and second stage, when fruit color break. After the harvest fruit were transferred immediately to the laboratory
and measured quantitative and qualitative parameters such as firmness, fruit length, fruit diameter, volume of
fruit juice, pulp to seed ratio, soluble solids, titratable acidity, pH, ascorbic acid, chlorophyll a, b and
carotenoids, color parameters and antioxidant activity. The length and diameter of the fruit were measured using
a micrometer caliper. Total soluble solids (TSS) were determined using a digital refractometer. Firmness values
of each individual fruit were measured at two points of the equatorial region by using a texture analyzer with a 5
mm Lurton 5005 probe. Fruits surface color was measured on individual fruit from each replicate at two opposite
sides using a chromameter (CR 400, Minolta).For vitamin C (ascorbic acid) determination the titrimetric method
with 2, 6-dichlorophenolindophenol reagent was applied. Antioxidant activity of fruit was tested by free radical
DPPH scavenging.

Results and Discussion: The results showed that foliar application of calcium chloride, putrescine and
salicylic acid favorably was effective on quantitative and qualitativecharacteristics Hindi Ber genotype.Kormaed.
In treated fruits, total soluble solids (TSS), carotenoids and a* value were less and degree of firmness, fruit
length, diameter, volume of fruit juice, pulp to seed ratio, titratable acidity, ascorbic acid (vitamin C), antioxidant
activity, chlorophyll a and b, chroma index and hue angle were higher than control. Parameters of L* and b* in
treated fruits had not significant different with control. Control fruits had the minimum carotenoid and the
maximum chlorophyll. Fruit treated with putrescin(2mM) and control has the highest L* value. Different
concentration of treatment that used hadn’t any significant difference with together in antioxidant characters.
Maximum and the minimum firmness were found in salicylic acid (ImM) and control respectively. Among
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different treatments, CaCl, 1.5% showed highest volume of fruit juice of course had not significant difference
with other treatments. The highest total soluble solids observed in control and highest vitamin C value showed
inputrescintreatments

Conclusions: Generally, our result showed treatments that study in this study were effective on quality of
Ber fruit. Calcium chloride (0.5 %), putrescine (2 mM), salicylic acid (2 mM) had the best effect on fruit quality.
Therefor this chemical can be used to improve Ber fruit quality for consumer and marketing.

Keywords: Antioxidant Activity, Color, Firmness, Size, Vitamin C
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Table 1- Colony growth rate of Pirifomospora indica at different temperatures (cm)

L
Tempeture('C)
10 15 20 25 30 35
P.indica ¢,6 5y e
Growth rate of P. indica 1.2 32 4.6 6.8 8.4 8.4
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Figure 3- Colony growth rate P.indica in kafer solid under different temperatures.
a:10C, b: 15C°,¢c:20C, d: 25C%, e: 30 C, £: 35 C°
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Figure 5. Roots infected with endophytic fungus P. indica
a: Root lacks fungal organs control plants (Treatment 1). b,c: Root tissue infected by concentration 80 spore/ml (Treatment 2). e,d:

Root tissue infected by concentration 160 spore/ml (Treatment 3). g,f: Root tissue infected by concentration 250 spore/ml (Treatment
5). Lh: Root tissue infected by concentration 330 spore/ml (Treatment 5).
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Table 2- ANOVA of the effect of Piriformospora indica different concentrations of on some physiological traits of strawberry

Ol yo (Sl
Mean of Squared
. s ol . o Ay, ¥ 039 - oL
Ol s 2alio Degrees (¢33l as > 5 (Flowering) Ay y Job Root frech Ay y SUES (39
Sources of changes of Freedom Root length weight Root dry weight
s cble
Concentrations Of c)[g 4 765** 12671 1## 16542“‘ 543 1##
fungi
ko] s
i 135 1.4 5.16 1.7 0.13
Error
CV (%) - 0.765 0.19 0.12 0.22

o g V Jleis] e 53 (g)ld (xe
**: Significant at 1%
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Table 3- Mean comparison of Piriformospora indica different concentrations effect on some physiological traits strawberry

Lo B Ay Job adyy 05U 039 ddy ) SWiS (439
Treatments Flowering Root length  Root fresh weight  Root dry weight
0 (Control) 11.6° 22.49 7.73¢ 3.15°
80 11.8° 22.75¢ 8.42¢ 3.18°
Spores of Piriformospora indica /ml 160 12.1° 24.94¢ 9.96° 3.32°
250 13.75 30.41° 11.75° 4.42°
330 15.5% 38.36° 13.66° 5.55°
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Means with the same letters in within each column for each trait are not significantly different at 5% by Duncan’s multiple range test.
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Introduction: Strawberry as an herbaceous perennial plant, belongs to the Rosaceae family, which is
considered as an important plant, due to having various types of vitamins such as C, A, B6, E. Nowadays, the
excessive use of chemical fertilizers instrawberry productionin order to increase yields, has resulted in
environmental pollution and dangers on the health of consumers. Microbial endophytes are considered as the
most important soil microorganisms with genetic, physiological and ecological impacts in their host plants,
increasing the yield. Pirifomosporaindica is a member of Basidiomycetes in order Sebacinales.The fungus is
easily cultivable, lacks host specificity and colonizes roots of many different plants, mostly in an endophytic
fashion. It interacts with a wide range of hosts, including bryophytes, pteridophytes, gymnosperms and a large
number of mono- and dicot plants. The fungus grows inter- and intracellularly, forms pearshaped, auto
fluorescent chlamydospores within the cortex of the colonized roots and in the rhizosphere zone, but it does not
invade the endodermis and the aerial parts of the plants. The fungus promotes nutrient uptake, allows plants to
survive under water, temperature and salt stresses, and confers systemic resistance to toxins, heavy metal ions,
insects and pathogenic organisms. In this study,the effectson the flowering and root growth parameters of
strawberry in hydroponic culture was examined in a completely randomized design with 28
replicationsundergreenhouse condition of Faculty of Agriculture, TarbiatModarres University.

Materials and Methods: This research was conducted in the greenhouse of faculty of agriculture
TarbiatModarres University.Fungi used in this study was prepared of fungi collection of the Department of
Pathology, University of TarbiatModarres. Endophytic fungus roots was cultured in solid medium Kafer.For this
study, 140 strawberry runners were prepared and then put them in a pots with diameter of 25 and height of 30 cm
was cultivated in perlite and cocopeat.Two weeks afterestablishment roots, concentrations, 0 (control), 80, 160,
250 and 330 spores/ml of endophytic fungus P. indica was inoculated by injecting around roots of strawberry
plants. Temperature and humidity conditions needed for fungal growth were provided in the strawberry’s
greenhouse and were irrigated with a nutrient solution three times per day. Eight month after fungal inoculation
flowering content was measured for all pots. One week after the last harvest length, Fresh and dry weight roots
were measured. Data is transferred to excel software and then analyzed using SAS 9.1 software and comparison
of means using Duncan test was conducted.

Results and Discussion: Analysis of variance showed that among treatments there is significant difference
on growth parameters of strawberryplants (P < 0.01),soby increasing concentration of fungi increased growth
parameters and this indicate the positive impact of the endophytic fungus onthe growth parameters of strawberry
plant is inoculated with the fungus than the control plants. Results showed that the maximum and minimum
effects of fungal on growth parameters related to 330 sp/ml and control treatments, respectively. flowering
content showed 37 and 18.53 percent increase respectively under 330 and 250 spores/ml compared to control
which can be related to absorb more nutrient elements, especially phosphorus and biomass of strawberry plants.
Root dry (76.71 and 52 percent) and fresh (75.52 and 40 percent) weights were increased under 330 and 250
spores/ml treatment compared to control and were significantly different with other treatments (P < 0.05), while
there was no significant difference among control, 80 and 160 spores/ml treatments. Regarding to root length,
330, 250 and 160 spores/ml treatments resulted in 72, 37 and 14.33 percent increase respectively compared to
control and showed a significant difference with other treatments. In this respect, it can be stated that P. indica at
high concentrations due to the increase production of auxin that increased the root length, root dry and fresh
weight is inoculated plants compared to control that increase root growth parameters which cause absorb more
nutrient elements from soil.

1 and 2- Msc and Professor of Plant Pathology, College of Agriculture, Tarbiat Modares University
(*-Corrsponding Author Email: emgoltapeh@modares.ac.ir)
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Conclusions: It can be concluded that high concentrations of the fungus P. indica can increase physiological
characteristics (the flowering, root length and dry weight and fresh weight) of strawberry plants. and thus it has a
positive effect on plant growth and yield.

Keywords: Endomycorrhiza, Greenhouse Strawberry, Soilless culture
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Table 1- Analysis of variance of the effect of humic acid levels and methods of their application in different nitrogen
treatments on morphological characteristics of strawberry cv. Paros

Oles o (ibo
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ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively
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Table 2. Mean comparison of different levels of Nitrogen on the leaf number strawberry cv. Paros

N'tujl gy 0 Sy dlans
! rogﬁn Leaf number per plant
(kg.ha™)
50 15.59°
100 17.28°
150 14.36°
LSD 5% 0.88

ol LSD (y90jl 3l oalitl b bo )3 & Jloin] o 53 b uSilio 392 1o sime 0358 )l coglize by >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 3- interaction effects of Humic acid level xApplication method on leaf number and leaf area in strawberry cv. Paros

- S KWw) | - = " S
2,8 slageg, 209 o Ag 40 Sy 2o LJ:ahC-':’:
Application methods (kg.ha™) leaf number per plant (e plant”)
0 15.17%7 920.14%
2 16.72%% 1050.28"
e 4 16.06™ 1128.23%°

&R

d d
Foliar 6 14.07 768.75
0 14.09¢ 915.16%
2 14.75% 1013.77¢
Sk 4 17.18% 1250.43%®
Soil 6 17.91 1304.34
LSD 5% 25 325.02

ol LSD 9031 1 odlisl b duoyd & Jlain] gdlans )3 by puSiloo (1390 5l gime 008 ol ogliie g >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 4- Mean comparison of different levels of humic acid on the number of strawberry cv. Paros runners

&.:.oy.b .»,.wl dgr 4D dgy sadlw dlusi
Hl(lkng“; :_?;d Runner number per plant
0 19.46"
5 19.51°
4 19.74*
6 18.22°
LSD 5% 1.16

ol LSD 9031 1 odlisl b duoyd & Jlain] glans )3 by puSiloo (1390 515 gime 008 ol ogliie g >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table S- Interaction effects of Nitrogen level xApplication method of humic acid on the runner and flower number per strawberry plant cv.

Paros
35)5 g s, el gy 43 iy, bl dlass Gy 43 JS olass
Application methods ljll(tgr(l)iell; Runner nimber per plant Flower number per plant
- 50 18.94° 8.77°
us,)* 100 18.64° 13.27°
Foliar 150 16.59° 12%
S 50 18.91° 9.25%
, 100 19.97° 13.09°
Soil 150 22.34° 8.33°
LSD 5% 1.53 3.15

ol LSD 9051 5l okl b duoyd & Jlaio] zxlans )3 by Silio (1390 5l sime 0038 ol oglize gy
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 6- Interaction effects of nitrogen xhumic acid levels on leaf area, the flower number, fruit number and fruit yield in
strawberry plant cv. Paros

= . dgao dluny
el Saoed dgus! S 11 s J5 ol # ss0 3,Slos
.Nitrogen Humic acid Leaf area gy, Y9 Fruit yield
(kgha™) (kgha™) (cm’.plant™) Flower number per plant Fruit number (g-plant™)
per plant
0 864.6° 6.54° 5.5" 37.56°
2 980.33° 9.5¢de 7.33%f 53.3%
50 4 1140.75° 12.66™ 1P 77.89%
6 1084.16° 7.33° 5.67° 33.02¢
0 1005.11° 8.66% 7.16%" 48.76%
2 1075.4° 13% 10bd 63.06%
100 4 1491.53° 17.55° 14.5° 104.43°
6 1115.56° 13.5° 12.34%® 84.47%
0 883.25" 12.5% 1004 89.62%
2 1040.36° 11.5%d gede 94.17%
150 4 935.71° 8.16% 7.66%" 51.14%
6 909.91° 8.5% 6.41° 31.49°
LSD 5% 325.02 3.99 3.33 23.59

sl LSD (9051 51 okl b 0o yd & Jlain] gedans )3 by 3uKibo (390 I ixe 0038 o coglisie g y>
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 7- Tripartite interaction effectsof nitrogenx humic acid xapplication method levels on fresh and dry weight of shoot and root, root
volume and fruit weight in strawberry plant cv. Paros

' Sl ok S B9 )
ojl 351,55 s g, &m Moisture w_(leight Dry weig_lht A y o Bogao ST (439 (Sl
Nitrogen Application w09 (g-plant’) (g.plant’) Root volume Average of fruit weight
(kg.ha™) methods Humic acid = 1o iso Ay o isy Ay (cm®.plant™) (g.plant™)
(kg-ha) Aerial part Root Aerial part Root
0 34728 22.16"™ 3.58" 75 25.16 516
S 2 37.79°% 24,598 10.278" 8.08" 24.16* 6.36"
Foliar 4 70.94° 41.55 19%® 14° 44.03° 6.94'
6 16.71 14.03 439! 4.95 15.66™ 6.42"
50 0 34,24 20.83’ 9.33h 7.331 20.66' 5.167
Sk 2 59.81° 31.14%% 15.44% 10.47%% 30.1%" 5.96"
Soil 4 33,09 32.57%f 8.86" 11.320f 36.56¢ 9.02¢
6 27.49¢ 24,89¢h 6.69% 7.57 25,131 6.08"
0 51.16*¢ 25,618 12.65%% 7.84M 25.20 9.24¢
S 2 53.5%¢ 37.66™ 13.874% 11.51%% 30.03¢ 11.68°
Foliar 4 72.19° 48.32° 21.08° 16.28° 44.13* 6.53"
6 34,55 29.1°%h 13.24¢%% 10.15%feh 16.5™ 4.02'
) 0 53.15%4 28.09'8" 14.54°% 9.15%k 27.6" 10.5%
100 SE 2 53,62 35 4bde 14.7%% 11,850 33.5¢ 10,87
Soil 4 777 38.96" 20.13% 12,38 42.5% 7.58%%
6 57.44" 23.1M 11.96°%" 8.03" 41.03" 439
0 26.55M 21.221 6.74 7.86" 19.83' 6.79%"
S 2 47.68° 25,172 12.22¢% g.51e 32.56°% 7.95¢
Foliar 4 38.81°% 32,4390 17.34% 9.94°h 32.56°% 9.7¢
6 23,63 13.06F 5.444 424 14.43™ 5.11%
0 25.861 14 8.11k 4.83 21.83" 6.21M
150 Ss 2 42.68%F 24,328 1078 7.55' 35.03% 8¢
Soil 4 50.97° 30.36°% 12.34¢%feh 9.99°h 39.1° 7.74°%
6 76.86° 38.75% 20.17% 13.18" 31.63' 5.9
LSD 5% 10.76 6.358 2.92 2.1 251 0.95

o LSD 5051 31 03l b duoy3 & Jlozs] o 53 oy Silio (39 I3 gime 0358 s gliie B9
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 8 -Analysis of variance of the effect of humic acid levels and methods of their application in different nitrogen
treatments on yield and yield components of strawberry cv. Paros

s ©lar o 5xSike
2 JOVES g V3 ’ : i Mean squares
S.0.V &3 Jf NKey om0 NKey 2940 %) 039 u:;algo d9a0 D)SJAS
df Number of flowers Number of fruits Average of fruit weight Fruit yield
Ss S 2 13.77™ 10.545™ 0.636™ 392.147™
Block Repeat
, <l 2 111.282" 85.566" 17.608” 3786.864"
Nitrogen
Lfl*_p‘ elyudl 4 3.168 6.764 0.384 274.495
main error
?ﬁ)l.g o9 1 22.669™ 12.087™ 0.291™ 1758.838"
Application method
08 ey X &l 2 29.784 10.983™ 1.379 841.393™
Nitrogen * Application method
(8% ol 6 3.389 2.038 0.109 324721
Sub error
Seroge S 3 46.58" 42.281" 34.013" 2781.362"
Humic acid
X o ok Kok wk ok
Sooget dpel X ) 6 52.9 35.483 22.863 4389.2
Nitrogen x Humic acid
%
oozt sl X 05 s 3 11.134™ 7.661™ 0.547™ 737.865"
Application method x Humic acid
4l “ J"‘“’ )’.' 6 12.257™ 6.918™ 2.435" 470.692"
Interaction tripartite
@ o oldl 36 5.809 6.596 0.332 314.152
Sub sub error
Sl 08 223 28.9 7.9 27.6

C.V. (%)

il o oyd Vg 0 (g)lel a3 I dme gl 5 dime gl pae Sily b Sy FE g*ans

ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.
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Introduction: Strawberry fruit is soft and has a variety of vitamins, especially vitamin C and minerals. Parus
is one of the most important short-day cultivars and suitable for the fresh produce market. Nitrogen is involved
in vegetative and reproductive growth of most horticultural crops and excessive use of itdecrease yield and
quality of products and increasing pollution of the environment. Humic substances are contained nutrients that
improve the soil nutrients and increases the availability of food and therefore plant growth and yield. Studies
haveshown that to adding a certain amount othumic acid fertilizer with nitrogen can improve the growth of roots,
stems and leaves and enhances the yield and quality of products and increases the efficiency of nitrogen fertilizer
consumption. On this basis, this research was performed aimed at achieving the best combination of treatments

of humic acid and its application method and nitrogen in improving strawberry vegetative and reproductive
growth cv. Paros.

Materials and Methods: This study was conducted in the campus of Agriculture and Natural Resources
University of Mohaghegh Ardabili at during 2015-2016. In early september, land preparation was carried out,
and then were calculated base fertilizers 150 and 50 kg.ha™ of potassium and phosphorus, respectively plus forty
tons per hectare of manure. Stacks was prepared to dimensions of 1.5 x 1 m and the distance of rows was 40 cm.
Strawberry seedlings were planted with distance of 25 ¢cm on the row (10plants m™)in late November.

The experiment was carried out as a split split plot based on complete randomlzed block design with the
application of foliar and soil treatments of Humic acid levels (control, 2, 4 and 6 kg.ha’ ) and nitrogen fertilizer
(50, 100 and 150 kg.ha™") with three replications. Nitrogen levels were placed in the main plots and the type of
humic acid application in sub plots and humic acid concentrations in the sub- sub plots. Half of N(urea fertilizer)
was used at the time of planting and 25 %on the early may and 25 %on the early June. To apply foliar and soil
treatments, humic acid was used (Humaster tob with 85% of humic and fulvic acid, Yazd Golsangkavir
Company) with the start of the growing season at the intervals of every 10 days once (four times total). In the
soil method, humic acid is measured based on the desired treatments and then dissolved with deionized water
and added to irrigation water. In the foliar method, after irrigation thehumic acid powder was solutioned with a
certain amount of deionized water and it was sprayed on the plants in equal measure. In addition, only irrigation

water and deodorizing water were applied to the control of soil and foliar treatments, respectively. Traits were
as: leaf number and area, number of runners, fresh and dry weight of shoot and root, root volume, number of
flowers and fruits, fruit weight average and yield per plant. Data analysis were performed by using SAS 9.1 and

comparison of data by the LSD test at the 5% probability level.

Results and Discussion: All results due to different concentrations of nitrogen, humic acid and methods of
its application and their interaction on most traits were significant at 5% probability level. The highest values in
the leaf number (17.91) and area (1304.34 cm?) obtained in 6 lgha'1 drench application of humic acid. Also,the
most number of flowers (13.27) was observed in 100 kgN.ha" comblned with foliar application of humic acid
and the highest number of runners (22.34) was obtainedin 150 kgN.ha’ w1th drench apphcatlon of hum10 acid.
The most flowers (17.55), fruits (14.5) number and yield (104.43 g.plant’ ") observed in 100 kgN.ha 'with 4
kg.ha'humicacid. The results trilateral mteractlons of nitrogen,humic acid and apPhcatlon methods showed that
the highest Values of fresh weight (48. 32 g.plant’ " and volume (44.13 cm’.plant ) of root, dry weight of shoot
(21.08 g.plant™) and root (16 28 g.plant™) obtained infoliar application of 4 kg ha'humic acid.The most of shoot
fresh weight (77.7 g.plant™) also observed in drench apphcatlon of 4 kg.ha'humic ac1d and highestfruit weight
average (11.68 g) obtained in foliar application of 2 kg.ha'humic acid with 100 kgN.ha™.
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Natural Resources, University of Mohaghegh Ardabili
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Conclusion: Results showed that the majority of evaluated traits, the highest values have been achieved of
100 kgN.ha'with foliar application of 4 kg.ha ' humic acid. On this basis, combined application of chemical and
biological fertilizers can be the best strategy to achieve sustainable agriculture and reducing the pollution of soil
and water resources along with increasing the product.

Keywords: Foliar and drench application, Moisture and dry weight, Root volume, Yield
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1- Ocimum basilicum
2- Ocimum minimum
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Table 1- ingredients and concentration (mg / L) in the Hoagland nutrient solution

Spao p polis 7o “w; Spao oS polic ros “w‘
Major elements Concentration Minor elements Concentration
(mg/L) (mg/L)
N 210 Fe(EDTA) 2.5
P 31 Cu 0.02
K 234 Zn 0.05
Mg 34 B 0.5
Ca 160 Mo 0.01
S 64 Mn 0.5

a+b (mg/g fresh weight) = (((20.08 A645) + (8.02 A663)) / W) x V Chlorophyll) dlal,:
Cartenoids = (1000(A470) — 1.8 (Chl a) — 58.2 (Chl b)) / 198

Y= (1.69% (Abs593)) +0.036Y alal,:

cle 4y o815 ol )3 D90 Jolo 3,8kas 5 smMiasul Sl
Ol G 95yt @l Sl 5 LS S gjlulale
e 59y 2 (M) Qe 5 iy (g ol 048 Sy s
503 9 Ay g Srwgd Glaldl coly o515 il a5 ol LS ball
e QRIS o s )3 0l Syl

O3 P S & Sp 5 (jg (S 9 pkde 1S x5 09
WS sl o 9 (p)S OAY ) e yio 3 455 10+ oS15 L pgd
il s 4 (Y Jgia) 390 ()5 ¥/ ) @y pio )3 455 VO
039 31 Ly cmye plo )3 92 VO (S5 9 pod (2 > S 2
e Slge yiaS (S15 55 b Ailedgy JI5)55 5 (it S 5
5 ORliSl s piwgd o 4o 53 g 03)5 Ly (g yidn )9 g
S 5 Gy oI e g Mg g Jwgd I ol dlge
g 00 Ladie o Coly dbol cow o515 Lial38l L (YY) 25 oo
> 4 pgd iz )3 Oizren Ml GBI S 5 s e
it dlse g O Gl g o Loy i il 5 (b S
hee GRIBIS 2 5 05y Cald > 039y

O 2 e A Blo 5 G (npkeS g (i il 5 (g
L pgd om0 9 (P35 VIVAY) @pe yie )3 455 10+ o157 L pgo
w515 2 (Vi) 292 (p5 VIVF) @pe yho 2 592 Voo o515
Al )3 9 03,5 bl (6 pde j95 9 sdwe dlge Ladigy ¢S
9 3y sy jrwgid | Jols dlge g (Al (¢ jigid o
Aol s w515 Glalj81 L 098 00 a8l 5 (g l38]
Bl 5 (g @ 3 9 By ()9 Caled 2 9 08 kg (o b,
9 8 g9y = (V0) OlSen 5 (oo @l L & b oo alS
)l cdillae o adser g9 2 () hlen 5 xS glaaiily

b9y S 3o (0 yieS 5 Cp i 15 () S 2Sles
S VEVYY) aye yio 3 55 Y0+ o515 Lpod (2 0 i 4 5
Py VeV e e 3 S W0 ST L Jol o g (e 2 2

Ve @S5 L e by 98y 3 S 3 oy 1S Slus
wSho L i by o8y b &S g p9d (2 > @0 e 0 B
O peS bl ()l g Sl Jol nz > @y o > B Ve
O 0 @ fe ) W V00 wS15 L e b 08 )3 Sy 2l
S 5 s g3 ez 9 (il ) JSE) 1 oanlie g
Cael dond )5 039 56s8 (NS dlge 5 Of Ll i) piaw
2o yio D &g V0 1S15 30 adis .ol odd Sy sy ]38l
Mool (g S oliw ol pd ctdly (5t a8l cbleil
Sl ye Slao 595 prp (V) OSes 5 eSS o
2030y LS e Bl VWX« 5 AXDe ExB+1S1)5 du bl dduon
05135 > Yaisl ) oy 5 Jo) SlagST5 3 S 348 (s o5
M358 5 (6 i Bl Olladsl 5l b &gy «uldy ials” JJs 4 o8
oS53 omed imd oo (LS (g e Sy DA doxS )3 03
Sy Sy dlas cprdans dnlg )d digy dlass iol58l s &y YL
slaadl b Gl ol @l peman el Cussy (39550 osnlie
15358 ol el 2yl cllae oy 595 2 (V) olSen g s553)
Do oo Sy olaar Lisli8l el ol slad syl a8
5 P P d S aw (p S g (b 1S v
VENY ) pod (i 53 &ye pte 3 455 WO+ 08T, L G (o,
P g yie 2 9 M0+ w815 L G plou o8 5 (e sl
w55 p9> O 0 o ~VIKE) dg: (mye see V1 AYV) gl v
S Sy il @ape yte )3 g VO (S1T L s (v,
P> Oz ) ol ALBIS 65Vl Sy o 4o )3 0392 )13)95 2
3] 53 Cgpes & (sdke dlge g Ol i) i b TS S 4
2D Ay dmogd sl 4 0lS (65531 i coplpls @5 0 )8 Ay
03d Sy g ialjdl el 939500 (lag) A5) S9e S
3 €l il e g 51 oLS (s ieS oS5 5



IAY Ll (¥ o ylodd FY alr (6559 @sboo g pole) SLEL pole 49 5t YA

Lol el oo iali-81 g 5 g a2 )81 ez o515 51 ool
9 slobio CLiaj (Ve 9 V) 3950 05 o Sl )33 See
s gliwi oLS (555 wsliie slanS1y5 (yy 53 (M) oS0
@l 53,5 SIS w515 YL ) Sis g 50 Shes oyt
ol P8yl 2 0515 9y 2 (V) o250 sl b gl (o
oS 59y 15105 s (g2 53 (VA) O)Sen 5 pY Lo (slaaidl, 4
S 59y 3= (Y0) OhlSen g Coousl sladidly 35 5 490 3L

b cdillae Gy ) Sgg

Sl g hyiS s 4 ped cpz )3 (Y Jgi) 292 (epe e
Moo g ol (gopminn > ddyy & ol gl & e ) oty yia
sty ool pla 0,5 0 5l)8 Aoy SLas ] 3 0lge cpl WS S, (cdse
929)s0 (sg) My Doy S ) Ay dawg Sl 4 olS (65l
5 g sl ul38l L cpiomes b o Lul381 5 Sdee cole p
Ay 4 o515 S gl el iliel s Slas pdaw sl
3y gl 4oy gtiog dlse (oST5 ol Jl 5Vl 0 45 5 22
2 939 oS i Glaljal g (ug) M) Bpo pli (o

35 1
a a4 (@)
30 - ab
25 A bed be ;
., B bed ¢
3 £20 - © oo
%2 cd cd
Y =5 4 d
= green Jp=
10 - W opal by
5 -
0
150 200 250 150 200 250
harvestl harvest2
i
density (plants per square meter )
30000 -+ a
(b)
25000 -

20000 -

o ) e
leaf area (mm?)

be pe be

150 200 250
harvestl

b
be
15000 { <l ¢ e g
10000 - green Jws
5000 A M opal (=du
0 -

oS

150 200 250
harvest2

density (plants per square meter )

0Ly () S 5 b 5 (W) Sy 21an 31 o 9 05155 oy 1= U
25,15 o )d K Jlean] o 13 (6l xe @iglis 5SSl (clasalsin yg050 5l odlil b ¢ gim ya y3 lie gy b (sla ke
Figure 1- Effects of cultivar, density and harvesting on number of leaves (a) and leaf area (b) of Basil

The data in each column followed by same letter are not significantly different by Duncan’s multiple range test at 1% of probability
level
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Table 2- Interaction effects of harvesting xdensity on Basil morphological characteristics

Slowi P gy S 3 Slos Blw 55 &9 Sy 0
Factor fresh herb yield(g/m?) fresh weight fresh weight
stem(g) leaf(g)
o oSy
Harvest  Density (plants per square meter)
1 150 1020° 2.478% 3.907°
1 200 1327% 2.978% 4.049°
1 250 1401° 2.417" 3.090°
2 150 1411° 3.283° 5.840°
2 200 1080 2.106° 3.408°
2 250 1427° 3.065° 3.715°
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The data in each column followed by same letter are not significantly different by Duncan’s multiple range test at 1% of probability
level
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Figure 2- Effects of cultivar, density and harvesting on total chlorophyll amount of Basil leaf
The data in each column followed by same letter are not significantly different by Duncan’s multiple range test at 1% of probability



IAY Ll (¥ o yloid FY alr (6559 2sboo g pole) SLEL pole 49 0t YFA

OBy (A5 S Sig 2 o515 X 03 Jilie SIHI-Y Jgsr
Table 3- Interaction effects of cultivar xdensity on Qualitative characteristics of Basil

o VN B R Mg,
Factor Antioxidant activity (m mol fe ll/g fw)  Carotenoid (mg/g fw)
o) oSl
Culture Density(plants per square
meter)
150 0.698° 4.550°
Green j.. 200 1.370™ 4525
250 1.030¢ 4.523°
150 2.021° 5.803*
opal i, 200 1.779% 4.452°
250 1.578%¢ 6.252°
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The data in each column followed by same letter are not significantly different by Duncan’s multiple range test at 1% of probability
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Figure 3- Effects of cultivar, density and harvesting on phenolic compounds of Basil leaf.

The data in each column followed by same letter are not significantly different by Duncan’s multiple range test at 1% of probability

level
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Introduction: Basil (Ocimum basilicum L.), is considered as one of the main edible crops of Lamiaceae
family. In addition of consuming as a leafy vegetable, basil is known as a medicinal plant due to its aromatic and
phytochemical compositions. The common edible basil has two main varieties i.e. Green and Opal. Although the
production of this plant is highly happened in open farms during hot seasons, recent changes in agricultural
policies in terms of year-round production, using less water and increasing the yield and quality, have
encouraged the production of basil under controlled environments such as hydroponic systems. The main criteria
to proceed a successful hydroponic culture are selecting proper cultivar, planting density and nutrition
management. Optimum plant density alleviates the competition between plants and as a consequence, sufficient
light and nutrient can lead to higher quantity and quality. This study aimed to discover the impact of plant
density on the quality and yield properties of two main varieties of basil under hydroponics system.

Material and Methods: The experiment was done at Shahid Chamran University of Ahvaz during 2015-
2016 growing season. A pot experiment was conducted based of Split-plot in tlme design with three rephcatlons
Cultivar (Green and Opal) and planting density (150, 200 and 250 plants per m”) were considered as the main
and sub plot respectively. The plants were cut twice and different morphological and biochemical properties
including number of leaves, leaf area, leafy parts yield, chlorophyll, carotenoids, soluble solid content, titrable
acidity, total phenolic content, antioxidant capacity and essential oil content were analyzed.

Result and Discussion: The results showed that among applied treatments, the highest number of leaves
(30.61), leaf area (26140 mm®) and stem fresh weight (3.28 g) were recorded for the var. Green with 150 p/m’
planting dens1ty at second cut. In contrast, this treatment had the lowest number of leaves (12.33) and leaf area
(10810 mm?) at first cut. While maximum leaf fresh weight (5.84 g) was obtained for second cut of 150 p/m’
planting densuy, minimum leaf and stem fresh weight (3.09 and 2.01 g respectively) were found for second cut
of 200 p/m’ planting density. Total fresh yield as an important criteria for a leafy vegetable was affected by both
variety and planting dens1ty factors. The highest amount of yield (1427 g/m’) was recorded at second cut when
plants were at 250 p/m”. In contrast, the plants of 150 p/m” had the minimum yield at first cut (1020 g/m?). The
chlorophyll content was higher in Opal variety surprisingly and the plants of 250 p/m*and 150 p/m” had around
2.09 mg/g chlorophyll at second cut. Similar findings were obtained for total phenolic content of leaves that was
around 104.3 mg/Kg fresh weight for these treatments. Lowest levels of chlorophyll (1.29 mg/g FW) and total
phenolic content (6.158 mg/kg) were seen in the leaves of var. Green when they were planted at 150 plant/m’
density. The data for total carotenoids content showed that the level of this pigments were affected by both
parameters of variety and planting density. The leaves of var. Opal of 250 p/m’” density had the highest (6.252
mg/g fresh weight) carotenoids content. The highest (2.021 mmol Fe II/g FW) and lowest (0.69 mmol Fe 1I/g)
amount of antioxidant capacity was recorded in Opal and Green varieties respectively, when they were at 150
plant/m® density. The taste related parameters including total soluble solids, titrable acidity and essential oil
content were not affected by planting density and variety. However, the level of acidity was increased by
increasing plant density. On the other hand, a significant difference was seen in terms of TSS, acidity and
essential oil between first and second cuts.

Conclusion: Overall and based on obtained data, it can be said that the var. Opal at 150 and 250 plants/m”
density showed the best results in terms of evaluated morphological and qualitative traits and can be
recommended for hydroponics basil cultivation. Basil is harvest in 2-3 cuts and this experiment showed that for
almost all vegetative parameters, the second cut had better results. The improved yield and quality at second cut
could be attributed to the better establishment of roots and providing higher levels of nutrients.

Keywords: Antioxidant capacity, Essential oil, Leaf area
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Table 1- The frequency of P. putida isolates in casing soil samples used for 4. bisporus cultivation

S way T A Sl laz 2l 5 s ; 2 05 QB! Loyl sl
S dige bl P. putida a0 (gl b OS] aglas Dl Sl - i
Soil Number of Number of selected isolates for next Az dls 0
sample Number of P. putida isolates steps Name of isolates in next steps
isolates (%)
Sample 1 12 5(42) 5 P1-P5
Sample 2 21 18 (86) 7 P6-P12
Sample 3 12 6 (50) 5 P13-P17
Sample 4 12 4 (33) 4 P18-P21
Sample 5 11 6 (55) 5 P22-P26
Sample 6 13 13 (100) 7 P27-P33
Total 81 52 (64) 33
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*Samples 6 and 2 were collected at pinning and other samples were collected befor pinning or time of application on the compost.

i)y p S haa YIYS §VIYD VYV 5, Sile e L sy $140S3 2,8 sy w550 Jelgs U]
u‘i‘-w Mo b sy 4 P30 5 P14 ‘}’33 sbala g oo yide TAA (190,92 g5 (495 (ow s 2
o 20 Sahe bug IAA o5 ofile (1 B3] 005 gy s gl asnals |, TAA 155 U155 i alolis

29 5 p Sk IV (500.05) (ol sine cslis JAA Mg ol > cilima (sloalis

4y P27 4 P24 P3 claaslos oy cpl 0 (Y Jgia) 3yl 2959

a2 a g
7 [l ab
M ab
be pe be
6 M — bd
m c-e "
~ = cf of ¢
s T
- — e .
£ Bom 5 of ke
w bl
< i-m J0 jn jn
3 kn 1,
l-o
mp
q
2 oq
pq
| H H q

PP PP PP TP IR PP QLIS SI S Y
ol A6
(Isolates)
(p<0.05) S57 puNbo dmslle (45051 (wlw! 3 P. putida Glise swaslua 13 TAA (490,62 Mgi Sl dulie -y JSUS

Figure 1- Mean comparison of means of IAA production of P. putida isolates based on Tukey’s test (p<0.05)
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Figure 2- Mean comparison of siderophore production of P. putida isolates based on Tukey’s test (p<0.05)
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Figure 3- Mean comparison of phosphate solubilization of P. putida isolates based on Tukey’s test (p<0.05)
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Table 2- ANOVA for four growth promoting factor in different isolates of P. putida
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Ol S 2o Mean square Mean square
Source of df TAA W5 1999w g Sliwd JHoo! daf  SUwls ACC cylled
variation T1AA Siderophore Phosphate ACC deaminase
production production solubilization activity
b 32 11.578° 3444.05% 32.241% 32 12.248°
Isolates
s
66 0.131 491 0.61 33 0.976
Eror
Total 98 65

oy iy Jleis] o ) 5 gize WS oimy ylis
* The means are significantly different at the 0.5% level
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Figure 5- mean comparison of fresh weight and number of mushroom in A. bisporus in response to P. putida isolates
inoculation based on Tukey’s test (p<0.05)
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Table 3- ANOVA for fresh weight and number of mushroom in A4. bisporus in response to P. putida isolates inoculation

Slar o (1o

Ol i 2o df Mean square
Source of variation 8 ¥ ol zoB Dl
Mushroom Fresh weight Number of mushroom
b 32 11.578° 3444.05°
Isolates
ks 33 0.131 491
Eror
Total 65

S gy Jleis ] o )3 Iy e M oiny LS %
* The means are significantly different at the 0.5% level
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Table 4- Correlation coefficient (r) between growth promoting factors in P. putida and fresh weight and number of
mushroom in A. bisporus

TAA Wy 3999 s g ATV T sUaeld ACC cllad
TAA production Siderophore production Phosphate solubilization ACC deaminase activity
& 70 0.58 0.08 0.2 0.12
Fresh weight
7,6 dlass *
&)® e 0.50 0.05 0.06 0.21

Number of mushroom

Qo yd iy Jloin] e )3 5 cxe BT ouimy LS #
* The mean difference is significant at the 0.5 level
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Introduction: Because of their high protein and mineral contents and low fat, calories and cholesterol, edible
mushrooms such as Agaricusbisporus are an important part of the people diet in many countries, but in Iran, the
yield of this mushroom is less than the average of yield in the world. Phase change from the vegetative to the
reproductive stage and fruit body initiation of this mushroom depends on special physical, chemical and
microbial properties of casing layer. Phase change is initiated by decreasing oftemperature and CO,
concentration and presence of some bacteria (such as Pseudomonas putida) in the casing layer. It is believed that
P. putida may cause this process and increase the yield of A. bisporus by siderophore and hormone-like
compounds secretion, decreasing the level of ethylene via ACC deaminase activity and dissolution of insoluble
phosphate. The objective of this work was to identify P. putida isolates as growthpromoting bacteria isolated
from A.bisporus casing soil and to evaluate their effect on mushroom yield.

Materials and Methods: In this study, 81 individual bacterial isolates were collected by screening the casing
layer of 6 edible mushroom farms. Luria Bertani (LB) medium supplemented with sodium lauroyl sarcosine
(SLS) and trimethoprim were used for isolation of Pseudomonas bacteria by plating serial dilutions of each soil
sample. Finally, using species-specific primers, 33 isolates that identified as P. putida were selected and were
used toinoculate
A. bisporuscasing layer. Inoculations were performed in a completely-randomized design with two replicates.
The harvesting began when buttons were fully-grown (but not yet open), and the number of mushrooms and
fresh (wet) weight of them were recorded after harvesting of each flush. In the next experiment IAA and
siderophore production ability, ACC deaminase production capacity and ability of dissolving of insoluble
phosphate in isolates and the correlation between these factors and number and fresh weight of mushroom were
evaluated. Analysis of the data was carried out using JMP 8. Means were compared using Tukey’s test at p<0.05.

Results and Discussion: The results of this study showed that the best stage for collecting P. putida is
pinning, because the maximum number of identifiedP. putidawas recorded at this stage.Field experiment showed
that different isolates have a significant effect on fresh weight and the number of mushrooms per kg compost
compared to control (p<0.05), so that the highest fresh weight observed in treatment of P27 and P13 isolates with
361.63 and 342.8 gr/kg compost respectively and the highest number of mushroom observed in treatment of P18
and P24 isolates with 21 and 20.83 mushroom per kg of compost,respectively. Interestingly, in this study, some
isolates showed negative or no effect on mushroom yield which could be due to the interaction between bacteria
and A. bisporus strain and/or complex conditions of casing layer. Other results showed that there is a positive
and significant correlation between IAA production ability in P. putidaand fresh weight (r=0.58) and the number
of mushrooms (r=0.50) in A. bisporus.Whereas there was no significant correlation between other factors and
fresh weight and the number of mushrooms. IAA through promotion of cell elongation and differentiation
increased mushroom growth and protein.This hormone is one of the needs of A.bisporus mushroom and it is very
effective in growth and caused an increase in mushroom yield compared to other growth promoting factors.

Conclusions: In the present study, with the aim of investigation of the effect of P. putida on the yield of
A. bisporus and determining the most effective factor in this process, collectedisolatesinoculated to A.
bisporuscasing layer and growth promoting factors in these isolates were evaluated. Results showed that the best
stage for collecting P. putida is pinning. These bacteria havesignificant effects on fresh weight and the number
of mushrooms.There is not significant correlation between other factors and fresh weight and the number of
mushrooms. Based on the results, it could be said that the use of growth promoting bacteria in edible mushroom
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culturing could be resulted anincrease in mushroom yield and could be beneficial in production of healthy food.
Finally, it could be said that P. putida isolates P27 and P13 may have the potential to act as a potential bio-
fertilizer.

Keywords: Casing soil, Growth promoting bacteria, Indole-3-acetic acid, Yield
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Table 1- ANOVA of some growth charectristics of Lycopersicum esculentum under salinity stress using Azealic acid

application
Ol o (Sle
Mean squares
a
Ol i 2be 833 5 0 Sid ST el
PSS }) PO (533} XE ol XP XE
Source of Degree b LuALS S aday p 39 " Ol 1 | Ol ol
. . ) - %) S .3 .
variation of o,lsls  Root fresh PR . Jyé o995
freedom Shoot weight Root dry Sodium Antioxidant Phenol  Proline
cedo fresh Shoot weight activity
weight d.ry
weight
3T
Salinity 3 0.45266™  0.30760°  0.40395" 020396 41.7517° 0.03687" 356795  4.2113"
(S
STl
Azaleic acid 3 0.55251™  0.64935"  0.29450° 0.02581™  19.3076" 0.09309" 16.1407°  12.8300°
(A)
MI)TM‘XJ)W * * * * * * * *
SxA 9 1.47647 0.35318 0.36186 0.04339 62.2026 0.06837 9.87294"  19.0494
s - -
30 0.76582 0.15593 0.12142 0.03019 1.094E 1.094E-08 1.094E 0.3625
Error 08 08

2oy O Jlain] gdaw )3 5 gxe BT i > gme BMA] 354 pas S
ns: no significant , *: significant at 5%

(52908 5 sy 3 ] ST 552,15 3 o (53 405 0L (5 Fwsid Slonoguand il fy 22325 Y Sy
Table 2- ANOVA of some photosynthetic charectristics of Lycopersicum esculentum under salinity stress using Azealic acid

application
Sl o (Sl
i e s Mean squares
o l‘..".'."s & - st,}i . 1,5
Sy R ) R L X .
Source of Degree b5 o3 55 ol 1 b e dedg ls Wil dge Cylas
variation of - Photosynthesis . irati o ol Stomata Mesophyll
freedom  SPAD rate ranspIration - g jwy conductance Conductance
value PWUE
5)9‘:) * * * * * * *
Salinity 3 5.1704 25.6235 3.90410 52705.5 0.61127 0.00196 0.02430
)
A.{.SJ])]A.:“JI * * * * * * *
N 3 12.4330 3.13019 6.81392 9190.27  0.39303 0.00196 0.01959
Azaleic acid (A)
Sl alX W * * * * * * *
- )S-‘::A <oz 9 3.9524 43.4831 3.23599 82445.2°  0.32359 0.00122 0.02730
s * 1.131E- * * *
30 2.2098 1.094E-08 1.094E-08 * 0.02746 1.094E-08 1.094E-08
Error 08
o pd B Jleis] o )3 o me G i )by sxe MBS 2459 pas MS
ns: no significant , *: significant at 5%
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Table3- Effect of salnity levels on shoot, root fresh and dry weight, sodium, proline, antioxidant activity and phenol in
tomato plant

o5
X i o T e e
8, lwi L SS9 piy oy Sk gy o) e o .ij Jed olie odan ol
TR ) ) esls (o) (ef)am,  onres RIS )
‘5’9‘“’ Shoot Shoot dry Root fresh Root dry (s (2 Phenol Proline
Salinity fresh weight weight weight Sodium  Antioxida (ppm) (ppm)
levels weight ) ) ) (mg/g nt activity
@) dry (%)
weight)
SO 5.96a 1.07b 0.81b 0.18b 4.12¢ 0.79b 1.78d 6.92a
S1 3.33a 1.18ab 0.82b 0.21b 1.21d 0.75d 2.73¢ 5.85b
S2 3.07a 1.07b 0.83b 0.28b 5.01b 0.78¢ 3.67b 5.8b
S3 3.35a 1.41a 1.19a 0.47a 5.29a 0.88a 5.79a 5.61b

S2 e+ (6595 S1 wals S0) .x5,l5 LSD 9051 Lolsl 2 o p3 & Jlass! grdaw 53 )l gixe Coglis iy S yiiio By S5 gyl JBlis a8 oo, Sbo ygiw p 50

(Y90 (o Yoo (695583 N0+ (5)55
In each column means followed with similar letters are not different at 5% level of probability based on LSD test. (control: SO,
Salinity 100: S1, salinity150: S2, salinity200: S3)
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Table4- Effect of azelaic acid on shoot fresh and dry weight, root, sodium, antioxidant activity, proline, phenol in tomato

plant
. X
PR3 o I
| RSl Sop wdngon  Sabgy  Gele "’;’ s ol ol ol
.w: (#55) (055) o)L (#55) (p5) aia,  Cigpes Pl (el2es) (#22s?)
- Shoot Shoot dry Root fresh Root dry (s (3o Phenol Proline
azelaic fresh weight weight weight Sodium  Antioxida (ppm) (ppm)
acid weight () () ) (mg/g nt activity
®) dry (%)
weight)
Az0 2.96a 1.14b 0.96ab 0.25a 5.11a 0.67d 6.94a 5.54d
Azl 3.33a 1.52a 1.11a 0.25a 4.28b 0.83¢c 4.74c 3.48b
Az2 3.07a 1.04b 0.78b 0.25a 4.15¢ 0.87a 5.68b 2.79¢
Az3 3.35a 1.03b 0.8b 0.29a 2.09d 0.84b 6.81a 5.17a
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(Aol ST 2 13 25 o Jla 5 Gy AZ3
In each column means followed with similar letters are not different at 5% level of probability based on LSD
test.(control: Az0, 8: Azl, 16: Az2, 24: Az3 mgr/lit azelaic acid)
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Table 5-Effect of salinity levels on Photosynthesis characteristics of tomato plant

Sl B o )5

Colaa
oy Jw:s-:o)}?éwsﬁ o)y ol $0955w) S gl ke isa) ““:‘“ Jge (o) kg o
) k995 Sl &0 3COy ) J o REP e P& Fe
sl S (sl 535 (e TETST osmesiss oslenli byl (a6 e
azelaic acid SPAD Photosynthesi T, ol (Fv/Fm) Stomata N
value 0 o:g; ests (Transpu:?tlf)l? (- P‘{;QU&EWJ. conductance C%?gﬁlc)tl;):lce
(pmolm’s™) (mmolm ™ s (1molCO,mol (mmols™) (mmol?Ozm'zs'
H,0™) )
SO 4.42ab 14.46b 1.59¢ 20.56b 0.09¢ 0.47a 0.02b
S1 5.01a 12.37b 1.64b 17.67c 0.63a 0.27c 0.01c
S2 3.45b 14.66a 1.03d 20.94a 0.35b 0.2d 0.1a
S3 0.42b 14.04ab 2.42a 16.82d 0.27b 0.42b 0.01d

S2 Yge duo Voo ()95 ST walis SO) .aiil oo LSD (yg0l (bl 2o yd & laws ;3 5 cime ool (gl ditads ogliie gt y2 13 By Ko o &8 olap,Sikie

(Yseidkeo Yoo 98 S2 Vg0 o N0+ (595
In each column means followed with similar letters are not different at 5% level of probability based on LSD test.(control: SO,
Salinity 100 mM: S1, salinityl 50 mM: S2, salinity200 mM: S3)
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Table 6- Effect of azelaic acid on characteristics of tomato plant

Ol B o )5

JgoasSue)fhawgd 1) s 5 e $095e) gl cho)diie Calan oy 1) dgse
_ Judg IS glyione Erie €0 e e J R ey A& R
Sl S (sbw! 2a¢) (a4 o (s . RS weSigd o9l Judg 5 (4l (s
azelaic acid SPAD Photosynthesis (ancoiation (91 Jgs o (Fv/Fm) Stomata Mesophyll
value rate P 1 PWUE conduc}al{ce Conductance
(umolm™s™) (mmolm™s (nmolCO,mol (mmol” ™) (mmolCO,m’s
H,0™) )
Az0 5.32a 12.75d 1.55b 18.22d 0.11c 0.32b 0.09a
Azl 4.79ab 13.34b 2.72a 19.06b 0.28b 0.52a 0.01d
Az2 3.77bc 13.18¢c 0.93d 18.83¢ 0.44a 0.22d 0.02¢
Az3 3.05¢ 13.98a 1.48¢c 19.98a 0.52a 0.3¢c 0.03b

P eSS e cutn AZ] wals Az0) susb o0 LSD (yge5l wlol yr 2o p> & grdaws )3 55 ime glis (gl sitann oglisto ygiar o 50 By 5 p3 &S olapSSle
(sl ST 2 53 258 ol 9 Comy AZ3 (2 3 25 o 035l AZ2 (2]

In each column means followed with similar letters are not different at 5% level of probability based on LSD test. (control: Az0, 8
mg/l: Azl, 16mg/l: Az2, 24 mg/l: Az3 azelaic acid)
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Figure 1- Interaction effect of salinity x azelaic acid levels on Shoot fresh weight(a), shoot dry weight (b)(control: Az0, 8 mg/l:
Az1, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM: S3)
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Figure 2- Interaction effect of salinity x azelaic acid levels on root fresh weight(a), root dry weight (b)(control: Az0, 8mg/l:
Az1, 16 mg/l: Az2, 24 mg/l: Az3 mgr/lit azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM:
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Figure 3- Interaction effect of salinity x azelaic acid levels on stomata conductance (a), mesophyll conductance (b) of tomato
(control: Az0, 8 mg/l: Azl, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, Salinity 100 mM: S1, salinity150 mM: S2,
salinity200 mM: S3)
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Figure 4-Interaction effect of salinity x azelaic acid levels on Proline (a), antioxidant activity (b) of tomato (control: Az0, 8
mg/l: Az1, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM:
S3)
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Figure 5- Interaction effect of salinity x azelaic acid levels on spad value (a), Fv/Fm (b) of tomato. (Control: Az0, 8 mg/l: Azl,
16 mg/1: Az2, 24 mg/l: Az3 azelaic acid, control: S0, Salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM: S3)
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Figure 6- Interaction effect of salinity x azelaic acid levels on photosynthesis rate (a), transpiration (b) of tomato. (Control:

Az0, 8 mg/l: Azl, 16 mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200
mM: S3)
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Figure 7- Interaction effect of salinity x azelaic acid levels on PWUE(a), sodium (b)of tomato. (control: Az0, 8 mg/l: Azl, 16
mg/l: Az2, 24 mg/l: Az3 azelaic acid, control: S0, salinity 100 mM: S1, salinity 150 mM: S2, salinity 200 mM: S3)

oaals s 4 Wil o ials cpl il aiwls olS woge Ay
0391 ol bawsgs inS Morsl dlgo 155 a3 g Sihuegi ke
ol oas osalie imgh opl 5l odel Cuwd 4 ol sSlen il
dr oa b 3)ly gl ol s 4y (6y90 G105 bl o
9 998 s 4nalS ol (olie Blge Mg5 (LUl I (6 g it
oeegt Adgs Oliee g oAb dguome (LS olaplil W) dxiy
ol 5 edal cand 4 ol BMS 55 L(1) 39 0 alS L]
2 Ml ml cdld g sy (o s yolio &S Shaghy
—OL ORgt 3 BAE pdl hePwd (5)9 (15 Ll
St 51 cld g bedgan] goxs b (10) oKan 5 J)la
)8 8 oy oo a5y a8 Wl g oS )3 (6)58 LIS 4 Cunglie
Gpan )l S 4 SeS LAZD Yo )3 g 4 dl S]]
2y e ;80 g colia g (slaijg) Culin (gjtimgtd
el ol Gty ) ol wBliS gy (giiwgd Clogad

‘J_a.al ..\.;9) L)"‘ Sz Jel A.ABL: ‘)AHI)S‘ AZ3 P9 u,mlf ‘..\.u‘ 81,3 P9
(1Y JSC3) cdl, AZy 5 AZy LidlS Lugo 5 AZ; Lialidl
Jless o dald 4 Cows il 8l 1o VY L o jlde iSTas
Sl s il ST (65 gebams 5 bl gazs S3IXAZI
Wb Al (g3 gme ok mre 2e8 e I 4 ST 4 sl
(e Vv J5s)
D15 Su123 6355 o 3 AZ 39581 Ly g ol

L)J)a_mu.’ AZ3 C.‘a.w ).) 9 81’2,3 )) uwl).‘B‘ L)Jl 9 w].) d)])&o
(A JSs) sl las 1) sals 4 cund lade

.‘.: )

Ul 0 Jlosl (5,95 g (I3 b 5 gy



WAY (Lol ¥ o lods FY alo (55y9LiS @lus g pole) SLEL pole 4y pis Y45

Oimgty )3 (1) 1nbe d9e LS Ay 5 2liE dlge 5 O il
PREVUN P FAN TGS NS VN O [P SR WSS - P

uuw Do AZ1 )Lo.u ))J.)lf 9 029 )J9.o C~o9Lan (]

o) 045 0@9)4 JI 9 wa))

12 -
10 -
8_

255 61

33£S £
49 g
2_1{ _]
0

Sar

SolyByp as SS L J lasl 390 o 5 (Sl clialie Sy
OBl 4l 5 Laasig) (a5 jle e Conl (S (Sjaml ol
Ol bl cod (V) bl 00,8 S (tteg glasnl B
Coglio Ll (gl JiShw S5 lgie 4 sl Sl Ygomo

.39_4» .)L?u' bLﬁf 2 L.A_ASLQA U”‘ oS LS‘T)W P9 .)9;.»&0 gt

a
b P mAZ0
g, Azl
mAZ2
HAzZ3

glas

salinity levels

AZ3 gy 33 03555 AZ2 ¢ gy yd Cuid Az1 il AZ0) S5 )8 465 Jgid (3 5u0 39 ! Sll3l X (6,900 ilisro g ghans Lyl y31 A S

(Y90 (oo Yoo (590552 5 V9o (oo 10+ (59905 82 () ¥g0 (o Y+ + (5,900 ST a0l SO e ST 31 33 0,5 (koo jlor 9 Comast
Figure 8- Interaction effect of salinity x azelaic acid levels on phenol of tomato (control: Az0, 8 mg/l: Azl, 16 mg/l: Az2, 24
mg/l: Az3azelaic acid, control: S0, salinity 100 mM: S1, salinity150 mM: S2, salinity200 mM: S3)

A als ol Jlasl ()98 (sbajlos I 55 (5 imgis codgazes il
FS0d dgi ,d pols Limgh 5l odel Cund 4 guls Alen .l
Sl S9b OIS 1 )3 €85 plogl WS shdrsS g9, g oS
Colid g jiwgd &5 o ldgie colin Wil (giiugd sla)giSls
P> 9 Sdd g )5 (g dled (dug) Slogad g sl
ool b 6y (i (V) el JialS Laddlas s g laads)
5 SFtmgd LaaliSs,y tals g lié coml Jod 5 UL
Sy Lo asld (0d dgaxe G (J5 YL Lals
ST 0,18 (6598 b ok > pSl Gimgh 5 (V) 3,5 e
4SS Sloj Lol Conl odds 28l g0 (g tiuwsid bayl i Do 50 dunl
sbapadld dwy oo Voo (o Voe 5l Gl 4 (6590 o
LS ()l gine jobo 4 55 dnd ST )L > (g ftmgid

Wb e

il o gy g o0 bl 5 Cod sla gl My g
o)_ob 9 Lﬁ)"‘—“" J.)Lsu Los LY “L)K)L‘o .)194: )JL» 9 u*Jﬁ)-’
2 (F) Ml e Pae (i blyd cov LS oLk 4 op)S
Oial38l ey clale aul ST 56 gla oy )5 pols img
D (o393 b ol ST 30,8 L oS sy oo Has 4 Lol by

Fraogh ¢ Al L1 (So5dnsd cloan]d Yoess o i

&5 pialS (Joloe glaas ials deosiSS) lgime ials
o=l JLos s o )y 8 8 cou el iolel g atwlias
Uil g 0a b 290 o oLS Wby g (olde dlge der cubld il yus
pilo iagsy 53 45 g hen 1+) 33,5 e sdalie 3,Sc
Sgldy caliste 6y zobam p> Sl SKIST 5,8 5 samliio
3929 (2l b 2S5 dbml badiged SWiS () Jlde 3 1) (¢ pKedes
Sl BB clajloss o o)ludlls Sts 5 5 g M (508
Sid i e oy i AZ3XS2 L > g 4 odmlie
2133 o ol STl 3518 cpnizmods w1035 ol o)l
O-See (339 ORIl cnl 03)5 ()9 Laulpd > laaddy) Sis (4
b (V) Cuoglio 0uiiS Al ols  sliawds dlgo ddgs > 4y !
Ul o syl S S lo ol 51 il 039 ST G jano |
Ol ol el pSae Bl sl Sl CE s 15 S e
F) 1l 039 d] Slsamlls Lausgs Canglia ) 51 56 5 Slac
2 Ladgbe (s pddeis Cubl (ials s 4 6)5d a5 balpd 5
29 b pRalS ) i deST 63 (S clle Bl
syl gy 5 ) 355 Cadgine o3 gt (Sos 4o
g o b lid (65053085 dpusl SAllil 2,)87 L &S vy oo ka5



Yav

S P giS g (i gy Dlogad y1 (5 )gib (i byl pd 50 Al SLIGT 8 ) gy

5 (5 5 4
A cale U al SCalfl 58 oel couss 4 gl wluly
Sl 4y (gjuingid Sloadld p ute U 3 )3 p)5 (e
Gl Gpas L5 5 (Ldgie Culia (slasjey colia o] Jlos 4 o5
Sl LS Ty gyld pxe iulal sald el b dwglis )5 (g jtiwgid
Lo 5 238,50 )18 ()9 o pme 53 GlabS & alpd 53 (pizren
=185 ol giel O g Ao Sgao |y (S itiwgid sla jasli
oS » OT e (gieml slajis 4 STy 4o a8 bl e olS yo
Sa5=5 FYL gsba 53 al ST 58 b Lol by o il 59l
Sl s 5ml o5 Sl S50 45 Mign IS i
Al ) Yge (o Ve ds 0 (6)5-5 &5 (9o yd &S b ol
i (65H0L 5 (55 Yol bas L sl Sl 5 )18
OiblS 4 lgi o (g ieml ol loul g gllas da 3 (g gid

gy ele 5l ol JLos 4 5 sl oas dbul oS 49,0 (0
LS 5 ol L (F) sy olaly 05 alS lalags ol
P A8 Sy A 5 A8l e (el Jouily a1 )5l
L 5 a5 (655 gl ST 8,5 ol g,
AL 15, oS ol asles gl sl S gl (8
cbald aons ) cowl o3l alS 1) gy ddg 4 oLS Sl
oanLtie sl SCAl}T (el (lohlo,las 5 cWgrs 5 6 pcml
slaccJls o W] syl b Ygene (g9 (i bayl i pd 1003,5
il Lo Jslo 9 151 sln JLSG, coble a8 5]
4 Ssl b Slapdylin 5 el 51 o] s 5 a2l e
ol Jeaily bads @ sl ST oS ool 5l e Jos
NESCISPORIERE S [N PP NVCIN RIS PO
3929 d Sl (5 slacled 4 (58 5l 4ot 5> ol
ol o oanlie ol imgh 3 45 jgb led g (F) cusl ol
oialS s dal ST 208 Vgo oo Voo ()9 om0

ol 090)5  SlasT ol culld

S SaS (55,8 dn oS olS jd (g0 LS e il

&bo

1- Arfan M., Athar H.R. and Ashraf M. 2007. Does exogenous application of salicylic acid through the rooting
medium modulate growth and photosynthetic capacity in two differently adapted spring wheat cultivars under salt
stress?, Plant Physiology, 164:685-94.

2- Haghighi M., Sheibanirad A. and Pessarakli M. 2015. Plant Responses under Environmental Stress Conditions,
Advances in Plants & Agriculture Research, Advances in Plants and Agriculture Research, 2(6):1-12.

3- Haghighi M. and Pessarakli M. 2013. Influence of silicon and nano-silicon on salinity tolerance of cherry tomatoes
(Solanum Iycopersicum L.) at early growth stage, Scientia Horticulturae, 161: 111-117.

4- Halim V.A., Vess A., Scheel D. and Rosahl S. 2006. The role of salicylic acid and jasmonic acid in pathogen
defence, Plant Biology, 8(3):307—13.

5- Howladar S.M. 2014. A novel Moringa oleifera leaf extract can mitigate the stress effects of salinity and cadmium
in bean (Phaseolus vulgaris L.), Ecotoxicology and Environmental Safety, 100: 69—75.

6- Kafi M., Borzooei A., Salehi M., Kamandi A., Masumi A. and Nabati J. 2012. Environmental stress in plant
physiology, Publications University of Mashhad. ( In Persian).

7- Kafi M. and Rahimi Z. 2011. Effect of salinity and silicon on root characteristics, growth, water status, proline
content and ion accumulation of purslane (Portulaca oleracea L.), Soil Science and Plant Nutrition, 57: 341-347.

8- Kahrizi S., Sedghi M. and Sofalian O. 2012. Effect of salt stress on proline and activity of antioxidant enzymes
intend rum wheat cultivars, Annal of Bioloical Research, 3: 3870-3874.

9- Misra N. and Saxena P. 2009. Effect of salicylic acid on proline metabolism in lentil grown under salinity stress,
Plant Science, 177: 181-189.

10- Miteva E., Hristova A.D., Nenova B.V. and Maneva S. 2005. Arsenic as a factor affecting virus infection in
tomato plants: changes in plant growth, peroxidase activity and chloroplast pigments, Horticultural science, 105:
343-58.

11- Munns R. 2002. Comparative physiology of salt and water stress, Plant, Cell & Environment, 20: 239-250.

12- Nakashima K., Ito Y. and Yamaguchi-Shinozaki K. 2009. transcriptional regulatory networks in response to
abiotic stresses in arabidopsis and grasses, Plant Physiology, 149: 88-95.

13- Shannon M.C. 1998. Adaptation of plants to salinity, Advances in Agronomy, 60: 75—119.

14- Parida A.K. and Das A.B. 2005. Salt tolerance and salinity effects on plants, Ecotoxicology and Environmental
Safety, 60: 324-349.

15-

Puniran-Hartley N., Hartley J., Shabala L. and Shabala S. 2014. Salinity-induced accumulation of organic
osmolytes in barley and wheat leaves correlates with increased oxidative stress tolerance: In planta evidence for
cross-tolerance, Plant Physiology and Biochemistry, 83:32-39.



WAY (Lol ¥ o louds FY alo (5559LiS @luo g pole) SLEL pole 4 pii YAA

16- Rady M.M. 2011. Effect of 24-epibrassinolide on growth, yield, antioxidant system and cadmium content of bean
(Phaseolus vulgaris L.) plants under salinity and cadmium stress, Scientia Horticulturae, 129: 232-237.

17- Uta V.R., Martin J. and Mueller J.D. 2005. Evaluation of natural and synthetic stimulants of plant immunity by
microarray technology, New Phytologist, 165:191-202.

18- Yurtseven E., Kesme G.D. and Unliikara. F.A. 2005. The effects of water salinity and potassium levels on yield,
fruit quality and water consumption of a native central Anatolian tomato species (Lycopersicon esculentum),
Agricultural Water Management, 78: 128—135.



Journal of Horticultural Science (53294 galee 5 e5ke) FLEL pole 4 20

Vol. 32, No.2, Summer 2018, P. 287-300 s YAV=Y+e .0 AYAY (laasli oF 0)lods Y wl>
ISSN: 2008 - 4730 Ay Yook - FYY 4L

Evaluating of Azealic Acid on Tomato Vegetative and Photosynthetic
Parameters under Salinity Stress

M. Haghighi'’- A. Sheibanirad’
Received: 20-08-2017
Accepted: 22-05-2018

Introduction: Soil salinity is a global problem that affects approx. 20 % of irrigated land and reduces crop
yields significantly. Since, salinity is one of the most important abiotic stress and limiting factor for plant growth
all around the world. It is necessary to find some way to ameliorate these damages. The physiological responses
of a plant to salinity are often complex and multi-faceted, which makes experiments difficult to design and
interpret. At basic level, the response of plants to salinity can be described in two main phases: the shoot ion-
independent response occurs first, within minutes to days, and is thought to be related to Na'sensing and
signaling. Tomato is one the most popular crop in open door and greenhouse cultivation which could face with
salinity stresses. Salinity with inducing osmotic stress could have irreversible damages on plant growth and
function. Three main salinity tolerance mechanisms have been proposed: on exclusion — the net exclusion of
toxic ions from the shoot; tissue tolerance — the compartmentalization of toxic ions into specific tissues, cells and
subcellular organelles; and shoot ion-independent tolerance — the maintenance of growth and water uptake
independent of the extent of Na'accumulation in the shoot. In order to face with stresses plant make some
internal signals which cause producing different compound and inducing stress resistance. Salicylic acid is one
these resistances induced agent. Azealic acid is an organic compound which could increase salicylic acid
accumulation in plants.

Materials and Methods: So that, the present experiment was conducted to evaluate the effect of azealic acid
and saline irrigation on tomato vegetative and photosynthetic parameters in factorial design based on CRD with
three replications. The treatments were salinity level (0, 100, 150 and 200 mM) and azealic acid (0, 8, 10, and 24
mg I""). The experiment was conducted in pot and in the greenhouse. Gradually in a week salinity treatments
applied for plants after that each week once azelaic treatments also applied in each plant. Two weeks later each
gas exchange parameters and all parameters needed fresh plant were measured and at the end all parameters with
dry matter measured. The photosynthesis traits like transpiration, photosynthesis rate, mesophyll conductance,
stomata conductance some stress indices like proline and antioxidant phenol were measured.

Results and Discussion: Results indicated that with increasing salinity level biomass production reduced. It
seems that with azealic supplement especially in AZ, treatment with improving photosynthetic water use
efficiency, stomatal and mesophyll conductance has positive effect on photosynthesis. Under low salinity level
azealic acid was an effective treatment in photosynthetic parameters although when salinity exceeds more than
100 mM photosynthetic parameters even with azealic acid application reduced. Azealic acid causes a kind of
osmotic balance following that the proline content of these treatment reduced. In all salinity levels when azaleic
acid applied the phenolic compound increased significantly and the highest was in AZ3. Azaleic acid reduced the
Na concentration of leaves it causing the most tolerate reason against salinity when the azaleic acid applied.
Although the photosynthetic rate increased with azaleic acid it is not because of chlorophyll content, because the
chlorophyll content decreased with azaleic acid. The increase of photosynthesis could be due to decreasing Na
concentration of leaves and increasing defense system of plants. Chlorophyll florescence decreased even with
azaleic acid in salinity, it means that azaleic acid cannot completely compensate the stress harmful effect. The
growth was improved with azaleic acid in salinity; the improvement was greater in root weight compare with
shoot weight. Azaleic acid not only prevent decreasing the weight but also improved them in salinity. In defense
system of tomato it seems that antioxidant and phenol content were more effective than proline because they are
increased with azaleic acid in saline condition effectively compare with proline.

Conclusions: Finally, it seems that until 100mM salinity level azealic acid with maintaining gas exchange
capacity in optimum level and inducing osmotic balance could reduce salinity damages. Conclusively, when
azaleic acid was applied in 8mg/l that it improved photosynthetic traits like stomata conductance, mesophyll

1, 2- Assistant Professor and PhD student Department of Horticulture, Faculty of Agriculture, Isfahan University of
Technology
(*- Corresponding Author Email: mhaghighi@cc.iut.ac.ir)
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conductance, and photosynthetic water use efficiency compare with control. Azaleic acid can improve the
photosynthetic traits when salinity was in low level like 100mM. Proline which is amino acid role as a defense
system of plants increased the osmotic adjustment in plant in response to azaleic acid

Keywords: Azealicacid, Organic acid, Salicylic acid, Saline water
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Table 1- Amount of macronutrients in QL, modified QL, Knop and modified Knop basal media

QB prs Knop cuiS’ bawme

QL cuiS by @Bl puri QL CuiS baso Knop cuiS by
. . . . Modified Knop
QL media Modified QL media Knop media .
media
(mg.L'l)

Ca(NO3)2.4H20 1123.77 550 1000 1000
CaCl2 0 100 0 0

KH2PO4 405 405 250 405

KNO3 1800 800 250 500
K2S04 0 200 0 0

MgS04.7H20 355.79 355.79 250 250
NH4NO3 400 0 0 0
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Table 2- Different nitrogen sources and their ratio in studied basal media

7 SR K9 Sg0l 4lade *359 g KY-Y B
c0iS by el . P39l 5 . O59r 515; O s & pains] Comd
Nitrate Concentration Ammonium Concentration Total Nitrogen : :
Media -1 -1 -? Ammonium/Nitarte Ratio
mmol.L mmol.L mmol.L
QL 31.3 43 34.6 0.14
QLm 12.6 0 12.6 0
WPM 8.7 43 13 0.49
MS 38 20 58 0.53
MS-NH4NO3 18 0 18 0
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Figure 1- Interaction effect of basal media (0.5 mg.I" BA) xauxin type (0.05 mg.I"") on bud formation of pyrodwarf shoots
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Table 3- Analysis of variance summary table for the
weight of shoots from pyrodwarf shoot regeneration
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Table 4- Analysis of variance summary table for the weight of pyrodwarf plantlets induced by rooting treatments
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Table 5- Effect of basal media on rooting properties of pyrodwarf shoots
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Numbers followed by the same letter are not significantly differentns (P<0.05) by LSD test.
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Introduction: Application of stress-tolerant rootstocks is known as one of the effective methods to enhance
the productivity of fruit gardens. Pear is one of the four or five major classes of fruits that are produced
worldwide. Among pear cultivars, Pyrodwarf rootstock is tolerant to alkaline soil and low temperatures of
winter. In addition, many cultivars of pear with high productivity could be grafted to this rootstock. These
advantages result in widespread culture of pyrodwarf rootstock in pear gardens. The increasing market demand
of this rootstock presents an opportunity to investigate alternative methods for efficient production of pyrodwarf.
Therefore, this study has been conducted to increase the efficiency of pyrodwarf propagation through tissue
culture methods.

Materials and Methods: For this experiment, sterile plantlets of pyrodwarf rootstocks in a same growth
phase were used. Plantlets were cultured in different 12 media including MS, WPM, KNOP, modified KNOP,
QL and modified QL basal media supplemented with 0.5 mg.L™" BA and 0.05 mg.L"' IAA or IBA and solidified
with 8 g.L"! agar. After that, cultures were transferred to the growth room at 25 + 1°C under a 16/8h light/dark
photoperiod (light intensity 30 pmol.m s ', cool-white fluorescent light). In the next step for rooting
optimization, two separate experiments were conducted. In the first, 10 different basal media containing various
nutritional compounds were examined for rooting properties of pyrodwarf plantlets. The following experiment
was performed to reveal the effects of IAA and active charcoal on the efficiency of plantlets rooting. All the
experiments were carried out in acompletelyrandomized design. The study of propagation efficiency of plantlets
was arranged in a factorial approach with twofactors including the type of basal media (sixlevels) and auxins
(twolevels) with threereplications. The both experiments of plantlet rooting were performed with
sevenreplications. Data were analyzed using JMP-8 statistical software and the meanswere compared by using
LSD test at 5% probability.

Results and Discussion: All explants were regenerated 15 days after cultivation. The number of buds per
explants indicates that nutritional compounds significantly affected bud formation. MS basal media induced the
most number of adventitious buds and decreasing amount of nitrogen in the culture medium (either in its
ammonium or nitrate form) leads to 50%-decrease in the number of buds induced per explant. Previous reports
mentioned that macronutrients have the most significant effect on bud formation of peach hybrid rootstock
GF677. In addition, high amount of nitrogen is necessary to achieve the highest height of pyrodwarfin vitro
plantlets. In contrast to the basal media, neither bud formation nor height of plantlets did not affected by the type
of auxins, IAA and IBA. Also weight of plantlets was similar in all treatments and shows the effect of basal
media and auxins were not significant on biomass production. According to the results of rooting experiment,
plantlets that were cultured in MS and DKW had higher height than QL and Knop in rooting phase. Also, 1/2
MS-cultured plantlets have the lowest height among all treatments. These results showed that macronutrients
have positive effects on the growth of pyrodwarf plantlets as decreasing concentration; the growth of plantlets
was inhibited. In contrast to shoot growth, number of roots per explants in 1/2 MS medium was significantly
higher than the other media. These results are expected as shoots and roots of plants have different response to
environmental stimuli. Data obtained from the following experiment of rooting indicated that IAA improved root
induction similar toother functional traits of plants but the presence of both of those compounds in medium have
inhibitory effect on the functional traits of plants.
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Biotechnology, Department of Industrial Biotechnology, Khorasan Razavi Branch of Academic Center of Education,
Culture and Research

(*- Corresponding Author Email: Akh.agri69@gmail.com)
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Conclusion: These data suggest that macronutrients and hormonal compounds have impressive impact on
the regeneration of pyrodwarf plantlets. In this regard, MS medium supplemented with 0.5 mg.L’1 BA and 0.05
mg.L" TAA or IBA induced most number of buds and the regenerated plantlets hadthe highest height in that
medium compared to the other treatments. Also, 1/2 MS medium containing 1 mg.L" IAA was identified as the
best media in case of rooting parameters.

Keywords: Auxin, Charcoal, Micropropagation, Pyruscommunis
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Figure 1- Comparison of two species of marigold (7Tagetes erecta (a) and T. patula (b)) in terms of survival in different light
intensities. In this study, Tagetes erecta lost in 1800 pmol m? s treatment during study
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Table 2- Mean comparison of Morpho-physiological and biochemical characteristics of two species of marigold and in
different levels of light intensities

Mean Comparison Light Intensity

45 93 (3l a0
Mean Comparison Species

(umol m” s™) B S5y Wbl g gowdlyd g
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b oS el "
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Plant height (cm)
5L L
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a a b D)SL”A J9j° a a
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e 4513 3l
a a b [Tl a a
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S yolaws
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Leaf number (per plant)
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Root length (cm)

a a b Jf Pt a b
12.66 1183 8 Flower vase life (day) 13 1033
43.45° 3423 28.21° . 7k 44.74° 31.37°

Flower diameter (mm)
s L
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Peduncle diameter (mm)
S5

a b c rr o) a b
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a a b 4l )" U)5 a b
11.92 9.78 1.15 Stem FW (g/plant) 18.91 2.24

a a b ey ¥ e a b
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a b ¢ 55 s a b
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Ky [T
a 2 b » a9 a b
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5Ly Sis -3
a a b 48 )9 a b
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a ab b w) s U)9 a b
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ui 5 v
76.30° 73.16" 69.44° 7l 5T g4 87 71.80°
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Means with the same letter in each row are not significantly different at 5% of probability level-using LSD test.
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Figure 2- Interaction effects of light intensity xspecies on plant height (a), leaf number (b), root length (c), flower diameter

(d), leaf fresh weight (e), leaf dry weight (f), stem dry weight (g) and root dry weight (h) of marigold. Means with the same
letter in each treatment are not significantly different at 5% of probability level-using LSD test
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Background and Objectives: Marigold species(7agetes spp.) are ornamental plants which belong to
Asteraceaefamily and their geographical dispersal occur mainly in temperate regions. Climate conditions, soil
nutritional properties and water are considered as three important factors for plant growth. The majority of these
plants are cultivated as bedding plant, flowerbed edging and mass planting from January through May in spring
and early summer. During this period, plants are exposed to a wide range of temperature and light conditions.
Light is an absolute requirement for plant growth and development. However, different plants have optimum
requirements and both deficient and excessive light intensities are injurious. The aim of this study was to
investigate the effect of different light intensity on the growth and flowering of two species of the Marigold
under the late season planting dates, conditions in which young plants have to grow under high light intensity.

Material and Methods: In order to evaluate the effect of light intensity on the growth and flowering of two
species of marigold (Tagetes erectaandTagetes patula), an experiment was conducted at the research station of
Lorestan University (Khorramabad, Iran) in 2016. The experimental design was a split plot based on a
completely randomized design with three replications. The treatments were consisted of three light intensity
levels (600, 1200 and 1800 pmol m™ s™) as main factor and two species of marigold as a sub-plot factor. F1
seeds were growninto the pots containing equal amount of soil, sand and manure. Different levels of light
intensities (1200 and 600 umol m™s™) were achieved by shading with one or two thin layers of green screen
(Saran), respectively. Control plants were grown under natural light condition (no shading) with light intensity of
about 1800 pmol m? s. The shading was applied at the two leaf stage until the end of the experiment. Plant
height, stem diameter, numbers of axillary shoots, root length, internode length, leaf number, flower diameter,
flower vase life, peduncle diameter, root, shoot and total dry and fresh weights, relative water content,
chlorophyll and carotenoid content were measured at the flowering stage.

Results: The result of the present study showed that the effects of light intensity, species and their interaction
effects were significant for plant height, leaf number, root length, flower diameter, leaf fresh weight, flower
fresh weight, total fresh weight, leaf dry weight, stem dry weight, root dry weight, flower dry weight,
chlorophyll a, carotenoids and total chlorophyll. The main effects of light intensity and species had also
significant effects on stem diameter, flower vase life, stem fresh weight, root fresh weight, total dry weight and
chlorophyll b. The highest mean of the most traits was found in plants grown under 600 umol m™ s™, followed
by that in 1200 pmol m™? s”. The mean comparison revealed that with increasing light intensity, plant height
decreased in both cultivars. With decreasing light intensity, flower fresh and dry weight increased in T. erecta,
while no differences were found in those of 7. patula. The highest flower fresh and dry weight was found in T.
erecta plants grown under 600 pmol m™ s”.In the present study, high light intensity had a detrimental effect on
Terecta as all plants died under the 1800 pmol m™ s™ level. However, under 600 or 1200 pmol m™ s™'T. erecta

performed much better than 7. patulain most studied traits.

Discussions: The obtained results showed that by decreasing light intensity, plant height, internode length,
stem diameter, leaf number, root length, number of axillary shoots, flower vase life and flower diameter
increased which revealed that marigold is a sensitive plant to light intensity in late planting date, and so suitable
planting date is very important for good performance of this plant. The responses of various species of marigold
were different to light intensity and also toplanting date. Although the mean of most traits in 7. erectawas higher
compared to 7. patula, T. erecta was more sensitive to light intensity compared to 7. patulasince high light

1, 2 and 3- M.Sc. Student, Associate Professor and Assistant Professor, Department of Horticultural Sciences, Faculty
of Agriculture, Lorestan University, Khorramabad, Iran
(*- Corresponding Author Email : Sadeghmosavifard@gmail.com)
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intensity could kill the 7. erecta. Considering all the investigated traits, there is a possibility that high light
intensity can affect marigold growth and development through oxidative stress. The results of present study
suggest that, in late season planting conditions, 7. patula and T. erectaare recommended for sunny and shaded
area, respectively.

Keywords: Chlorophyll, Flower vase life, Survival, Tagetespatula
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Table 1- The physicochemical parameters of 11 Indian jujube genotypes
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Lcisis weight length  diameter . Seed length 'Seed D F1r1;1nes DTS_S
Genotypes (2) (mm) (mm) L-])%; " (mm) diameter L:G N/ Brix
:D frui (mm) seed

Z1 19.92 b 3.18cd 3.03 abc 1.05 ed 1.65 de 0.75 a 221¢g 2.90 f 17.67 be
72 2241 a 398Db 3.15a 1.26 ¢ 1.75cd 0.54c 3.13¢ 6.68 a 10.87
Z3 10.57 d 3.09 cd 2.40 de 1.29¢ 1.70 de 0.49 de 3.46 bed 427c¢ 1242 ¢
74 1435¢c 2.83e 2.50d 1.13d 1.70 de 0.53 cd 3.22 de 2.80 f 18.49b
75 18.73 b 3.08 cd 2.97 be 1.04 ¢ 1.55f 0.63b 2.50 f 3.75 de 17.10 ¢
76 12.79 cd 3.00 de 2.36 def 1.27 ¢ 1.86 b 0.52 cd 3.57b 2.75fF 20.69 a
77 11.03d 3.04 cd 215¢g 1.42b 1.55f 0.47ef  3.29 cde 4.10 cd 15.01d
VA 13.95¢ 323 ¢ 231 ef 1.41b 1.82 be 0.51 de 3.54b 353e 17.30 ¢
79 11.14d 3.05cd 2.25fg 1.36 bc 1.64 ef 0.47 ef 3.52 bc 3.01f 20.01 a
Z10 2243 a 3.96b 3.08 ab 1.30¢ 1.89b 0.53 cd 3.56 b 490Db 13.30 e
Z11 23.66 a 4.66 a 2.89¢ 1.61a 25a 0.44 f 5.76 a 348¢ 14.45d
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 1- Total phenol content extracted with ethyl acetate based on gallic acid in 11 Indian jujube genotypes
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ABTS" & bgs 30 ICs9 (31500

i 95 ol Y Sli! Joil W
Genotype H20 fraction Ethyle acetate fraction

Z1 73.54+1.6d 21.00£2.1 ¢
72 52.5840.22 de 27.83+0.14 be
Z3 19.68 £0.15 f 24.35+0.33 be
Z4 37.35+1.8¢ 33.81+£1.2b
Z5 57.05 £2.3 de 17.77£0.11 cd
Z6 760.56 £3.9 a 25.66+2.3 be
z1 5733+ 1.4de 17.67+1.3 cd
Z8 199.78 £2.6 ¢ 48.06+0.89 a
79 21743 +£3.1b 31.12+#1.1b
Z10 68.45+0.12d 20.05+0.18 ¢
Z11 55.17+1.16 de 12.84+0.11d
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Introduction: Ziziphus mauritiana is a plant from the family of Rhamnaceae. The fruits of Indian jujube
contain high amounts of soluble sugars, non-volatile acids and phenolic compounds. Antioxidant properties and
cytotoxic effects of the fruit, bark and seed of the Indian jujube has been reported. Also, it have been proven the
effects of Indian jujube seed on insomnia and anxiety. Several studies have been conducted on genetic diversity
based on morphological traits and molecular markers. This research was conducted to investigate the
morphological traits including fresh weight, fruit length, fruit diameter, length and diameter of seed, firmness,
total soluble solids (TSS), total phenol content (TPC) and antioxidant capacity of 11 Indian jujube varieties are
located in Minab agricultural research station (longitude 57° 05, latitude 27° 06).

Materials and Methods: This experiment was conducted in a randomized complete block design (RCBD).
Fruits were selected from trees in Minab agricultural research station and transferred to the laboratory of Minab
education center. Some of fruits were also transferred to the laboratory of TarbiatModarres University and were
liophylized in the Freeze-Dayer. The traits included fruit weight, length and diameter of the fruit, total soluble
solids (TSS), tissue firmness and length and diameter of the seed were measured. Due to the abundant sugar
content of the fruit, extraction was carried out using liquid-liquid method and with two solvents: ethyl acetate
and distilled water. Total phenol content (TPC) was measured by Folinciocalteu in terms of mg of
equivalent gallic acid/g of fruit dry weight. The phenolic compounds extracted was used to determine the
antioxidant properties of the fruit. Scavenging of ABTS radical was calculated by spectrophotometry method at
734 nm wavelength.

Results and Discussion: The results showed that the fresh weight of the fruit was between 10.57 (Z3) and
23.66 (Z11) grams. In a study on 22 genotypes in Pakistan, fruit weight varied from 6.8 to 37.64 grams. The
highest amount of fruit length to diameter ratio was seen in the genotype Z11 with a value of 5.76. For firmness
parameter, the highest value was related to Z2. The highest amount of TSS was found in Z6 and Z9 genotypes
(20.69 and 20.01 “Brix, respectively). The results of using two solvents for TPC extraction, had different results
in studied genotypes. TPC extracted with ethyl acetate solution was highest in Z11 with 80 mg equivalent gallic
acid / g of fruit dry weight, and then Z10 (70), Z5 (65), Z7 (60) and Z1 (55) genotypes were in order. The lowest
amount of TPC was observed in Z2 with 38 mg equivalent gallic acid / g of fruit dry weight. The highest amount
(45) of TPC extracted with water solvent was observed in Z10. In previous studies, it has been shown that the
fruit of Indian jujube has high soluble sugars and high phenolic compounds. 12 phenolic compounds have been
identified by HPLC from Indian jujube’s fruit, including caffeic, p-hydroxybenzoic acid, ferrolic acid and p-
cumaric acid. The total phenol content and total flavonoid content was between 453.3 to 1298 mg equivalent
gallic acid / 100 g of dry weight for seven Z. jujube species. Radical scavenging of ABTS® was different in ethyl
acetate extracted solution in the studied Indian jujubes. The highest amount of ABTS® absorption was observed
in the concentration of 40 ug of ethyl acetate extracted solution, in Z7 and Z11 genotypes, and the lowest radical
inhibitory was seen in Z8. The highest ICs, in water and ethyl acetate solvents was related to Z6 and Z8
genotypes, respectively.

Conclusions: We can conclude that there was a significant morphological diversity in fruits of studied
genotypes. In this study, genotype Z11 had the larger fruit than others (23.66 g), with the highest ratio of length
to diameter. In a study on Indian jujubes in Pakistan, the highest fruit weight was 37.64 g. TSS in Z6 and Z9
genotypes was the highest amount (20 “Brix), and TSS in previous studies has been reported between 11 to 18.
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(*-Corresponding Author Email: faramarzi@hormozgan.ac.ir)
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TPC and antioxidant capacity were different in all genotypes based on the used solvent (water and ethyl acetate).
Therefore, different solvents can effect on the amount of phenolic content and radical scavenging properties.
But, the highest TPC extracted with ethyl acetate solvent was observed in Z11 with 80 mg equivalent gallic acid
/ g of fruit dry weight, and the lowest amount was observed in Z2 with 38 mg equivalent gallic acid / g of fruit
dry weight. From antioxidant capacity point of view, the highest amount of ABTS® absorption was observed in
ethyl acetate extracted solution of Z7 and Z11 genotypes.

Keywords: ABTS radical, Antioxidant activity, Indian jujube, Phenol content, TSS
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Table 1- interaction effects of salinity xinoculation with micorrhiza fungi on colonization and some growth parameters of
Flying dragon seedling
(Glomus mosseae = Gm, Paraglomus occultum = Po, No micorrhiza = Nmi)

S el 1525950 £ S g Spolas o ylade Al ,bd Sy b 039 039
Salt level Micorriza type Colonization Leaf ol ‘Stem Leaf azrea Suid Suid
(mM) (%) number RWC dla(l:rll;:)ter (cm”) s s U
(%) Root dry Shoot
weight dry
(€3] weight
(€]
Gm 6391° 14.72° 70.95° 0.20° 48.42° 0.19% 0.36%
0 Po 66.86° 13.45% 71.45%° 0.22° 47.25% 0.18° 0.35°
Nmi 0 12.52° 65.32% 0.21° 39.63° 0.18° 0.33°
Gm 62.50° 14.34° 68.63° 0.20° 45.22° 0.17% 0.32°
50 Po 63.26 13.25% 70.55% 0.21° 45.38% 0.15° 0.33°
Nmi 0 11.22¢ 61.12° 0.18% 38.11° 0.14° 0.26%
Gm 4451° 12.30° 67.11%° 0.19% 38.55" 0.12% 0.27%
100 Po 61.75% 12.40° 66.02%° 0.19% 39.01% 0.12% 0.26%
Nmi 0 10.33¢ 56.43% 0.16¢ 3241° 0.11% 0.17°
Gm 41.05° 12.11° 64.56% 0.17¢ 33.04¢ 0.10°¢ 0.24%
150 Po 55.83% 12.05° 64.50%° 0.15° 30.65°¢ 0.11% 0.25%
Nmi 0 8.55¢ 52.25¢ 0.14°¢ 25.73¢ 0.06° 0.16¢
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Numbers followed by the same letter are not significantly differentns by LSD test (P<0.05)
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Table 2- Interaction effects of salinity xinoculation with micorrhiza fungi on some leaf osmotic compounds of Flying dragon
seedling.
(Glomus mosseae = Gm, Paraglomus occultum = Po, No micorrhiza = Nmi)

S s FYCAPFP EP ™ S RIS
Salt level Micorriza type Sucrose Glucose Proline
(mM) (mg/g) (mg/g) (mg/g)
Gm 8.35% 38.65° 0.27%
0 Po 8.77% 42.11° 0.25°
Nmi 7.21% 37.32% 0.19°¢
Gm 8.30% 37.22% 0.2%
50 Po 8.46™ 42.10° 0.26%
Nmi 7.28% 29.67° 0.19°¢
Gm 7.69¢ 39.76° 0.29%
100 Po 6.42¢ 36.66° 0.31%
Nmi 9.87° 23.65° 0.19°¢
Gm 7.03 35.50° 0.33%
150 Po 6.14¢ 37.10° 0.33°
Nmi 12.55% 19.87°¢ 0.20°
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Numbers followed by the same letter are not significantly differentns by LSD test (P<0.05)
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Table 2- Interaction effects of salinity xinoculation with micorrhiza fungi on nutritious elements of Flying dragon seedling
(Glomus mosseae = Gm, Paraglomus occultum = Po, No micorrhiza = Nmi)

&03 Eb.w . . . K+ Na+ Caz+ + + 2+ +
Salt level Micorriza type‘}'?o)si?«h’ 29‘ (mg/g) (mg/g) (mg/g) K /Na Ca /Na
(mM)
Gm 18.31° 4861 7.85% 3.76° 1.61°
0 Po 17.79° 5.02¢ 7.56% 3.54° 1.502
control 16.12° 5.35¢ 6.53° 3.01% 1.22°
Gm 18.11° 6.78 ¢ 7.83% 2.67° 1.15°
50 Po 17.05° 7.34% 7.51% 2.32° 1.02%
control 14.42° 7.86 % 6.56°¢ 1.83°¢ 0.83°¢
Gm 15.78° 9.22°¢ 8.15° 1.71°¢ 0.88°¢
100 Po 15.81° 9.14°¢ 8.07° 1.72°¢ 0.88°
control 14.21° 10.93° 7.13% 1.30¢ 0.65¢
Gm 13.68° 11.56° 8.22° 1.18¢% 0.71¢
150 Po 13.75°¢ 12.45° 8.19° 1.10% 0.65¢
control 11.61¢ 14.77° 7.78% 0.78¢ 0.52°

23b oo 2o yd O aws 3 LSD (yg0j] 51 ookl b bnjlass (g b sime pase Sl Jgdo )3 e chgy>
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Introduction: Citrus is highly sensitive to water and soil salinity. About 13 percent decrease of citrus yield
per each 1 dS m ' increase in salinity above 1.4 dS m”. Arbuscularmycorrhizal (AM) fungi are probably
distributed in most soils and approximately 90% of higher plant species examined interact with AM fungi.AM
growth hyphae increased root level, water absorption efficiency and nutrient distribution specially phosphorus
and zinc. More biomass and less proline content in citrange "carrizo" inoculated with Glomusintraradices in
compare with non-inoculated treatment under different salinity levels. Two symbiosis AM (Glomusmosseae and
Paraglomusoccultum) through growth improving, photosynthetic rate and root structure could reduce adverse
effects of salinity under 100 mM sodium chloride concentration. We analyzed the impact of two mycorrhizal
fungi under salinity stress. Our objectives were to determine how AM symbiosis can alleviate adverse effect of
salinity and which of our mycorrhizal fungi show better results.

Materials and Methods: Seed of Flying dragon were sterilized by immersion in 70% alcohol for 4 min,
rinsed 5 times with distilled water and germinated in jiffy pots at 27°C. 25 g of fungi (Glomusmosseae and
Paraglomusoccultum) per pot were used while non-AM fungi treatments received the same weight of growth
media. The experimental design conducted in a completely randomized design as a factorial form. First factor
was four levels of salinity (0, 50, 100 and 150 mMNaCl) and the second factor was two different genotypes of
mycorrhizal fungi. Six replicates of each treatment were applied. Control treatments were irrigated with distilled
water. Shoot and root dry weight were measured. Concentration of proline was measured by the method of Bates
et al (3). AM colonization was estimated in according to with Hashem et al (14) with using light microscopy.
Relative water content (RWC) was measured by Wu and Xia (28). The sucrose and glucose were determined by
Wu et al (29) method. Na+, K+ and Ca+ concentrations in leaves were measured by using atomic absorption
spectrometer. The data were analyzed by two factor ANOVA using JMP 7 software. Least significant difference
(LSD, 0<0.05) was used in order to compare the significant difference between treatments.

Results and Discussion: The highest colonization occurred in control treatmentin which inoculated with
Paraglomusoccultum, andthe lowest colonization was in 150 mM treatment of NaCl that inoculated with
Glomus mosseae. Salinity cause more remarkable decrease on colonization of  Glomus
mosseaethanParaglomusoccultum. This indicated that each different mycorrhizal species had different potential
during salinity. Salinity had reduced leaf number, relative water content stem diameter, leaf area index, root and
shoot dry weight, regardless of the inoculation with AM fungi. Byincreasing salt levels, stem diameter and leaf
area index (LEI) remarkably decreased, but colonized seedlingespecially in low salt concentration partly
displayed better condition. In LEI and stem diameter, according to the results of mycorrhizal inoculation, even in
high salinity (150 mM) had shown significance difference (Table 1). During increasing of salinity level, sucrose
content in inoculated treatments decreased, while in un-inoculated ones it was reverse. Only in 100 mM sodium
chloride treatments observed different significant between two AM fungi. In addition, the inoculated AM fungi
had higher concentration of glucose than un-inoculated treatments. Proline concentration was increased 22% and
32% in G. mosseaeandP.occultum,respectively. Although proline content increased with salinity intensity, no
significant differences were observed between two AM fungi. In high salinity treatments (100 and 150 mM),
proline content has been shown significantly difference in compare with no AM fungi inoculation (Table 2).
Compared to the control treatment, Na” but not K" concentrations were markedly increased under 100 mM
sodium chloride. With comparing two different AM fungi, no significant difference were found in K', Na', Ca"
JK'/Na" and Ca’/ Na'. Under the non salinity and salinity conditions, AM symbiosis notably decreased the Na"
concentration in compared with non-inoculated treatments.Salinity significantly decreased the ratio of K'/ Na"
and Ca’/ Na’. Leaves of AM secedlings have shown higher K'/Na" and Ca’/Na" ratios than the non-AM
inoculated seedlings at three salinity levels. A reduction in mycorrhizal fungi colonization in citrus plants grown
under saline condition was expected since it has been shown that AM fungi may be influenced by salinity during
spore germination. This is consistent with other results. According to the results colonization rate of two AM

1-Assistant Professor and Ph.D student of Department of Horticulture and Landscape Engineering, Faculty of
Agriculture, Ferdowsi University of Mashhad. Mashhad, Iran
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YAV lewsl (¥ o)louds ¥V ol ((5559LiS” 29luo g pole) s,ub pole dy i FEY

fungi displayed different results, suggesting that P.occultumcontained a better colonization than G. mosseae.
Significant increase in growth parameters, namely, height, diameter, root length, and leaf area was more evident
for the seedlings inoculated with G. fasciculatum and G.mosseae. Salinity reduces the water potential of the
roots, causing reduction in growth rate, along with a suite of metabolic changes similar to those caused by water
stress. From the present results it can be deduced that the reduction in plant growth due to increased salinity can
be attributed to the osmotic effects of salts. Osmotic stress is a problem stemming from salt stress, and the
resulting decrease in chemical activity causes cells to lose turgor.

Conclusions: Under salt stress, plant growth and biomass would be slowed down. The reasons may be the
non-availability of nutrients and the expenditure of energy to counteract the toxic effects of NaCl. However,
mycorrhization was found to increase the compatibility of the host plant by enhancing its growth. Several
researchers have reported that AM fungi-inoculated plants grew better than non-inoculated plants under salt
stress. Conclusion based on various studies on the effect of several mycorrhizalinoculums on the seedling
growth, it was clear that AMfungi could be infected effectively, and their shoot and rootgrowth, especially
fibrous root growth, was significantlyimproved, compared with the control. For alleviating the adverse effects of
salinity in Flying Dragon rootstock, inoculating with mycorrhizal fungi is suggested. However, in respect of AM
symbiosis, the fundamental pertinent mechanism pathways are still not completely clear.

Keywords: Arbascular mycorrhizal, Citrus and salinity
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Table 1- Physical properties of tuff mineral soil and organic media

4.3)5| b‘so
S Oluoguas Substrate
Physical properties S5 oo T8 (B CowgreS  CangSeS Byi FJaxo S
Leaf manure Peat moss Mushroom compost  Cocopeat  Tuff mineral soil
S 49 94 65.5 87 5.65
Porosity (%)
ol ey 74.55 359.1 110.53 517.85 48.55
Water holding capacity (%)
R pegaZe U9 1 0.16 2 0.43 22
Actual density of soil (g/cm?)
sl pogase O 0.88 0.12 0.73 0.13 0.85
Apparent specific weight of soil (g/cm’) ) ) ) ' '
5y 5 BsF e SB o Sleogas Y Jpaa
Table 2- Chemical properties of tuff mineral soil and organic media
4.95' b‘go
st bownd Oluo guas Substrate
Chemical Properties Sss bl ZB (B CawgreS  CwgSyS B JSame S
Leaf manure Peat moss Mushroom compost Cocopeat Tuff mineral soil
e 7.53 4.85 7.43 6.39 7.96
pH
Sl ol 7.54 1.45 5.37 439 5.64
EC (dS/m) ' ’ ' ’ '
o 12.52 47.76 13.58 44.63 0.18
OC (%) . . . . .
0397 & oS o 7.82 41.89 7.94 36.28 18
N . . . .
oS Pl b 31.58 69.02 24.06 60.02 257
CEC
09 1.6 1.14 1.71 1.23 0.01
N (%)
S 100.46 73.72 178.38 89.74 13.42
P (mg/kg)
el 5450 7291.4 6400 9217.1 189.95
K (mg/kg) ' ' '
ol 72.74 63.31 47.53 0.563 87
Fe (mg/kg) ' ' ' '
Fa 38.82 70 26.45 2.02 7.32
Mn (mg/kg) ' ' ' '
o 1.3 6.09 2.83 46.60 1.43
Cu (mg/kg)
g9y 47.75 734 28.55 17.13 1.5

Zn (mg/kg)
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Table 3- Analysis of variance for the effects of media culture on some traits of alstroemeria

Slasyo (il
TINT sl - - = MS 1 s
Ol s 2alio ‘_gal)'i SUiS 39 pll 5 59 &,B%b 831! PESWIREY 5 sl Sy dlass
S.0.v dar e el Y 3 932y o J5 Number Number of
Shootdry  Shoot fresh Flower  Rhizome Number of of flower leaves
weight weight longevity size flowering branches
w M ok k% ok k% ko k% ok
Culture 12 50.78 7346.30 111.56 5.52 47.19 1050.54  150518.5
medium
s
39 0.44 43.62 4.57 0.57 0.63 10.78 1275.4
Error
et o 8.17 7.26 15.03 14.27 16.36 14.08 9.46
CV (%)

of N L;)LJ a.‘a.w 2 b D pxe
**: statistically significant at the 0.01 probability level.
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Table 4- Mean comparison of the effects of different treatment of media culture on vegetative characteristics and shelf life of
alstroemeria flower

S 6,8l . o3 J5 ad L dluas S 5oy S g dud
CaS s (510 lo F o P95 03! s . # z
L Flower Rhizome size Number of flowering Number of  Number of
Culture medium treatments longevity branches flower leaves
% (Dwy) fem)
o) o S ) Cw
(b2 7] e St {202 T+ ez 20° 6.25" 8.75" 40° 654°
Mineral soil (60 %) + Cocopeat (40 %)
. 5 3 o) Cn
(%)3 ) e SB+ (30> £+ ) CangSsS 16.25% 6.9% ob 470 537
Mineral soil (40 %) + Cocopeat (60 %)
. 5 3 A) coo
(223 Vo) (ime S+ (803 Ar) CagoS'sS 18.25% 5 450 5 50 30.75¢ 3740t

Mineral soil (20 %) + Cocopeat (80 %)
o SB+ (400 Fr) 2,8 8 pas CungreS
(v027) 14,50 4.88% 425 23¢ 357.5°
Mineral soil (60 %) + Mushroom
compost (40 %)
Sxe S+ (1 s ) gy b ypne CungueS
(22¥+) 15.5% 5.7% 3750 17.5° 403%
Mineral soil (40 %) + Mushroom
compost (60 %)
ize SB+ (o) Ar) 2,8 8 pas CungpeS
(+02¥-) 10.75° 3.8t 1.5 4758 171.75"
Mineral soil (20 %) + Mushroom
compost (80 %)
(Moyd £4) Gare SB+ (a0 ¥r) Lulocey
Mineral soil (60 %) + Peat moss (40 15.25%¢ 5.05% 5.25% 26.5% 267.75¢
%)
(Loyd ¥r) Gare SB+ (a0 £4) Lulocy
Mineral soil (40 %) + Peat moss (60 18.25% 5.18° 6.5° 30.25¢ 426.75¢
%)
(o> ¥e) Game SB+ (o) Ar) (wlocey
Mineral soil (20 %) + Peat moss (80 207 7.78° 11.75% 51° 734.50°
%)
(o> F+) dme SB + a0y Fr) S 516
Mineral soil (60 %) + Leaf manure (40 115 4.25°% 1.5¢ 6.75" 238.75¢
%)
(Moyd ¥r) Gdre SB+ (a0 £4) S,
Mineral soil (40 %) + Leaf manure (60 12.25% 4.75%¢ 28 10.25° 335
%)
(o) ¥e) dre SB +Haop Ar) S S
Mineral soil (20 %) + Leaf manure (80 12.5% 5.2 325" 15.25° 405.5%
%)
(Joyd Vo r) Pidme S
Mineral soil (100 %)

08 3.63% ot o 0!

230 o LSD (yg0j] a0 )3 B grdaw 53 o ime ciglis 13 LSy S it Bgpn b oo puSilie ¢ygiu yb )
The values in each column followed by the same letters are not significantly different according to LSD test at the 0.05 probability
level
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Figure 1- Mean comparison of the effects of culture medium on shoot fresh weight of alstroemeria. The values followed by the
same letters are not significantly different at the 0.05 probability level of LSD, (Other ratios of the culture medium in each

treatment are tuff mineral soils)
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Figure 2- Mean comparison of the effects of culture medium on shoot dry weight of alstroemeria. The values followed by the
same letters are not significantly different at the 0.05 probability level of LSD, (Other ratios of the culture medium in each

treatment are tuff mineral soils)
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Introduction: Production of ornamental plants is a global trade. The economic value of ornamental plants

has been significantly increased in the past two decades. These plants have high potential for continuous
development of domestic and international markets in the future. Alstroemeria is a perennial, monocotyledon,
ornamental plant which is used as a cut flower or potted flowering plant for the home and as herbaceous urban
landscape plant. Popularity of this flower is increasing because of its beautiful flowers, wide range of colors
(orange, pink, purple, red, yellow, white, and the other colors), year-round flowering, as well as high
yield.Nowadays, soilless culture has been developed a lot. Permanent use of soil nutrients in developing
countries without adequate replacement has reduced production capacity and nutrients of soils. Therefore,
selecting a suitable substrate is one of the main factors in producing high quality potted plants. Many factors
affect the quality and growth of flowers including medium. Thus, we try to use substrates which have positive
effects on flowers’ quality and its growth. Such substrates must be economical without any pollution of water or
soil.

Materials and Methods: In this study, the effects of peat moss, cocopeat, leaf manure and spent mushroom
compost in three levels of 40, 60 and 80% in combination with Tuff mineral soil plus control treatment (100% of
Tuff mineral soil) were investigated on growth characteristics and flowering of potted alstroemeria. The
experiment was conducted in a completely randomized design with 13 treatments and four replications in the
research greenhouses of Islamic Azad University, Isfahan (Khorasgan) branch. Alstroemeria rhizomes (2 to 2.5
cm) were grown in four liter pots. About three centimeters of leca was poured in the bottom of each container
and then pots were filled with specific volume ratios of substrates which had been mixed completely. After that,
rhizomes were planted and pots were irrigated. Irrigation was carried out every three days in spring and every
two days in summer. At the end of the experiment, the number of leaves, flowers and flowering branches, fresh
and dry weight of the shoot, rhizome size and flower life were evaluated.

Results and Discussion: Results showed that the highest number of flowering branches, leaf number,
rhizome size and shoot dry weight were observed in peat moss 80% treatment. The highest vase life of the
flowers was obtained from peat moss 80% and cocopeat 40%. The highest shoot fresh weight was observed in
peat moss80% and fungal compost60%. On the other side, the lowest number of leaves and flowers, rhizome
size, fresh and dry weights of aerial part were obtained from compost80%. The lowest number of flowering
branches was produced by compost 80%, leaf manure 40%, leaf manure 60%, and control treatments. Also, the
least vase life of flowers was observed in Tuff mineral soil and compost 80%.

Conclusions: According to results, the presence of peat moss and cocopeat in the culture medium increased
the growth and flowering characteristics significantly so that the highest means of traits were observed in media
with higher peat moss amounts. In substrates containing peat moss, optimum absorption of nitrogen and
potassium will improve the quantity and vase life of the flowers. Absorption of the adequate phosphorus causes
better root growth and therefore better absorption of nutrients and increases the number, longevity and size of
flowers. Better performance of organic substrates than mineral soils can be due to higher porosity and water
holding capacity of these substrates. Considering the results obtained from chemical analysis of culture media,
peat moss had a significant effect on plant growth and yield because of higher levels of manganese and zinc
nutrients. On the other hand, the positive effect of cocopeat on increasing some of the studied traits may be due
to the physical and chemical properties of this substance and its high ability to keep up water and nutrients which

1- MSc student in Agriculture, Azad Islamic University, Isfahan Unit (Khorasgan(

2- Assistant Professor, Young Researchers and Elite Club, Isfahan (Khorasgan) Branch, Islamic Azad University,
Isfahan, Iran

(*-Corresponding Author Email: d.naderi@khuisf.ac.ir)

3-Associate Professor, Department of Plant Breeding Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan,
Iran



YOV sl Fhis 5 5t oo I slo s b By ine S a8 3 il

provide favorable growth conditions for plant. It seems that the use of this material in combination with the
culture medium improves the nutrition, ventilation and growth of the plant; therefore, this medium is
recommended for the growth of flowering plants, especially alstroemeria. The reason of decreased growth in
media containing leaf manure can be high electrical conductivity of theses substrates.

Keywords: Cocopeat, leaf manure, Peat moss, Spent mushroom compost, Substrate
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