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Table 1- Chemical characteristics of studied experimental soil site
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Table 2- ANOVA of the effects of deficit irrigation, nitrogen levels and bulb size on seed yield and reproduction
traits of onion (Allium cepa var. Ghooli gheseh)

a0 o FKey) S U 59, dlass
O gl T iaSles ey oS L pma
sl Eow P oS el
Early Inflorescenc Number of Days to
S.0.V df Sesd yield 3 . inflorescence in beginning of
maturity e diameter .
bulb flowering
Replication 2 14394.57™ 0.128™ 0.826™ 0.362™ 19.04™
Factor -A 3 297321.2% 0.82" 1.124" 0.489™ 12.375™
Factor-B 3 49872.2"™ 0.105" 0.809™ 0.268™ 0.042™
Interaction AxB 9 17791.25™ 0.027™ 0.173™ 0.195™ 4.153™
Factor-C 1 1389633.5"  0.020™ 0.521™ 34.8" 330.042"
Interaction AxC 3 25801.94" 0.07™ 0.116™ 0.381™ 9.375™
Interaction BxC 3 12381.53™ 0.056™ 0.094" 0.025™ 1.375™
Interaction AxBxC 9 12731.8™ 0.038™ 0.249™ 0.304™ 10.634™
Error 32 25355.06 0.036 0.266 0.356 10.00
S me pis g 1o ) 9O o ,d (gyd gme iy 4 NS [ g FH K

*, ** and ns: Significantly at 5% and 1% and non-significant
(& s 03050 =C ¢ 55558 7 shws =B s lul oS 7 shu =A)
(C = Bulb size ;B= Nitrogen levels ;A=Deficit irrigation levels)
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Table 3- Effect of Irrigation times on seed yield and reproduction traits of Onion (Allium cepa var. Ghooli gheseh)

3 0,5dos

Sl : e 39; SIS ks 50 SIS slaws &9 U 59, dand
; 2 PS5 9ks) o . -
Sk (w22) (o i) e 2
Irrigation Seed yield Earl).f Inflorescence diameter . Number of . D.ays. to
times (kg/ha) maturity (cm) inflorescence in beginning of
5 (%) bulb flowering

I, 659.41a 27.91b 7.94a 3.69a 66.33a

I, 590.13ab 29.6b 7.76a 3.35b 60.08a

I; 581.12b 40.75b 7.56a 3.48a 67.33a

Iy 398.9¢ 63.44a 7.45a 3.45a 67.17a

Sl god (P<0.05) s sre BT (gyls gty 55 S o By b slasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(Ta=(2l5 g9y ¢ 3= pals ol £ To=)ds (05 (5 £ 1=l (53l
(L= Beginning of flowering ;I;= End of flowering ; I,= Milking stage of seed; I;=Full Irregantion)
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Table 4- Effect of nitrogen levels on seed yield and reproduction traits of Onion (A/lium cepa var. Ghooli gheseh)

Ojars Tobw 7423 Sdos b9y oSSR M Sl g, sl
(U2 0 o 5oks) (B2 e 55kS)  (dep) (e tl) Eov A gy
Nitrogen levels Seed yield Early Inﬂ.o reseence Number of D.ays. to
(kg/ha) (kg/ha) maturity diameter inflorescence  beginning of
& 5 (%) (cm) in bulb flowering
No 493.26a 4842a 7.5b 3.4a 67a
Ny 579.64a 39.41b 7.59ab 3.5a 67.17a
N, 597.7a 35.66b 7.92a 3.44a 67.75a
N3 558.95a 38.2b 7.71ab 3.64a 67a

Kbl god (P<0.05) o xe BMET (glyls gty 40 Syt By b slasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(Ng=0; N;=75; N,=150; N5=300 kg/ha)

wad J3B o3, il oal GBS 19 9 it 3,5Mes 1 Egm 0ll -0 Jgan
Table 5- Effect of bulb size on seed yield and reproduction traits of Onion (4/lium cepa var. Ghooli gheseh)

o 0311 FRYEYIINS 09 ol 5 ks ol U5 slaws U 39y 3laxi
(o S) (U2 205 9k5)  (a0)) (50 S) Ew 2P P g9
Bulb size Seed yield m]i:lrz Inflorescence inii\(l) l;:lc):;coef in beDifl{lsiI:O of
(cm) (Kg/ha) urity diameter (cm) g g
(%) bulb flowering
bl 437.07b 40.1a 7.75a 2.89b 69.1a
b2 677.7a 40.75a 7.61a 4.1a 65.37b

bl god (P<0.05) o xe BMET (glyls gt o 40 Syt By b lasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(b1=5-7; b,=7-9 cm)

aad (Job o) o (ials LS9 9y 2,50 12 Eom 051031 9 (159, Tolaw Sl OIS Jos
Table 6- Interaction between nitrogen level and bulb size on seed yield and reproduction traits of Onion
(Allium cepa var. Ghooli gheseh)

O39r Lok 2338 w9y b USkE Sl S alas U g, dla
Eowoildly  ((USa e Soks) (o) (o Hlw) (o BN g9 5
Nitrogen level Seed yield Earl).r Inﬂ.orescence . Number of . D.ays. to
& bulb size (Kg/ha) maturity diameter inflorescence in beglnnn.lg of
(%) (cm) bulb flowering
Nob; 399.34¢ 50.27a 7.6ab 2.82b 69a
Nob, 587.195ab 46.59a 7.39b 4a 65b
N;b; 468.66bc 35.48a 7.66ab 2.85b 68.67a
N;b, 690.61a 43.34a 7.52b 4.15a 65.67b
N,b, 467.47bc 37.61a 8.05a 2.85b 69.67a
N,b, 727.93a 33.72a 7.8ab 4.02a 65.83b
Nsby 412.83¢c 37.05a 7.7ab 3.06b 69a
N;b, 705.07a 39.34a 7.73ab 4.23a 65b

Kbl god (P<0.05) o xe BT (ghyls gty 40 Syt By b slasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(N0=0; N1=75; N2=150; N3=300 kg/ha) (b;=5-7; b,=7-9 cm)
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Table 7- Interaction between irrigation times and bulb size on seed yield and reproduction traits of Onion
(Allium cepa var. Ghooli gheseh)

s &l ole 23 3,8os d9) ol g5 kS 2 3T U5 slass Eoyd U 39, dlasi
Cowojladl (S 13 0,55k5) (a0 ) (0 ) Co Pl
Irrigation . Early Inflorescence Number of -

times & bulb Sele(d /yhleld maturity diameter inflorescence in Daﬁ ::Ogvee%?lnlng

size (Kg/ha) (%) (cm) bulb &
I)b, 569.09b 23.59a 8.05a 2.99¢ 67.83ab
I;b, 749.73a 32.24a 7.83ab 4.39a 64.83d
Lb, 447.18b 31.48a 7.92ab 2.89¢ 69.33ab
Lb, 733.08a 27.72a 7.61ab 3.82b 66.83bcd
I3b, 427.24bc 38.44a 7.61ab 2.77¢ 69.33ab
I;b, 735a 43.07a 7.52b 4.2abc 65.33cd
I4b, 304.78 66.9a 7.44b 2.93¢ 69.83a
Ib, 493b 59.97a 7.46b 3.98ab 64.5d

b god (P<0.05) s sre BMST (yls gty 55 S o By b slasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(L= 285 g9y ¢ [i= aalS (bl ¢ =)0 s gyt ¢ L= JalS” (5)L)
(L= Beginning of flowering ;I;= End of flowering ; I,= Milking stage of seed; I;=Full Irregantion)
(b1=5-7; b,=7-9 cm)

aad (Jo8 o, sl (oly SS9 9 o3 3 es 12 (59 ol 5 Soll o lej e I ST -AJgae
Table 8- Interaction between irrigation times and nitrogen level on seed yield and reproduction traits of Onion
(Allium cepa var. Ghooli gheseh)

9 &kl slile; 23 3,Skes wwid9) oSl gEshE bl S olaas U ) sl
0395 (LU y2 0,5 5k5) (m2y9) (i (lw) (< A £
irrigation times & ed yield Early Inﬂ?rescen . Number of . D.ays. to
nitrogen (Kg/ha) maturity ce diameter inflorescence in begmmr.ng of
(%) (cm) bulb flowering

1IN, 501.24bcde 37.9a 7.71ab 3.59ab 66.67ab
IIN; 744.41a 28.27a 7.82ab 3.63ab 66.67ab
IIN, 741.59a 22.34a 8.15a 3.85a 66b
I1N; 650.38ab 23.14a 8.08a 3.69ab 66b
LN, 584.82abcde 30.35a 7.73ab 3.17b 67ab
LN, 574.07abcde 31.7a 7.67ab 3.46ab 67.67ab
LN, 633.93ab 19.04a 8.09a 3.19ab 70a
I,N; 567.7abcde 3731a 7.56ab 3.59ab 67.67ab
L3N, 502.39bcde 48.96a 7.33b 3.26ab 68ab
LN, 619.74abc 36.71a 7.34b 3.7ab 66.67ab
N, 592.52abced 42.78a 7.71ab 3.32ab 67.33ab
5N, 609.83abcd 34.54a 7.88ab 3.64ab 67.33ab
I4N, 384.59% 76.49a 7.22b 3.59ab 66.33ab
LN, 380.32¢ 60.95a 7.51ab 3.21ab 67.67ab
1IN, 422.76¢cde 58.5a 7.73ab 3.33ab 67.67ab
I4,N; 407.89de 57.8a 7.34b 3.64ab 67ab

bl god (P<0.05) o gxe BT (ghyls gt 2 40 Syt By b slasl
Numbers followed by the same letter are not significantly differentns (P<0.05)
(Ta=(2l5 g9y ¢ 3= pals ol £ To=)ds (05 (5 £ [i=el8" (5l
(L= Beginning of flowering ;I;= End of flowering ; I,= Milking stage of seed; I;=Full Irregantion)
(Np=0; N;=75; N,=150; N3=300 kg/ha)
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Introduction: Water stress limits crop production throughout the world and contrary to other limiting factors
(acidity, sodicity and salinity). It is highly variable within growing season and from year to year. Plants response
to water deficit at morphological, anatomical and cellular levels by modifications allowing them to avoid stress
or increase tolerance. When supply of water is limited, crop management practices that improve water stress
resistance can benefit plant growth and improve water use efficiency. Onion seed production has high
requirements in inorganic fertilizers. The applied amount depends on the type and fertility status of the soil. The
use of inorganic fertilizers is common in onion production. Onion is responsive to nitrogen fertilizer. The bulb
refers to a fleshy structure serving as storage organ, and containing simple and sugars, sulfur, protein and
nitrogen compound containing flavor precedents as well as a significant amount of water in the swollen cells
producing the bulk of the bulb scales. In order to evaluate the effects of deficit irrigation, nitrogen levels and
bulb size on seed yield and reproduction traits of onion (Allium cepa var. Ghooli gheseh), was conducted in
Zanjan areas.

Materials and Methods: In order to study the effects of nitrogen levels, bulb size and water tension at
various growth stages on onion seed yield (Allium cepa var. Ghooli gheseh), an experiment was conducted in
Zanjan University in 2014. The experiment was strip split plot with a randomized complete block design with
three replications. Water tension was applied at the beginning of flowering, end of flowering, as well as the
milking stage of seed by avoiding irrigation at those stages. The obtained seed yield was compared with that of
control or treatment with normal irrigation (no water tension). The irrigation treatments including control were
located on horizontal plots and vertical plots allocated to nitrogen levels (0, 75, 150 and 300 kg N ha™") and bulb
sizes (5-7 and 7-9 cm diameter). Traits such as days to inflorescence emergence, days to flowering, number of
inflorescence per plant and seed yield were measured. All data were subjected to analysis of variance (ANOVA)
using SAS 9.3 software. When F test indicated statistical significance at P< 0.01 or P < 0.05, the least significant
difference (LSD) was used to calculate the means.

Results and Discussion: The effect of water tension on seed yield and days to seed ripening were significant
at 1% probability level. Water tension at milking stage of seed, end of flowering and beginning of flowering
reduced seed yield in comparison with the control and yield decreased by 10.5, 12 and 39.5%, respectively. The
highest seed yield (659.4 kg ha™) was obtained in the control. Although the main effect of nitrogen was not
significant, application of 150 kg N/ha increased inflorescence diameter, percentage of fertile florets and seed
yield about 5.6, 4.9 and 20%, respectively in comparison with the control (NO). Application of nitrogen up to
150 kg ha™' significantly increased days to seed ripening. Days to inflorescence emergence, days to flowering,
number of inflorescence per plant and seed yield were affected significantly by bulb size. In onions, many
factors such as bulb weight, cultivars, spacing, date of planting, climate, soil, besides fertilizer application seem
to affect seed yield and quality. Moreover, according to Mishra, (1994), applying nitrogen has been revealed to
enhance the number of umbels per plant in onion. Based on Islam et al. (1998), the larger sets associated with the
closest spacing resulted in the highest bulb yield. Smaller set with zero nitrogen level led to the maximum
number of single bulbs. The closest spacing with 120 N/ha resulted in the highest bulb yield, as well. The highest
bulb yield from the combination of larger sets and closest spacing was equal to 120 kg N/ha. Smaller sets and the
closest spacing zero N level yielded the highest number of single bulbs.

Conclusion: For onion seed production in climatic conditions similar to those in Zanjan areas, application of
normal irrigation, bulb diameter of 7-9 cm and 150 kg N ha™ are recommended.

Keywords: Bulb, Early maturity, Flowering, Inflorescence, Irrigation times
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Table2- ANOVA for the effects of nitrogen and Bio-phosphate foliar 2 on traits in onion
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Table 2- ANOVA for the effects of nitrogen and Bio-phosphate2 inoculation on traits in onion
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Figure 1- The interaction effect of nitrogen x Bio-phosphate2 foliar application on plant height of onion
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Figure 2- The interaction effect of nitrogen xBio-phosphate2 inoculation on average weight of onion
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Figure 3- The interaction effect of nitrogen xBio-phosphate2 foliar application on yield of onion.
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Figure 4- The interaction effect of nitrogen xbio-phosphate2 inoculation on yield of onion
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Table 4- Mean comparison { nitrogen xbio-phosphate2 inoculation effects on traits in onion cv. Azar Shahr (first experiment)

et NI TE I (PP e 8 LS 5 w9y sl
Lo Plant Average ;ly Yield o Sugar protein Judg 4I5
Phecs . . Nitrate -1
height weight onion (torln ha (mg kg™) compgunds (g 100g Chlorophyll
(cm) (g) ) (mg g~ DW) DW) index
aald 39.04b 79.02¢ 15.56¢ 56.46¢ - 7.84b 57.36b
Control
9
Nitrogen 60 48.72a 107.6b 17.38b 82.93b - 10.18a 62.88a
(Kg ha™)
120 51.68a 127.51a 18.98a 116.2a - 10.14a 64.12a
P'Lc
gloee 41.74b 92.37b 16.63b - 10.95¢ 8.73b -
b
Control
Y o)k olaus s 5 )
Bio- ; 1600 46.74a 109.7a 17.56a - 11.77b 9.47ab -
X
Phosphate2
ST
50.96a 112.05a 17.74a - 12.67a 9.96a -
2x1000

Al el SOl glaals din yge3T bl 2 (P<0.05) o gme M3l ygia o 4> S it g b dlel
Numbers followed by the same letter are not significantly differents (P<0.05) based on Duncan’s Multiple range test.



AR

by 3y GBS 9 5 695 T 9ok Slind w5 995 5 (33955 395 S

(9> Linbo3l) 5008 sy ©lio 21 ¥ o,k Clid b oy il 9 (39540 P (aSSle dwnlio -0 Jgur
Table 5- Mean comparison of nitrogen xbio-phosphate2 inoculation effects on traits in onion cv. Azar Shahr (second

experiment)
Lo g W) Jot 0jp fagie LAY s Sugar (a8 olus 5 protein bt padls
I Plant height Average weight onion  Yield (ton Nitrate compounds (mg g DW) (2 100g" Chlorophyll
(cm) (@ ha™) (mg kg™) P 88 gDW)g index
sl
c | 40.02¢ 81.36¢ 15.71¢c 59.97b 11.57b 7.91b 57.53¢
ontro
39X
Nitrogen (Kg 60 46.38b 109.42b 17.52b 69.12b 11.63b 10.18a 61.43b
ha™)
120 51.23a 129.44a 19.07a 16.001a 13.63a 10.66a 64.14a
Jole pas
b 41.74b 92.37¢ 16.63b 82.93a 10.95¢ 8.7b -
Control
Y9k olawd 5 5\
Bio- ; 1500 45.47b 102.91b 17.04b 70.35b 13.18a 9.3b -
X
Phosphate2
Y
51000 50.42a 124.94a 18.63a 60.34b 12.7a 10.73a -
X

Al el SOl (glasals din g0l bl 2 (P<0.05) )l gme M3l ygiar o 4> S jiitio g > b dlel
Numbers followed by the same letter are not significantly differents (P<0.05) based on Duncan’s Multiple range

test.
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Figure 5- The interaction effect of nitrogen x bio-phosphate2 foliar application on nitrate content of onion
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Figure 6- The interaction effect of nitrogen x bio-phosphate2 inoculation on soluble sugars content of onion
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Figure 7- The interaction effect of nitrogen x bio-phosphate2 foliar application on protein content of onion
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Table 6- Correlation between studied traits on effect of nitrogen x bio-phosphate2 inoculation in onion (first experiment)
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Table 7- Correlation between studied traits on effect of nitrogen x bio-phosphate2 inoculation in onion (second experiment)
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Introduction: Onion (Allium cepa L.) is a herbaceous, biennial, monocots and cross pollination and one of
the most important vegetables around the world. This plant contains vitamin B, vitamin C, carbohydrates and a
small amount of protein. Onions with substances such as fructans, flavonoids and organic sulfur has many
medicinal properties. One of the factors increasing the onion growth is the application of a desirable quantity of
foliar for the cultivation of this plant. With respect that nitrogen is one of the main ingredients of amino acid and
chlorophyll, accelerating the rate of growth of this plant and increasing protein and activity of the plant, it is
more effective for the plant. Nitrogen is a component of pigments, secondary metabolites and the main
components of proteins and in other biological important biomolecules such as ATP and nucleic acids can also
be found. Lack of nitrogen reduces the activity of nitrate reductase, nitrite reductase, glutamine synthetase,
glutamate synthetase and glutamine dehydrogenase. The relevant application of fertilizer has positive effect on
the soil quality but also on the preservation of nitrogen and other soil ingredients and decreases a need for the
fertilizers. Phosphorus plays an important role in plant metabolism, such as root development, photosynthesis,
nutrient transport within the plant, meiosis, growth and development of reproductive organs is responsible. In
this regard, the use of micro-organisms will help to reduce the amount of phosphorus fertilizers is expensive.
Biological fertilizer has an important role in the dissolution of some elements such as phosphorus can be
influenced in combined with phosphorus fertilizer. Since in our country due to drastic changes in pH, the amount
of soluble phosphorus in rhizosphere is limited. Therefore use of bio-fertilizers releasing phosphorus for a large
extent can be balanced difficult to absorb this nutrient, and the absorption of other nutrients in plants is effective
as a quantitative measure.

Materials and Methods: Due to the importance of nutrition with bio-fertilizer and nitrogen fertilizer, its
effects on yield and yield components of onion in city Malekan climatic conditions were evaluated. Therefore, in
order to investigate the effect of nitrogen and bio-phosphate fertilizer on quantitative and qualitative
characteristics Azarshahr red onion, factorial experiment in a randomized complete block design with three
replications in two separate experiments were conducted in the crop year 2015-2016. First experiment included
nitrogen fertilizer in three levels (0, 60 and 120 kg per hectare) and spraying bio-phosphate fertilizer (Barvar 2)
on three levels (control, 1 and 2 per thousand) and the second experiment, nitrogen fertilizer at mentioned and
inoculation seed with -bio-phosphate fertilizer (Barvar 2) in three levels (non-inoculated, 1 and 2 per thousand),
respectively. Data from tests using SPSS software were analyzed and mean comparisons of data were performed
using Duncan's multiple range test, finally required tables and charts using Excel software were drawn.

Results and Discussion: The analysis of data variance at first experiment indicated that the effect of nitrogen
on all of studied traits without sugar content and bio-phosphate fertilizer (Barvar 2) on the plant height, average
weight onion, yield, sugar compounds and protein rate without amount of nitrate and chlorophyll index were
significant. On the other hand, effect of nitrogen was not significant for the average weight of onion and
chlorophyll index. The effect of 2-bio-phosphate on the average weight of onion and sugar ingredient was
significant. In the first experiment, the highest performance bulbs (18/98 T/h), average bulb weight (127/51 g),
plant height (50/96 cm) and chlorophyll index with 120 kg per hectare nitrogen and yield bulbs, average bulb
weight, height and amount of protein in the foliar concentration of 2 per thousand phosphate fertilizer 2 was
observed. In the second experiment, most of these traits obtained from 120 kg of nitrogen and phosphate
fertilizer 2 inoculated seeds with a concentration of 2 per thousand, respectively.

Conclusion: In this survey, the utilization of the fertilizing bio-phosphate (Barvar 2) through two ways as
diffusing and inoculating of solution causes the height of bushes, average eight , function, glucose composition
and level of protein of onion to be increased. But the use of the biological phosphate through diffusing
significantly decreases the amount of the stored nitrate in onion. This is one of the main and effective factors in
the consumer's health. Despite that the application of nitrogen increases the effectiveness of onion, the amount of
nitrate increases accordingly. The concurrent application of nitrogen and the fertilizing bio-phosphate (Barvar 2)

1, 2- Department of Horticultural Sciences, Mahabad Branch, Islamic Azad University, Mahabad, Iran
( * Corresponding Author Email: mo_arshad2002@yahoo.com)
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will have more effect on onion. In the meantime, the leaf-application of the fertilizing bio-phosphate (Barvar 2)
inclines the increasing effectiveness of Nitrogen on the amount of Nitrate.

Keywords: Foliar Application, Inoculation, Protein Content, Urea
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Table 3- Phenotypic (P) and genotypic (G) correlation coefficients among various characters
in onion landraces

Slho _ . aY sy . oadla 23l o yd N KeY)
) S Jgb ISR L il shkd W J . i )

Traits Leaf Se RLIYCS Bulb S dsb IS SWis pigY
length  yield /;;lan ¢ edible diameter ~ Bulblength  gphape Bulbdry  center

layers No. index matter (%) No.
Syl G 079" 0.84" 0.97" 0.74" 0.37 -0.30 -0.16 0.67"
leaf No. P 075" 0.70™ 0.23 0.67" 0.29 -0.30 -0.22 0.60"
Sy Jsb G 0.92" 0.92" 0.88™ 0.32 -0.51" 0.24 047
Leaflength P 0.92" 0.22 0.87" 0.34 -0.46" 0.08 0.36
FUNIE OV ¢} 0.35 0.95™ 0.49" -0.52" 0.47 0.54
Yield/plant P 0.09 0.94" 0.48" -0.50" 0.18 0.37
S aYolw G 0.54" 0.60™ 0.20 -0.88™ 0.98"
ed‘bllf]éayers P 0.16 0.05 0.02 -0.18 0.28
Sy ylad G 0.23 -0.75" 0.42 0.25
Bulb diameter P 0.23 -0.74" 0.11 0.19
il Jsb G 0.48" 0.36 0.77""
Bulb length P 0.45" 0.24 0.56"
JSssls G -0.29 0.35
Shape index P -0.06 0.30
Ssolesoy G -0.43
Bulb dry P 024

matter (%)
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Table 4- Estimate of direct and indirect effect of leaf length, Bulb diameter and Bulb length on bulb yield per plant in onion
landraces under study

ol e 1 Indirect effect 3,008 U (cmigi (Soummod
Traits Direct effect sy s sk Job Sy Job Genotypic correlation with yield
Bulb diameter Bulb length Leaf length
e 8 0.684 ; 0.0605 0.2059 0.95%*
Bulb diameter

e dsb 0.263 0.1573 0.0749 0.49%

Bulb length

Srdsb 0.234 0.6019 0.0842 ; 0.92%*

Leaf length

3-
4-
5-

saile (Bl=+/* 11
Residual effect=0.066
Aoy ) 50 Jliol maw o s goe ool Ay g s
*and**: Significant at 5% and 1% levels, respectively.

&

Azimi, M., Massiha, S., Moghaddam, M. and Valizadeh, M. 2000. Genetic variation of onion local varieties in
Iran. Journal of Science and Technology of Agriculture and Natural Resources, 4:15-26. (in Persian with English
abstract).

Barta, S. K., Kallo, G. and Singh, B. 1983. Combining ability, heterosis and analysis of phenotypic variation in
onion. Haryana Journal of Horticultural Sciences, 12:119-119.

Brewster, J. L. 1994. Onions and Other Vegetable Alliums. CABI, Wallingford, Oxon, UK.

Burton, G. W. 1952. Quantitative inheritance in grasses. Proc.6th Int. Grassland Congr, 1:277-283.

Burton, G.W., and Devane, E. M. 1953. Estimating heritability from replicated clonal material. Agronomy Journal,
45: 478-481.

Darabi, A. 2016. The Study of Effect of Planting Date and Density on Marketable Yield and Bulb Characteristics
of an Onion Population from Behbahan. Journal of Crop Production and Processing, 5(18): 301-314.

Degewione, A., Alamerew, S. and Tabor, G. 2011. Genetic variability and association of bulb yield and related
traits in shallot (4/lium cepa Var. Aggregatum DON.) in Ethiopia. International Journal of Agricultural Research.
6(7): 517-536.

Dehdari, A., Rezai, A., and Mobli, M. 2001. Morphological and agronomic characteristics of landrace varieties of
onion (Allium cepa L.) and their classification. Journal of Science and Technology of Agriculture and Natural



Al ) ojlad FY alr (5559l gl 9 pole) SLEL pole i ¥F

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

35-
36-

37-

Resources, 5(2): 109-124. (in Persian with English abstract).

Dewangan S.R. and Sahu G.D. 2014. Genetic variability, correlation and coefficient analysis of different Kharif
onion genotypes in Chhattisgarh plains. Agricultural Science Digest, 34 (3): 233 — 236.

Doweker, B. D. 1990. Onion breeding. pp. 215-232. In: Rabinowith, H. D., and Brewester, J. L. (eds.).Onions and
Allied Crops, Vol. 1. Bota Raton, CRC Press Inc.

Falconer, D. S. 1989. Introduction to Quantitative Genetics. 3™Edn. Longman Scientific and Technical, New
York, 438 pp.

Galmarini, C. R., Goldman I. L. and Havey, M. J. 2001. Genrtic analyses of correlated solids, falvor, and health-
enhancing traits in onion (4//ium cepa L.). Molecular Genetic and Genomics, 256: 543-551.

Golani, 1. J., Vaddoria, M. A. Mehta, D. R., Naliyadhara, M. V., and Dobariya, K. L. 2006. Analysis of yield
components in onion. Indian Journal of Agricultural Research, 40(3): 224-227.

Haydar A., sharker, N., Ahmad, M. B., Hannan M. M., Razvy, M. A., Hossain, M., Hoque A., and Karim, R. 2007.
Genetic variability and interrelationship in onion (A/lium cepa L.). Middle-East Journal of Scientific Research,
2(3-4): 132-134.

Hosamani, R. M., Patil, B. C., and Ajjappalavara, P. S. 2010. Genetic variability and association among bulb yield
and yield-related traits in onion (Al/lium cepa L.). Karnataka Journal of Agricultural Sciences, 23: 302-305.
Johnson, C. E., and Hernandez, T. P. 1980. Heritability studies of early and total yield in tomatoes. Horticultural
Science, 15:280-285.

Johnson, H. W., Robinson H. F. and Comstock, R. E. 1955a. Estimates of genetic and environmental variability in
soybean. Agronomy Journal, 47:314-318.

Johnson, H. W., Robinson H. F. and Comstock, R. E. 1955b. Genetypic and phenotypic correlations in soybeans
and their implication in selection. Agronomy Journal, 47:477-483.

Kalloo, J. C., Pandey, S. C., Lal S., and Pandita, M. L. 1982. Correlation and path analysis Studies in onion
(Allium cepa L.). Haryana Journal of Horticultural Sciences, 11: 97-97.

Kassahun, T. 2006. Variability and association among bulb yield and related traits in garlic (A/lium sativum L.).
M. Sc. Thesis, School of Graduate Studies of Alemaya University.

Korla, B. N., Singh A. K., and Kalia, P. 1981. Genetic variability in garlic. Haryana Journal of Horticultural
Sciences, 10:77-80.

Lee, W. S., Kim, Y. C. and Lee, B. C. 1977. Varietal characters and genetic correlations in different ecotypes of
garlic. Korean Journal of Breeding Science, 9: 149-157.

Mahantesh, B., Harshavardhan, M., Tippesha, D. Sajjan, M. R. P. and Janardhan, G. 2007. Correlation studies in
onion genotypes in kharif season under irrigated and rain fed situations. Asian Journal of Horticulture, 2: 71-74.
Mc Collum, G. D. 1996. Heritability and genetic correlation of some onion bulb traits.Journal of Heredity, 57:
105- 110.

Mcferson, J. R., Walters, T. W., and Eckenrode, C. J. 1996. Variation in A//ium spp. Damage by onion maggot.
Horticultural Science, 31: 1219-1222.

Melke, A., and Ravishankar, H. 2006. Variability and association among bulb yield and yield-related traits in
onion (A!/lium cepa L.). Tropical Agriculture (Trinidad), 83: 112-119.

Mohanty, B. K. 2004. Genetic variability and path analysis in onion. Indian Journal of Agricultural Research,
38(1): 65-68.

Mohanty, B. K., 2001. Genetic variability, inter-relationship and path analysis in onion. Journal of Tropical
Agriculture, 39: 17-20.

Mohanty, B.K., and Prusti, A. M. 2001. Performance of common onion varieties in Kharif seasons. Journal of
Tropical Agriculture, 39:21-23.

Morsy, M. G., Marey, R. A., and Geries, L. S. M. 2011. Genetic variability, heritability, genetic advance and
phenotypic correlation in some onion varieties. J. Agric. Res. Kafer El- Sheikh Univ., 37(1):57-71.

Mulungu, L.S., Nchimbimsolla, S.O.W .M., Reuben, S., Misangu, R. N., Mbilinyi, L.B. and Macha, M. M. 1998.
Performance of nine exotic and local onion (Allium cepa L.) genotypes grown under a dry season tropical
condition at Morogoro, Tanzania: 1. Yield and its components. South African Journal of Science, 94: 451-454.
Pandian, I. R. S., and Muthukrishnan, C. R. 1982. Correlation and path coefficient analysis in onion (Allium cepa
L.) seed to bulb generation. South Indian Horticulture, 30: 22-24.

Pramoda, H. P., and Gangaprasad, S. 2007. Biometrical basis of handling segregation population for improving
productivity in onion (A/lium cepa L.). Asian Journal of Horticulture, 3: 278-280.

Rahman, M. A., Saha, S. R., Salam, M. A., Masum, A. S. M. H. and Chowdhury, S. S. 2002. Correlation and path
coefficient analysis in onion (4/lium cepa L.). Journal of Biological Sciences, 2 (8): 531-532.

Raymond, A. T. G. 1999. Vegetable seed production. CAB International publication, UK.p.328.

Robinson, H. F., Comstock, R. E., and Harvey, P. M. 1951. Genotypic and phenotypic correlations in corn and
their implications in selection. Agronomy Journal, 43: 282-287.

Shigyo, M., and KiK, C. 2008. Onion. pp. 121-162. In: Prohens, J., and Nuez, F. (eds.) Vegetables: handbook of



YV Gl iy oo sodgi 1o Cade 35 g (Scwod « Suiij £955

plant breeding. Vol. 2, Springer Verlag, Berlin.

38- Shimeles, A., 2000.Study on flower and seed production potential and association of characters with seed yield in
onion (Allium cepa L.). M.Sc. Thesis, School of Graduate Studies. Alemaya University.

39- Singh, R. P. 1981. Genetic evaluation and path analysis in onion. Madras Agricultural Journal, 68:61-80.

40- Singh, R. K., Dubey, B. K., Bhonde, S. R. and Gupta, R. P. 2010. Estimates of genetic variability and correlation
in red onion (Allium cepa L.) advance lines. Indian Journal of Agricultural Sciences, 80(2): 160-163.

41- Sivasubramanian, S., and Menon, M. 1973. Heterosis and inbreeding depression in rice. Madras Agricultural
Journal, 60: 1139.

42- Vavidel, B., Muthukrishnan, C. R., and Irulappan, I. 1981. Association of characters between yield and yield
components in Aggregatum onion (Allium cepa L.). South Indian horticulture, 29: 227- 228.

43- Yaso, I. A. A. 2007. Performance and genetic parameters for six onion genotypes in Nubaria area. Egyptain
Journal of Plant Breeding, 11 (3): 307-318.



Journal of Horticultural Science (5329145 galee 5 e9le) FLEL pole 4 2l

Vol. 33, No.1, Spring 2019, P. 29-39 o YASFR L ATAA Sl ) oybed Y il
ISSN: 2008 - 4730 Ay Yook - FYY 4L

Genetic Variability, Correlation and Path Analysis in Iranian Onion Landraces

S. A. Mousavizadeh'*
Received: 09-08-2017
Accepted: 11-03-2019

Introduction: Information on nature and magnitude of present variability in a population is an important pre-requisite
for starting any breeding program. Moreover, the knowledge about correlations among various characters and further
partitioning them into direct and indirect effects is a rational approach to understanding such a relationship which is
helpful for multiple trait selections. The present study was undertaken to determine the genetic variability and
heritability of important economic characters, interrelationships among them and their direct and indirect effect on yield
in Iranian onion landraces.

Materials and Methods: Seeds of twenty landraces were planted using a randomized complete block design with three
replications in East Azarbayjan Agricultural and Natural Resources Research and Education Center for two years.
Thirty plants were selected at random in each plot to record the observations on yield/plant, leaf length, number of
leaves/plant, bulb length, bulb diameter, number of centers, number of edible layers, bulb dry matter and shape index.
Broad-sense heritability, expected genetic advance, genetic variability, correlation coefficient, and path coefficient
analysis calculated.

Results and Discussion: Analysis of variance showed significant effects for all studied traits. Therefore, sufficient
genetic variability exists among the onion landraces.

The bulb yield per plant had the utmost phenotypic and genotypic coefficients of variation (PCV and GCV) (27.81%
and 24.27%, respectively). This shows the prevalence of greater genetic variability among the genotypes which offers
good opportunities for crop improvement through selection. Medium PCV and GCV were displayed in bulb diameter,
number of leaves/plant, leaf length, number of center and shape index. But number of edible layers and bulb dry matter
showed low GCV and PCV indicating less scope of selection as they are under the influence of environment.

The estimates of phenotypic coefficients of variation were higher than their corresponding genotypic coefficients of
variation for all the traits. That might be due to interaction of genotype with environment to the same degree or other
denoting environmental factors influencing the expression of these traits. A high degree of disparity between PCV and
GCV for most of the traits showed their susceptibility to environmental fluctuations.

In present study, the estimates of broad-sense heritability ranged from 16% for number of edible layers to 88% for
shape index. Heritability estimates were very high for bulb diameter, leaf length, and number of centers and shape
index, indicating the possibility of success in selection. Heritability estimates were relatively high for yield/plant, bulb
length and number of leaves/plant. In addition, moderate heritability estimate was observed for bulb dry matter. On the
other hand, low heritability estimates was also observed for number of edible layers indicating the limited scope for
improvement of this trait through selection.

The expected genetic advance expressed as a percentage of the mean by selecting the top 5% of the accessions, varied
between 1.6% for number of edible layers to 43.55% for yield/plant. Genetic advance as percentage of mean was
maximum for yield/plant followed by number of centers, shape index, leaf length, bulb diameter, number of
leaves/plant and bulb length. Genetic coefficient of variation, heritability, and genetic advance were high in yield/plant.
Therefore, yield/plant could be useful basis for selection.

In most traits, the genotypic correlation coefficients were higher than the phenotypic correlation coefficients which
indicated the inherent association among various characters independent of environmental influence.

Bulb-yield/plant showed significant positive correlation with leaf length, leaf number, bulb diameter and bulb length
at phenotypic and genotypic levels. So, improvement of leaf length, leaf number, and bulb diameter and bulb length
traits could improve the capacity of the plants to synthesize and translocate photosynthates to the bulb.

The path analysis showed that bulb diameter has the largest positive direct effect on bulb-yield/plant. The indirect
effect of length of leaves on onion yield through bulb diameter was considerable. Accordingly, selection of plants with

1- Assistant Professor, Horticulture Crops Research Department, East Azarbaijan Agricultural and Natural Resources
Research and Education Center, AREEO, Tabriz, Iran
(*-Corresponding Author Email: moosavizadeh2003@yahoo.com)
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larger leaf length and bulb diameter could be suitable for breeding onion for higher yield. The presence of negligible
residual effect (0.06) indicated that most of the important traits contributing to yield were included in the path analysis.
Conclusions: Results showed that potential of onion landraces with high genetic diversity in selection for development
of cultivars with favorable agronomic and market traits is high. The high genetic coefficient of variation, heritability,
and genetic advance were found in yield/plant. Therefore, yield/plant could be useful basis of selection. In addition, the
path analysis showed that selection of plants with larger leaf length and bulb diameter could be suitable for breeding
onion for higher yield.

Keywords: Bulb diameter, Diversity, Genetic advance, Leaf length, Yield
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Table 1- ANOVA for_light quality and cultivar effects on studied characteristics of melone transplant
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Figure 1-The effects of light quality (include L1: 3%0 blue : 70% red, 15% blue : 85% red, Fluorescent lamp and HPS) on emergence

speed index (A), Stem caliper (B), mean time for emergence of transplants (C), height (D), Leaf Number (E), and the effect of

cultivar on height (F)
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Introduction: Transplant production is one of the most important commercial production of melon.
Transplanting of seedlings with strong and healthy stems and roots will be successful. Environmental conditions,
such as light, affect the proper growth of healthy transplants. The light provides the necessary energy for
photosynthesis. Due to the stimulation of the activity of photosynthetic pigments and light receptor pigments, it
can be expected that plant performance increase by improving the quality and quantity of light. High pressure
sodium and fluorescent lamps are common artificial light sources in greenhouses but because of their high power
consumption, heat generation and the light spectrum that the plant does not use, application of LED is taken into
consideration. The production of specific spectrum of light and the possibility of spectral composition are
advantages of LED lamps. The aim of this experiment was to investigate the effect of light quality and cultivar
on some physiological and vegetative characteristics of two melon cultivar seedlings, Ghasri and Khatooni,
which are among the most important melon cultivars in Iran.

Materials and Methods: To investigate the effect of light quality and cultivar on vegetative characteristics
of melon (Cucumis melo Gr. Inodorus) transplants, a research was conducted from April 4 to May 10, 2016 as
split plot experiment in completely randomized design with five replications and the seedlings of Khatoonia and
Ghasri cultivars were treated under different light quality include two combinations of blue and red spectrum
with ratios of 15%B : 85%R , 30%B : 70%R, fluorescent lamp and HPS lamp. In order to set spectra
combinations, LED lamps of Red (R¢ysnm ) and Blue (Byz¢nm) were used. The 85%R: 15%B ratio was obtained
through using of 340 R lamps plus 60 B lamps and the 70%R: 30%B ratio was obtained by the usage of 280 R
lamps plus 120 B lamps on separate Plexiglass plate. Closed growth chambers without natural light were used.
The size of LED growth chambers were 70x60x60 cm’ and the size of HPS lamp growth chamber was
120x60x60 cm’. The seeds were planted at a depth of 4 cm and were transplanted to growth chamber equipped
with the desired light compounds. Light intensity was 65 umol m™* &~* and duration of light was 16 hours.
Data was collected when transplant had four leaves. Emergence speed index, mean time for emergence of
transplants, fresh and dry weights of foliage and root, root volume, leaf area and thickness, leaf number, height,
height to diameter ratio, stem caliper, chlorophyll a, chlorophyll b, chlorophyll total and carotenoids contents
were measured.

Results and Discussion: The result showed that the interaction effect of light quality and cultivar was
significant on fresh and dry weights of foliage and root, root volume, leaf area and thickness, height to diameter
ratio, chlorophyll a, chlorophyll b, chlorophyll total and carotenoids contents. The fresh and dry weights of
foliage of Ghasri cultivar and fresh weight of root of Khatooni cultivar under 15%B: 85%R ratio, the dry weight
and root volume of Ghasri cultivar under, 30%B: 70%R ratio, the chlorophyll a and carotenoids contents of
Ghasri cultivar under, 30%B: 70%R ratio, the chlorophyll b and chlorophyll total contents of Khatooni cultivar
under, 30%B: 70%R ratio were superior. The results of this study showed that the use of compounds of blue and
red lights increased the dry matter and development of roots in studied plants. Proper dry matter and root
development are important because they make the plant resistant to environmental stress. However, the effect of
light quality was affected by the cultivar. For example, Ghasri cultivar showed the highest fresh and dry weights
of foliage under 15%B: 85%R ratio and with the increase of blue light level, these two traits decrease
significantly, but this results was not obtained in Khatooni cultivar. The results showed that the light quality
affected leaf area and thickness of two cultivars in a different way. In Ghasri cultivar the highest leaf area and
thickness were obtained under, 30%B: 70%R ratio. In Khatooni cultivar, under, 30%B: 70%R ratio, the highest
leaf area and under fluorescent light, the highest leaf thickness were observed. The effect of blue light on the
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University of Mashhad
(Corresponding Author Email: azadeh rashidi@yahoo.com)



M

oy LG (135 9 (SIele b G S 39 B 08y 9098 Sl P oy

variation of leaf area among plants has been reported differently. The leaf area plays an important role in
photosynthesis in plants and with its increase, photosynthesis and plant growth improved. The result showed that
the interaction effect of light quality and cultivar was not significant on emergence speed index, mean time for
emergence of transplants, leaf number, stem caliper and height. The highest emergence speed index and mean
time for emergence of transplants were obtained under, 30%B: 70%R ratio without significant difference with
15%blue: 85%red ratio. Leaf number was lowest under HPS lamp and there is no significant difference in leaf
number among 15%B: 85%R ratio, 30%B: 70%R ratio and fluorescent lamp. The highest stem caliper and
lowest height were obtained under, 30%B: 70%R ratio. Interaction of phytochromes and cryptochromes due to
different levels of blue and red lights lead to the formation of different concentrations of gibberellins and this
affects the height of the plants. In some plants, increasing the amount of blue light leads to a decrease in the
secretion of this hormone and as a result, plant heights are reduced. The results showed that the blue light had a
positive effect on the increase of stem caliper and increasing transplant diameter has a positive effect on its
establishment and development after their transfer to the main planting site.

Conclusions: The result showed that the application of the blue and red spectra compared to fluorescent and
HPS lamps improved the quality of transplants growth. Improve or mitigate results and the performance in traits
such as fresh and dry weights of foliage and root, root volume, leaf area and thickness, height to diameter ratio,
chlorophyll a, chlorophyll b, chlorophyll total and carotenoids contents depend on light quality and cultivar.

Keywords: Ghasri, Khatooni, Light quality, Light spectrum
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Figure 1- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf flavonoid content of
Glycyrrhiza glabra L.
(Duncan’s multiple range test, p<0.05)
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Figure 2- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf free proline content of
Glycyrrhiza glabra L.
(Duncan’s multiple range test, p<0.05).
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Figure 3- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf SOD activity of Glycyrrhiza
glabra L.(Duncan’s multiple range test, p<0.05).
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Figure 4- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf CAT activity of Glycyrrhiza
glabra L.
(Duncan’s multiple range test, p<0.05).
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Figure 5- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf POD activity of Glycyrrhiza
glabra L.

(Duncan’s multiple range test, p<0.05).
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Figure 6- Effect of different concentrations of salinity stress, mycorrhiza and nitric oxide on leaf MDA of Glycyrrhiza glabra
L.
(Duncan’s multiple range test, p<0.05).
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Introduction: The salinity affliction of land constitutes a major threat amongst the various forms of soil
degradation. Arbuscular mycorrhiza fungus can be useful as a bio-fertilizer in providing plant nutrition and
reducing the effects of environmental stresses on plants. On the other hand, nitric oxide plays a role in many
environmental and non-environmental stresses, including drought and salinity stresses. Liquorice (Glycyrrhiza
globra Linn.), commonly known as Mulahatti and Yashtimadhu, is the highest priority value crop which can be
successfully cultivated on salt-affected and degraded lands. It is a small perennial leguminous herb of the family
Fabaceae (Papilionaceae) native to the Mediterranean region and central and southwest Asia, and cultivated in
Italy, Russia, France, UK, USA, Germany, Spain, China, Pakistan, Afghanistan, Iran, Iraq, Uzbekistan, Turkey,
Turkmenistan and north-western India. This research was carried out with the aim of investigating the effect of
nitric oxide modification on coexistence with arbuscular mycorrhizal fungus on some of the physiological traits
of licorice under the salt stress of sodium chloride.

Materials and Methods: This research was a factorial experiment based on completely randomized block
design with three replications. Factors consisted of five levels of NaCl-salinity (0 as control, 50, 100, 150 and
200 mM), two levels of nitric oxide (0 and 0.2 mM) and two levels of mycorrhizal fungi (the presence and
absence of mycorrhizal). To do this, 10 kg pot of pumice mixture and pumice (1 to 1 ratio) were poured into 60
plastic containers (30 x 20 cm; 10 L) and sterilized by alcohol. The seeds germinated in petri dishes after
adequate growth, they were transferred to the pots (all seeds were germinated and grown in the same
conditions). In each pot, five seedlings were cultured and irrigated with distilled water until a two-leaf stage.
After that, the treatment was carried out by a Hoagland solution. Application of saline treatments and nitric
oxide (from sodium nitroproced as nitric oxide source) was performed 45-days. Finally, after 60 days of
planting, sampling was carried out to measure the physiological traits from the middle leaves of each pot, and
after being placed in an aluminum foil with ice-containing flux, it was transferred to the laboratory and then
transferred to 80 ° C. The evaluated traits were leaf flavonoids by Swain (52) method, proline content by Bates et
al. (6) method, MDA with Ohkawa et al. (40) method, CAT activity by Pereira et al. (44) method, POD activity
by Korori (28) method and SOD activity by Giannopolitis and Reis (21) method. The data were analyzed by
SPSS 22 (IBM SPSS Statistics 22.0) software application. The data was normalized and inferential statistics
such as analysis of variance and mean comparison of treatments were calculated using Duncan's multiple range
test.

Results and Discussion: The results showed that the salinity stress had significant effect on flavonoid
content, proline content, malondialdehyde rate and antioxidant activity of catalase, peroxidase and superoxide
dismutase. Salinity had increased levels of malondialdehyde, proline content, and the activity of antioxidant
enzymes (catalase, peroxidase, and superoxide dismutase). The coexistence of mycorrhiza fungus in
combination with nitric oxide or alone reduced the number of flavonoids and increased proline content at each
level of salinity stress. Nitric oxide had no significant effect on measured traits but was more effective in
combination with Mycorrhiza fungi. In general, sodium chloride salinity stress had a negative effect on the
physiological traits of liquorice, but the use of nitric oxide with arbuscular mycorrhizal fungus reduced the
negative effects of stress. In general, it can be said that the removal and decontamination of active oxygen
species is an important part of salinity tolerance in plants. In the present study, salinity stresses have significantly
increased the amount of MDA, which is an indicator of plant response to stress. In addition to salinity stress,
nitric oxide stress has been induced to reduce the effects of high salt concentration on some of the indices, thus
reducing nitric oxide in high concentrations of MDA. Application of saline treatment significantly increased the
activity of the three antioxidant enzymes CAT, POD, and SOD. The results showed that salinity stress had a
decreasing effect on studied traits, but the application of arbuscular mycorrhizal fungus with nitric oxide reduced
the negative effects of sodium chloride salinity stress on liquorice plant.

Keywords: Antioxidant enzymes, Biofertilizer, Flavonoid, Peroxidation, Proline
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Figure 2- SNP different concentration effects on number of regenerated shoot in MM111apple rootstock. a: 5.96 mgL™' SNP
concentration, b: 11.91 mgL‘1 SNP concentration, c: control (no application SNP)
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Figure 4- Interaction effect of rootstock xSNP on peroxidase enzyme activity in MM111and MM106 apple rootstocks in in
vitro condition(Duncan’s multiple range test, p<0.05)
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Figure 5- Interaction effect of rootstock xSNP on total soluble hydrocarbon in MM111and MM106 apple rootstocks in irn
vitro condition (Duncan’s multiple range test, p<0.05)
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Figure 6- Interaction effect on rootstock xXSNP on total chlorophyll in MM111and MM106 apple rootstocks in in vitro
condition (Duncan’s multiple range test, p<0.05)
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Figure 7- Effect of different concentrations of SNP on root regeneration of MM111and MM106 rootstocks on 2 MS basal

medium supplemented with 1 mgL"' IBA + 0.01 mgL"' NAA, a: root number in MM 111 apple rootstock on basal medium

supplemented with 11.91 mgL" SNP, b: root number in MM106 on basal medium supplemented with 22.35 mgL™"' SNP, c:
root number in MM111 on basal medium supplemented with1 mgL™"' IBA alone
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Table 1- different concentration effects of NAA, IBA and SNP on morphological traits of MM111 and MM106 rootstocks in
in vitro condition

s S 3 adyy Job Ay 2y
Treatment (mg L) Dry weight (g) Root length (cm) Root number

(0) SNP 0.01° 0.028 0.01¢8
(7.45) SNP 0.09° 5.75% 5.17%
(11.91) SNP 0.07° 7.00° 4.56°
(14.90) SNP 0.06° 5.16™ 3.22°
(22.35) SNP 0.03¢ 3.53¢¢ 3.58¢
(57.80) SNP 0.07° 468> 2.00

A + SNP (7.45) 0.02¢ 3.47%f 5.78°
A+ SNP (11.91) 0.03¢ 2.39f 6.50°
A+ SNP (14.90) 0.049 4.25%¢ 4.22°
A+ SNP (22.35) 0.014° 3.66°% 6.96°
A + SNP (57.80) 0.044°¢ 4.48"¢ 5.11%
NAA (0.01) 0.054° 2.69" 4.33°
IBA (1) 0.064° 3.79°% 3.17°
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Mean values are followed by the same letters are not significantly different at p<0.05by the Duncan’s multiple range test.
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Introduction: The major problem in apple well-known rootstocks is lack of protocols for fast propagation
under in vitro condition. Nitric oxide (NO) has been received the great encouragement and more attention in the
recent years for its key signaling role. Nitric oxide plays a vital role in the growth and development of plants,
including stimulating the seed germination and seedlings growth as well as delaying in the senescence process.

In previous studies, the application of sodium nitroprusside (SNP), as NO-releasing agent, in combination
with different plant hormones under in vitro conditions showed that, The application of 30 uM SNP significantly
increased shoot multiplication (9.4 shoots per explant) and the use of 100 pM SNP induced rhizogenesis (2.1
roots per explants) of apple micro cutting. Accordingly, the current study attempted to investigate the effects of
SNP treatments in combination with NAA and BA on the regeneration of adventitious shoots and in combination
with IBA and NAA on rhizogenesis of micro cuttings in MM111 and MM 106 apple rootstocks, , under in vitro
conditions.

Materials and Methods: The current study was conducted to investigate the effects of SNP alone and in
combination with different types of growth regulators (IBA, NAA and BA) on the morpho-physiological
characteristics of Malling Merton 111 (MM111) and Malling Merton 106 (MM106) micro cuttings under in vitro
conditions. MM111 and MM106 that growth under in vitro conditions were already used with about 2.5 cm
length as the plant's sources. This research was carried out in the frame of two separate experiments
(proliferation and rhizogenesis). For the proliferation, the MS medium supplemented with different
concentrations of SNP (0.0, 2.96, 5.98, 8.94, 11.91 and 14.90 mg L") used as treatments. For the rhlzogenes1s
the %2 MS medium supplemented w1th different concentratlons of SNP (0, 7.45, 14.90, 22/35 and 57.80 mg L~ N
alone and combined with 1 mg L™ IBA and 0.01 mg L' NAA was used. In the first experiment, characteristics
such as shoot length, number of shoots, total soluble proteins and carbohydrates content, peroxidase activity,
carotenoids, chlorophyll a, chlorophyll b as well as total chlorophyll content were measured. In the rhizogenesis
experiment, root length, fresh and dry weight of roots, as desirable characteristics, were measured. In both
experiments, the treatments were arranged in a completely randomized factorial design with four replicates. Four
and three explants were used in each replication for proliferation and rhizogenesis experiments, respectlvely

Results and Discussion: In the proliferation experiment, the number of shoots under 5.98 mg L™ SNP was
significantly higher than other treatments. The experimental treatments did not have a significant effect on the
shoots length. Since nitric oxide may play a role in cell division, so it participates in the regeneration of the
lateral branches and caused their proliferation (11). The results showed that total chlorophyll and carbohydrate
contents in MM 106 rootstock were significantly higher than MM111. The highest total chlorophyll content was
observed in 5.98 and 14.90 mg L' SNP treatments and the maximum soluble carbohydrates was obtained in 2.96
mg L' SNP treatment. Shoot regeneration under SNP treatments had a relatively high correlation with the
amount of soluble proteins and carbohydrates. In the rhizogenesis experiment, the root length at 5.98, 11.91 and
14.90 mg L' SNP treatments were 51gn1ﬁcantly different from other treatments. The lowest root number was
observed in the absence of SNP. The previous literature indicated that NO induces the CYCD3:1 gene and
caused the expression of the anti-CDK inhibitor KPP2 gene at the onset of the formation of peripheral lateral
root, and the genetic regulators of auxin-dependent cell cycle is directly related to NO. Also, our results showed
that root fresh weight under 5.98 and 14.90 mg L' SNP treatments was 51gn1ﬁcantly higher than other
treatments, and the highest root dry weight was obtained in 5.98 mg L' SNP in comparison to other treatments.
Based on the results it may be assumed that presence of SNP causes changes in the level of plant hormones at
different stages of development, which is probably resulted in starting metabolic processes for root development
and dry matter accumulation. Each trait showed a more favorable result at a specific concentration of SNP.
However, proliferation under 5.96 mg L™ SNP first increased then reduced.

Conclusion: Application of SNP treatments had a positive effect on the measured traits e.g. shoot numbers,

1 and 2- M.Sc. Student and Associate Professor, Department of Horticultural Science, Faculty of Agriculture,
University of Kurdistan
(*- Corresponding Author Email: a.mozafari@uok.ac.ir)
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total soluble protein and carbohydrate contents, as well as fresh and dry weight of roots. In this experiment, the
concentration of 5.98 mg L SNP had the highest effect in term of shoot numbers, total soluble protein and
carbohydrate contents, compared to other treatments. The apple rootstock MM106 showed the better
performance to the plant growth regulators than MM111 rootstock. Overall, the present results indicated that
SNP material, as a NO-releasing source, can physiologically be present in the plant in a way that can induce
regeneration of plants and this potential depends on the genotype type.

Keywords: Growth regulator, Plantlet, Sodium nitroprusside, Tissue culture
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Table 2- ANOVA for the effects of calcium lactate and ascorbic acid on growth and yield of sweet pepper
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variations df Chlorophyll | ¢ rea height width length Plant number Fruit
index yield weight
per plant
Sk 2 48™ 4.1" 15" 37.48" 197.7%* 4556.6"™ 0.3" 23.51™
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Experiment error
Oyt o CV 16.13 6.5 7.6 7.4 3.4 10 7.7 38
*_kk

o gz BB pae NS g doyd iy 9 S g )OI gime S5 4 *y
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Table 3- Theeffects of calcium lactate and ascorbic acid on growth and yield of sweet pepper
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Chlorophyll ~ Leafarea heial;lt (cm) width length Plant Fruit number Fruit
index (em?) (ci) (cm) yield (g) per plant weigh (g)
S 95wl Ascorbic acid (mg L)
(Control) 0 64.75° 39.25° 59.33¢ 62.53° 79.65° 55200 5¢ 110.43°
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Means followed by similar letters in each column are not significantly different at 5% level based on Duncan’s multiple range test.
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Table 4- ANOVA for the effects of calcium lactate and ascorbic acid on quality of sweet pepper fruit
Oy qbn G 4y S O Cld sgme iy it IFTR MBI
Source of variations df Antioxidant activity Fruit firmness Totaslosl;)(:uble Vitamin C
Sk 2 3.3 006™ 0.16™ 94,5
Block
o 6 S57H* 0.12* 0.85%%* 2070.9%**
treatment
olejl sl 12 22 028 0.15 40
Experiment error
e gy CV 7.5 8.8 8.04 5.4
Sl xe BMB] pae NS 5 o> iy 9 S s )0 HI5 xe i 5 4 g FHE
* and **: significant at 5% and 1% probability levels, ns: Non significant respectively
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Table S- The effects of calcium lactate and ascorbic acid on quality of sweet pepper fruit
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o s, Antioxidant activity (%)  Total soluble solid (kg cm™)  Total soluble solid (°B)  Vitamin C(mg.100mI™)
S 95l 1wl Ascorbic acid (mg L)
0(Control) 14.9¢ 1.71¢ 4.8° 74.58¢
100 15.8¢ 1.76° 5.16° 137.49°
200 19.2° 1.76° 5.2° 141.38°
300 23.3° 1.9° 5.7 144.98°
osndS” @LSY Calcium lactate (g L)
0.5 17.78" 1.9° 4.8° 97.35
1 19.06° 2.13 4.9 107.83°
1.5 24.6" 2.16* 5.1° 107.83"
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Means followed by similar letters in each column are not significantly different at 5% level based on Duncan,’s multiple range test.
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Introduction: Sweet pepper (Capsicum annuum L.) is a worldwide used vegetable, which is an excellent
source of ascorbic acid and has high antioxidant capacity against oxidative damage caused by free radicals.
Ascorbic acid (AsA) is a water-soluble vitamin that plays a key physiological role in scavenging reactive oxygen
species (ROS), and enzyme cofactor. In recent years, the application of exogenous AsA has received much
attention for use as a biologically safe compound for postharvest quality maintenance of many horticulture crops.
Calcium is an essential micronutrient that plays a vital role in maintains cell wall stability, integrity and
determining the fruit quality. To our knowledge, however, little information is available regarding the effect of
ascorbic acid and calcium lactate on pepper fruits. Thus, the aim of this study was to investigate the foliar
application of ascorbic acid and calcium lactate on growth, yield and fruit quality of sweet peppers.

Materials and Methods: To study the effect of foliar application of calcium lactate (Ca) and Ascorbic acid
(AsA) on growth, yield and fruit quality of sweet pepper, the field experiment was carried out from June to
September 2016 at Research farm of faculty of Agriculture, at the University of Zanjan, Iran. Pepper plants (cv.
California Wonder) were cultivated by applying conventional farming practice for growing in open air
conditions. 210 plants (30 plants for each treatment) were selected for uniform size and fruit load, and were
sprayed three times (0, 15, 30 days after full bloom) with an aqueous solution containing different concentrations
of Ca(0,0.5 1and 1.5 ¢ L") and AsA (100, 200 and 300 mg L'l). Each treatment was carried out with three
replicates. Pepper fruit were harvested at commercial maturity stage, and transferred to the laboratory on the
same day. Leaf area was recorded whit measurement leaf area (DELTA-T DEVICEC LTD, ENGLAND). After
fruit harvested, plant length was measured. Fruit was weighted after harvest to determine mean fruit weight. The
fruit number per plant and fruit yield per plant was measured to determine of total yield. The total yield
expressed in kg ha . Flesh firmness was determined with penetrometer (model Mc Cormic FT 32), using an 8
mm penetrating tip. Results were expressed in kg cm. The pH values of solutions were monitored with pH
meter. TSS was measured in the extract obtained from three fruit of each replicate with a digital refractometer
Atago PR-101 (Atago Co., Ltd., Tokyo, Japan) at 20-C. Total ascorbic acid content was expressed as mg per 100
g of juice. Antioxidant activity was measured using the free radical scavenging activity (DPPH) and calculated
according to the following formula: RSA%= 100(Ac-As)/Ac. Statistical analyses were performed with SPSS
software package v. 20.0 for Windows, and means comparison were separated by Duncan’s multiple range tests
atp < 0.05.

Results and Discussion: The results showed that foliar application of AsA had significant effects on growth
and fruit yield. The highest fruit yield (897.1 g plant”) was achieved at 300 mg L™ AsA that had no significant
difference with 200 mg L' AsA. Foliar application of AsA markedly increased vitamin C content, and also the
highest value of total soluble solid (5.7 °B) was recorded from 300 mg L' AsA. Ca had no significant effects on
growth and fruit yield but significantly improved fruit firmness. The highest fruit firmness (2.13 and 2.16 kg cm’
") was obtained from 1 and 1.5 g L' Ca. The maximum antioxidant activity was achieved with application of 300
mg L' AsA and 1.5 g L' Ca. The fresh sweet peppers were an important source of ascorbic acid for human
consumption. AsA significantly increased the amount of vitamin C in the plum and sweet pepper fruits. Foliar
treatment of Ca increased vitamin C content. Increasing vitamin C content in fruits after treatment with Ca could
be related to inhibiting action of calcium on the activities of ascorbic acid oxidase that use ascorbate as a
substrate. The results indicated that treatment of Ca produced fruits with higher firmness compared to control
and other treatments. Firmness and resistance to softening can be increased by the addition of Ca, due to
interaction of calcium with pectate acid in the cell wall to form calcium pectate and retarding polygalacturonase
activity. Differences in the percentage of TSS content at the time of harvest indicated the AsA and Ca effects on
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carbohydrate accumulation in fruits, which had different potential on respiration rates and consequently
storability of plants. The exogenous application of AsA and Ca in sweet pepper plants indicated that treatments
had significant effects on ascorbic acid content of sweet peppers. The antioxidant activity has positive
correlation with total phenolic content, flavonoids and content of ascorbic acid.

Conclusion: The results of our research indicated that per-harvest foliar application of AsA increased plant
growth, fruit number and weight. Also, AsA and Ca treatments improved fruit quality attributes including
vitamin C, fruit firmness, TSS and antioxidant activity. These results suggest that AsA and Ca treatments,
especially AsA 300 mg L™ and Ca 1.5 g L', may be proposed to improve fruit quality.

Keywords: Antioxidant activity, Fruit weight, Leaf area, Total soluble solid, Vitamin C
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Table 1- ANOVA for grafted combinations and salinity levels interactions in examined characteristics of two Iranian melon

accessions
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Figurel- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combinations on
chlorophyll content of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Figure 2- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on
carotenoids content of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Figure 3- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on
photosynthetic efficiency index of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Fig.4. Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on the
relative water content of leaf of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Figure 5- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on
vascular pressure potential of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Figure 6- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on
proline content of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Figure 7- Comparison of grafted and non-grafted plants and interactions between salinity levels xgrafting combination on
level of soluble sugars of two Iranian melon accessions (p<0.05, DMRT). Bares indicate SE.
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Introduction: Varieties of melons have long been the most important crops in Iran and have a special place
in Iran's agricultural economy which is the third major producers in the world. Different types of melons belong
to various botanical groups of Cucumis melo. Salinity stress is one of the limiting factors in the production of
crops. Majority lands in Iran have arid and semi-arid conditions. The characteristics of these regions are high
evaporation and low rainfall, which causes the accumulation of different salts in the surface layer of the earth.
Salinity is one of the most important issues in the world, and millions of tons of salt are come annually from
irrigation water into agricultural land. Therefore, many plants are encountered to saline soils. Grafting is
developing as a new and effective way to increase the tolerance of plants to salinity in advanced countries.
Several reports indicate that the rootstock type has a significant role in the resistance of the scion to
environmental stresses. In the present study, salinity tolerance of two Iranian melon accessions (‘Garmak’ and
‘Samsouri’) were investigated based on eco-physiological traits, on three commercial rootstocks and a local
variety of cucurbit, as well as comparing them with non-grafting plant of ‘Garmak’ and ‘Samsouri’,.

Materials and Methods: This experiment was conducted as factorial in a completely randomized design
with three factors including salinity stress (in three levels) and four rootstocks and two scions with three
replications in greenhouse and field of the faculty of agriculture, Vali-e-Asr University of Rafsanjan, Iran. In this
study, two melon accessions (‘Garmak’ and ‘Samsouri’) were grafted on commercial hybrids rootstocks (‘Ferro’,
‘Shintozwa’ and ‘Ergo’) and a local variety of bottle gourd and subjected to salinity treatments (0, 20 and 40
mM levels of sodium chloride) in the field. One month after adaptation of grafted plants, grafted and non-grafted
plants were transferred to the field and salinity treatment (sodium chloride) was applied one week after planting
in the field. The evaluated traits at the end of the experiment were: photosynthetic parameters (total chlorophyll,
total carotenoids, photosynthetic efficiency index), relative water content, vascular pressure potential, proline
and soluble sugars.

Results and Discussion: The results showed that in salinity treatments, grafted plants were superior to non-
grafted plants in studied traits. Differences were also observed between the tested rootstocks, so that the ‘Ergo’
hybrid was weaker in many features than other rootstocks and even non-grafted plants. The results showed that
salinity increased the amount of proline and carotenoids in the leaf, which was lower in grafted than non-grafted
plants. With increasing salinity, the pressure of vascular pressure decreased. This amount was lower in non-
grafted than in plants grafted on ‘Ferro’ and ‘bottle gourd’. Also, the total chlorophyll content and relative water
content of leaf decreased, which this reduction was higher in non-grafted plants. Among the traits mentioned, the
best studied rootstocks were ‘Ferro’ and ‘Shintozwa’ that were better than other rootstocks as well as non-
grafted plants. By increasing salinity, the soluble sugars of grafted plants on ‘Ferro’ and ‘bottle gourd’
decreased, but in grafted plants on ‘Shintozwa’ hybrid, increased salinity increased the soluble sugars content.

Conclusions The results of this study showed that salinity stress significantly reduced the relative water
content of leaves, photosynthetic pigments and carotenoids. Salinity also increased the potency of vascular
pressure potential and proline concentration. Compared to non-grafted plants, the negative effects of salinity
stress on non-grafted plants were more prominent than grafted plants. Also, the amount of photosynthetic
parameters in grafted plants decreased less than non-grafted plants. Comparing the two evaluated accessions,
‘Samsouri’ was more appropriate than stress conditions. Compared to non-grafted and grafted plants in non-
stress conditions, the best rootstock was ‘Ferro’, which showed the best result for all traits except for proline
content in both ‘Samsouri’ and ‘Garmak’. At a salinity level of 40 mM, the ‘Ferro’ and ‘Shintozwa’ were
superior to other rootstocks, which showed satisfactory results in most traits. Also, due to the poor reaction of the

1, 2 and 3- MSc. Graduate, Assistant Professor and Professor, Department of Horticulture science, Vali-e-Asr
University of Rafsanjan, Iran, Respectively

(*- Corresponding Author Email: mraghami@vru.ac.ir)
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grafted plants on the bottle gourd rootstock under salt stress conditions, it seems that this rootstock probably due
to low compatibility is not a suitable rootstock for two evaluated accessions in the present study. Based on the
findings of the present study, ‘Ferrero’ and Shintozwa’ in combination with ‘Samsouri’ and ‘Garmak’ showed
more tolerance to salinity.

Keywords: Grafting; Photosynthetic parameters; Samsouri; Shinozwa; Sodium chloride



Journal of Horticultural Science
Vol. 33, No.1, Spring 2019, P. 101-111
ISSN: 2008 - 4730

($55,9US galoo g psle) (SLEL pole 4y Wi
VM) .o ATAA s ) oylad FF als
Yeoh - FYYL LS

Sl o)las 36 o KPo s plamdam 5 S350 LS

oAl 5 gmS Ll i 55 s

A #Y N " \. .
db—d‘)bw&-— ér&w‘éw— dw‘)rld.ﬂ
VWAF/N YN 13l 55 )b

VWAVANYY ;o sy e

LXVOCS

Sl .l 48,5 )18 dn g5 3590 0)lsen (olowd (slBd5S L pnn (ialS Bua b jlasl 5 S8 (6550liS" o S e w5 oo latu!

2" aaeST P e (plaps Sl ol (s5me (b Spre a2 L (I gloe )3 oal S (Sl ISl (o alllas
lmylos ol 30l MalS )b 5 55 Jy)siS6 &gty Ltslojl 391 ST oy S s 3 ol 5 Lusg lolS” 6,1 S5 j3g5 S
5 PHEA Ly (ool &S (ggl> (I8 Jolre PH=S L 520038 (ol 9 (0] cigs (238 Jslomo {PH=F L ool &) (g5l olie Jslove) anlis
wusls H5 gme il o (6 pS03lnl clacio don 5y 2byd Sils oylac ol L gl de PHEA L 926081 (ol g oal (g (2136 Jglxe
Lo PH=F Ly 500058 (gl o o Sy Jlub (0] 5 Jidg)IS" (3o i g iy 55 (g algn sloplil SUis g 5 (59 4S5 psbsy
2 kel )3 ol ol callad (al38] s 5551 3,848 3l (LS 35 S 3 Sl g YU slam il cllab 5] 05 ol alS
od b e Jslowo 15 (A0 (g sy ool O il cudly s Sl olae Siagh ool @l el b ol 35S Ll
Jodoxe pH=F O_afl NS gy 0008 5,18 K00 @ )le 4 S pal )3 Onfl Somas OlS 5 5l ealatwl (tals Ly olS pl adgr oSl o

e Jobo «SB o cutS (S (6555l 2081 15 S g0 14

O S (gl i (YF) 23 2435 Y quaze 43Syl Ags
dl)_s Lr’“‘*lo ul_u.{)J )l oslawl JbuJ“_: c.)._:v)‘.) M)L:.a?u
H Jslee 55 ool el wile Lesias oS 5 LijSols
o=l 3 S (5yslaS Blaal 4 (a3 6550 P15 Nl5i e
(7Y) 2L ke
ol (Ko 92351 2le by Sl (slooylas wpas Jus
13 lvons go 31 oozl talS (gl it ,Kal, S, Slg
5 48 ol pudiplio 218 g5 Sy grguiST (YY) LBl (535S
Lol el oo Casd & pgmagts pabiboSl pliy (sloggd Sl g5 S
5l S 5 5 035 gliie laojlas 5l 8 S L
5 ol Sl paals b LS5 ool 5551 0 Jolate
1531 i Jgama (59, o @SBl ol o o Cuslaile
b ysbas K el g ool K ool g Slatdio 5l oy yunlS (YY)

2- Actiwave
3- Ascophillum nodosum

-

Aol

Coomwr dy &S > Jlo 3 ¥ gazo ()90 S bg) 059

Cangjlaes Jlatwgd 5 )lul Sl 3,5 5 S (59l
Sl 50 loladl 5l slend sladgS 5l odlawl ials .ol
polis Bpan g ol plosil) d9ue b 4 Conl Ban ol 4 s,
Lacaed pl (YY) cél cund ol pl & o o olS lawgs olic
CdS ) ghaw &5 (K09 Wil (FYgae 3)90 )3 pogada
STl 55,0 0,3 3939 Lo yguiS 3 ol (el (b slolas g
it Jgamo ol W5 50 4085 5 (o)lo] (S Cy e
89y 5 03b (amacn; Gl Sagl o, o cigds plox]
Lol ool dawlgar cplply 85138 oo ite Sl Jpamee cutsS
2 2l dlge g Ol 5l edlatul 63 5iuS wz b gme ialS  aw

pole 09,5 Ll 5 dliwl ( SLEL pole (68> (sl cul 4 Y 5 ¥ )
()])?.‘ ‘L')L\o.zb s ‘_;l.r-y olKissls “_;)')9&"5 0aSisly ‘L;‘L.cb

(Email: m.esnaashari@basu.ac.ir

DOI: 10.22067/jhorts4.v3311.67812

1 gaane 0Ly g5 — k)



IWAA e o) oplouds FF il (55 sLisS aslio 9 pole) SLEl pole g i Y+ ¥

Sggydad baly 5 4> YIL.)I_\_.:.Q oLS o wly s slgie ials g
(¥5) 225

P LS e g s Lo yedS )3 6jyslis oMU I (So
WSS pH 90 3b codle o 5,181 33,5 o oLS ady bayxo
By 3 pasbeil g ol Gl S 3 (S5, o 398 W
0ialS s 4y ol 298 & dls ol o o Wl g 08
(Y0 9 V) 95 0 03l i ) A gy LS L ol Gl
ol S 005l 31 s 4 Wilgh o pizmad olS Ay ials
$95 5 9 (M) acdyy b 55 5 (Sl slasil b g,
Camj Mg o a8 SoS S 568 sl [STgp 2o 4 Wil
"L dile latedss a8 by oSl srdgl sl |l
Sl GY pame CutsS 5 CuaS (65) (sduto Oyl g odbosliiwl
15 din B o b ale S5 4y 45 s slacSils ojlas (19
I slocdgonl Grzmen 5 olS 43, laoriS e lals (S 55l
il Gl 5 omelig inodlse el sl daiyiliy o
ElaSils o)las ¢l lndg GMs 5 () sl cpoolisg

. Vo S .

Ulge g sl Gl g 0392 (g o8 9 pdice o (b
a8 md e Ol (25 g ele SIS (VY) )l gyl
ol QS sl 5 jed (S8l @ e cuw dlge cnl 3 )8
sbaled 5 ()58 5 (Seid wils) ame Sl s g boggslon
(VY 9 V8) 3900 Jpamme (slaudd jos 5 CaieS 9t 5 (L

ke (gl bl el g gl o3k s iRgR
PY VYY) ol osd plosl (S5,8005 50 oyl dgueS 5 56 59,08 5
Lagl (55 ilidste g pal (SloMST 3,08 o550l (F+
G yecnn Lol (V) ol (G5 IS 2] gy sl ogmd 2 Jpsie
Lol o cumw bj sasa Joeod p ogdle Blge
kool (8L sl pxine cnlpli 29500 Jaorecun )
Sl Symo Cnj Sy guguST ooy 00 oS & (5905 Cnil>
9 50 529551 L 2lie Jolomo )3 ol ST (230l ISGl )y

3- Eruca sativa

4- Induced chlorosis
5- Bioactive

6- Sea weed

7- Biodegradable

HLS sl gbs olawdly sl )3 Ylazsl g azils 3929 ol 5
e K oolig (28 2,0)18 sl S0 SVl 5 S5 5t
g e Cawdygl (45 (Gl Llate § LS (1959 oy S50
G 9 03,5 S8 ol Joloo 55 a1 Jslowel ol (sl 4y &8
Cliie 55> 5u58] 45l 39 o olS bawgs yal i
G il 3 S )lie b oSl (pl (08 dle K (alisg
Gyl 5(TY) 23,5 o oS aly) basgs ol Gl Jiged s
Jos SLS Cuxdg onimadggy Jole lyioar dsl Sl S0
JS—i5 g 0d S 5 (5 sl LSy b a5 (g y5bdy S e
Ol ) shwgiay > Ol (50455 sla Shog 45 12300 o jordy
Fowle e sbul 4 jaugh) 3 Casby il 3l () wins oo
1S o SaS ) olya dho (5loomnsS g S g Aui) A5y sl
lymiedns 45 1 3b o 6yl sl Dl Wyl culisys (1Y)
S A oS Jreod oa il g WS o Jos (jel slalable
4 Cdled Loyl (o (VV) s ()95 9 (S—ds
sy 5 Sy Jebo)lS glgime ol (28 5,0)8 5 25,15 uieS gtpes
AS ol 01 IS VY 5 1+) amde Ltall ] iy g a5l
015308 ST Jood g (gdas polic Ol (Al Cow 92451
(YY) 29 o0 0LS Loy
29 5290551 9 FZB24 o)luas g9 93 338 ¢ gy )
9 LSy Sitd g 55059 oS M al38l o ()l ixe
ot 98T 51 0 )Sloe b alayly )0 .00 g 908 50 5,Slos
5 S 48 oo lS a5 9 ;e S o
5 ol L S Slals S ) Gl Jlade (iS5 A3g55) 18
o L350 (69 (YA) ol Cwd 4 B0 o S e Canw
291U 555 gl o o plogs GRS L 520381 )5l Jls (sl
Sl Rd (gl y3 (Fe) 35 s |y adjle pl (e I
38l s SIS )3 15l 58 05, (K909 59 o3le
oSh 9> W) Sy b9yl lgiome (o3 Vo) (g M)
290 (1j9 9 (323 VV) ogse M55 g 5iiwgid £ 5 ho) £IB) &5,
LS 0355 IS o it 5 0] 3908 Ll 3
do adyy Soid odle g oy VY 5l i 4 olS Sis ool g
9081 48 1S admliie yisred 8L ili8l Moy YE I i
g3 33 (1) 21> Ay oo 295Sn Cupmox (59 Site 15T
S 059 ke g i) 2oy Glll G 92555813, K03
5250581 (VF) 1 Ll LS (gl ;5 1l &y s ot
3ySdes 5 Jg IS (e ey 903yl dne Gl o (e

1- Biostimulant
2- Biomass



VoV Sl ojlas il o (S8l alierdan 5 S elst e SLUASTs

L el Ol S (o ssla) A Jolae pH L ailS g JolS” Jole
5l) A Jolro pH Ly 4l n Jgdoms o (;¥gmn oo )+ cdile
92955) 33 )3 yid e

ole L 3 g bl aeldl olo g3 b YU ogus 4 ol 4i%
Ooed A (S ojll o) Lusld g ddy) SS9 5 (g pgd
(V) g b9y & oadsiio)l5 35 9 JS 9 b @ sl Jidg)lS" (e
Cldyd 94235 spSojlsl o3 Ar gl L gl el bawgs
@ o byl e horis (ol laJglone il e
YVe g 7¥0 S5F (slagss Jo-b ) sy o adely)lS 9 b
Y . = T
Voo 68 Jie bl Som yiegidy Sl olKiws bawgs yiagil
sy g deloe 1o laly) Sl osliiwl b g <313 1yl bl
Gl Sl Alagl p &S b ple Sy 5 ojg p)S5 5 pS ke
ol 0 S5 slagzse Jobo o

Chl,= (12.25%A664)-(2.55xA645) (V) asdg ks
Chl, = (20.31xA645)-(4.91xA664) () b L 5
Chl, = Chl .+ Chl , (V) IS Jidgls

Carotenoids = 1000xA470-1.82 chl,-85.02
chl, /198

2 Ty SbysSeal ¢ YU lam il cdld obj))

(F) Lasgss) s

5 ) 5 (F) ol gy S oolissl b 5 4y o)1 Sy (sloaiges
oK [ l_(bo)l_uz.c u..\_> ul)_m S fl_’>u‘ (Y\”) ul)l_io.lb
P LSl cdlw Ve )8 Jae 0ol 992 plogidy pSul
) 4l Yo Joolsd Ly adidy 0 e 4y iogil VY zge Jsb
Al Ve Jolgd b addo ¥ e 4y jogili YA+ e Jsb o (YUK
o)_39 WJL:.% ;a_sl.g(v.) 9 A pJ‘)B ()‘Ju_w.{‘); ub)9g_wi dl)_v)
Gl pliee sy abogye sl o)l odlitul L lag 5]
P2y duwlone 4B33 y2 )3 (g p)S e

bl oy 9 Sy 53 39290 Jlb g JS (ol (S 0jlal jglatony
el FA oo 4 01, 5 b 4 p Ve clod b oyl ) lndiges
9y dm Ladssad (65 ojlas Ab gy e g 00D SiS
(7V) ,8LS 9 )T gy 9 JS ol sln (F) e g (Slidlae
Jeols (slaolac Gl i puge g 36l Jos 4 Jlb ool 4y
il e sly (ool i yiagibg il ol 31 oslizal |
Jb 5 JS cal ggp g0 clale Toylys 50 )3 1S5 0l il VY-
25 dulone SS9 £ 9kS )3 £ (e s

Silp s 3l ool b sdalcwndas (laosls (gyl] Julowigas jo5
as gesl ) pSile auglie o g b ploxl /Y aseus SAS
W05 ool doyd O Jleis] e j3 4SSl (glasel

3- UV,Varian, Carry 100
4- SpectrAA 220

5 =gy Lo Shy 3 sy o b 9 L8 9 8)lae pH
D SB edy CulS s )3 (S5 G55 08 90 (olendsn

L9, 9 390

oBislojl 5 SIS ;5 V¥AD 5 WAF (cla Jlo b imgd oyl
b (e g ol (65,5lis” oasutils (SUEL pole 09,5 oty
el 55T ()b pU L (2b)d Silr o)las 5 pls] luen
835 ) il S a5 Ll jpiS 5,51y 2,5
2 &ly ohop 5 @iigliS ©loss ¢8,5) Jgpare nl 0283l
TS p slanlts WAF Lo liews) S15 03 sl 5 (gt
iansS bial (65,58 Sliging 55 50 5l gk g Lug,lals o5
@) Cdp g CwsSsS e oyl ¥ sl 3 g S as
doby ol a5l w des S 5 BAS CuiS ((galue Cound
aidyge (Bt (slajles b wd ygots lalS @i g (o)L
Vooo¥or palhe L asan o, ¢ olalS auis a5 5Ll
rly Sl sgdin iy polie Jolis) wilSn Jolore yid Lo
oo V mjsie Slilgus 5 ¥ poigol Sland o ouls ol &
KVIO cppiagSis ] M D ouslty )18 2 gdho ) polis
Sl VA 59y Slgw DD Ko Slalgw FO S5y dunl
4By i A A (Ygo9,5un /WY o Sladge 5 /0 e
yiopH bwg olie Jolowe EC g pH putais i plodl olS
88 plonl (e miesj (owd VVE /) 4 EC o (FE-/Y)
Laghls cplals ady) SLbl > Sad gea jl 65 5l> jslaiod;
SIS iSlas cled sy 0ygd (b s gui] b (slasan
FOED gy 901, 5 ol any VAEY Jilas glod o YFEY
goSn Feem Ve ) 2l 8 (b yg5 ot LS 5 09 2oy
(458 ) @peie » Joo

B oy ol 9816 93 b g8 g0y ol
)>J%.5C)~'5’4%(“5‘““)3&1)\*:33(‘91“9“9)}"[5)6@7 »
cinlojl asly o s ol IS5 Y 3 g dslas MalS )b LB
Sl D5 (S P0g d S sgzee QIS o g QSO el
@it Jslowo 31 sless S5 3 al OIS 081 58T i L))
5500 e 3 5 43,8 odlit ol 408 5l ol (sl g A5 Bl
LS L) L5 pH 3 g8 5, Slae 48 05 slo] Ll
23 2 an Lelass gl 095 (2 (0] 42 ol (g o
Ll sa Joloe (aall) & Jolo pH L aidSsa JolS' Jgloxe 104
cg958) i) 5>y duo </VO + ol SMS g0 & Jolse pH L

1- Valagro
2- Fragaria xananassa



1¥aA )LQJ. Al O)Lo.& NY -A.l? ‘(éj)sw égL,,.g 9 lg,_l_;) SS’L":L’ l‘?‘l'c 4’}"" \ .\f'

FSis 5,5 0js Oliee e g Cdly g2 (SSI pH=F
(Jolie 0 (5 WV/E 5 Fo/A Cos ) dal cawd @ oyl o]
pH =/\l_gJ.;.l§yn &KJ’W}[A{;)) \.aa‘_;);9 ‘_')g.‘ )I.\.S.A u)/v«os

() Jssa) (£S5 VIA 5 YO/Y sy &) A odaliio Iglo o8, 53

Ol 59y (3op3 ) aw 1) 5)ldisine I 290551 5l 03lisl

9 7 0ig 0l CudliS by olgn plul SS9 BB
55 9 9 sl 5l iy Luog)lolS” 08, 53 (2lg plusl Suis
2 ol S L 5581 030l Jlas 5 1als e o Lug,lels

SO 03 93 )3 Al g led PINT SUES 9 5 (359 59, 29551 F1-Y gse
Table 1- The effect of Actiwave on shoots and root fresh and dry weight in two strawberry cultivars

o Lo P 039 ‘ Sl 39 ‘ » cijs e, S
Treatments wlp sl wtloh el Wa, Dry weight of roots (g)
Fresh weight of shoots (g) Dry weight of shoots (g) Fresh weight of roots (g)
w5
Cultivar
Cl1 37.87a 10.76a 26.12a 5.24a
C2
whie s 31.79b 9.45b 18.95b 4.37b
Nutrient treatmet
T1 38.75a 11.03a 22.58a 4.66a
T2 36.16ab 10.51a 24.08a 4.89a
T3 29.00c 8.61b 19.91b 4.60a
T4
olize I 35.41b 10.28a 23.58a 5.08a
Interaction effect
CIxT1 42.83a 12.06a 25.50b 5.0labc
CIxT2 40.83a 11.60ab 29.16a 5.39ab
CIxT3 32.83b 9.43¢ 21.33¢c 4.92abc
C1xT4 35.00b 9.96¢ 28.50ab 5.63a
C2xT1 34.66b 10.00c 19.66¢ 4.30c
C2xT2 31.50b 9.43¢ 19.00c 4.39bc
C2xT3 25.16¢ 7.80d 18.50¢c 4.29¢
C2xT4 35.83b 10.60bc 18.66¢ 4.52bc

pH=8 JalS 8 8 Jlaii :T3 (pH=6 525551 5 s (a1 5% 2B 58 Jlasi 1 T2 epH=6 JolS 2B 58 jlasi T1 ¢lsbus a5 €2 by JlS a2 C1
pH=8 5 558 (sl ol sn 2l 4 Hlasi T4

AEl e (Sl hialadia G e ) ) saliiul L aa a0 b )3 Jlaiea CaBEA) axe sdiaLiS lag o5 R 5 ousie a1 aliie Cag a

C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave

pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8

Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Table 2- The effect of Actiwave on pigment content and enzyme activities in two strawberry cultivars
5 Ladgdy,l5 N5 .
o Lo aJidy S b Jus 15 IS Jesg S B SYel ol
I Chlorophylla  Chlorophyll b Total am/ EWY Catalase Peroxidase
Treatments (mg/g FW) (mg/g FW) chlorophyll (mg/g FW) (abs/min/mg (abs/min/mg
g'e g'e (mg/g FW) protein) protein)
w5
Cultivar
C1 1.20b 0.56a 1.76a 0.51a 0.08a 0.46a
C2
e .)lo"d 1.32a 0.51a 1.84a 0.50a 0.07a 0.54a
Nutrient
treatmet
T1 1.29ab 0.53a 1.83ab 0.57a 0.10a 0.61a
T2 1.20b 0.60a 1.80b 0.50ab 0.07b 0.51a
T3 1.16b 0.41b 1.57¢ 0.45b 0.05¢ 0.36b
T4
iz ),J‘ 1.39a 0.60a 2.00a 0.52ab 0.07bc 0.54a
Interaction
effect
C1xT1 1.19abc 0.48bc 1.68cd 0.56ab 0.09ab 0.65a
C1xT2 1.14bc 0.58ab 1.72bcd 0.52ab 0.07bc 0.50abc
C1xT3 1.09¢ 0.47bc 1.57d 0.45b 0.06bcd 0.33¢
C1xT4 1.38ab 0.69a 2.07a 0.52ab 0.07bcd 0.38bc
C2xT1 1.39ab 0.58ab 1.98ab 0.58a 0.11a 0.57ab
C2xT2 1.25abc 0.62ab 1.87abc 0.47ab 0.07bc 0.53abc
C2xT3 1.23abc 0.34¢ 1.57d 0.45b 0.04d 0.38bc
C2xT4 1.41a 0.50b 1.92abc 0.52ab 0.06¢cd 0.69a

pH=8 JalS 2 g jlasi :T3 pH=6 5255 (5 s 0l 052 2K g8 jlasi 1 T2 (pH=6 JalS 2 g8 jlasi: T1 ¢lsbus o C2 s S a8, 2 C1
pH=8 52558 (5 sla 01 053 2 54 Jlasi T4
2udl e S (glielaaia e )l ) saliiul L aa ja 0 b )3 Jlaiea CaBEA) axe sriaLis lag o5 R 5 osie a1 alie Cag a
C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave
pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Table 3: The effect of Actiwave on shoots and root’s total and active iron in two strawberry cultivars

o S @ S ol aiyy JS o2l S p Jlad o2l Ay y Jlad o2
Treatments Total leaf Fe Total root Fe Active leaf Fe Active root Fe
(mg/kg DW) (mg/kg DW) (mg/kg DW) (mg/kg DW)
w5
Cultivar
C1 58.23b 219.44a 17.60b 47.70b
C2 69.79a 169.38b 20.68a 52.65a
he les
Nutrient treatmet
T1 72.32a 190.03a 22.65a 48.99bc
T2 65.71ab 204.15a 20.07ab 54.38a
T3 61.76bc 194.10a 16.43¢ 46.07c
T4 56.25¢ 189.35a 17.41bc 51.25ab
Jilizo 1
Interaction effect
CI1xTl1 57.37cde 223.00ab 23.22a 44.83de
C1xT2 63.87bcd 235.42a 17.30bc 57.05a
C1xT3 53.43¢ 215.46ab 14.15¢ 42.62¢
C1xT4 58.25cde 203.87abc 15.75bc 46.30cde
C2xTl1 87.26a 157.06¢ 22.07a 53.15ab
C2xT2 67.56bc 172.87bc 22.85a 51.72abc
C2xT3 70.09b 172.75bc 18.72ab 49.53bcd
C2xT4 54.25de 174.83bc 19.07ab 56.20a

2890 o T4 PH=8 LolS 1552 Jlos T3 PH=65:5:51 (cols ol o 18592 Jlowi : T2 PH=6 JolS 0idSgn jlai s T1 dglus o8, 1 C2 dsg,lols 13, : C1
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C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave
pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8

Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Introduction: Nowadays, crop production methods are moving towards organic farming through reducing
the use of chemicals in agriculture. The new generation of seaweed extracts, like Actiwave, could be a promising
approach to achieve a part of this goal. Actiwave is a metabolic enhancer derived from a type of brown algae,
called Ascophyllum nodosum, and contains compounds that play an important role in plant metabolism. The
application of this product on various plants has often improved their vegetative and reproductive characteristics.
One of the important problems in our agricultural lands is the presence of bicarbonate ion in soil (calcareous
soils) or irrigation water, which increases pH around plant’s root followed by chlorosis between the veins in the
young leaves resulting in a reduction or halt in plant growth. The induction of chlorosis in calcareous soils is
attributed to iron deficiency due to reduction of iron absorption or availability. The use of biostimulants may
help to improve plant growth under such conditions. The aim of this study was to investigate the possibility of
replacing iron chelates in nutrient solution with Actiwave in two optimal and alkaline pH and its effect on some
of the vegetative and biochemical properties of two strawberry cultivars in a soil-less system.

Materials and Methods: Strawberry seedlings of Camarosa and Salva cultivars were cultivated in pots
containing coco-peat and perlite (1:1), followed by plant’s irrigation and nourishment through a plant nutritional
program. The project was conducted in a factorial experiment (with two factors) based on a completely
randomized design with three replications. The first factor was strawberry cultivar in two levels including
Camarosa and Salva, and the second factor was iron treatment in four levels consisting of Hoagland nutrient
solution containing iron chelate (pH=6), iron-free nutrient solution containing 0.25 ml/l Actiwave (pH=6),
Hoagland nutrient solution containing iron chelate (pH=8), and iron-free nutrient solution containing 0.25 ml/l
Actiwave (pH=8). Plants were fed for two months, at the end of which, the roots and shoot’s fresh and dry
weight, chlorophylls a, b and total as well as carotenoids contents, catalase and ascorbate peroxidase activities in
fresh leaf samples and also total Fe and active Fe in dried leaf and root samples were measured.

Results and Discussion: The results showed that the algae extract had a significant effect on all the
measured parameters, so that fresh and dry weights of the aerial parts, fresh weight of the roots, as well as
chlorophyll and active iron content of leaves in the treatment containing Actiwave with pH=6 was similar to the
control plants. Evaluation of the activity of catalase and peroxidase enzymes in the leaf also showed that
Actiwave application reduced iron deficiency stress in plants increasing the activity of these enzymes under such
conditions. The reason behind these effects can be due to the Actiwave ingredient content, which includes
betaine, alginates and kahydrin (derived from vitamin K). Since betaines have cytokine activity, they can
increase root growth by increasing the amount of cell division. Increasing the chlorophyll content, which can be
the result of reduced chlorophyll degradation, is probably due to the presence of betaines in the seaweed extract.
In addition, the presence of kahydrin and alginic acid in Actiwave, with the acidification of the rhizosphere,
stimulated the release of more ions around the roots, resulting in more ions received by the plant and increased
their assimilation. As observed in this study, It has been proven that iron concentration in the leaf is not always
an appropriate indicator for checking the state of iron in plants. Some studies attribute this to limiting the growth
of young leaves and the accumulation of iron in tissues or inactivation of iron in tissues occurred through the
process of alkalization in leaf apoplast. It is found that activity of catalase and ascorbate peroxidase containing
iron and the iron extracted with hydrochloric acid are the most effective indices for checking the iron status in
plants, and the concentration of the total iron is less important in this regard. According to the results of this
study, algae extract was able to replace iron chelate in nutrient solution for growing strawberry, and so made it
possible to produce this fruit by reducing the use of synthetic iron compounds. In other words, application of
Actiwave instead of iron chelate is recommended in nutrient solution with pH=6.

Keywords: Actiwave, Organic agriculture, Soil-less culture, Nutrient solution
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Figure 1- Interaction of growth stage xcultural systems on total chlorophyll content of vegetables leaf
Columns with different letters are significantly different at p < 0.05 (LSD).
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Figure 2- Interaction of growth stage xcultural systems on carotenoid content of some vegetables leaf
Columns with different letters are significantly different at p < 0.05 (LSD).
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Figure 3- Interaction the effect of growth stage xcultural systems on leaf phenolic compounds content of vegetables
Columns with different letters are significantly different at p < 0.05 (LSD).
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Figure 4- Interaction the effect of growth stage xcultural systems on antioxidant activity of some vegetables leaf

Columns with different letters are significantly different at p < 0.05 (LSD).
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Figure 5- Interaction of growth stage xcultural systems on vitamin C of vegetables leaf
Columns with different letters are significantly different at p < 0.05 (LSD).
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Introduction: Consumer’s demand for high valuable bioactive compounds have been increased in recent
years. Microgreen is a stage in the growth of vegetables that is popular among consumers for their high
nutritional value. It can consider as young and tender edible seedling to enhance salad quality and safety. At the
same time, it has been reported that microgreen can provide higher amount of phytonutrient (ascorbic acid,
phenolics and carotenoids) and minerals. Hydroponics is defined as a system of growing plant in nutrient
solution which could provide necessary micro- and macro-clements for early seedling growth. The use of
hydroponic gardening by commercial growers is steadily increasing as the ability to control the growing factors
while conserving space is of paramount importance to crop yields and commercial profits. It is also worth noting
that hydroponic systems are good for the environment. As the water is recirculating, it is not being evaporated as
readily or absorbed into the ground quickly. Therefore, it is important and valuable to study the growth of some
common vegetable in hydroponics as microgreen in terms of higher bioactive compounds and minerals.

Material and Methods: The present study was conducted to evaluate two production systems (hydroponic
and soil system) and also two growth stages (microgreen and mature) of 6 vegetable species (green basil, violet
basil, lettuce, radish, dill and coriander). Different growth characteristics and bioactive compounds were
measured as indices of yield and quality include: root dry/fresh weight, shoot dry/fresh weight, leaf area,
ascorbic acid, total chlorophyll, carotenoids, phenolics, antioxidant activity and micro- and macro-nutrients in a
factorial experiment based on completely randomized design with three replications. The weight of roots and
shoots were measured at two stages during growth. Leaf area of vegetables were determined using a leaf area
meter (CI-202, USA). Ascorbic acid determination was performed by 2, 6-dichlorophenolindophenol reagent.
Chlorophyll, carotenoids, phenolics and antioxidant activity were tested spectrophotometric analysis. Samples of
dry leaves were ground and dry-ashing at 550 °C for 4 h. The ashes were dissolved with 5 ml 2 N HCI and made
up to 50 ml with distillated water. The concentrations of K were measured by flame photometry (Jenway, model
PFP7). Analysis of Ca and P was carried out by titration and spectrophotometry (model T80 UV/VIS) ,
respectively. The Mg, Fe, Zn and Cu were identified by atomic absorption procedure.

Result and Discussion: The results showed that growth characteristics of violet basil, green basil, lettuce,
radish, dill and coriander were higher at the adult stage than microgreen stage. The results also showed that the
growth characteristics of green basil, lettuce, radish, dill and coriander were higher in hydroponics than soil
cultivation. Total chlorophyll content of violet basil, green basil, lettuce and dill were higher at microgreen stage
than adult stage, while total chlorophyll content of leaf radish and dill plants were higher at the adult stage than
microgreen stage. However, the chlorophyll content of the whole plants was higher in the conditions of soil
cultivation than hydroponic conditions. Phenolic compounds and antioxidant activity of lettuce, radish and
coriander leaves were higher at microgreen stage than adult stage, while these traits were higher in adult stage
than in microgreens in violet basil, green basil and dill. Vitamin C was also higher in all vegetables in the
microgreen stage compared to the mature stage in both cultures except for dill and coriander. Mineral elements
content was higher at microgreen stage than in the mature stage, except for zinc element.

Conclusion: Based on the results of this experiment, it can be concluded that the production and cultivation
of these six vegetables in the microgreen stage could be considered as a suitable method for high nutritional
value.

Keywords: Antioxidant activity, Carotenoids, Minerals, Phenolic compounds

1, 2 and 3- MS.C student and Professors Department of Horticultural Sciences, Faculty of Agriculture, Vali-e-Asr
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Table 1- ANOVA for the effect of colchicine on viability percentage of seed, root and terminal bud samples of fenugreek

(MS) lagpo (ko

% e df ¢sl3f asy TR .
Treatments S oo 22,3 ghguson 2o
Viability percentage Mixoploid percentage
gel 2 0.83 ** 0.28°
Sample
CrelS 4 0.62° 0.15%
Colchicine
ol 3 0.12° 0.046%*
Time
e 16X dens
OmblS X iged 8 0.05¢* 0.034°*
Colchicine x Sample
X s
a3 % diges 6 0.02" 0.007™
Samplex Time
. X . -
U_L"{ Ol . 12 0.03#* 0,042
Colchicine dosex Time
e X L tlS X diged 24 0.017™ 0.011™
Time x Colchicine x Sample
wrilefl sl 120 0.013 0.008
Erorr
S - 11.87 10.9
C.V. (%)

foN g lo0 paw y3 b gxe MBI dgng )y me Cglds pas i 4 e g % NS
ns= Non significant, ** = p < 0.01, and * = p < 0.05
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Figure 1- The effect of colchicine concentration on viability of seed, root and terminal bud samples of fenugreek
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Figure 2- Mixoploidy percentage of seed, root, and terminal bud samples of fenugreek
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Figure 3- Leaf of diploid fenugreek (a) and leaf of mixoploid fenugreek plants (e, d, ¢, b and f)
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Figur 4- Flow cytometry analysis of index plant cell nuclei (rose) (internal standard) (peak 2) and fenugreek (diploid) (peak3)

(a)- Flow cytometry analysis of index plant cell nuclei (rose) (internal standard) (peak 2) and fenugreek mixoploid (peak
3and 4) (b)- Flow cytometry analysis of index plant cell nuclei (rose) (internal standard) (peak 2) and fenugreek in
tetraploid ststus (peak 3) (c).
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Figure 5. Chromosome numbers in a diploploid (2n=2x=16) (a, b and ¢) and chromosome numbers in a tetraploid
(2n=4x=32) fenugreek (d, e and f).
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Figure 6-Comparison of chlorophyll content in diploid and tetraploid fenugreek (a) and comparison of phenol content in
diploid and tetraploid fenugreek (b).
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Table 2- Chemical compounds detected from GC / MS analysis in diploid and tetraploid fenugreek
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No. Measured ccompounds 331 Percentage in Percentage in Percentage
RI diploid plant tetraploid plant change
1 Alpha-Pinene ., Wi 5.12 27.40 46.42 +5.88
2 delta-Carene s > 6.67 28.0 26.0 +3.57
3 1,8-Cineole Jszim —V 5 A 7.17 12 12 0
4 Gamma-Terpinene sy 5 LS 7.84 4.0 5.0 +25
5 Linalyl acetate el U 12.92 82.0 83.0 +1.21
6 Alpha —Terpinene ;. 5 i 15.44 1 95.0 -5
7 Ylangene ,5M 16.2 1.0 2.0 +8.42
8 alpha-Copaene LS ] 16.15 41.0 44.0 +7.31
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10 Beta-Bourbonene g, L 16.4 87.0 1 +14.92
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12 Alpha-Gurjunene g )55 17.05 46.0 45.0 -2.17
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Trans-Caryophyllene
14 Dodecatriene ., sl 18.10 46.1 49.1 +2.05
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Introduction: Polyploidy plays an important role in creation of genetic variability. Polyploidy induction by
mutagenic chemicals such as colchicine is considered to enhance the potential of secondary metabolites
production in herbs breeding. Colchicine is the most effective chemicals used in the polyploidy induction
studies. The effect of colchicine is to form cells with two or multiply number of chromosomes resulting in a lack
of germination and death of a large number of plant samples. Flow cytometry analysis and cytogenetic studies
were effectively used to assess the ploidy levels for fenugreek (Trigonella foenum-graecum) plants. In the
beginning of 90 decade, a new type of adsorption technique called solid-phase micro extraction (SPME) has
been developed by Pawliszyn and co-workers. This method compared to the traditional techniques, offers many
advantages such as the high sensitivity and reproducibility, does not require solvent, and combines extraction
and pre-concentration in a single step without pre-treatment of samples. Moreover, it is a fast and inexpensive
method, requires low sample volume and it can be easily automated. Solid-phase micro extraction (SPME) uses
a fine rod (fused silica or metal) with a polymeric coating to extract organic compounds from their matrix and it
directly transfer them into the gas chromatograph injector for thermal desorption and analysis (Kaykhaii, 2008).
The aim of this study was to investigate the effect of colchicine treatment on ploidy levels and compare some of
the morphological, physiological, cytogenetical, flow cytometric analysis and biochemical characteristics in
diploid and tetraploid fenugreek plants.

Materials and Methods: In order to investigate the effect of polyploidy induction by colchicine on
Trigonella foenum-graecum medicinal species, an experiment was planned as a factorial completely randomized
design with five concentrations of colchicine (0, 0.05, 0.1, 0.2, and 0.5%) for 12, 24, 48 and 72 hours. In this
experiment the effect of colchicine was examined on the percentage of survival and tetraploidy of seed, root and
terminal bud samples. Level of ploidy was identified in survival explants through root tip chromosome counting
and flow cytometry of leaf samples. In addition to distinguish tetraploid from the diploids plants, morphological,
physiological and biochemical characteristics were considered in treated plants. SAS and SPSS software
programs were used to analysis of variance and comparison of means by Duncan's multiple test. Graphs were
also drawn by EXCEL software.

Results and Discussion: The analysis of variance showed that all characteristic factors for survival percent
and mixoploidy percentage were statistically significant. Survival percentage was decreased with increasing of
colchicine concentration and increased exposure time of colchicine-treated seed. After the observation of
morphological changes, the samples were considered to assess the ploidy levels by flow cytometry system.
Results showed that 0.5% colchicine concentration had the highest survival rate after control treatment for the
terminal bud. The highest percentage of mixoploidy was also observed in treated terminal buds with 0.1 and
0.2% of colchicine concentrations. Morphological, physiological, cytogenetic, flow cytometric analysis and
biochemical studies confirmed that terminal bud treatment with 0.2% colchicine for 72 hours is the most
effective treatment to induce tetraploidy in fenugreek plant. The results of GC/MS also indicated an increase in
secondary metabolites content, but traits including growth rate and plant height of tetraploid reduced compared
to the diploid plants. Result of this study showed a significant increase in chlorophyll a, b and total chlorophyll
contents of tetraploid plants, which were higher than the levels of diploid plants.

Conclusion: Polyploidy induction using mutagenic chemicals is one of the methods to enhance the
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production of plant secondary metabolites. Colchicine is the most effective mutagenic chemical in inducing plant
polyploidy. Although, flow cytometry is an expensive method, it is increasingly used for ploidy screening by
analyzing of nuclear DNA content. In this study, both flow cytometry and chromosome microscopic
examinations were used to test ploidy. The two methods were compared, and it was found that flow cytometry
testing was fast and labor saving, especially in case of a large number of samples. Tetraploidy induction
significantly affected different morphological, physiological, and biochemical characteristics of Trigonella
foenum-graecum. These changes suggested that ploidy manipulation as a rapid and effective method for
enhancing genetic diversity and metabolite production for this plant. SMPE method offers a number of practical
advantages: smaller sample volume, simplicity of extraction and low cost, when compared to the other methods
that are currently being used.

Keywords: Flow cytometry, GC/MS, Mixoploidy, Tetraploidy
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Table 1- Name, code and collecting location of the studied mango genotypes

i CHPI S il el el g glaea Joe
Genotyp Genotype Abbreviatio ST Genotyp Genotype Abbreviatio Collecting

CPi S gl b S Las ] o

e code name n name Collecting e code name n name location
location
1 Ko Moshk  slses! e 21 AR 21 iyl ol
2 S Charak  slises! wolie 22 Sl Shahani JOR RIS
3 Jus Noghal  slises] colis 23 o Sib seglSsle coline
4 Obg) e HalR 305 s, 24 FPL Havij  iaglSsle colie
5 hawgnd (s HalMD gy ol 25 Sletls s KhiarMG el e
6 ol Lla HalMG J9lS (Sl 26 hawgnd s KhiarMD hagn wlie
T sals AnaMG loals s 27 jpals ey KalanMG 5l i
8 hweglSgle ulll ANaMCh - saglsyle i 28 Gbik,sws  KalanMB Skl e
9 SlgilS aljg ShozMG SgilS ol 29 S Gilasi sblses] colive
10 g aljed ShozMD s olise 30 E Mahali JPRRORIN
11 e S MikhM gl lie 31 RS Hendi JPRRORIN
12 gy St MikhR JOR RIS 32 S Khareji JPRTRORIS
13 WS 13 teglSgle ol 33 i Sendry ol clive
SrpliS Clais
14 VS 14 iegSols Ol 34 1,55 Langra o] lise
ShyglsS Sl
15 T IS il e 35 9393 Dodo o8] eslie
ShyghsS ligs
16 T te 16 Liwegle wolipe 36 Oldgy 5 4l Mango6 08 ()
17 WS 17 iyl oo 37 oldey ¥ adl Mango3 JOR QI
18 A S 18 ieglSols colive 38 Sigl, @Ms KalanMRa gl elize
19 (L 19 ieglols colie 39 oo Majlesi sblses! olie
20 sredl AImeh g i
e (Jed) iz e (353) 2l S (50) L g J €15
Location Latitude (N) Longitude (E) Altitude (m)
Minab, Ahmadabad sUlses! s 27°107 34" 57°037 44" 36
Minab, Dehosta _lawgns «olie 27°09° 36" 57°01° 47" 32
Minab, Goleshvar ,lg:l8 «olee 27°08" 51" 57°02° 20" 31
Minab, Chelowgavmishi _iwegsls colie 27°08" 15" 56°597 10" 18
Minab, Baziari (¢,b;b «olue 27°10° 20" 57°02" 20" 30
Minab, Ravang s, «lize 27°03° 57" 57°11 44" 61
Hashtbandi ¢scain 27°10° 00" 57°27°20” 251
Rudan, Komiz ja by, 27°23710” 57°137 27" 171
Minab, Agricultural Research ¢;,slis coliiog olfm! colize 27°06" 39" 57°05" 36" 27
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Table 2- List of morphological attributes and their describe in mango genotypes of Hormozgan province

ad, B oy ot Sldo Cduo Lo gs
Row The studies attributes Attribute describe
1 CS gy cole (%) 0328 (Y) ds blaos *(1)e 4l 3l
Tree growth habit Erect (1)", Semi-erect (2), Spreading (3)
2 <S5 i) (¥) obSL F) bawgie 1) 2iby
Tree height Long-legged (1), Moderate (2), Dwarf (3)
3 5).3 JSW (\“) ISWLe —Syan ‘(\') Lglo)‘ﬁ} ‘(\) Lglo)‘ﬁi —oduiS
Leaf shape Elongate-Spear shaped (1), Spear shaped (2), Oval-Elongate (3)
4,5 Sy o s Job ST
Mature leaf length and width Measurement
6 Sy Sy (V)35 () 35 Sy
Leaf'tip Sharp (1), Round (2)
Leaf margin Smooth (1), Wavy (2)
8 318 g (V) Sl w2 5 sl o (7) (5 () el
Inflorescence status Apical (1), Lateral (2), Apical and lateral (3)
J ol s g (1) 03,58 (a2 (V) o2 V) (g
Inflorescence shape Conic (1), Pyramid (2), Wide pyramid (3)
10 o3l > oS o515 (V) codayy ) iy o8
Flower density in Thin (1), Dense (2)
inflorescence
1 oS Jsb ST
Inflorescence length Measurement
12 oS 5 (8) 5 {¥) 05 30,8 ) 39y 32,8 (V) o8 SloaSI L jows (V) (b9 jow
Inflorescence color Light green (1), Green with red spots (2), Bright red (3), Dark red (4), Cream (5)
13 sgee JS5 (¥) 355 b (V) s 1) oS
Fruit shape Elongate (1), Oval (2), Fairly round (3)
14 b ogre Cangy S (8) 036 {F) same ) 23550 V) 235 1) 28
Mature fruit peel color Red (1), Yellow (2), Green-yellow (3), Green (4), etc (5).
15 ogee Eobi 0)9 () oo V) posoke V) 095
fruit maturity period Early ripening (1), Mid ripening (2), Late ripening (3)
16 0450 S g5 (V) 25 +) o)l
Fruit tip Not has (0), has (1)
17 oge S g9 (V) IS8 (Sl (V) w1 (slalaiis () 3,
Fruit tip type Not has (0), Point wise (1), Tipped (2), Panty-shaped (3)
18 s (V) o)ls o) oyls
Sinus Not has (0), has (1)
19 g 9 (V) Gros (1) G o5 (1) 2
Sinus type Not has (0), Shallow (1), Deep (2)
20 ol (¥) 008 3,5 oo 5 0el Yl atilis o¥) JolS” g8 5 b Ll o)) o5 s gl
The shoulder slope Having steep slope (1), End with a complete arc (2), The shoulders are raised and then
rounded (3)
21 Js i PST
Flower diameter Measurement
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Figure 1- Dendrogram resulted from morphological data using Jaccard’s similarity coefficient and UPGMA algorithm
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Table 3- Genotype grouping derived from mean comparison of morphological attributes

:’lb’ Morphological attribute wluicsy , Céo Group number ‘09 5 dlaxi Groups status Loy ,S Curdg
ow

1 Tree growth habit cs > gus, cole 2 a-b
2 Tree height ¢ > ¢lis)| a-c
3 Leaf shape &, JSs a-b
4 Leaflength 5, Jsb 15 a-o
5 Leaf width $y 5,e 14 a-n
6 Inflorescence status > S cusdge 2 a-b
7 Inflorescence shape > 5 s 1 a

8 Flower density in inflorescence 35 ;5 S o515 1 a

9 Inflorescence length 3 5 Jgb 17 a-q
10 Inflorescence color 3 5 &, 4 a-d
11 Fruit shape sg. JSi 2 a-b
12 Mature fruit peel color @b ogee Cavgy ) 3 a-c
13 Leaftip S, Sy 2 a-b
14 Leaf margin & 5, 4.3l 2 a-b
15 Petiole length 5y, p> Jsbo 9 a-i
16 Fruit tip sge S'gs 2 a-b
17 Fruit tip type sgee S's g9 2 a-b
18 Sinus g 1 a

19 Sinus type _wguw g9 1 a

20 The shoulder slope sl cuis 2 a-b
21 Flower diameter 5 3 3 a-c
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"Morphological attribute with more grouping number, showed more diversity among the studied genotypes.
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Figure 2- Banding pattern resulted from MI868 primer
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Table 4- The obtained information from ISSR primers for 39 mango genotypes

Sl as

Sy Xl JS ol JSnia Wil Sl ki wo S W Ol glgie
Pz::;: r ?Se gi‘;’;ﬁf Totzﬁ ol.)and Polymorphism band no. Polym‘())/: phism (p1C)
MI816 (CA)T 12 12 100 0.404
MI823 (CT)sC 10 10 100 0.368
MI835° (AG)CC 9 9 100 0.494
MIg46° (CA)AT 9 9 100 0.499
MI808 (AG)C 20 20 100 0.427
MI811 (GA)C 10 9 90 0.491
MI818 (CA)G 10 10 100 0.488
MI825 (AC)T 9 9 100 0.475
MI826 (AC)C 12 12 100 0.499
MI827 (AC)G 7 6 86 0.494
MIg64 (ATG)s 9 8 89 0.492
MI868 (GAA) 10 9 90 0.355
MI837 (GACA), 18 17 94 0.358
Sum zex 145 140 - -
Mean ,Sle 11.2 10.8 96.1 0.450
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Figure 4- Dendrogram resulted from ISSR data using Jaccard’s similarity coefficient and UPGMA algorithm
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Introduction: Assessment of genetic diversity in Mango can provide a platform to deepen our knowledge
about its genetic background and determine the high quality genotypes for involving in the inbreeding programs.
The high observed diversity among native landraces of mango can be used in breeding programs to produce
better cultivars and utilization of these cultivars as donor parent to transfer desirable characteristics to high-
bearing cultivars. Suitable mango cultivars to prepare rootstock and scion and resistant cultivars against diseases
and the high yielding cultivars (with regards to alternate bearing in mango) can be recognized by better
understanding of available germplasms. In the past two decades in southern Iran, the process of producing the
grafted mango trees via seed culturing and grafting suitable cultivars (What has been registered such as Sindary
and Langra and what has not been registered) on the seedlings has been accelerated. Therefore, studying the
diversity of mango germplasms in these regions can be a good way to identify and distinguish these genotypes.
In the present study, native genotypes of mango from Minab and Rudan counties (Hormozgan Province) were
collected, which are mainly produced through seed and over time they have been propagated by vegetative
methods based on the quality and taste and their diversity, was evaluated using morphological attributes and
molecular markers.

Materials and Methods: In this experiment, we studied genetic and morphological diversity of 39 mango
genotypes collected from Minab and Rudan counties (Hormozgan province) using ISSR markers and
morphological attributes. Morphological characteristics were assessed using IBPGR descriptor. DNA extraction
was done using modified CTAB method. Similarity coefficient of ISSR markers was calculated by Jaccard’s
procedure. Polymorphism information content (PIC) was calculated using PIC=2f,(1-f;) formula, where fi was
frequency of the amplified bands and 1-fi was frequency of the null bands. In order to analyze morphological
data SAS 9.1 software was used and the means were compared using LSD test. In addition, it was prepared a 0
and 1 matrix from morphological data and dendrogram of morphological attributes was designed using Jaccard’s
similarity coefficient.

Results and Discussion: The dendrogram inferred from morphological characters grouped all genotypes in
eight main clades in which similarity of the dendrogram ranged from 0.12 to 0.83 with mean value of 0.54. The
least similarity was observed between Almehtari and Charak, and the most similarity was observed among
Moshk, AnaMG, Noghal and HalMG. Analysis of 21 morphological parameters in the studied genotypes
demonstrated being of significant differences among these genotypes in terms of morphological attributes
(except flower density and inflorescence shape). The ISSR primers produced totally 145 scorable bands that the
highest and lowest polymorphism band were observed in MI808 (20 bands) and MI827 (6 bands) primers,
respectively. Average of PIC was 0.450. The similarity for ISSR markers ranged from 0.31 to 0.90, in which the
least similarity was observed between Majlesi and Charak. However, the highest similarity was observed
between Gilasi and KalanMB genotypes. It was observed the differences among same genotypes grown in the
various regions. In Rudan region in due to better quality of irrigation water as well as sufficient and proper
availability to irrigation water, growth conditions for mango trees is better than Minab region. These differences
between Rudan and Minab regions in viewpoint of growth conditions can be reason of morphological diversity
among mango similar genotypes in both regions, which it has been caused to incompatibility of morphological
and molecular markers. For this reason, the genotypes that are genetically similar to each other may have
different morphological differences and/or two homonymous genotypes in two regions have significant genetic
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differences. For example, Clanfar Baziari genotype, which had high genetic similarity (0.90) with Gilasi
genotype, had morphological similarity coefficient equal 0.37 together. However Gilasi genotype collected from
Ahmadabad Minab had same ecological similarity with Baziari region. In other instant, genetic similarity
coefficient of AnaMG genotype was 0.85 with ShozMD, while in these genotypes had 38% morphological
similarity. Correlation coefficient between similarity matrix of ISSR and morphological markers was 0.336 and
not significant.

Conclusion: It seems that the observed high diversity among morphological attributes is intrinsically and
stemming from mango propagation procedure in which mango genotypes highly diverged due to seed
propagation. The high genetic diversity showed by morphological attributes was also corroborated by ISSR
markers, indicating low environmentally influence-ability of the attributes.

Keywords: Fingerprint, Molecular marker, Morphological markers, PIC
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Table 1- Traits of compost that used experiment

sl jogase EC
H C/N
[ (g/ems) (dS/m) P
0.49 4.80 7.23 16.5

islojl Jomo S Wlasuino-Y Joio
Table 2- Traits of soil of experiment location

) 537) S b uﬂ b

Sialojl s log P gate EC pH N P K Na* N Soil wvets ’ Organic

Treatment &l (dS/m) (%) (%) (ppm) (ppm) (ppm) ol (v:/z:)ness matter
{ (g/em®) oo

LM oy SB) salis

(CoopeeS L 1.95 0.98 850 0.059 1.80 59.00 2.10 9.0 32 22.5 34
Control (without

compost)
o5V LS b

B )3 CungreS 1.96 2.30 830 0.075 1.80  58.60 2.40 3.4 8.6 314 13.8
Soil with 10 ton ha™
compost

S LS b

SR )3 CungreS 1.33 2.50 830 0.083 190 59.00 2.46 3.4 8.6 33.1 13.9
Soil with 20 ton ha™
compost

ST LS b

S8 )3 CungeeS 1.28 2.85 820 0.086 1.90 59.30 2.48 3.6 8.9 342 14.1
Soil with 30 ton ha™

compost
5 ¥ LSk LM

S8 )3 CungeeS 1.10 3.40 820 0.100 205  59.50 3.80 3.6 9.2 34.8 15.7
Soil with 40 ton ha™!
compost

o5 0- b S LMl

SR )3 CungreS 1.10 3.80 820 0.100 2.10  59.50 3.80 44 9.5 35.6 15.8
Soil with 50 ton ha™!

compost
o LS LS

B )3 CungreS 1.07 4.40 8.15 0200 204 59.70 4.60 44 9.8 36.3 16.1
Soil with 60 ton ha™!
compost

5 Ve LSk Lkl

S 53 CangieS 1.06 4.40 8.00 0400 228 60.01 4.60 445 104 40.4 16.8
Soil with 70 ton ha™

compost
5 A LSl LM

SR )3 CungeeS 1.07 4.40 7.80 0460 2.30 60.06 4.60 44 11.3 413 17.2
Soil with 80 ton ha™

compost
5 LSk L]

S8 )3 CungreS 1.07 4.50 8.00 0460 228  60.06 4.60 4.4 11.6 41.5 17.4
Soil with 90 ton ha™!
compost

oY LSl LM

S8 )3 CungreS 1.08 4.90 820 0440 230 59.04 471 42 11.8 40.3 17.6
Soil with 100 ton ha
! compost
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Table 3- Mean square that obtained by analysis of variance for studied traits of tall fescue grass in first experiment.

i gl NEHEESH S CudsS

S.0.V df Visual quality

Oy ) a2 3
Percentage of emergence

Rate of emergence

e 10 0.69%*

1.08%* 8.36**

Compost
s 33 0.16 0.05 1.61
Error

Oy g

e RS - 5.09 3.10 1.36

CV (%)

M Gxe ye M8
ns: non-significant

oy ) aw ) Iy gme s
**: significant in 1% level
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Table 4- Mean comparisons of effect of compost on percentage of emergence, rate of emergence and visual quality of tall
fescue grass.

s .1 - . oA A, ’-\-MJ o [wrs
olejl sl o S ras CalS O G 2 ) O g
Treatments Visual quali Percentage of emergence Rate of emergence
quality g g (seed/day)
(SougeeS b LIS 2y S) 2ald 8.42 ab 95752 8.27a
Control (without compost)
SR 2 Cangia 71 L S LI 7.85 b-e 93.50 b-e 7.27 ed
Soil with 10 ton ha™ compost
SR 2 CangiaS PV L SE LIS 7.97 b-d 93.00 c-e 7.05 de
Soil with 20 ton ha™ compost
SR 2 CangiaS PV L S LIS 7.50 de 93.00 c-e 6.97 d-f
Soil with 30 ton ha™ compost
SR 2 Cangen FF L SE LIS 7.5 c-e 92.25 ef 6.80 e-g
Soil with 40 ton ha™ compost
SR 2 CanginS 7B L S LIS 732¢ 92.00 ef 6.66 fe
Soil with 50 ton ha™ compost
SR 2 Cagen 77 L S LIS 7.92 b-d 91.00 f 6.54¢
Soil with 60 ton ha™ compost
S )3 CasgeaS (V- lb St b3 8.10 a-c 94.75 a-c 7.59 be
Soil with 70 ton ha™ compost
SR )3 ComgeeS (7 Ar |y ST LI 8.22 ab 95.00 ab 7.68 b
Soil with 80 ton ha™ compost
SR 53 Covgal 8- b SB LI 8.65a 94.50 a-d 7.51 be
Soil with 90 ton ha™ compost
S 3 ConggeS 710 b S LIS 7.55 c-d 92.75 d-f 6.89 ef

Soil with 100 ton ha™' compost

515,505 LLSD (9051 51 oalisl b o yd & Jlass! gdaws j3 (655 ime BN oS jite By K s (s (slo ke
Means that have a common letter, have not significantly different together at 5% based on LSD test.
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Table 5- Analysis of variance for studied traits of tall fescue grass in second experiment.

it il ol a3 Aty g gy SIS (s Ay > iy Cualses bawgis ady) Jobo ggene
drought weight ~ volume of average thickness total length of
S.0.V df level of root
of root root of root root
. 3 12286730 ** 2.95 ** 0.534 ** 0.032 * 34286700 **
Compost (C)
S 2 135151141 ** 36.68 ** 3.10 ** 3.60 ** 810931969 **
Drought stress (D)
S é‘“’ ;ﬁ‘””“i 6 4060353 ** 0.924 ** 0.357 ** 0.027 * 26156567 **
X
s
36 389336 0.060 0.023 0.009 425215
Error
e ahecal - 1.81 4.74 5.65 7.37 1.58
CV (%)
o gize e mS 2oyd O gaw jd ld gixe o ) aw ) Iy gme s
ns: non-significant *: significant in 5% level **: significant in 1% level
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Table 6- Mean comparisons of interactions of compost and drought stress for studied traits of tall fescue grass in second

experiment.

CawgpaS Sis i ady) gdaw adyy SS9 Adyy > adyy Cobus buwgio ady; Jgb ggemme
compost droucht stress level of root drought weight ~ Volume ofroot  average thickness total length
(ton ha™!) & (mm?) of root (g/pot) (mm?) of root (mm) of root (mm)

U’) a e
. o 322757 ¢ 6.89 2444 1.72a 34041.8 f
control Without stress
e S5 32571.0 eg 4.18¢ 2524 135b 41777.0d
Moderate stress
e O 36039.7 ¢ 3.58d 401a 0.64 d 54606.0 a
Severe stress
70 (O 32290.0 fg 6.88 2424 1.72a 34480.8
Without stress
Mo 533
27 33103.3 ef 423 ¢ 2.48d 1.35b 41650.8 d
Moderate stress
b O 37180.7b 3.61d 3.05b 0.73 d 48063.0 b
Severe stress
80 (e 322935 fg 6.90 a 239d 1.73a 343935 f
Without stress
e L5 33116.5¢ 428 ¢ 244 d 1.36 b 41630.0d
Moderate stress
A O 37231.0b 3.65d 2.92 be 0.77 d 48022.5b
Severe stress
90 o 32302.8 e-g 6.91 a 2344 173 a 34247.8
Without stress
Mo 533
2 34867.0 d 525b 2.40d 1.36 b 40332.0 e
Moderate stress
A O 407143 a 555b 279¢ 0.99 ¢ 434253 ¢

Severe stress
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Means that have a common letter, have not significantly different together at 5% based on LSD test.
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Introduction: Significant impact of green space in the beautification of urban space and creating attractive
face for cities has caused to per capita of urban green space be introduced as an important factor in urban
development, especially in metropolitan areas. Meanwhile, the important role of covert plants, especially lawn
grasses, in creating green spaces has caused to add quickly the area of these beautiful plants in the cities. On the
other, existence of plants with high water requirements between the lawn grasses, have created limitations in
terms of water requirements supply. The grass planted in the country is mainly from imported seed types that are
not so compatible with dry and semi-arid conditions in our country. Sometimes from this point of view, they
create limitations in terms of water supply. Hence, given the limited water resources in Mashhad city and the
grass surface area in this city (which is more than 400ha), attempts at the removal of this limitation are
necessary. Thus, this research was done with aim of evaluating the effect of mixing different amounts of MSW
compost with soil on some root properties of Tall Fescue native grass, under moisture stress conditions.

Materials and Methods: The present study, was conducted in the form of two experiments, in research
greenhouse of Ferdowsi University of Mashhad in 2016. The first experiment was conducted in a completely
randomized design with four replications. The experimental treatments consisted of ten different levels of
compost mixing with soil (10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 ton ha'l) and control treatment (agronomic
soil without mixing compost). According to the results of the first experiment, three superior compost
ingredients were selected and included in the second experiment. In the second experiment, these were
considered, three values of 70, 80 and 90 tons of compost per hectare plus control (no compost consumption) as
the first factor and three levels of moisture stress of 25, 50 and 100 percent of field capacity as intense stress,
mild stress and non-stress, respectively as the second factor. They were compared in factorial pattern by a
completely randomized design with four replications. So that, their effects should be investigated on some of the
characteristics of the grass root of Tall fescue.

Results and Discussion: The Results of the first experiment showed that the amounts of 70, 80 and 90 tons
per hectare increased significantly the percentage and the rate of grass emergence due to increased fertility and
higher water holding capacity and in these treatments, the positive effect of rising water holding capacity has
been dominated on negative effect of electrical conductivity of the soil and this topic has led to an improvement
in the percentage of grass emergence in these treatments. Furthermore, in the amounts of 70, 80 and 90 tons of
compost per hectare, the bulk density of soil significantly decreased and the C/N ratio dramatically increased. In
the second experiment, the interactions between different amounts of compost and drought stress levels were
significant on all studied traits of grass root. So that, with increasing drought stress severity in different amounts
of compost, characteristics of total length of root, volume of root and level of root would be increased and traits
of drought weight of root and average thickness of root would be decreased. The results showed that in the
treatment of 90 tons of compost per hectare, the plant has understood less level of the stress due to increased
water holding capacity. Therefore, the lower part of the dry matter allocated to the development of roots.

Conclusion: By increasing severe of drought stress characteristics of total length of root, volume of root and
level of root were increased and traits of drought weight of root and average thickness of root were decreased, it
seems that tall fescue grass cleverly has tried to deal with for confronting drought stress with target of increase
the amount of moisture available for itself. Also, based on the findings of this study, application of 90 tons of
compost per hectare significantly improved root studied traits for tall fescue grass in drought stress conditions.
Therefore, using this amount of compost for tall fescue grass in low water conditions and occurrence of moisture
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stresses is recommended.
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