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)L&J

* IBA GAs BAP * IBA GAs BAP
Treatment Treatment
T1 0 o0 0 T7 1 o0 0
T2 0o 0 1 T8 1 0 1
T3 0o 0 2 T9 1 0 2
T4 0o 1 0 T10 11 0
T5 0o 1 1 Ti1 11 1
T6 0o 1 2 T12 11 2

Slawinnd (39,0 by )3 S J (i (Fjlsn b b po Ol (Slay po (05le) (il g 42525 - Jgo
Table 2- ANOVA (mean squares) of pecan mature embryo germination traits in vitro

s 2,93 Job - ) a8l Jgb Adaxi ady, Job
5 aslio 7 e asl 38l Olime | . |
e & <30 Rt Germination ke S ik
3] SO ) X
S.0V 4F.  Germination percentage Mainshoot ~ Leave  Main root
' period length no. length
)I_’Q . 2 5.15™ 1126.85** 655.69** 1.75M 448.63™
Replication
o iy 1 1,777 9462.91%* 836.17* 9507  3277.56%*
Cold pretreatment
me]a.\m 1 96.69" 30645.12** 4522.56** 2584**  7817.50**
Media
8y o5 rla 11 76.69* 4818.44** 394.68** 2.05* 589.96*
PGRs
by 018 ity X i Lasoma
Mediax PGRs 11 141.54** 7377.29** 194.80™ 4.32%* T777.76**
olow gl XSl 1 40.11" 68.59" 41.170s 017 42367
Mediax Cold preteatment
- . e & *
Ay 05 i X @ilog g gy 33,501 2935.92%* ae11e 202+ 04309
Cold pretreatmentxPGRs
) 0L elaiX 11 52.41" 3085.35%* 359.62%* 1.74% 252.99"
Cold
pretreatmentxMediaxPGRs
w;)r;rL.W 94 33.15 312.93 128.81 0.90 24511

Do yd K5 g oy gy sl s (3 5 dze g 5 gime juE S5 4y e g % NS
ns , *,** non-significant, significant at 5 and 1% of probability level,respectively
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Cold _ treatment period percentage length Leave Mainroot
Medium reatmen da o mm length
pretreatment (day) (%) (mm) no.
(mm)
TL 12b 100a 13.33d 1.33d 3833
T2 10.66b 100a 23.33¢ 2.33b 30b
T3 8c 100a 11.66e 1.66¢ 33.330
T4 6c 44.44p % 1.33d 40a
asloy i pie T 2d 11.11c 10e 0.66d 16.66
- T6 9.330c 100a 10e 1d 21.66¢
Without cold MS 7 10.66b 100a 33.33b 3.66a 50a
pretreatment T8 10.33b 100a 25¢ 1.66¢ 50a
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Ti1 10bc 100a 13.33d 1.66c 34b
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TL 13.66b 100a 2333 2.33b 16.66¢
T2 12.66b 100a 11.66e 1d 43.33a
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Introduction: The walnut family (Juglandaceae) consists of approximately 60 species of deciduous trees is
native of the American continents, Europe, and Asia. Pecan (Carya illinoensis) is belonged to the Juglandaceae
family and is one of the most valuable nut products all over the world. Embryo culture techniques for plant
breeding as well as basic studies in physiology and biochemistry are widely used. The low percentage of
germination and the long propagation cycle and the need for stratification treatments from three to six months
are the most important barriers to the development of high yielding cultivars through hybridization. Plant
regeneration methods from embryo culture in vitro allows overcoming the barriers of hybridization, as well as
obtaining higher and faster multiplication rate of plants of an elite genotype.

Materials and Methods: In this experiment, an adapted native genotype of pecan in Gorgan city, Golestan
province, Iran was selected. The mature fruits were harvested after five months of pollination. They were
immediately transferred to the laboratory. For cold pretreatment, nuts packed in a paper bag and stored in 4-5°C
for 15 days. The effect of two types of culture medium, growth regulators and seed pretreatment (15 days at 4-5
°C) on germination of mature embryos of pecan has been determined. Murashige and Skoog (MS) and Woody
Plant Medium (WPM) and IBA (0 and 1 mgl-1), BAP (0, 1 and 2 mgl-1) and GA3 (0 and 1 mgl-1) media were
used to embryo rescue evaluation. The data obtained were statistically analyzed in completely randomized block
design (RCBD). Each treatment was replicated at least third, and each replicate consisted of two zygotic
embryos. Means of germination period, percent of seed germination, root and shoot length and leaf number in
different media and various PGRs combination were compared based on LSD at p <0.05.

Results and Discussion: The results showed, although cold pretreatment for 15 days had no effect on
germination period, root length and humber of leave but also, effect on germination percentage and shoot length.
There are some different hypothesis about the effect of cold pretreatment on embryo germination between
researchers. Some researchers believed that, there is low efficiency in embryo germination in lack of cold
pretreatment and GAs. Cold pretreatment or GA; reduce the ABA level and promote embryos germination. The
others reported poor germination for somatic embryos when they treated with GAs; and cold pretreatments.
Pearce et al. (1987) reported that GAs and substrate of GA3 can be increased during the chilling process as ABA
levels decrease. Furthermore, application of exogenous GAs induces germination. Tang et al. (2000) reported
that somatic embryos germination poorly happened in cold condition and addition of GAs did not change the
poor germination. Kaur et al. (2006) and Peyghamzadeh and Kazemitabar (2010), reported that the embryo
germination in Juglans regia L. was higher when GAs and cold pretreatments were simultaneously applied as
compared to those when applied separately. In this experiment, media has no effect on embryo germination
period but, could effect on other parameters. As the results showed, MS media showed the maximum percentage
of germination, root and shoot length and number of leave in both condition (with and without cold
pretreatment). In this experiment root length of germinated pecan embryo was higher in MS medium. Mapelli et
al. (2001) reported that seed germination resulted in marked changes in the metabolism of free amino acids in
walnut cotyledons. About 52% of the total free amino acids in one-month-old seedlings was present in the
cotyledons and about 26% was in the taproot. The concentration of free amino acids in the taproot was similar to
that in the embryonic axis, and greater than that in the cotyledons. T11 (Img/I"* IBA, 1mg/I'BAP and 1mg/I*
GA;) and T12 (Img/It IBA, 2mg/I'BAP and 1mg/lIt GA;) treatments were the highest in germination
percentages in both treatment (with and without cold pretreatment). There was no significant differences
between 1 mgl* and 2 mgl* of BAP.

Conclusion: Pecan as like walnut, is considered to be one of the most recalcitrant species in vitro. It is
necessary to determine the optimal culture conditions to establish it for shortening time in seed propagation. This
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seedling could be applied as primary material for breeding programs, grafting and physiology study. The best
growth of micro plant achieved in MS medium with 1 mgl-*IBA, 1 mgl-*GA3 and 2 mgl-'BAP.

Keywords: Embryo, In vitro micropropagation, Juglandaceae, Propagation
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1- Tongue approach grafting
2- Hole insertion grafting
3- Side insertion grafting
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Table 1- Tomato cultivars characteristics
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3- Approach grafting
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1- Splice grafting
2- Cleft grafting
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Figure 1- Splice grafting; rootstock and scion stems are cuted at a 45-degree angle (a), united grafting placed with a glue and
clip (b), healing chamber for tomato grafts (c).
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Figure 2- Clef grafting; Bisect the rootstock stem with a single cut approximately 1cm deep and inserting the wedge end of

the scion into the bisected rootstock (a), grafting clips are placed to fix the graft union site (b), graftimg tomatoes are in the
healing chamber (c).
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Figure 3- Approach grafting is a technique that allows the scion donor-plant to remain on its own rootstock until the graft
heals. (a), the clip fall after healing (b), Cut rootstock top and scion roots 8 to 10 days after grafting credits (c).
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Table 4- ANOVA for the effects of grafting method on yield and the ratio of marketable fruit to second-degree fruits in
tomato plants

Sl (10ke
Mean of squares
o S i PREPR 3150 0ga0 Blai Cowd 30 vy e 3Slos 459? 8,99 QL{» 3 Slos &g JS.a,SJ.o:-
Vo5 d S & Midtermyield per ~ Total yield per
Source Degree PN b4 plant plant
of of The ratio of Early yield per
variation freedom marketable fruit to plant
second degree fruit
sl
Treatments 3 62.43" 478897.68" 1141932.86" 3891166.54"
s
Error 8 15.26 76998.05 205713.75 391082.9
Sl 18.48 15.97 18.92 11.7
CV (%)

o)3 B el prdan )3 I ine * o ys V Jlais] paw 5 iy gxe ™
**and * are significant at the 0.01 and 0.05, respectively.
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Tabel 5- The effects of grafting method on yield and the ratio of marketable fruit to second degree fruits in tomato plants

Wgd (g et yShes

) ¥ a5 4 dhang 5 0gs0 Com PO Sy ple s Sles S JS 3,Skes
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Treatment second degree fruit (g) P @) plant (g) plant (g)
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CI?‘ ”]ft” 2218 1745.39° 2077.14° 5949.86 2
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5yglre &5
9= b ab
Approach 2422 2 2076.26 @ 2628.78 5791.09 2
grafting
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Numbers followed by the same letter are not significantly different (P<0.05) based on Duncan’s multiple range test.
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Introduction: Today in order to produce vegetable fruits tolerant to adverse environmental conditions and
increase growth, yield and fruit quality, grafting methods have been created. Tomato (Solanum lycopersicum) is

one of the most important greenhouse products. Heirloom tomato cultivars lack disease genetic resistance and
are particularly susceptible to epidemics in the field. Grafting can be used to unite the soil borne disease
resistance and enhanced vigor of hybrid tomato cultivars with the high fruit quality of heirloom cultivars. There
are deficiencies in vegetable grafting including skills for grafting operation performance and after the grafting,
having enough knowledge to select rootstock, farm management in application of required fertilizers, graft
incompatibility, excessive vegetative growth of grafting plant and physiological abnormalities, and fruit quality
reduction. For grafting herbaceous plants such as vegetables, depending on the type of plant, plant size, grafting
purpose, available equipment, preference and experience of the grafting plant producer and post-grafting
management, different grafting methods have been introduce which is for different species and the used method
is completely different. Each method has its own advantages and disadvantages, which are effective in the
survival and development of grafting plants. This experiment was conducted in order to evaluate the effect of
grafting methods on yield and vegetative growth of tomato plants.

Material and Methods: Three common grafting methods, splice, cleft and approach grafting were evaluated
for tomato "SV 8320" cultivar grafted on "Rimac" rootstock. Executive operations were conducted in a
completely randomized design with three replications at greenhouse of Lorestan Agriculture Faculty. Plant
height, number of auxiliary shoot, number and length of internodes, number of fruit cluster, number of flower in
cluster, root fresh and dry weight, number of fruit cluster, number of fruit in cluster, width and diameter of fruit,
fruit weight, fruit fresh and dry weight, length of fruit tail, fruit tissue firmness, total soluble solid, pH, diameters
of hypocotyl, pre, middle and total yield , ratio of the marketable fruits to second degree fruits, and fruit tissue
firmness were recorded. Data was analyzed using SPSS software and means were compared by Duncan’s
multiple range test.

Results and Discussion: Grafting method had significantly effect on plant height, number and length of
internode, root fresh and dry weight, number of fruit cluster, width and diameter of fruit, fruit weight, fruit fresh
and dry weight, length of fruit tail, fruit tissue firmness, pH, pre, middle and total yield, the ratio of the
marketable fruits to second degree fruits at 5% of probability level. Vegetative characteristics and yield in
grafted plants were higher compared to non-grafted plants.

Conclusion: According to results of this experiment using different grafting methods lead to stimulate
growth in grafting plants, increasing production and product quality. Changes caused by the rootstock are
controlled through water absorption, synthesis and transition of water, minerals and herbal hormones. Signal
generation in the rootstocks and transition of them to the scion, causes changes in the physiology and
morphology of the grafted plant. Grafting success varied between grafting methods, so that splice grafting is
better than other methods. Graft compatibility was shown by the ability of tissue to regenerate and the vessels
ability in wound tissues to rejoint together then grow and develop as a vigorous composite plant. Attempts to
increase the productivity of grafted plant should be followed by the application of good agricultural practices.

Keywords: Approach grafting, Cleft grafting, Growth, Scion, Splice grafting
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Introduction: In recent years, y-aminobutyric acid (GABA), a non-proteinogenic four-carbon signaling
amino acid, has been employed as a safe strategy for attenuating chilling injury and fungal decay, delaying
senescence and keeping sensory and nutritional quality of fruits and vegetables during postharvest life. In
addition to applying GABA as exogenous safe procedure, heightening cellular GABA shunt pathway activity
also is pivotal for attenuating chilling injury and fungal decay, delaying senescence and keeping sensory and
nutritional quality of fruits and vegetables during postharvest life. Low temperature storage is widely employed
for prolonging postharvest life of fruits and vegetables accompanying by keeping sensory and nutritional quality.
Tomato is one of the most important horticultural crops, which exhibits higher benefits for human health but
being endemic to subtropical climates, they are very vulnerable to chilling injury. Cold storage application is
normally employed as a regular low-cost real postharvest technology. Owing to its great socio-economic
significance, great efforts have been done by researchers to attenuating chilling injury in tomato fruits during low
temperature storage employing safe strategies such as melatonin, brassinosteroids, salicylic acid, nitric oxide,
and gibberellic acid. Attenuating chilling injury in tomato fruits by postharvest treatments may attribute to
keeping safe membrane integrity representing by lower electrolyte leakage and malondialdehyde (MDA)
accumulation occurring by eliciting endogenous polyamines, proline and nitric oxide accumulation by activating
CBF1 signaling pathway, hampering phospholipase D (PLD) and lipoxygenase (LOX) enzymes activity,
activating reactive oxygen species (ROS) scavenging enzymes activity resulting in higher ascorbic acid and
glutathione accumulation, maintaining endogenous GAs; homeostasis occurring by higher CBF1 signaling
pathway concurrent with higher endogenous salicylic acid accumulation, which not only are pivotal for
conferring chilling tolerance in tomato fruits but also are crucial for preserving sensory and nutritional quality.

Material and Methods: Tomato fruits (Solanum lycopersicum cv. Izmir) were picked at the mature green
stage in Zanjan Province, Iran, and transported to the fruit analysis laboratory at Zanjan University. In the
laboratory, the fruit was screened for uniform size, maturity, and absence of mechanical damage. Fruits (1440)
were divided into four groups, each consisting of 360 fruits. The experiment was done in triplicate in which each
replicate consisted of 120 fruits. The exogenous GABA applying was done by immersing of fruits in GABA at 0,
0.1, 1, and 5 mM for 15 min at 20 °C. Then, fruits were air dried at room temperature and stored at 4 + 0.5 °C
(85-90 % RH) for 28 days. After assessment of chilling injury every 7 days during storage at 4 °C followed by
shelf life at 25 °C for 3 days, biochemical analyses were performed.

Results and Discussion: In recent experiment, we showed that the exogenous GABA applying, especially at
5 mM, is beneficial for attenuating chilling injury in tomato fruits during storage at 4 °C for 28 days which was
associated with higher membrane integrity representing by lower electrolyte leakage and malondialdehyde
(MDA) accumulation. Keeping safe membrane integrity in tomato fruits in response to exogenous GABA
applying may ascribe to triggering reactive oxygen species (ROS) scavenging catalase (CAT), superoxide
dismutase (SOD) and ascorbate peroxidase (APX) enzymes activity giving rise to higher endogenous ascorbic
acid accumulation concomitant with promoting phenylpropanoid pathway activity representing by higher
phenylalanine ammonia lyase (PAL) enzyme activity giving rise to higher phenols and flavonoids accumulation
and superior DPPH scavenging capacity.
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Conclusion: Therefore, exogenous application of GABA not only is proficient for attenuating chilling injury
but also is beneficial for preserving nutritional quality of tomato fruits during storage at 4 °C for 28 days.

Keywords: Antioxidant system, Chilling injury, DPPH scavenging capacity, Membrane integrity, Tomato
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Table 1- Chemical analysis results of used water

robe K P Na Ca Mg Fe  Mn Zn  Cu CF HCo3  pH EC
Minerals g P (dS/m)
Concentration 4.1 0/08 41 38 15 03 0.03 1.3 0 25 52 7.2 0.52
(mg L)
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Table 2- Calcium bicarbonate and soil pH reaction in the pots after treatment
S L ,S OlySe PH Sl STy

Calcium bicarbonate
Ca(HCOz3)2 (g LY

Bicarbonate (mM L)

pH (Soil reaction)

0 (control) sals

1.62
3.24
4.86
6.48

0 7.4
10 7.55
20 7.65
30 7.9
40 8.8
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Figure 1- The interaction effect of cultivar xbicarbonate concentration on chlorophyll index of almond cultivars grafted on
GN15 rootstock. (DMRT, p<0.05)
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Figure 2- The effects of cultivar and bicarbonate concentration on variable fluorescence (Fv) of almond cultivars grafted on
GN15 rootstock. (DMRT, p<0.05)
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Table 4- The interaction effect of cultivar xbicarbonate concentration on physiological characteristics and growth traits of
almond cultivars grafted on GN15 rootstock

ol ol gl ol ol
) oS Judg,5a Judg b Mg ) Jilas RN Fv/Fm
Cultivar Calcium Chlorophylla  Chlorophyllb  Carotenoid Fluorescence Fluorescence
bicarbonate min max
A 200 0 0.936 ab 0.869 a 0.448 c-e 207 o-t 1025 a-c 0.977 b-e
10 0.924 a-d 0.708 d-g 0.458 b-d 210 k-s 999 a-g 0.847 a
20 0.900 a-h 0.587 Im 0.437 c-g 216 f-0 979 b-j 0.779 b-I
30 0.810 k 0.573q 0.375 k-p 220 d-i 952 f-n 0.769 e-n
40 0.703 op 0.486 Q-s 0.318qr 223 c-g 913 1-0 0.754 1-0
e 0 0.919 a-d 0.758 ab 0.451 c-e 205 p-u 1031 ab 0.800 b-d
Sahand
10 0.912 a-f 0.727 bcd 0.422 e-g 207 o-t 1001 a-g 0.792 b-g
20 0.789 e-i 0.647 k 0.395 h-m 210 k-s 969 d-I 0.782 b-I
30 0.818 jk 0.506 q 0.395 h-m 214 h-p 937 h-o 0.771d-n
40 0.662 q 0.468 r-t 0.390 h-n 220 d-i 898 n-p 0.754 1-0
9-7 0 0.910 a-g 0.696 e-g 0.364 I-p 204 g-v 1027 a-c 0.800 bc
10 0.903 a-h 0.659 h-k 0.369 k-p 207 n-t 1001 a-g 0.792 b-g
20 0.808 k 0.583 Im 0.348 0-q 212i-q 961 d-m 0.778 b-m
30 0.729 mno 0.495 qr 0.348 0-q 220 d-i 898 n-p 0.754 I-0
40 0.554 r 0.373 k 0.277 st 227 a-e 793 g-r 0.721 pq
13-40 0 0.917 a-e 0.748 a-c 0.437 c-g 215 h-o 1014 a-e 0.787 b-i
10 0.937a 0.723 c-e 0.453 c-e 219 e+ 1003 a-g 0.780 b-I
20 0.885 d-i 0.708 d-g 0.444 c-f 224 o-f 975 b-k 0.769 e-n
30 0.814 k 0.649 jk 0.400 g-1 228 a-d 948 g-n 0.758i-0
40 0.761 Im 0.546 0 0.338 p-r 232ab 917 k-0 0.745 m-o0
e ) 0 0.915 a-e 0.638 k 0.438 c-g 196 v 1007 a-g 0.805 b
Mamaei
10 0.910 a-g 0.633 h-k 0.451 c-e 189 uv 988 a-h 0.799 b-d
20 0.870 hi 0.678 g-j 0.420 e-j 201 t-v 986 a-i 0.796 b-e
30 0.809 k 0.457 s-u 0.368 k-p 202 s-v 949 g-n 0.787 b-i
40 0.721 nop 0.409 vw 0.339rs 209 I-t 899 n-p 0.766 f-n

L3l oo Sy (clasalssin 905l 5l ealitul b doyd & Jlain] gaws y3 laopSilio s me M3 pae S5LiS gtw b )3 S jide gy
The same letters in each column indicate no significant difference between the numbers at 5% of probability level using Duncan’s
Multiple Range Test
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Continued Table 4- Theeffect of cultivar and bicarbonate concentration on physiological characteristics and growth traits of
of almond cultivars grafted on GN15 rootstock

olS ol gl ol yol
w3, S Jedglsa Judg IS0 9,8 NERYS S5l Fv/Fm
Cultivar Ca'cium Chlorophyll a Chlorophyll b Carotenoid Fluorescence F|uorescenc
bicarbonate min max
sl . 0 0.891 c-i 0.595 Im 0.497 ab 203 r-v 1011 a-f 0.798 b-e
Kaghazi
10 0.880 e-i 0.566 m-o0 0.499 a 206 g-v 1000 a-g 0.793 b-g
20 0.856 ij 0.545 op 0.502 a 213i-q 989 a-h 0.784 b-k
30 0.868 hi 0.512q 0.505 a 215g-0 968 c-I 0.777 b-m
40 0.797 Im 0.515 pq 0.443 c-f 217 f-m 925 j-0 0.765f-n
1-25 0 0.889 c-i 0.579 I-n 0.467 a-c 209 I-t 1018 a-d 0.794 b-f
10 0.920 a-d 0.549 no 0.494 ab 209 I-t 995 a-h 0.788 b-h
20 0.886 c-g 0.564 m-o0 0.471 a-c 213i-q 917 k-0 0.775¢c-m
30 0.816 k 0.455 s-u 0.407 f-k 216 f-n 920 k-0 0.764 g-1
40 0.764 Im 0.448 tu 0.346 0-q 222 b-g 908 m-o 0.755 k-0
l9 0 0.898 b-g 0.678 g-j m-q+0.35 208 m-t 1030 ab 0.785 b-i
Supernova
10 0.875 f-i 0.685 f-i 0.382i-0 210j-s 1000 a-g 0.788 b-h
20 0.808 k 0.639 k 0.337 p-r 213 h-p T47 ¢ 0.774 ¢c-n
30 0.682 pq 0.388 wx 0.254 t 219 e-i 8770p 0.749 m-o0
40 0.493 s 0.338y 0.3159-s 229 a-c 780 qgr 0.705q
1-16 0 0.900 a-h 0.779 a 0.422 d-i 210 k-s 993 a-h 0.789 b-h
10 0.905 a-h 0.690 f-h 0.417 e-j 212i-r 954 e-n 0.766 b-m
20 0.898 b-h 0.658 i-k 0.419 d-j 213 h-p 926 i-0 0.769 e-n
30 0.747 mn 0.495q 0.361 I-p 217 f-k 895 n-p 0.756 j-o0
40 0.574r 0.435 uv 0.306 rs 230 a-c 839 pq 0.734 op
4L, GN15 0 0.924 abc 0.575 ab 0.383i-0 210n-s 1039 a 0.797 b-e
Roostock 10 0.903 a-h 0.763 2 0.392 h-m 214h-p 1028ac  0.791b-g
20 0.872 gi 0.717 d-f 0.380 j-0 218 f-k 1003 a-g 0.781 b-I
30 0.822 jk 0.604 1 0.383i-0 224 b-g 937 h-n 0.760 h-o
40 0.553 r 0.359 xy 0.360 I-p 233a 739r 0.683 q

Ll o SOl (glaiely Wi 05T 51 oalil b duoyd & Jlezs] 3 b 1Sk Iy gme WS pae S5Li5 o2 > S e &
e > 09l ) 2 peSke )b e pae ySSLE g b 53 S yide By

The same letters in each column indicate no significant difference between the numbers at 5% of probability level using Duncan’s
Multiple Range Test.
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Figure 3- The interaction effect of cultivar xbicarbonate concentration on current season branch height of of almond
cultivars grafted on GN15 rootstock. (DMRT, p<0.05)
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Figure 4- The effect of cultivar xbicarbonate concentration on current season branch diameter of of almond cultivars grafted
on GN15 rootstock. (DMRT, p<0.05)
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Figure 5- The interaction effect of cultivar xbicarbonate concentration on leaf length of almond cultivars grafted on GN15
rootstock. (DMRT, p<0.05)
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Figure 6- The interaction effect of cultivar xbicarbonate concentration on leaf width of almond cultivars grafted on GN15
rootstock. (DMRT, p<0.05)
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Introduction: Iron chlorosilicon caused by calcium carbonate can be controlled widely with iron chelate in
nutrition management of gardens, but it has high costs and potential environmental hazards. Such constraints
have led to alternative strategies for managing iron nutrition in relation to soil and plant parameters. Almond
rootstocks and almond x peach hybrids (GF 677) are widely used as the rootstock for almonds, peaches and
nectarines in the Mediterranean basin, moreover, in addition to its drought resistance, has a high tolerance to iron
chlorosis. Different references of almond tree have introduced this fruit tree as a chlorosis resistant, but it shows
different ranges of chlorosis when grafted on almond x peach hybrids such as GF677 and GN15. Therefore, this
study carried out to evaluate the effect of calcium bicarbonate on some physiological characteristics of selected
almond cultivars on the GN15 rootstock.

Materials and Methods: This research was conducted during 2015 and 2016 to evaluate the resistance to
bicarbonate and the amount of chlorosis produced in selected almond cultivars on the hybrid rootstock (peach
and almond) as a factorial experiment with completely randomized design with three replications in greenhouse
conditions. The first factor consisted of different concentrations of calcium bicarbonate (0, 20, 10, 30 and 40
mmol L?) and the second factor included nine selected almond cultivars grafted to the GN15 rootstock and a
GN15 (non-grafted) rootstock. Almond cultivars included 9 cultivars including Supernova, 25-1, 40-13, Mamaei,
16-1, Kaghazi, Sahand, 200A, 7-9, and GN15 rootstock. Each plot included a pot, where the rootstock planted.
In the spring, the cultivars and GN15 rootstock planted in plastic pots with soil compositions including perlite
(50%) and cocopeat (50%). After sufficient growth of these rootstocks in the pots, almond cultivars were grafted
onto them and immediately after the transplantation, the calcium bicarbonate treatments began after proper
growth of the scions. In order to apply bicarbonate treatment, 1.62, 3.23, 4.86 and 6.48 g L* calcium bicarbonate
(Ca (HCos) 2) were added to the pots. In addition, 10% of calcium bicarbonate added also to the pots because of
the deficiency of 10% chemical purity. After applying the treatments, chlorophyll, chlorophyll a and b,
carotenoids, chlorophyll fluorescence were measured in two stages at intervals of 30 and 90 days. After the end
of the growth period, the length and diameter of the current season branches and the leaf length and width of
each almond cultivar were measured and recorded in different treatments. Two-way ANOVA of the data was
carried out using SAS software (v. 8.02, SAS Institute, Cary, NC) and the means were compared based on
Duncan’s multiple range test.

Results and Discussion: Based on the ANOVA results, it was determined that the effects of calcium
bicarbonate, cultivar and their interactions on the content of chlorophyll a and b were statistically significant
(p<0.01). The lowest decrease levels of chlorophyll a and b were found in the leaflets of Kaghazi, Mamaei,
saplings, 25-1, and 40-13 cultivars, but the highest decrease was observed in Supernova cultivar, 7-9, and GN15.
The reasons for decreasing the chlorophyll content of the leaf with the increase of bicarbonate levels can be
related to iron deficiency and its deactivation and the role of iron in the synthesis of chlorophyll. Nevertheless,
the difference for chlorophyll depletion at different levels of bicarbonate in different cultivars can be due to the
capacity of these cultivars to tolerate higher levels of bicarbonate and the possibility of the synthesis of
chloroplastic proteins in leaf cells even with a relative lack of iron. In all cultivars, as well as the GN15
rootstock, the level of carotenoids decreased with increasing concentrations of calcium bicarbonate. However,
the response of the cultivars was different. Under bicarbonate conditions, reducing leaf iron concentration
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reduces chlorophyll and carotenoids. The results of the mean comparison showed that bicarbonate induced
height growth reduction and branch diameter in the current season, while the reaction of the studied rootstocks
were also different. So that the highest decrease in growth rate was observed in Supernova, 7-9 cultivars and
GN15 rootstock and the lowest decrease of growth rate were found in the cultivars of Kaghazi, 1.25-1 and -40-
13. High concentrations of bicarbonate, by disabling and decreasing iron absorption, indirectly reduces DNA
synthesis, cell division, and thus decreases cell growth and plant biomass. The results of this study are in
agreement with Ghasemi et al. (2010) in different responses of the rootstock to bicarbonate concentration on the
height and diameter decreasing of current season branch. Mean comparison of data showed that the length and
width of leaf area in all studied cultivars decreased with increasing concentration of calcium bicarbonate in
irrigation water. Also, leaf length and width decrease in rootstock grafted cultivars had a significant difference,
so that the lowest reduction in leaf length and width was in pepper, midwifery and 25-1, and the highest leaf area
decrease in Supernova cultivars, 7-9 and GN15 base was observed. Leaf growth decreases in calcareous soils
due to a decrease for iron in the symplast. The specific effects of high bicarbonate on leaf growth in almond
cultivars and the different reaction of almond rootstocks in this study are in agreement with Tedaion et al. (2004)
results in orange, as well as Wahom et al. (2001) in olive and peach.

Conclusion: Totally, the results of this study indicate that cultivar and rootstock cause the amount of
chlorosis tolerance induced by calcium bicarbonate. In general, in terms of morphological and physiological
traits studied in this research, Kaghazi and 25-1 cultivars are the most tolerant, while 7-9 and supernova are the
most sensitive cultivars to bicarbonate.

Keywords: Almond rootstock, Chlorophyll, Chlorosis, Morphological characteristics, Soil lime
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(Squares on the map, are plant collection regions and empty circles, show other distribution regions of the plant).
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Figure 2- Cluster analysis of studied S. inflata Benth. populations according morphological traits
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Figure 3- Cluster analysis of studied S. inflata Benth. populations according phytochemical traits
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Figure 4- Essential oil chromatograms of seven populations of Stachys inflata in Hamedan Province
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Introduction: Medicinal plants are rich sources of the main active substances in many drugs. Although the
production of secondary metabolites is controlled by genes, their production are considerably influenced by
environmental conditions, so that environmental factors cause changes in the growth of medicinal plants as well
as the amount of active substances. In different habitats, physiological, morphological and genetically variations
are seen in populations of species. These variations are created in response to contrasting environmental
conditions. Studies of population in many plant species regarding to the pattern of variation have showed the
occurrence of localized populations which adapted to the particular ecological conditions of their habitat. Iran as
a center of diversity of Stachys houses about 35 species. The majority of species prefers alpine and subalpine
habitats and grows under various ecological conditions in habitats like rocky places, mountain steppes, and
stream banks or sometimes in forests. S. inflata Benth. is a medicinal plant from Lamiaceae family which is used
extensively in folk and traditional remedies to treat infection, asthma, rheumatism and other inflammatory
diseases.

Materials and Methods: This study was conducted to evaluate the morphological and phytochemical
diversity of seven populations of S. inflata Benth. from different districts of Hamedan province in 2017. Traits
such as plant height, stem diameter, leaf length and width, fresh and dry weight of floral branch, inflorescence
length, fresh and dry weight of flower, essential oil percentage and phenol and flavonoid content were measured.
In order to investigate physical and chemical properties of soil, soil samples were collected from a depth of 30
cm. Then they were transferred to the soil laboratory. Plants samples were collected in flowering stage and were
dried in 25-30 °C. They were stored in envelopes in 22+3 °C away from the sun. For extracting essential oil, 50
gr of shoots were milled and then mixed with distilled water. This process lasted for three hours. Main
components of essential oil were identified and determined by gas chromatography. The grouping of populations
based on morphological and phytochemical traits was done by cluster analysis. The correlation between the
elevations of studied areas above the sea level and soil properties was also done by Pearson method.

Results and Disscution: The results showed that the highest essential oil content was related to Avarzaman,
Aznaveleh and Koohani populations (0.2%) and the lowest amount was obtained from Asadabad (0.11%).
Although 22 compounds were identified in the essential oil, there was a great deal of variation in the percentage
and type of components of the essential oil in the studied populations. The main components of essential oil were
Spathulenol (26.25%), Octanol acetate (14.03%), Germacrene D (13.96%), Incensole acetate (13.41%),
Bicyclogermacrene (10.66%) and Phytol (9.52%). Avarzaman population had the highest total phenol (141.9 mg
GAE/gr) and flavonoid content (109.4 mg routine/gr) and the lowest content of phenol (86.9 mg GAE/gr) and
flavonoid (68.8 mg routine/gr) was related to Asadabad and Koohani populations respectively. Avarzaman had
the highest plant height (47.2 cm) and was significantly differed with other populations. The highest dry weight
of floral branches (1.16 mm) was related to Asadabad population that was not significantly differed with
Aznaveleh and Avarzaman population and the lowest dry weight of floral branch (0.57 mm) was observed in
Koohani population. There was a significant negative correlation (-0.86) between the height of the studied
habitats and the level of phosphorus in these areas. According to the morphological traits dendrogram analysis,
seven studied populations were divided into two main groups. The populations of Avarzaman, Ekbatan, Ghazi
Khan, Aznaveleh and Asadabad were in group A and Koohani and Gammasiab populations were in group B.
Based on phytochemical traits dendrogram analysis, the populations of Ekbatan, Ghazi Khan, Asadabad,
Koohani and Gammasiab were in group A and Avarzaman population was in group B.

Conclusion: In this study, the highest amount of essential oil content was obtained from populations which
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were collected from areas with the lowest elevation above the sea level. The soil of these areas had more
phosphorous content. Therefore, the environmental factors as well as genetic factors have contributed in creating
diversity in morphological and phytochemical characteristics of this plant.

Keywords: Essential oil, Flavonoid, Phosphorous, Total phenol
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Figure 1- The effect of cultivation media on number of produced leaves of gerbera cv. Sunway in hydroponic cultivation
system (LSD, p<0.05)
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Figure 2— The effect of cultivation media on shoot dry weight of gerbera cv. Sunway in hydroponic cultivation system (LSD,
p=<0.05)
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Figure 3— The effect of cultivation media on leaf necrosis percentage of gerbera cv. Sunway in hydroponic cultivation system
(LSD, p<0.05)
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Table 1- The effect of different cultivation media on reproductive growth parameters of gerbera cv. Sunway in hydroponic
cultivation system
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Culture medium No of flower Number of days to flowering end diameter of stalk middle diameter of stalk
< 5.25 b 90.25 ab 5.42 ab 7.05 be
Perlite
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Rock wool
NFT 250 ¢ 97.50 a 462¢ 5.95d
NFT system
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Means followed by the same letter within each column are not significantly different at probability level of 5% based on LSD test.
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Figure 4— The effect of cultivation media on flower diameter and stalk height of gerbera cv. Sunway in hydroponic
cultivation system (LSD, p<0.05)
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Introduction: Considering the occurrence of successive droughts in our country and the necessity of optimal
water consumption, the use of modern technologies such as closed systems to increase the efficiency of fertilizer
and water use will have an effective role in reducing production costs and increasing yield. The Nutrient Film

Technique (NFT) system is one of the hydroponic culture systems in which the nutrient solution is circulated
continuously. In this system, a thin layer of nutrient solution will be available to the plant roots, which has a
significant effect on reducing fertilizer and water consumption.

Materials and Methods: The present study was conducted to select an optimal system for cultivation of
Gerbera plantlets. Plantlets were cultivated in different systems after the acclimation stage: Integrated bedding
system as a closed system containing different culture media (Perlite, vermiculite, vermiculite: perlite, cocopeat:
perlite and rock wool) and NFT hydroponic system as a closed system. For fertilization, the following fertilizer
combination (mM) was used: K>SO4 (0.22), KNO3 (3.62), KH2PO4 (0.71), NH4H2PO4 (0.35), NH4NO;s (0.53),
Ca (NOs3)2,4H,0 (1.48), MgSO4, 7H,0 (0.4), MnCl,, 4H,0 (0.0049), H3BO3 (0.020), ZnSO4 (0.0061), CuSOa4,
5H,0 (0.00048), NaMo00O4, 2H,0 (0.00058), FeSO4, 7H,O (0.0348), Na.EDTA (0.0384). The experiment was
conducted in a completely randomized design with six treatments in six replicates. During six months, the
growth parameters of the plants including number of leaves, petiole length, fresh and dry shoot weight, leaf
chlorosis percentage, leaf necrosis percentage, flower number, flower diameter, flowering stem height, number
of days to flowering, end diameter of the stalk and the middle diameter of the stalk were evaluated. Data
preparation was done in Excel and data analysis was performed using the Jump 8 software. Mean comparison
between treatments was performed with LSD test at 5% probability level and charts were drawn using the Excel
program.

Results and Discussion: The results showed that there was a significant difference between treatments for
the number of leaves (p <0.01). Seedlings cultivated in the vermiculite culture medium produced the highest
number of leaves; however, there was no significant difference between seedlings cultured in vermiculite and
vermiculite: perlite media. The lowest number of produced leaves was observed in plantlets grown in the NFT
system. Also, the seedlings grown in the rock wool medium had no significant difference with the NFT system.
In this regard, the drought stress on plants and the consequent poor growth of plantlets reduced the number of
produced leaves. The percentage of necrotic leaves in the NFT system was more than twice the vermiculite
culture medium. There was no significant difference between cocopeat: perlite, perlite, rock wool, and NFT
systems. Also, the lowest amount of necrotic leaves was found in the vermiculite culture medium, which did not
have a significant difference with vermiculite: perlite culture medium. Low levels of leaf necrosis in these
treatments indicate the optimal absorption of nutrients and the proper growth of plantlets in these culture media.
The results showed that plantlets cultivated in the vermiculite and vermiculite: perlite flowered more quickly
than other culture media and also produced more flowers. Plantlets grown in the rock wool medium did not show
the desirable performance, which is due to drought stress. Besides, the use of cocopeat in the culture medium did
not have a beneficial effect on plants. Measuring the initial electrical conductivity in the cocopeat culture
medium also indicates a high EC concentration in this culture medium, which could affect the growth parameters
of the plant and lead to poor vegetative growth of plantlets. Since Gerbera plant has bulky roots, the roots of this
plant cannot be developed well in the NFT system, so the use of the NFT system is not suitable for Gerbera
cultivation. The best performance of plant samples was obtained from vermiculite culture media, but since there
were no significant differences between vermiculite and vermiculite: perlite, so to reduce production costs, the
use of vermiculite: perlite culture medium in the closed system is recommended for the cultivation of Gerbera
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plant.
Conclusion: Since Gerbera plant has bulky roots, the roots of this plant cannot be developed well in the NFT

system, so the use of the NFT system is not suitable for Gerbera cultivation. The best performance of plant
samples was obtained from vermiculite culture media, but since there were no significant differences between
vermiculite and vermiculite: perlite, so to reduce production costs, the use of vermiculite: perlite culture medium
in the closed system is recommended for the cultivation of Gerbera plant.

Keywords: Closed irrigation system, Flower diameter, Integrated planting bed, NFT system
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Figure 1- A: Hairy root formation in nodes of Ocimum basilicum explant after 5 days of inoculation with Agrobacterium
rhizogenes strain ATCC-15834. B: Hairy roots after 2 weeks of co-cultivation in %2 MS medium, C: Hairy roots after 2 month
of co-cultivation in %2 MS medium
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Table 1- Effect of different strains of A. rhizogenes on hairy root growth of O.basilicum (after 60 days of co-cultivation).
Values represent the mean + SD.
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Figure 3- Effect of different strains of A. rhizogenes on dry weight of hairy root of O.basilicum (after 60 days of co-
cultivation). (DMRT, p< 0.05)
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Introduction: Agrobacterium rhizogenes hairy roots induction is used for secondary metabolite production
in plants. A. rhizogenes is a genus of gram-negative soil bacteria belonging to the Rhizobiaceae family that
causes hairy roots at the site of infection. Hairy roots have various advantages, including high growth rate, more
genetic stability than the callus and suspension cultures, growing well on hormone-free media that have been
reported effective for producing high levels of secondary metabolites. Basil (Ocimum basilicum) is a popular
herb with important economical applications in food, cosmetic, and pharmaceutical industry. It is a digestive
stimulant with anticarcinogenic, antibacterial, and anticonvulsant properties. The main phenolics reported in
basil plants are in the classes of phenolic acids and flavonoids, some of which have human health benefits. This
study was designed to develop hairy root culture from O. basilicum using different of A. rhizogenes strains for
the production of total phenols and introduce the best strain of A. rhizogenes to induce hairy root and growth and
production of total phenol.

Materials and Methods: Different A. rhizogenes strains (ATCC-15834, A4, MSU, and R1000) were studied
to investigate their effects for the transformation and production of secondary metabolites in O. basilicum.
Therefore, shoot and leaf explants and nodes of the seedlings were used for Agrobacterium-mediated
transformation. These explants were inoculated with four A. rhizogenes strains and transferred to %2 MS medium.
About four weeks after cultivation with A. rhizogenes, hairy roots were excised from the seedlings and
subcultured to fresh medium MS liquid culture containing 500 mg/l cefotaxime. After 60 days of inoculation,
various parameters, including dry weight, infection percentage, number of hairy roots per explant, and total
phenol contents were measured. The growth rate and phenolic contents of the transformed hairy roots were
compared with normal ones. Total genomic DNA was isolated from non-transgenic and transgenic hairy root
lines using the Cetyl Trimethyl Ammonium Bromide (CTAB) method. Isolated genomic DNA was used to
detect the rolC gene through polymerase chain reaction (PCR) analysis. The PCR using specific primers for rolC
of T-DNA and virD2 was used to confirm the nature of resulted transgenic hairy roots.

Results and Discussion: Selecting efficient A. rhizogenes strains, as well as the type of explants, are crucial
factors for hairy root induction. All used A. rhizogenes strains were able to produce hairy roots. Hairy roots
appeared on the nodes at the point of injection, but were not forming on the shoot and leaf explants. So, the
choice of the plant material is crucial for successful transformation with A. rhizogenes and usually,
transformation of young tissues gives the best results. The transgenic status of the hairy roots was confirmed
using PCR with rolC and virD specific forward and reverse primers. All lines showed the presence of 612 bp
rolC amplified products, indicating the integration of T-DNA of A. rhizogenes and O. basilicum. Hairy roots
could synthesize phenolic compounds, which was significantly higher in hairy roots than non-transformed
control. Four hairy root lines were independently evaluated for their content and these lines showed variation in
total phenolic contents, with the highest amount (312 mgGAE/ g DW) in hairy roots induced by ATCC-15834
strain and the lowest amount (113.2 mgGAE/ g DW) in hairy roots induced by R1000 strain. The results showed
that the strain ATCC-15834 caused the highest infection percentage (68.1%) along with the highest number of
hairy roots (4.8) per explant and root length (1.8 cm). The growth rate and phenolics production were
investigated in each hairy root of O. basilicum from infection by four different A. rhizogenes strains. The highest
growth rate (103.2 mg DW) and production of total phenol (312 mg/g DW) were found in ATCC-15834. The
growth rate of transformed hairy roots was more than that of normal ones.Total phenol contents in all hairy roots
were also increased significantly compared with non-transformed control plants (4.6 times in hairy roots induced
by A. rhizogenes strain ATCC-15834). ATCC-15834 has been reported as the most widely used A. rhizogenes
strain owing to its strong induction ability, and the variation in hairy root induction could be due to disparity in

1, 2 and 3- Ph.D. Student at Plant Physiology, Associate Professor and Professor, Department of Biology, Faculty of
Science, Ferdowsi University of Mashhad, respectively.

(*- Corresponding Author Email: ganjeali@um.ac.ir)
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the virulence of different A. rhizogenes strains.

Conclusion: The hairy roots of O. basilicum had shown promising results in terms of significant yield of
phenolic contents and had the potential for being scaled-up further for phenol production. It could be concluded
that A. rhizogenes strains had different abilities in hairy roots induction. Therefore, the selection of an effective
A. rhizogenes strain for the production of transformed root cultures is important, highly dependent on the plant
species, and must be determined in future experiments.

Keywords: Agrobacterium rhizogenes, Hairy root, Ocimum basilicum, Total phenol
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Table 1- Khorramabad meteorological station monthly statistics in the experiment period in 2016
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Precipitation Number of rainy Average temperature Maximum temperature Minimum temperature
Month o o o

(mm) days (°C) Q) Q)
Mar 514 9 13.7 21.2 6.1
Apr 145 5 20.0 29.4 10.5
May 0.2 1 26.4 37.3 15.6
Jun 0.3 1 30.2 40.2 20.4
Jul 0.0 0 30.7 41.0 20.4
Aug 17.0 1 26.8 36.2 17.4
Sep 14.0 3 21.6 30.7 12.4
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Table 2- Physical and chemical analysis of soil before the experiment

Sloedl, o9 Sk od ol SaSicale S pien e BB s e B el
Soil textu}e Clay Silt Sand & EC Total N P K
(%) (%) (%) pH (ds.m™) (%0) (mg kg™) (mg kg™)
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Table 4- The simple effects of nitrogen fertilizer and different harvest levels on some morphological and physiological traits
of sweet basil cultivars
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Treatments Number of Plant height Leaf ércer)lta . Chlorophyll b Carotenoid
branches (cm) P 9 (mg.g™ FW) (mg.g™ FW)
per plant
)
Cultivar
Mobarakeh 6.80° 56.37 2 58.77°¢ 0.256° 0.242°
Cinnamon 7.98°2 50.25°¢ 60.21° 0.335% 0.317%
Italian Large Leaf 7.892 55.69° 61.86° 0.273° 0.236°
Thai 8.09 @ 53.71° 59.68 ° 0.336° 0.349°
0)9l 395
Urea

(kg ha™)

Control 6.16 " 49.54°¢ 58.82 ° 0.252° 0.236°
100 8.162 55.02 ° 60.50 2 0.3192 0.311°2
200 8.75° 57.45% 61.072 0.3292 0.312%
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Harvest

Harvest 1 6.08°¢ 52.09° 62.962 0.319°% 0.279°
Harvest 2 7.87° 55.11°2 60.50 ° 0.295° 0.281°
Harvest 3 9.12°2 54,812 56.94 ¢ 0.285° 0.298?
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The means in each column having the same letter are not significantly different at 5% of probability level based on Duncan’s multiple range test.
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Figure 1- Interaction effect of cultivar x different harvests on number of inflorescences per plant of sweet basil (DMRT,
p<0.05)
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Figure 2- Interaction effect of nitrogen fertilizer x different harvests on number of inflorescences per plant of sweet basil
(DMRT, p<0.05)
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Figure 3- Interaction effect of cultivar x nitrogen fertilizer in different harvest on total dry yield of sweet basil cultivars
(DMRT, p<0.05)
N1, N2, N3: Control (0 kg ha™ urea), 100 kg ha™ urea, and 200 kg ha™ urea, respectively and H1: first harvest, H2: second
harvest and H3: third harvest
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Figure 4- Interaction effect of cultivar x different harvests on essential oil yield of sweet basil cultivars (DMRT, p<0.05)
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Figure 5- The effect of different levels of nitrogen fertilizer on essential oil yield of sweet basil (DMRT, p<0.05)
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Figure 6- Interaction effect of cultivar x nitrogen fertilizer on chlorophyll a content in sweet basil cultivars (DMRT, p<0.05)
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Figure 7- The effect of different harvests on chlorophyll a content of sweet basil cultivars (DMRT, p<0.05)
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Figure 8- Interaction effect of cultivar xdifferent harvests on total chlorophyll content of sweet basil cultivars (DMRT,
p=<0.05)
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Figure 9- The effect of different levels of nitrogen fertilizer on total chlorophyll content of sweet basil cultivars (DMRT,

p=<0.05)
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Figure 10- Interaction effect of cultivar xnitrogen fertilizer in different harvest on nitrate rate of sweet basil cultivars
(DMRT, p<0.05)
N1, N2, N3: Control (0 kg ha™* urea), 100 kg ha™ urea, and 200 kg ha™ urea, respectively and H1: first harvest, H2: second
harvest and H3: third harvest
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Introduction: Sweet basil (Ocimum basilicum L.) is one of the oldest spices belongs to the Lamiaceae
family. It is a herbaceous annual plant, which is native to subtropical regions of Asia, Africa, America. Basil is
an important economic crop and widely used in the culinary arts, food processing and pharmaceutical industries.
Nitrogen is one of the most important nutrients for plant production that plays a major role in photosynthetic
activities and crop yield capacity and its availability affects plants growth and biochemical processes. Nitrogen
deficiency is often a limiting factor in vegetable production such as sweet basil. Nitrogen usage significantly can
be increased the herb yield of basil grown in different environmental conditions. The nutritional and
environmental factors are the most important factors for growth of the medicinal plants. In the present research,
changes in yield, nitrate content, essential oil yield and some physiological traits have been investigated in four
cultivars of sweet basil under different levels of nitrogen.

Materials and Methods: A field experiment was carried out in the Agricultural Research Station of
Khorramabad during 2016 growing season. The experimental factors were arranged as a factorial-split-plot in
time experiment based on randomized complete blocks design with three replications. Experimental factors were
cultivars of sweet basil (O.basilicum var Italian Large Leaf. O. basilicum var Mobarakeh, O. basilicum var

Sweet Thai and O. basilicum var Cinnamon) and nitrogen fertilizer (0, 100 and 200 kg ha™ urea) assigned to the
main plots as factorial and different cuttings (three harvests from each plot) considered as sub-plots. The half
amount of nitrogen (as urea; 46% N) was distributed in experimental plots before planting the seeds and the rest
used after the first harvest. Seeds of sweet basil were planted at May, 25" 2016 as five rows with 2m length and
each main plot area was 5 m?. The space between rows was 50 cm. All plots were irrigated immediately after
sowing. Subsequent irrigations were carried out every four days. The control of weeds conducted manually
during the experiment time. The sweet basil plants were harvested three times in early flowering stage in July 12,
August 15 and September 25. Samples of 1 m length were taken from the center of two rows located in the
middle of each plot. Plants were cut from above ground and transferred to the lab for measuring total dry yield.
The measured traits in this study included branches per plant, inflorescences per plant, plant height, leaf
percentage, total dry yield, essential oil yield, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and
nitrate content. SAS (version 9.1) and MSTAT-C statistical software were used to conduct analysis of variance
(ANOVA) and comparison of means, respectively. The Duncan's multiple range test, at 5% probability level,
was used to rank the differences among means.

Results and Discussion: The results indicated that the application of nitrogen fertilizer significantly
improved all the studied traits. The highest and the lowest essential oil yield belonged to 100 kg ha™ urea and
control, respectively. Nitrogen fertilizer by providing the nitrogen needed for the basil plant during the growing
season provides a favorable environment for the production of further biomass. Total dry weight of the all basil
cultivars increased with application of nitrogen fertilizer in all harvests. The highest total dry weight and nitrate
concentrations were achieved by Italian largel cultivar with application of 200 kg ha™ urea in the second harvest.
The increment in total dry weight of basil by application of nitrogen fertilizer could be attributed to the
increment in chlorophyll content and better growth of plants and subsequently the better canopy development
which ultimately leads to the better usage of solar irradiance, higher photosynthesis and finally higher dry weight
in basil plants. Application of nitrogen chemical fertilizer could increase essential oil yield of sweet basil, mainly
due to the increasing of total dry weight.
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Among basil cultivars, Italian large leaf cultivar had the highest leaf percentage and essential oil yield
compared to the other cultivars. The lowest number of branches per plant, number of inflorescences per plant,
leaf percentage, essential oil yield and total chlorophyll belonged to Mobarakeh cultivar. All the evaluated
parameters were lower than the first harvest except leaf percentage and chlorophyll content.

Conclusion: According to the results, application of nitrogen fertilizer had a positive effect on growth, and
consequently led to increase the plant vegetative yield. Due to the fact that in terms of more of the studied traits
there was no significant difference between application of 100 and 200 kg ha™ urea fertilizer and also reduce the
consumption of chemical fertilizers generating pollution, Italian large leaf cultivar and application of 100 kg ha™
urea are recommended to access an acceptable growth and quantitative and qualitative yield in sweet basil under
the environmental conditions similar to Khorramabad.

Keywords: Dry weight, Essential oil, Photosynthetic pigments, Sweet basil, Urea
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Table 1- Flour and pollen treatments used in controlled pollination of pistachio trees
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Figure 1- Insulation (a), negative control (b) and replacement of jaconet bags to lace bags (c) in the pistachio branches.
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Figure 2- Interaction effect of genotype xdrought on leaf number of some pistachio genotype seedlings (LSD, p<0.05)

o ine OS] 8Bl g oy cpl 93 (Y Jgder) i ornlia
(s>dS pur 45 )53 Ca3gi} S (5 y5k ) 0y LI gy m )
O iy 4y e Sl FOMFY 5 AV 0 L Bud 4 Loy Sl x
(¥ Jgaz) ooy poladl s & 1) cdio ol 50k (2558

Bl Jgbo
Ay eigs Hlambly 438 Jgie l odel Cony b 3o
350 53 Jg ddb (S V) Jbre dBls Job cibn p (Sis
(p=+1-0) (sl sime gles ()l L 51 (S ) gy bl



Yol Gl Bl o ool 4igs aimy LIS K59l9 5md 3 oy Sl (5 03]

5ol i o ol b bloyl 5 (gt Linls ol (gla
(V£) (29 03,5 (s sl 4Bl b pob ool gl (850
2)9> Jobo 4z o pliixe ol @l Bk 2)b Cdllas dtuy (s
—Y ol Gl jelate 4y 0l Ay, Job asl 5 5Yeb (Sis
S Jeode GlalS b oo Gl S 5 Bres b
1y 293 adyy Jsb Sits SB 3 3250 ol atigy oolitl cg
L ol o acit) al3-81 (ol g dimd o a3l syt Ol &
Slags oad JLod o (Sutd (5 AL oo ddy ) jlad ials
L oy ol 45 298 00 ) 53 (p LT (1S9 04iS A5
093 3 s Pobuw sladidy m (B0 sladigy (1955 Cuns
Jsbo sk iy I3l L &S 03,8 juid 1y f ol o ol

(YY) 2300 Rl B ) 4ty

Sy ol o gl giae
S iz ol g bowie m SWE] (ingh ol
Jlize 51 Jg 592 o sine (PS-1+) S pp O o g5im0 513 5]
(Y Jgiz) 295 (p=21+0) s e o ol 59y (S 9 i)
dacsgs cpm 50 48 b Lis oolw il o 1Sle duslie
DOIFY Ly (B g o )d VIXY L Ly Sl x o8] ses] o590
IS Ty e Cagb) (5900 (a8 gy 5 & o>
Ay g Leg Sl X Bl senl a5 )50 slacaiel) o audl g
oanlie (6,15 sine ML) s ] Bl 1 Loy Sl X i
oyt [SLis Giliseo zaba il duglio (F Jgis) L5
1l s lime s ol s 4 Cod Al o
w93 po g0 b LS polew gl U (gl me NS
L cio ool BLad I jlade oyt aald jlos Sl am (Sts
Oleo =S 5 moMo (A5 Jlagd 4 Blate o> FEIV e (0L
welad] Lus 5 s 4 duopd 00/ ke b Cbo oyl
Jmood gLyl g sl 5l (S o8 sl 55 (LLS (B Jgun) el
Il ln gl YL ) aty o Jledhs o (Sits 15 4,
St i byl b wlen &S olbcwis WCul ddyy lase
P Syt Cuoglio 1 ALS 0,35 |y (g S ol (o (500
0adls cplpli (V+) 59 wialgs jla 08 0 Ol opals cows I bilio
5 o 2 ot (Seisdnid pasld S o (s gt
slacsg) St 9 (Soid A 4 Cuglie 42> L))

D) ol (Sis 4 polds

a3 Ly 45 5l L5 8l o 2 (525 5 4 beye ol
Cdly 392y Cio ol L5 5l (S gy S (S g
(ehs by dopo o) (Std o (8] 3 Sgpobo &
A odalide LialS o3 VEIVY (Lel)j cud)b) sald & s
Bl Job pladie Lo K] 465 548 p 4 g5 L (B Jgi2)
G55 U A |y La Sl X st oo o893 (55 i
5 S @l by 5l Jiagi gl o Cons (S5l Jol>
Ol Cillas dtuy pBB)l Sis 4 Coglio b Loyl o (VW) e )S
2 g X LMW glaisS oy 45 )93 o8 y5de liiee @l 3:bo
W)l 855 52y (ol 9 (5298 PB4 S (Suid e gglaw
o=l BLd Sl sl cp S et plis @ g ol (L gyt Bl
sl d oS plas Sl (S Sl ) b o)l cdo
o s el il o 395 4185 ol (ol
CopsS g CgaS o it Slol slasinl b bples 5 08 S
S g B s 5L cos 5 1S o e | oS 03
Lol )3 il Joloe ol 31 S (oSl s 45 it i
sz Sl ol ol aad S 4 sk (0 Jaglo ol 29008
OB Ao 3 39 oo iBgie (0D gk Jb 53 sl Jobe 4
Bl Job bl (ren 1 9 23,5 (0 0 ialS el (St

B) Moo pialS

sy Jsb
adyy Job 4o bgye sboosls (uibly 4325 5l Jolbs gl
OBty g (SdS T g 51 a8 ol Gl (Y Jgae)
2l (PN Sl ine dmopd S o ) (SS9 G
2 sy Jobo (Al (Sts goa SN L gl oled
Lo Jlahy o jd 4S8 )b d dd salin Lu5 § mMe i3
X L1 acenl da Sl ¢ (681 oy Sl X (mndd o ey
BT 30 e S S5l X 405 55 e o g 52
an ald & Cond (135 o (3T )3 (Bad g Ly Sl x B
S0 FANA YAUAD FAUNY SYAY SY/¥0 F/58 e 59
L b b aoh lis Gioli8l ao 2 WWIYD AF/YA AV/YY
X Sraidd o 9] pohw (ol 3 (Sdd A Gl
b ade) Jsbo QI (%S g e o (B8 5 Loy S
ol ol L Lacaiss plo b dwslio jo sald & s
sladlehy plo & Cuns Loy il X (pussdd joo 45 5 Ci9i)
adyy Jobo p-b j (S gl )3 g o Jesdie LI Cod
(VF) (ool Slialojl gl b gl cnl qulis (1 JS3) sl os
Oili8l L WS (5155 jeShe ylaase cudln callae diwy (g9,
) 9 cdl puals b Jlly oeled )3 aday Job (Suid i



VFRR sl Y o3l PP aler c((6509LS 2o 3 poke) L2l pale a4y

Y\

0100% FC m65%FC B30%FC

180
160 -
140
120
100

(o o) duidiay Jolo

Root length (cm)

X S
& &
'\“'-'%‘
+\*\ AN
" '\T o
\E-db\ & <
had
el

Genotype

oy Sigi] 31 5 JedIs Ay s 1 Sl X gy ilike 1Y S
Figure 3- Interaction effect of genotype xdrought on root length of some pistachio genotype seedlings (LSD, p<0.05)
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Figure 4- Interaction effect of genotype xdrought on electrolyte leakage of some pistachio genotype seedlings (LSD, p<0.05)
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Table 3- ANOVA (mean of squares) for studied biochemical traits in some pistachio genotypes under drought stress
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Figure 5- Interaction effect of genotype xdrought on Chlorophyll b content of some pistachio genotypeseedlings. (LSD,

p<0.05)
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Figure 6- Interaction effect of genotype xdrought on leaf proline content of some pistachio genotypeseedlings. (LSD, p<0.05)
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Table 4- Mean comparison of sometraits measured in pistachio genotypes under drought stress

. O o (§1gme .
ablw Job _ ; S5 Jadg N5 RN S
. e Sp a ‘J‘ﬁ'ei)"s )
Sy Stem length : Total .
Leaf relative Chlorophyll a Carotenoids
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Ahmad Aghaie
oo Sl 2Bl ael 76.95 71332 0.678" 1.04° 0.936°
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Fandoghi x Integerrima
g 4y . 87.592 68.812 0.583¢ 0.809¢ 0.745¢
Sorkhe Hosseini
Loz S (i 5 91.05¢ 71.03 0.679° 1122 0.879°
Sorkhe Hosseini x Integerrima
e 69.18¢f 66.62b° 0.555¢ 0.715¢ 0.661¢
Garmeh
S a5 70.69% 69.14% 0.583° 0.819¢ 0.729¢
Garmeh x Integerrima
“5"51_ 72.07¢¢ 63.90¢cd 0.5201 0.683¢ 0.685¢
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Means in each column, followed by the same letter are not significantly different based on LSD (p<0.05).
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Table 5 —-Effect of different levels of drought on traits studied in pistachio genotypes
. s Sy .
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Drought levels (cm) Leaf relative Py chlorophyll
water content (mg/g fw) (mg/g fw) (mglg fw)
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Moderate stress (65% of field capacity)
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Severe stress (30% of field capacity)
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Means in each column, followed by the same letter are not significantly different based on LSD (p<0.05).
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Introduction: Agriculture of Iran is known worldwide for its pistachio (Pistacia vera L.) and is one of the
most important non-oil exports. Therefore, attempts to improve the yield can be one of the primary goals in the
pistachio industry in Iran. Due to the drought problem in Iran, increasing the cultivation area to increase
production may not be a good option. Therefore, the purpose of this study was to compare the drought tolerance
of different pistachio seedlings from open pollination and pollinated with domestic species pollen and controlled
crosses using integerrima pollen in order to find the most tolerant genotypes.

Materials and Methods:

The first step: Controlled pollination and hybrid seed production In order to produce hybrid seeds, a
controlled pollination using integerrima pollen grains at Razavi Pistachio Research Institute was conducted for
five cultivars; Ahmad Aghaei, Akbari, Sorkheh Hosseini, Garmeh and Fandoghi. Each replication had a tree and
from each tree, seven branches were selected that had at least three to four flower buds and four branches from it
for controlled pollination, two branches for open pollination and a branch was considered for negative control.
Before the flower clusters were fully opened, 70% alcohol was sprayed on the branches to prevent the possibility
of unwanted pollen. In order to ensure controlled pollination, in the bud swelling stage, the branches were
isolated by double-layered bags measuring 30 x 45 cm. Pollen was collected from the Arzooieh area of Kerman
province to select the male parent of integerrima. Then, a combination of flour and integerrima pollen (1:1 ratio)
was injected into the insulating bags and pollination was performed. In late summer, hybrid seeds were
harvested.

The second stage: Drought resistance test of hybrids obtained from first step The experiment was conducted
as factorial based on a Completely Randomized Design with four replications at the research greenhouse located
in Gorgan University of Agricultural Sciences and Natural Resources during 2019-2020. The treatments were
consisted of ten pistachio genotypes; Ahmad Aghaei, Akbari, Sorkheh Hosseini, Garmeh, Fandoghi and (hybrids
between integerrima as the pollinizer and genotypes of Ahmad Aghaie, Akbari, Sorkheh Hosseini, Garmeh and
Fandoghi were applied as the maternal parent and three levels of drought including control (field capacity), mild
stress (65% of field capacity) and severe stress (30% of field capacity) were applied on 3 months old seedlings
for 84 days. Seeds obtained from free and controlled pollination were planted in pots with a diameter of 33 cm
and a height of 35 cm on April 6, 2017. Three seeds were planted in each experimental unit, and after planting
and ensuring establishment, the number of plants in the pot was reduced to the final level of one in each pot.
Each replication was consisted of four experimental units or four pots, and each pot was contained a plant. At the
end of the experiment, growth and physiological parameters were measured. Statistical analysis of the results
was performed using SAS 9.1 software.

Results and Discussion: Results of statistical analysis showed drought stress had a significant effect on leaf
number, stem length, root length, leaf relative water content, electrolyte leakage, chlorophyll a, chlorophyll b,
total chlorophyll, carotenoid, and leaf and root proline content. With increasing drought levels, all traits except
root length, electrolyte leakage and proline content were reduced in comparison with control. Sorkheh Hosseini
x integerrima, Ahmad Aghaei x integerrima, Akbari x integerrima interactions and genotypes of fandoghi and
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fandoghi x integerrima interaction were superior in the most of traits by drought, respectively. Based on the
results it seems hybrids of Sorkhe Hosseini x integerrima, Ahmad Aghaei x integerrima and Akbarix integerrima
crosses will be used as genotypes with dry-tolerant genes to modify cultivars in arid regions.

Keywords: Drought stress, Electrolyte leakage, Leaf relative water content, Proline
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Table 1- ANOVA for selenium treatment effects on fresh weight of root and shoot, dry weight of root and shoot, chlorophyll
index and stomatal conductance in lettuce and spinach
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Root fresh  Root fresh  Shoot fresh ~ Shoot fresh Root dry Root dry
weight of weight of weight of weight of weight of weight of
lettuce spinach lettuce spinach lettuce spinach
o sl 5 0.98" 1.88™ 2.33" 0.026" 10.8" 1.325™
Selenium
treatment
(18 12 0.53 0.27 0.078 0.052 4.35 0.053
Error
O ppa g > - 9.21 8.73 15.36 7.84 21.34 1557
CV (%)
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ol zbw! Chlorophyll z Liw! Stomatal Stomatal
Shootdry  Shoot dry index of Chlorophyll conductance conductance
weight of weight of lettuce index of of lettuce of spinach
lettuce spinach spinach
o sl 5 1.27" 0.11" 96.45™ 0.019™ 3.96" 11.21"
Selenium
treatment
s 12 0.036 0.006 14.57 2.73 15.12 2.31
Error
9 pan g > - 9.21 9.21 7.47 20.56 17.34 18.25
CV (%)
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"s: non-significant, **: significant at 1% of probability level, *: significant at 5% of probability level.
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selenium treatments

Table 2- The fresh and dry weight of root and shoot of spinach and lettuce under different concentration of exogenous

Powids Clale adey ¥ s wslo @ladl 5 o9
Selenium concentrations (umol Root fresh weight Shoot fresh weight
LY (¥) @
Pely bl 95 zlaw!
Lettuce Spinach Lettuce Spinach
0 6.2+0.07ab 6.1+0.32a 174.3+6.3c 144.5+11.2bc
0.1 6.6+0.38ab 5.9+0.56a 178.1+10.7bc 158.2+15.5b
0.5 6.5+0.61ab 6.2+0.49a 189.2+12.2b 165.4+8.5b
5 7.3+0.26a 6.6+0.62a 214.2+10.3a 196.7+14.1a
10 5.9+0.51ab 5.9+0.64a 190.4+15.6b 192.4+7.6a
50 4.9+0.58b 6+0.41a 168.6+13.8d 157.1+9.4b
eomlus clale Al ) Suid (59 lop pll Sid 59
Selenium concentrations (pmol Root dry weight Shoot dry weight
LY (¢) @
25 zlaw! 25 zlaw!
Lettuce Spinach Lettuce Spinach
0 0.34+0.02a 0.35+0.04b 10.12+1/0c 9.97+0.8bc
0.1 0.37+0.03a 0.39+0.05ab 12.01+1.2b 10.95+1.3b
0.5 0.36+0.05a 0.41+0.06ab 11.9+1.3b 11.09+1.1b
5 0.39+0.03a 0.46+0.06a 13.39+1.5a 13.21+1.4a
10 0.29+0.04b 0.33+0.01b 11.86+0.8b 10.89+1.3b
50 0.27+0.01bc 0.3+0.03c 8.39+0.5d 9.22+0.9c

i3l 03 LSD g0l (bl s (p<0.05) o e 35 (glyls (gt o )3 S yiie gy b slae]
Numbers followed by the same letter are not significantly differentns (p<0.05) based on LSD test.
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Table 3- The chlorophyll Index and stomatal conductance under different concentration of exogenous selenium

o clale _ e 14559, Colad
e _ iz b L ledje, <o
Selenium concentrations Stomatal conductance
1 SPAD 2o
(umol L) (molm?s)
9.&!5 Eu.é.wl 9.&:15 Cl.:.é.wl
Lettuce Spinach Lettuce Spinach
0 12.97+1.27d 11.88+1.4d 0.09+0.0le 0.07+0.00d
0.1 17.1+1.35¢c 14.16+1.13c 0.15+0.02b  0.11+0.02c
0.5 17.33+1.13¢c  16.12+1.29b 0.13+0.01c  0.15+0.01b
5 24.53+1.15a 21.1+1.16 0.2+0.03a  0.18+0.03a
10 20.9+1.41b  19.94+1.7a 0.16+0.02b 0.16+0.0lab
50 16.33+1.3cd 14.92+1.2bc 0.11+0.01d  0.08+0.01d
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Numbers followed by the same letter are not significantly differentns based on LSD test (p<0.05).
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Table 4- ANOVA for selenium treatment on nitrate concentration, nitrate reductase activity, nitrite reductase activity, on

glutamine synthetase activity and glutathione peroxidase activity in lettuce and spinach
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Nitrate Nitrate 5als’ il a8
concentration of  concentration of Nitrate reductase Nitrate reductase Nitrite reductase
lettuce spinach activity of lettuce activity of spinach activity of lettuce
posls slogs 5 142.98™ 745" 282.12" 210.52" 14.8™
Selenium
treatment
s 12 0.53 7.8 32.11 74.06 4.35
Error
Oy o g - 9.21 12.32 4.74 16.1 21.34
CV (%)
Slape (1Ske
(MS)
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df Nitrite reductase Glutamine Glutamine Glutathione Glutathione
activity of synthetase synthetase activity peroxidase activity peroxidase activity
spinach activity of lettuce of spinach of lettuce of spinach
porilu Jlogs 5 1.93" 0.005™ 8.65" 4.96" 37.56"
Selenium
treatment
s 12 12.41 0.022 0.017 0.019 3.96
Error
Oy g - 6.47 4.66 23.57 2.73 15.12
CV (%)
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"s: non-significant, **: significant at 1% of probability level, *: significant at 5% of probability level.
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Figure 1- Effect of different concentrations of selenium on nitrate content in spinach and lettuce (LSD, p<0.05)
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Figure 2- The effect of different concentrations of selenium on nitrate reductase activity in spinach and lettuce (LSD, p<0.05)
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Introduction: High nitrate (NOs") in vegetables, especially in leafy vegetables poses threaten to human
health. Selenium (Se) is an important element for maintaining human health, and exogenous Se application
during vegetable and crop production is an effective way to prevent Se deficiency in human bodies. Exogenous
Se shows a positive function on plant growth and nutrition uptake under abiotic and biotic stresses. However, the
influence of exogenous Se on NO3z~ accumulation in hydroponic leafy vegetables is still not clear.

Materials and Methods: The present study was conducted in a completely randomized design with four
replications at Research Greenhouse of Lorestan University. In this study, hydroponic lettuce (Lactuca sativa L.
var. Grin leek) and spinach (Spinacia oleracea L. var. Sirius) plants were subjected to six different
concentrations (0, 0.1, 0.5, 5, 10 and 50 umol L) of Se as Na,SeOs. Zero concentration was considered as
control. The modified Hoagland nutrient solution were prepared and 8 liters was added to each pot. The nutrient
solutions were replaced with fresh solution every five days throughout this experiment. After the emergence of
new roots in the nutrient solution, treatment was applied and selenium was added to the pots at a specific
concentration. After Se treatment for 40 days, three plants were randomly harvested from each treatment. The
effects of Se on plant growth, NO3~ content, activities of nitrogen metabolism enzymes, photosynthetic capacity
and glutathione peroxidase enzyme activity of lettuce (Lactuca sativa L.) and spinach (Spinacia oleracea L.)
were investigated. The second youngest, fully expanded leaf was used to monitor photosynthetic capacity using
chlorophyll meter and portable photosynthetic apparatus, respectively. Nitrate concentration in dried samples
was determined based on nitrate to nitrite reductions in the vicinity of zinc powder and hydrogen ion. Data
preparation was done in the Excel program and data analysis was done using SPSS 16 software. The means
comparison of the treatments was done by LSD test and finally, the figures were drawn using MS Excel.

Results and Discussion: The results showed that the lowest and highest biomass in both plants were
observed in 50 and 5 pmol L Se treatments, respectively. Different levels of selenium had no significant effect
on root fresh weight in spinach. However, in the lettuce, at 50 pmol L™, the root fresh weight significantly
decreased compared to the 5 umol L. Moreover, exogenous Se positively decreased NO3~ content and this
effect was concentration-dependent. The lowest NOs~ content was obtained under 5 pmol L™ Se treatment.NO3~
content in lettuce was lower than that of spinach in all treatments. The application of Se enhanced photosynthetic
capacity by increasing the stomatal conductance, photosynthesis rate and chlorophyll content of plants. No
significant difference (p <0.05) was observed in spinach in chlorophyll, stomatal conductance and photosynthetic
rate between 10 and 5 pmol L7, however, in lettuce this difference was significant. Chlorophyll content in
lettuce was higher than spinach in all treatments. The best concentration for photosynthetic capacity in both
plants was five pmol L1, which could explain similar changes in root and shoot dry weight in the different
treatments. The results showed that low selenium concentrations (<5 pmol L) stimulated NOs~ assimilation by
enhancing nitrate reductase (NR), nitrite reductase (NiR) and glutamine synthetase (GS) activities. The lowest
nitrate reductase activity in lettuce and spinach was 50 pmol L and control, respectively. In all treatments,
nitrate reductase activity in lettuce was higher than in spinach. The reaction of nitrate reductase to selenium
application was similar to nitrate reductase activity. Glutamine synthetase activity in both plants increased with
increasing selenium concentration. However, as the concentration increased (> 5 umol L1), the activity of this
enzyme began to decrease. In addition, the activity of this enzyme was higher than control in all treatments.
Selenium also increased glutathione peroxidase concentration. A significant increase in glutathione peroxidase
activity at five pmol L* was observed compared to the other treatments in lettuce. However, there was no
significant difference in the activity of this enzyme in spinach at concentrations of 5 and 0.5 pmol L1,

Conclusion: These results provided direct evidence that exogenous Se showed positive function on
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decreasing NO3~ accumulation via enhancing activities of nitrogen metabolism enzyme in both plants. This study
suggested that five pmol L™ Se could be used to reduce NOs~ content and increased hydroponic lettuce and
spinach yield.

Keywords: Nitrate, Nitrogen metabolism enzyme, Photosynthetic parameters, Selenium
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Table 1- Selected chemical properties of organic matters used

pH EC Na K P N C
(mS cm?) (mg kg?) (%)

S’ 78 16 519 o783 355 24 29

Compost

ol co 065 589 325 519 17 58

Peat moss
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Table 2- ANOVA for measured traits in gerbera cv. Artist under different levels of compost and humic acid

Olpdd @l 429 A N - P WP T e L _ e s
Sources <3151 A ‘.’b’ S 2las Flowering stem S ‘G.Lw e 5 Swgs b S22l
of J Flowering Flower height Flowering stem Flower disk Leaf
variation time number g diameter diameter number
(éz);]“;m: 4 1201.30** 2.68** 119.74** 0.08** 0.098** 8.18**
pos
|
(i)umci:f 2 610.75** 3.35** 38.01** 0.35* 0.00067 ™ 12.35%*
AxB 8 20.45** 1.10** 9.13** 0.02** 0.00061" 2.10**
Eurfor 30 1.95 0.20 0.07 0.0048 0.00038 0.088
ng\'js(;;'))‘é 6.08 27.19 0.54 1.40 0.21 4.95
0

o)) S5 g gy Jloin! paws )0 HId pixe gyl gme el 4

ax w NS
9

" *and ** are non-significant, significant at 5% and 1% of probability levels, respectively.
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Table 3- The effects of water hyacinth compost and humic acid on some characteristics in gerbera cv. Artist

So S adlw glag o 3
I g il e JSslass o sl £ J5 4Bl )l S 5y olass
| ' . Flowering stem Flowering stem ’

~~ _ Compost Flowering Flower height diameter Leaf

Humlca>0|d (%) time number number
(mg. L) (cm) (mm)

0% 44,002 1.00P 49.16° 4.77°¢ 5.00¢

25% 23.009 1.00P 48.26° 4.75¢ 5.00¢

0 50% 19.00" 1.00° 46.00f 4.72°¢ 5.00¢

75% 25.33f 1.66° 46.00f 4.76° 5.00¢

100% 40.00° 1.00° 44.33" 4.78° 5.00¢

0% 27.33fF 1.33° 53.002 4.76¢ 5.33¢

25% 12.00i 2.662 49.83° 5.114 6.009

250 50% 8.66K 2.662 47.83¢ 5.07%® 7.00¢

75% 19.661 1.00° 46.07 5.132 8.33"

100% 36.66° 1.00° 45.509 5.08% 5.00¢

0% 30.00¢ 1.33° 53.002 4.77°¢ 6.00¢

25% 10.33 2.66° 50.00° 4,990 6.3349

500 50% 4.00' 3.332 48.00¢ 5.122 7.33¢

5% 14,661 1.66P 47.16¢ 5.122 9.002

100% 33.00¢ 1.33° 46.00f 5.09 @ 5.00¢

505 LSD (yg0l il o p3 & Jlain) s 13 o b (6 sime o9l ailiie g (slannSilo gty 4
Each column, means with the similar letters are not significantly different at 5% of probability level using LSD test.
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Figure 1- The effects of different compost levels on flower disk diameter of gerbera cv. Artist
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Table 4- ANOVA for measured traits in gerbera cv. Artist under different levels of compost and humic acid
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Olpdd @le 420 7Ol SS (39 JS' Judg 8
Sources &3 LR wes o 5 s L B Ay Total Total
of df  Leaf fresh Leaf dry er 2;: Rootdry  chlorophyll Carotenoid ~Phenol
variation i i i
weight weight weight weight
(A) comgen 4 0.08" 5.34™ 104.61" 8.36" 8.62" 35021.16™  1.06"™
Compost
B ] ‘—idﬁ K3k K3k ek £ ek
®) M 9% 2 0.40™ 0.07" 340.99 7.19 26.61 91699.28 1.94
Humic acid
A*B * ek K3k 3k Kk ek
8 0.16™ 1.67 19.83 0.78 3.23 5059.77 0.17
s
30 0.21 0.62 2.26 0.013 0.066 94.74 0.00039
Error
el 1.26 12.24 8.03 2.091 4.86 3.28 1.05
CV(%)

S %NS

oy K g iy Jloin! pdaw 3 )b bze g I gime puE a4 g
" *and ** are non-significant, significant at 5% and 1% of probability levels, respectively.
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Table 5- The effects of water hyacinth compost and humic acid on some characteristics in gerbera flower cv. Artist

Sbd 039 .
sl Soged SRS e Sy S o S8
Humic acid CowsgoS Leaf dry P 7099 Root dry Total ) . Total
Rt - Root fresh : Carotenoid  phenol
(mg.L?) Compost(%0) weight weight (g) weight chlorophyll (Mg/g DW)  (mglg
© © (mg/g DW) DW)

0% 6.30d 13.239 4.86! 3.26' 201.44" 1.52K

25% 6.962°¢ 14.90¢f0 5.18M 3.80" 182.69' 1.41m

0 50% 7.003¢ 15.80%9 5.001 3.64M 216.43¢" 1.32n
75% 5.60¢ 17.06¢¢% 4.961 3.50M 227.839 1.50'

100% 6.10bcd 13.89f 3.96' 4.70% 205.85" 1.54%

0% 6.03¢ 17.86% 5.33¢" 4.52% 253.45¢f 2.044

25% 7.202bc 23.93° 6.67¢ 7.60° 245.56f 1.82h

250 50% 6.43%d 27.862 7.21° 6.95°¢ 382.50°¢ 1.62i
75% 7.46% 22.50° 5.83f 5.90¢ 426.39° 1.93f

100% 5.36% 18.73¢ 4.35% 4.289 348.34¢ 2.87°

0% 7.002bc 16.16°f 5.449 4,91 264.37¢ 2.09¢

25% 7.26¢ 28.982 6.96° 8.332 250.37¢f 1.879

500 50% 7.43% 29.222 7.532 7.26b¢ 410.28° 1.66'
75% 7.36% 23.40° 6.37¢ 6.494 461.47° 2.00°

100% 4.26° 22.19° 4.10' 4.449 369.04¢ 2.922
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Each column, means with the similar letters are not significantly different at 5% level of probability using LSD test.
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Table 6- ANOVA for measured traits in gerbera cv. Artist under different levels of compost and humic acid

Sl e NESESE
Sources N =

folS’ Sy Gl S e

of df Ca Electrolyte leakage Vase life
variation
A) Cow o o P s e sk
(A) Cosgeas 4 0.17 0.0084 8.01 0.0084 73.81 9.07
Compost
B I k_;.\.ﬁ ok *k *k *kk 3k ek
( )"\M ’& 4.43 0.049 0.02 207.18 18.86
Humic acid
AxB 8 0.04™  0.0051"" 0 0.0017" 6.06" 0.97"
s
30 0.0011 0.0010  0.0030 0.00011 1.04 0.17
Error
e 1.09 12.48 1.10 9.24 5.79 7.18
CV (%)
Loyd S g gy Jlain] o 55 5 xe g 45 re pf iy FF G

" *and ** are non-significant, significant at 5% and 1% probability levels, respectively.
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Table 7- Mean comparison of the effect of water hyacinth compost and humic acid on some characteristics in Gerbera flower

o Ny v . . J (SR .o
Humic Acid 35 OIFZ P (%) yud K (%) (%) padS o 0 Vase life
(mg. L) (%) Compost N (%) Electrolyte leakage (%0) (day)
0% 2.52hi 0.21¢cd 3.63 0.079 23.262 4.66°
25% 2.56N 0.18% 5.13h 0.07¢ 21.05b° 5.00%
0 50% 2.54hi 0.158 5.01 0.10f 19.36% 5.00%
75% 2.57" 0.199 5.209 0.079" 22.402 4.66°
100% 2.51i 0.21¢d 5.259f 0.05" 22.822 3.66
0% 3.30¢ 0.19% 3.23k 0.08¢ 20.93bc 5.00%
25% 3.55¢ 0.323 5.71b 0.120ef 14.789f 7.662
250 50% 3.63P 0.312 5.89? 0.13cd 13.339 7.66°
75% 3.40¢ 0.332 5.700 0.12¢e 15.51f 6.00bc
100% 3.129 0.302 5.34¢f 0.11¢f 18.84¢ 5.00%
0% 3.65° 0.21¢cd 3.17k 0.10f 19.96¢%d 5.330de
25% 3.640 0.26b° 5.49d 0.18b 12.310 8.002
500 50% 3.78? 0.322 5.660¢ 0.242 10.05 8.002
75% 3.45¢ 0.322 5.59¢ 0.15¢ 12.93" 6.66°
100% 3.21f 0.322 5.39¢ 0.10f 17.48° 5.66%

L)l LSD (905 ol )3 8 Jloits] zrano 53 vt b (615 ime gl ailiie g y> (sl puSilio (ygiar o 4

Each column, means with the similar letters are not significantly different at 5% of probability level using LSD test.
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Introduction: Water hyacinth (Eichornia crassipes) is one of the world’s most prevalent invasive aquatic
plants. Due to the environmental and economic concerns associated with the water hyacinth spread, control of
this plant seems will be necessary. Composting is promising techniques for controlling water hyacinth. Humic
acid is the fraction of naturally occurring organic materials, which derive from the decomposition of plant and
animal residues. Humic acid plays important roles in plants through stimulation of root growth and increase of
water and nutrient uptake by plants. In this study, we evaluated the effect of water hyacinth compost and humic
acid on the vegetative and reproductive characteristics of gerbera flowers

Materials and Methods: The present study was conducted as a factorial experiment in a completely
randomized design with three replications. The first factor was water hyacinth compost (0, 25, 50, 75 and 100%
v/v) and the second factor was humic acid (0, 250 and 500 mg L). The peat moss + perlite (2:1 v/v) was
considered as a control treatment. To prepare water hyacinth compost, the water hyacinth was collected from a
river in Sari, Mazandaran, Iran. Water hyacinth leaves were exposed to direct sunlight for eight hours to wither
then chopped to fine pieces and eventually was spread on the surface. The thickness of leaves is five-centimeter.
One centimeter thickness of animal manure was added on top of the water hyacinth leaves and then a layer of
ash and lime respectively added. This step was repeated until the height of the layer reached to one meter, finally
the top layer was covered with dry leaves of native trees and black polyethylene sheets. The mass was mixed up
every 15 days to get a better result (uniform decomposition). Finally, after three months, the compost was
prepared. Gerbera (cv. Artist) seedlings with uniform size (15 cm) were planted in plastic pots at different levels
of compost. Humic acid was used once every ten days. The average day and night temperature in the greenhouse
during the experiment was 17+2 and 23+2°C, respectively, and the average greenhouse humidity was 65 to 75%.
Flowering time, number of flowers, number of leaves, stem length, flower stem diameter, flower disk diameter,
fresh and dry weight of shoots and roots, phenol content, total chlorophyll and carotenoids, concentrations of
nitrogen, phosphorus, potassium and calcium in the leaves, ion leakage of petals and vase life were evaluated.

Result and Discussion: According to the results of the effect of compost, humic acid and their interaction on
most of the studied characteristics were significant. The highest number of flowers with 117% increase
compared to the control treatment was related to 50% compost + 500 mg L™ humic acid. In this treatment, the
time of flower emergence occurred 40 days earlier than the control. The highest chlorophyll content with
155.52% increase compared to control was observed in 25% compost + 500% humic acid. Mineral elements in
the leaf of the Gerbera plant were significantly affected by growth media and humic acid. The highest nitrogen
content was found in 50% compost + 500 mg L humic acid (a 50% increase compared to control). The highest
potassium content was observed in 50% compost + 250 mg L™ humic acid. The highest concentrations of
calcium were found in the leaves of plants grown in 50% compost + 500 mg L humic acid. The highest vase
life with a 71.67% increase compared to the control treatment was related to plants that were grown in 25% or
50% compost+ 500 mg L™ humic acid. The lowest ion leakage was recorded in 50% compost + 500% humic
acid with 56.79% decrease compared to the control. In the present study, most of the growth media and humic
acid significantly affected most of the Gerbera plant parameters. The best results were obtained from 25% and
50% compost +250, 500 mg L' humic acid. Due to proper drainage, increased water retention, a pseudo
hormonal compound such as auxin and increased absorption of elements, compost improve the chemical and
physical structure of growing media. Also, high leaf nitrogen content was observed in most compost-containing
substrates. This element plays a key role in vegetative growth. The concentration of nitrogen and phosphorus in

1, 2 and 3- M.Sc. Student and Assistant Professors, Department of Horticultural Sciences, Sari Agricultural Sciences
and Natural Resources University, respectively.

(*- Corresponding Author Email: karimi@sanru.ac.ir)
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compost is usually 5 to 11 times higher than soil which is gradually delivered to the plant and increases the
growth and flowering of the plant. Humic acid plays important roles in plants through stimulation of root growth
and increase of water and nutrient uptake by plants. In our study the application of humic acid at 250 and 500 mg
L significantly increased concentration of nitrogen, phosphorus, calcium and potassium as compared with
control. It has also been reported that humic acid provides growth regulators to regulate and control hormone
levels in plants and stimulates the production of plant enzymes and hormones, which ultimately increases the
vegetative and reproductive growth of the plant.

Conclusion: The results of this study showed that water hyacinth compost with humic acid due to improving
the root environment and increasing the absorption of nutrients, increased quantitative, qualitative and vase life
characteristics of Gerbera in comparison with control (peat + perlite). 50% compost was introduced as the best
treatment in combination with concentrations of 250 and 500 mg L of humic acid.

Keywords: Flowering time, Elements, Growth media, Vase life
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2- Olea europaea

3- Pyrus communis

4- Prunus persica

5- Calendula officinalis L., cv. ‘Yellow Gitana’



YOV ke aliod ol (2ol Cluoguas g o1 biowiions « S 59lsd 90 Slao (5 1 p (2T SL 025 9 2T il glocale 3T

JLsb G5 4 s e et JyogSen A L ol
D92 i )3 yidg)Sen Y5+ dgaa () 208 (63 je 9 s itwg
lod 5 0)F 5l a0 VY AldS o (glod (6500l Job jo
olol Jilows g 4 so0 g 31,5 b dsyd YO-VA 3905 3
Linosls sSilie .15 plocl SAS (9.1.3) Jl58le 5 31 oslisol L Lnosls
o g Jlis] a5 (LSD) o sine 5 i e

sbamiy om & 3 Gl bosls (bl 4525 Jgdo (o)
Jleis] s )3 ay) S (g 5 Ay o2 53 | ol il
o YL () o) 30 2929 (s)ld gime ST o) gty
2)93 pla3 13 &5 392 SLLS 4 b jpo (olS )3yl oo VOIA) 4k
oz (e 5 63,8 Bl ) oal Vseg S ¥ il alol
YO Hles cos 4SS Slals o (LS o, e VF/0) aiy
ol 1S3 elmlos (o yd 0,5 osalie widg oyl ,Yaeg See
P (oS VA 9 VI0) adoy Suis 039 cny omb 9 VL
o Lo o V509,50 YO 5 ol L ) cov &5 SlalS
Jolse 13U e iy oai S (sla )l dawss (Y Jodo) 105
OlalS ol sg e byl b o o)l )15 S g ame
el e 4 SO lS g gy plals Jols &1 gl
dlogl plisladads) ) (Sofgledyge 9 (Soiglg b s chitn
ObalS ol 53 o sl (S3glshy9e (sl jl 48 23,5
g o1t (sla)b LSt (bl @ lgiee onl e (il )
Sl g s 03202 LS (laigesgn 38 o)l rme sl ok
Ot )3 1y et G S o gy G131 ol 251aS Lyl 5
e (it gl aiiS e Ll ady) )yl gla sl gy
e pomie ST L Al )15 gl 2gie8 ulyd cod & SlalS
S8 Gkl et &S psb 4 ed)S 0aiiS o)l dng
—ilign 13 ey 45 Jlo 15 1S a8 |y dtld ) b i
B s ]y ady) 0aiiS )b g Gl & ulas i o
ROERE
Jle 1) el s Lo, S (1) ol e 5 523!
s yo o S FoY Ao U4 (Gjailen gl Al pe) Ay i
B gy tpgw Al yo 9 (2T Gl U (S ¥-F abs yo ipgd
935303 )8 (wyp 3y50 sl digen oS (S 45 03)03 (Lo b
¥ bl b ol 15, slie 45 L o o g3 5 48 lalS bl 5
2535 Ag ) sy e 0PVl 00,8 8Ly Y5098

1- Transfer cells

1y o] Ygeg)See Y0 5 ¥ il talojl slasil b luz) ) po
o Al olaMy aS 59 Slals Jold paw dtws .053,5 ¢l
el |y ol jYs 0g,Se ¥ cdale diin S Gto 4, sl
g9k dn (Bl ol Clale 4 Voeg)Seo Vs 4y ol jlg w08
ol ccale ilefl elasl 5 48 Liloj b 45 il Suin
2 Sl S5 2 p5Y sy V909,00 V2 4 LS (nl 3 (8L
3boodlel sy 39500 03,006 Sy 255 pU L ol 31 eb
Moo o g el SLS Vg0 o 8 (23 Jolxe
blyd o cciS s PH (g5l aud car matw Slu S o
Rl 4 oxie & (e gaw 53 d9290 (LW (oS )3 392ga
PH U 1 68lsl e Jsbrs 4 03,5 oo S | ol Gl
Al o )0 catan VY CubdS jlam oy VIVES/Y & olie ol
o=l B8 8 ()90 5 lapasls LS (a8
Ml ) S (g ey @ oSS olage Jold Lo Sy
iy s {JLimed g5 b s Sojlsl) 5 b S
bgiye ddyy ) o2 (65010l jolate 4y 392 JS yoe 9 SIS
o LS S1L8)5 )5 guind 3)90 <83 2y g b olS 2 4,
OOI3S ddn) po gt ddd) (3,8 ABL3I 5w g U 50 O
92 3 25959)8 5 Syl (lie oS3l el (VA) a8
L Lncignd y55 o olizm ot 55 5 16 il (1) s (5
ol jl ool wl Ly yiogils £8Y o £Y0 Ve zo—o Jobo dw
(Mapada UV-1800, Shanghai, P.R. China) yiss:dg Sl
095 3 ey meisl cdled Gl (oS 03ll (ol b
99y 4 0)las agi I dm s odliel (V) o, Ken ¢ phlS
L s odn &l STy il culld tomis (gl 80
201, 5 5l a0 YO (glod 5o cadBd 93 o 4 Al Ve Juoled
ool b b c81)8 jiogud g Sl oSiwd b yogil ¥VO zge Jsbo
ol oLt slasd opseslinsly (7) cosl 5 g2 iy, S|
L STy g Lt 4y ol 1,0 00 0 il (0 glle cdile
lodigas 1,8 w0)lac ad a0 (550}l sl S92 b9
Friwgid (e LB)S Ojgo plogls OYY 9 Fe v oo Jobo )
2 S5 Cunglie g 459y j S (328 ST (63 (e (3%
LSl 25y o5 LS 2 gl o yo) LS 45, Sl 5l dls o 4
tpgd dl> po g Ao (pbl Vg09Sa VP i bale Bl Jlb
N gegSee V8 cudale @8l Jbo 3 (S w2 oo lals
03,5 1y dnsgs JolS ysboay &S sz claS (59 (w292 ool
S 58 L) Shgtd (S0l oK) Lo Lidgs
3,50 (LCA4, ADC Bioscientific, Ltd Hoddesdon, Ji.
092> 4l P Gdo s S g jlate (s 285 )18 (S0l
59y 90 spSoilul .cd 8 15 Sy o5 Yol (5,80 5ll B
o=l 50 59 oad a5 8,8 Gyee VY Cele o o8] 5 Glo



Gl slapsy) b cod 5o IS elogn pols Budod )
oSilee L JS ologs VL 45 (ygb 4 .88 )5 cpal
Y0 5 SLSh w3 sloss 99 4 borpe i 4 )5 WEIZ 9 VOVY
0 e olgie 4 ool & bl ST Jgin) 092 onl Y ge,80e
WS o0 53l Jle GlalS 5> g )3 ek JAB (5y9p8 (S0
oS g 03553 M55 o (530S )5S lgie @ al (gjliogan
Caw Alg5 oo oyl DgueS a3 48 130 cod oS o ) Jgaze
(V¥) 22)5 olS wiy Lials g e (claSy b 35

L ol 35 1, slye S L dls o 53 3 4 SlalS o8 b
Ly ade) oo Olie cnpomb 99,5 €l j¥ 905,800 YO clale
F) ol ol cbale 5l oslinl j pols sdss )3 63,8 Wy
ol aeg BB S S ) o Rl s ()Y 509,500
Uil as a il e S w25y cov S ) ads) e (o
2 bawgie adyy o Sl 4 oxie 0y 0)90 b 3 ol om)n

Sy il

oAl lites S5y S CoS o dunad obS liorbon 5 S ¢ SKujelsh g0 Gl (il ly 4525 -) Sy
Table 1- ANOVA for morphological, flowering and biochemical characteristics of Calendula officinalis under different Iron

(Fe) regimes
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Table 2- Morphological and flowering characteristics of Calendula officinalis under different Iron regimes
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Staircase regime: plants under this regime, at first week, received 4 uM Fe then 2 uM was added to Fe concentration weekly, to reach

30 uM.
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Figure 1- Leaf photosynthetic pigment concentrations (a: Chl a; b: Chl b) in Calendula officinalis (LSD, p<0.05)
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Staircase regime: plants under this regime, at first week, received 4 uM Fe then 2 pM was added to Fe concentration weekly, to reach
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Figure 2- Leaf photosynthetic pigment concentrations (a: Chl a+b; b: Carotenoid) in Calendula officinalis (LSD, p<0.05)
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Figure 3- Peroxidase activity (a) and Malondialdehyde concentration in leaf extracts of Calendula officinalis (LSD, p<0.05)
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Table 3- Gas exchange measurements of Calendula officinalis under different Iron regimes
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Table 4- Means comparison of gas exchange measurements of Calendula officinalis in two stages (Stage 1: plants under
Staircase regime received 16 uM Fe and Stage 2: plants under Staircase regime received 26 UM Fe) under different Iron
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Introduction: While Iron (Fe) is the fourth most abundant element in the earth’s crust, it is not easily
available for plant roots. Therefore, Fe deficiency is one of the major limiting factors for plant growth and
development in calcareous soils worldwide. Fe deficiency are also predominant in many areas of Iran. It is an
essential micronutrient for plants that play vital roles in many metabolic processes. Fe is a component of a
number of molecules such as Fe-sulfur (Fe-S) and heme Fe proteins, which are required for photosynthesis,
respiration and N fixation. However, the possibility of using split-type fertilization at different growth stages
during development has been explored in other plant species for macronutrients N, P, and K. The aim of this
work was to test the hypothesis that it may be feasible to decrease Fe-chelate inputs, by studying the effect of
gradually increasing of Fe concentration during Calendula officinalis growing period.

Materials and Methods: In order to study the effect of gradual increase of Fe concentration during
Calendula officinalis growing period, an experiment was carried out as a completely randomized design with
four replications (pots) at research greenhouse of Faculty of Agriculture, Lorestan University, in 2017.
Treatments contained three levels of Fe (Fe-chelate Fe (111)- Ethylenediamine-N, N' —bis ((2-hydroxyphenyl)
acetic acid): 4, 20 uM and staircase method. Staircasetreatment included increase of Fe concentration, so that at
first week plants received 4 uM Fe then 2 uM was added to Fe concentration weekly, to reach 26 uM. Some
morphological, physiological parameters, flower characteristics and gas exchange had measured. Data of all
measured parameters were subjected to analysis of variance using the SAS software (9.1.3, SAS Institute Inc.),
and means were compared using a Duncan test at P<0.05.

Results and Discussion: Results showed that the application of 4 uM Fe led to higher root volume, and
peroxidase activity. Romera et al. (2011) reported that under Fe deficiency, strategy of plants developed
morphological changes in their roots and up-regulated the expression of Fe acquisition genes. Under Fe
deficiency some phytohormones such as ethylene and auxin will increased. Both hormones play pivotal role in
the development of sub-apical root hair and transfer cells. Sepahvand et al (2017) investigated the effect of
ascorbic acid on pelagonium graveolens characteristics under Fe deficiency and found that peroxidase activity
increased under Fe deficiency. Application of ascorbic acid led to decrease peroxidase activity. Maximum
biomass was obtained in plants under 35 UM Fe and staircase treatment. Maximum chl a and b, chl a+b,
carotenoids, root dry weight, flower diameter, flower longevity, number of flowers, and first flower fresh weight
was observed in the plants under staircase treatment. Fe plays important role in biosynthetic pathway of
chlorophyll and carotenoids. In addition, plants under staircase treatment showed the maximum photosynthesis
and transpiration rate. Kong et al. (2014), reported that Fe deficiency led to decrease of 8- aminolevulinic acid
and protochlorophyllide as precursors of chlorophyll. Ethylene and ABA are involved in Fe-deficiency
signalling in plants, and these compounds may hasten senescence (Satoh, 2011). The short flower lifetime found
in the present experiment in the low Fe treatment may be due to the boost in ethylene and ABA synthesis in
response to Fe deficiency. On the other hand, plants under staircase regime had higher photosynthetic pigments
that led to maximum photosynthesis. Increasing flower quality, quantity and longevity related to higher
photosynthesis activity. Iron is a component of a number of proteins and enzymes, such as iron-sulfur (Fe-S)
proteins and non-heme iron proteins, which are required during photosynthesis (Chakraborty et al., 2012). Li et
al. (2016) investigated the influence and interaction of Cadmium (Cd) and Fe on photosynthesis and reported
that Cd inhibits photosynthesis activity, but Fe alleviates the Cd-induced changes in photosynthesis activity. In
addition, higher MDA contents were observed in plants under 35 UM Fe and staircase treatment. Li et al. (2012)
reported that the high levels of Fe led to maximum MDA contents.

Conclusion: Growing the plants with staircase treatment increased flower yield, quality and longevity. These

1 and 2- Ph.D. Student and Professor, Department of Horticultural Sciences, Faculty of Agriculture, Lorestan
University, respectively.
(*- Corresponding Author Email: rezaeinejad.h@lu.ac.ir)
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parameters are the most important factors in growing of ornamentals plants. Whereas Fe fertilizers are so
expensive, restricting the use of expensive products such as Fe (lll)-chelates at some growth stages can
contribute to decrease the cultivation costs and minimize environmental pollution associated to an excess of
fertilizer inputs. Therefore, gradually increasing Fe concentrations during production of Calendula officinalis
under soilless culture would be recommended.

Keywords: Ornamental plants, Photosynthesis parameters, Photosynthesis pigments
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