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Abstract

Introduction: Sweet violet (Viola odorata) is a perennial herbaceous plant with ornamental and
medicinal properties. Water scarcity is one of the most effective environmental limiting factors for plants.
The use of anti-stress compounds, such as a variety of secondary metabolites, is some way to reduce the
harmful effects of water-deficit. Salicylic acid (SA) is a plant growth regulator from the phenol group and
is effective as a signal molecule in regulating many physiological processes (Idress et al., 2013; Harrison
et al., 2014). Sodium nitroprusside is involved in the action of plant growth regulators and is involved in
the transmission of messages and responses to biological and non-biological stresses (Fan et al., 2012).
Zinc oxide nanoparticles are among the nanoparticles used in agricultural research that have a very high
specific surface area (Idress et al., 2013). The aim of the present study was to investigate the effect of
different levels of water-deficit stress and foliar application of anti-stress compounds (SA, sodium
nitroprusside and nano zinc oxide) on some pigments and the fluorescence of sweet violet.

Material and methods: A factorial experiment in completely randomized design was performed with
two factors; water-deficit stress at three levels (55, 65 and 85% of field capacity (FC) and foliar spraying
including SA (200 and 300 mg/l), zinc nano-oxide (1000 and 1500 mg/l) and sodium nitroprusside (200
and 300 pM) in three replications. In two weeks after establishing the plantlets in the cultivation bed, two
weeks apart, foliar applications were made and distilled water was applied as control treatment. The
application of water-deficit stress started one week after the second stage of foliar application based on
substrate FC by weighting method and continued until the end of the experiment, which coincided with
the yellowing of the leaves. Leaf and petal pigments and chlorophyll fluorescence were measured. Data
analysis was performed using SAS,, statistical software and graphs were drawn using Excel software.
LSD test at 5% probability level was used to compare the mean of the data.

Results and discussion: he results showed that the highest chlorophyll a (9.72 mg/g F.W.) and b (4.15
mg/g F.W.) concentrations were related to the treatment of 1000 mg/l Nano-zinc oxide and 200 pM
sodium nitroprusside both at water-deficit stress of 55% of field capacity, respectively. The highest leaf
carotenoid concentrations in leaf (14 pg/g F.W.) and petal (8.36 png/g F.W.) were obtained at levels of 200
pM sodium nitroprusside and 300 mg/l SA, respectively, under water-deficit stress of 55% FC. The
highest maximum (5.31) and variable (4.27) fluorescence was related to the treatment of 1000 mg/1 zinc
nano-oxide at water-deficit stress of 85% FC. The highest photofoliar spraying efficiency of photosystem
IT (4.4) and quantum yield of photosystem 2 (0.81) were obtained at water-deficit stress of 85% of field
capacity together with 300 mg/l salicylic acid treatment. The highest effective photofoliar spraying
quantum efficiency of the photosystem 2 (0.56) was related to water-deficit stress treatment of 65% FC
and 300 puM sodium nitroprusside treatment. The effect of treatment with these substances on the change
of biofoliar spraying and physiological processes, especially during the response to various biological and
non-biological stresses such as drought in plants (Ricinus communis and sunflower hybrids) was shown
(Balabanova et al., 2016; Esparham et al., 2017).

Conclusions: With increasing water-deficit, the concentration of chlorophyll and carotenoid pigments in
leaves and petals increased. Zinc nanoparticles increased the maximum and variable fluorescence and
salicylic acid also increased the fluorescence ratio, non-photofoliar spraying quicent and regulated and
unregulated quantum efficiency of photosystem II. Sodium nitroprusside showed a positive effect on
changing the minimum fluorescence and the effective quantum efficiency of photosystem II.

Keywords: Acid salicylic, Sodium nitroprusside, Chlorophyll fluorescence, Ornamental-medicinal plant
,Nano zinc oxide.
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Table 1. Meteorological information of Tabriz city

Average Average Absolute Absolute
Month minimum  maximum ?eﬁf;ng;ture minimum  maximum  Rain Evaporation Humidity Radiation

terzlperature terilperature () terzlperature terzlperature (mm) (mm) (%) (MJ/m/day)

(€) (€) (€) (€)
Apr 6.9 18.9 12.9 0.2 242 434 108.4 48 62447
May 9.7 20.5 15.1 3.0 26.8 52.6 170.9 58 67171
Jun 14.8 28.0 214 10.6 312 36.2 274.6 45 86893
Jul 224 36.2 29.3 17.2 40.8 0.0 450.7 27 92288
Aug 221 35.2 28.7 16.6 41.0 0.0 4272 35 79824
Sep 18.0 31.2 24.6 14.0 36.2 9.9 329.8 34 71740
Oct 11.9 24.6 183 5.4 29.8 7.3 164.9 47 51133
Nov 54 14.7 10.1 0.8 23.0 7.8 95.0 58 32536
Dec 2.0 8.8 5.4 -2.3 13.4 85.7 17.0 80 17303
Jan -2.9 4.9 1.0 -8.4 10.0 225 - 73 26352
Feb -2.0 6.8 2.4 -8.6 12.6 61.5 - 72 32149
Mar  -0.1 9.4 4.7 4.2 15.6 34.1 - 64 42161

(B) b 8 Sesky egomi 5 (A) (AMS Al o 3 Jame adiy olS N IS
Figure 1. Sweet violet plant at the flowering stage (A), and project design condition (B).
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Table 2. Experimental treatments and their symbol

Treatments Symols
85% FC + cotrol AB,
85% FC + 1000 mg/l nano-zinc oxide A B,
85% FC + 1500 mg/l nano-zinc oxide A B;
85% FC + 200 mg/l SA AB,4
85% FC + 300 mg/l SA ABs
85% FC + 200 mM Na-nitroprusside A Bg
85% FC + 300 mM Na-nitroprusside A B,
65% FC + cotrol AyB,
65% FC + 1000 mg/1 nano-zinc oxide A)B,
65% FC + 1500 mg/1 nano-zinc oxide A)B;
65% FC + 200 mg/l SA A,B,
65% FC + 300 mg/l SA A,Bs
65% FC + 200 mM Na-nitroprusside AyBg
65% FC + 300 mM Na-nitroprusside A,B,
55% FC + cotrol AsB,
55% FC + 1000 mg/1 nano-zinc oxide AsB,
55% FC + 1500 mg/1 nano-zinc oxide A;zB;
55% FC +200 mg/l SA A3By4
55% FC + 300 mg/l SA A3Bs
55% FC + 200 mM Na-nitroprusside A;Bg
55% FC + 300 mM Na-nitroprusside A;B,

sl slales B g LSJL:J C)JQ“ A
A: Irrigation levles, and B: Spray treatments
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Table 3. Physio-foliar spraying properties of cultivation bed soil

. Absorbable Absorbable Total Organic Natural
Clay Silt Sand - . . EC
(%) (%) (%) potassium  phosphorus nitrogen carbon materials pH (ds/m)
0 0 0
(p-p.m.) (p-p-m.) (%) (%) (%)
12 32 56 375 51.60 0.34 3.39 7.25 735 454
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Table 4. Variance of the effect of nano-zinc oxide, SA and Na-nitroprusside on measured parameters in sweet violet

Mean of squares

Source of variances df Petal carotenoid Leaf carotenoid Total chlorophyll Chlorophyllb  Chlorophyll a
Repeat 2 14.70™ 1.85" 1.01™ 0.03™ 0.74™
Water-deficit stress (A) 2 2.99" 3.07" 9.74™ 0.78" 5.05"
Sprays (B) 6 0.86" 443" 2.59" 0.30" 1.50"
BxA 12 1.08" 4.49™ 3.12" 0.33" 1.62"
Error 40 0.06 0.35 1.37 0.15 0.81
C.V. (%) - 3.48 5.08 10.07 11.15 11.20
P <001 3P <0.05 )5 s pme s smn 18 5 5 4 sk 5 % @S
ns, * and ** non-significant, significant at P <0.05 and P < 0.01, respectively
aalsl & Jgd=
Table 4. Continued
Mean of squares
Source of variances af  Yq Y veo) Y o) NPQ F./Fn FJ/F, F, F, Fn
Repeat 2 0.0043™ 0.0019™ 0.0019™ 0.048™  0.00031™  0.048™ 0.002™ 0.05™ 0.00™
Water-deficit stress (A) 2 0.0137°  0.0037™ 0.0511" 1.245™  0.00092™  0.69"" 0.005™ 0.70”" 0.65"
Sprays (B) 6  0.0166° 0.0096" 0.0359" 3.165™ 0.00153" 0.71" 0.026™ 0.10" 0.05™
BxA 12 0.0109° 0.0175™ 0.0415™ 3.096™ 0.001633" 035" 0.022" 028" 035"
Error 40 0.00428 0.00190 0.00190 0.04762 0.00090  0.047 0.002 0.05 0.10
C.V. (%) - 1349 1926 1360 2094  3.80 558 452 58 6.70

P<0.01 3P <0.05 55 4ls pons ls sme 6 5 5 4y % 5 % @S

ns, * and ** non-significant, significant at P <0.05 and P < 0.01, respectively
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Table 5. Mean comparison of the effect of nano-zinc oxide, SA and Na-nitroprusside on measured parameters in sweet

violet

Treatments Symbols Icdaerfi)ftenoid cP:rtzienoid Zl(l)lt(?jophyll C(rlzll;)/r;)}l):h\};l )b (Er}’rlll;/rg%h{)\lfl )a

(ng/g F.W.) (ng/g F.W.) (mg/g F.W.) o T
(Control + 85% FC) A, B, 10.93 f-h 6.186 h 10.84 e-g 3.633 a-e 8.8467 a-c
(1000 mg L' ZnO +85% FC) A, B, 11.80 d-f 6.793 e-g 10.26f g 3.947 ab 8.47 a-d
(1500 mg L' ZnO + 85% FC) A, B 11.73 d-f 6.420 gh 11.65 b-g 3.817 a-c 8.0467 b-e
(200 mg L' SA + 85% FC) A, B, 10.50 hi 7.570b 1229 a-¢ 3.180 c-e 7.0833 de
(300 mg L' SA + 85% FC) A, Bs 10.37 hi 7.036 de 12.79 a-d 3.480 b-e 7.3567 de
(200 uM SNP + 85% FC) A, Bg 11.74 d-f 7.233 b-d 1191 a-f 3.653 a-e 8.2367 b-e
(300 uM SNP + 85% FC) A B, 10.93 f-h 7.453 be 11.79 a-g 3.437 b-e 8.02 b-e
(Control + 65% FC) A, B 12.33 c-e 6.463 gh 993 ¢g 3.423 b-e 8.06 b-e
(1000 mg L' ZnO + 65% FC) A, B, 13.03 a-c 6.460 gh 10.15 fg 3.350 b-e 7.9733 b-¢
(1500 mg L' ZnO + 65% FC) A, B, 11.64 e-g 6.143 h 10.15 fg 3.523 a-e 8.26 a-¢
(200 mg L' SA + 65% FC) A, B,y 9.84 i 7.180 b-e 12.01 a-f 3.060 e 6.9967 de
(300 mg L' SA + 65% FC) A, B; 10.20 hi 6.890 d-f 1157 c-g 3.070 e 6.87 ¢
(200 uM SNP + 65% FC") A, Bg 10.98 f-h 6.946 d-f 1141 d-g 3.947 ab 7.08 de
(300 uM SNP + 65% FC) A, B, 11.63 e-g 7.023 de 11.13d-g 3.150 de 7.78 c-e
(Control + 55% FC) A; B, 13.59 ab 6.966 d-f 10.86 e-g 3.813 a-c 9.4067 ab
(1000 mg L' ZnO +55% FC) A3 B, 12.22 c-¢ 6.616 fg 13.64 a 3.977 ab 9.7233 a
(1500 mg L ZnO +55% FC) A3 B, 12.67 b-d 7.050 c-¢ 11.94 a-f 3.920 ab 8.13 b-e
(200 mg L' SA + 55% FC) Ay B, 10.75 g-i 8.166 a 11.04 d-g 3.777 a-d 7.63 c-e
(300 mg L' SA + 55% FC) A; Bs 10.11 hi 8.360 a 1342 a-c 3.127 de 7.6133 c-e
(200 uM SNP + 55% FC) A3 By 14.00 a 7.250 b-d 13.56 ab 4153 a 9.4433 ab
(300 uM SNP + 55% FC) A3 B, 13.33 ab 8210a 11.41d-g 3.557 a-e 7.7333 c-e

P <001 g P<0.05 53 Hl> gme yls s pb od 5 4 3 g % s

", ™ and ": Significant at P < 0.05, P < 0.01 and insignificant, respectively.
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Table 5. Continued

Treatments Symb()ls Y(II) Y(NPQ) Y(NO) NPQ FV/Fm FV/FO FO FV Fm
(Control + 85% FC) A, B, 0.528 a-d 0.202 d-f 0.268 fg 0.845 c-g 0.745 be 431 a-c 0.875 fg 3.77 b-d 4.645 b-e
(1000 mg L' ZnO + 85% FC) A B, 0.456 a-e 0.238 c-e 0.285d-g 1.042 b-d 0.808 a 4.138 a-¢ 1.034 be 4.27a 5316a
(1500 mg L' ZnO + 85% FC) A, B; 0.435 d-f 0.258 c-e 0.306 b-e 0.915 c-f 0.794 ab 3.857d-f 1.041 b 4.01 a-c 5.058 ab
(200 mg L' SA + 85% FC) A, By 0.548 ab 0.154 fg 0.296 b-g  0.577 f-h 0.801 a 4.016 b-e 0.953 de 3.82b-d 4.779 b-d
(300 mg L' SA + 85% FC) A, Bs 0.424 d-f 0.31 a-c 0.264 g 1.319 ab 0.815a 4.406 a 0.858 gh 3.78 b-d 4.639 b-e
(200 uM SNP + 85% FC) A Bg 0.502 a-e 0.186 e-g 0.312 b-d 0.635 e-h 0.802 a 4.05 a-e 0.961 de 3.89 be 4.853 a-d
(300 uM SNP + 85% FC) A B, 0.406 ef 0.303 be 0.290 c-g 1.175 be 0.791 ab 3.781d-g 1.073 b 4.05 ab 5.13 ab
(Control + 65% FC) A; By 0.498 a-¢ 0.202 d-f 0.299 b-g 0.729 d-h 0.798 a 3.958 c-e 0.944 d-f 3.73 b-d 4.683 b-e
(1000 mg L' ZnO + 65% FC) A B, 0.529 a-d 0.165 fg 0.305 b-e 0.589 f-h 0.785 ab 3.645 e-g 0.959 de 3.49 de 4.454 d-f
(1500 mg L' ZnO + 65% FC) A; B; 0.545ab 0.149 fg 0.305 b-e 0.537 gh 0.798 a 3.95 cde 0.934 d-f 3.68 cd 4.624 b-e
(200 mg L' SA +65% FC) A; By 0.488 a-e 0.215 d-f 0.296 b-g 0.826 c-g 0.780 ab 3.543 fg 1.068 b 3.78 b-d 4.852 a-d
(300 mg L' SA +65% FC) A; Bs 0.536 a-c 0.377 a 0.371a 1.617 a 0.812a 4.31 a-c 0.944 d-f 4.06 ab 5.011 a-c
(200 uM SNP + 65% FC") A, Bg 0.448 b-e 0.255 c-e 0.293 b-g 0.960 b-e 0.801 a 4.027 b-d 1.001 b-d 4.03 a-c 5.033 ab
(300 uM SNP + 65% FC) A, B, 0.56a 0.117 g 0.322 be 0.390 h 0.804 a 4.094 a-d 0.791 h 3.23 ef 4.028 £
(Control + 55% FC) A; By 0.464 a-e 0.262 b-d 0.273 e-g 1.054 b-d 0.804 a 4.096 a-d 0.942 d-f 3.85b-d 4.8 a-d
(1000 mg L' ZnO + 55% FC) A; B, 0.461 a-e 0.259 cd 0.279 d-g 1.050 b-d 0.781 ab 3.571 fg 0.927 e-g 331 ef 4.239 ef
(1500 mg L' ZnO + 55% FC) A; B; 0.336 f 0.334 ab 0.328 b 1.183 be 0.720 ¢ 2.566 h 1.191 a 3.05f 4.246 ef
(200 mg L' SA + 55% FC) A; By 0.543 a-c 0.152 fg 0.304 b-f 0.543 gh 0.777 ab 3487 ¢ 1.003 b-d 3.49 de 4.502 c-f
(300 mg L' SA + 55% FC) A, Bs 0.542a-c  0.159fg  0298b-g  0.584fh  0.798a 4079a-d  0908e-g  3.7b-d 4.642 b-e
(200 uM SNP + 55% FC) A; Bg 0.494 a-e 0.221 d-f 0.284 d-g 0.860 c-g 0.796 a 3.894 d-f 0.967 c-¢ 3.76 b-d 4.731 b-e
(300 uM SNP + 55% FC) A; B, 0.449 b-e 0.24 c-e 0.310 b-d 0.846 c-g 0.813 a 4.348 ab 0913 e-g 3.96 a-c 4.883 a-d

P<0.01 3P <0.05 53 5ls pns Jls sme 6 5 5 4y % 5 % @S

*, ™ and ™: Significant at P < 0.05, P <0.01 and insignificant, respectively.
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Abstract

Introduction: Every year, a large part of the petals of saffron flowers in Iran are unused. The dehydration
of these petals can be used as a stimulant for germination and complement plant growth. In fact, the
extract and essential oil of saffron flower petals contain certain amounts of Safranal, which has a
chemical structure similar to beta-cycloidal (Corradi and Michelli, 1979). B-cycloidal is a valuable
compound for improving product strength, especially in harsh environmental conditions (Dickinson et al.,
2019). In this study, we evaluate the effects of the extract and essential oil of saffron flower petals on
germination and early-stage growth of Festuca arundinacea Scherb under salt stress.

Material and methods: In the first experiment, pretreatment of salicylic acid on germination was evaluated
in three levels (0, 0.1, and 0.5 mM). Saffron petal water, saffron flower essential oil, and saffron stigma
aqueous extract (50 uL / mL) on Tall fescue seeds treated with three concentrations of sodium chloride
(0, 3000, and 6000 mg /L) were conducted in a factorial test in a completely randomized design with
three replications.

In the second experiment after Tall fescue seedlings establishment, irrigation was carried out regularly
and fertilizer (20-20-20) with a concentration of 3% was used as a solution in the irrigation water. After
28 days and first mowing the salinity treatments (0, 3000, and 6000 mg/L) were started and continued for
4 weeks. Saffron petal juice treatments with three concentrations (control, 250, and 500 uL /100 mL) and
saffron stigma essential oil (control, 40 and 125 puL /100 mL) interaction with Sodium chloride treatments
(non-salt stress, 3000 and 6000 mg /L) were evaluated

Results and discussion: Salicylic acid (0.1 mM) improved germination percentage by 17.2% under salinity
stress of 3000 mg /L. Stem length (67%) and root weight (60%) increased with a concentration of 50 pL
/mL saffron petal juice under salinity stress compared to the control. The most suitable level of salicylic
acid for improving the germination index under sodium chloride stress was pretreatment with a
concentration of 0.1 mM. The interaction of 6000 mg/L salinity with saffron petal juice (SEES11) caused
a significant (42%) increase in seedling length compared to the control (Figure 7). Beta-cyclocitral
(safranal) in the roots of rice plants under salinity stress significantly stimulates root and stem growth and
can be used in a valuable way to improve product yield, especially in harsh environmental conditions
(Dickinson et al., 2019). Increasing the concentration of sodium chloride increased the amount of
hydrogen peroxide and the activity of peroxidase and catalase enzymes. The use of saffron stigma
essential oil treatment with a concentration of 40 pL/100 mL caused a significant decrease in the amount
of hydrogen peroxide and a significant increase in the activity of catalase and peroxidase enzymes.
Sodium chloride treatment increased the amount of hydrogen peroxide, catalase and peroxidase activities.

Conclusions: Petal water and the essential oil of saffron consumption significantly increased the amount of
hydrogen peroxide and the activity of catalase and peroxidase enzymes. Using a longer time or higher
concentrations of stigma essential oil and saffron petal juice may increase antioxidant enzyme activities,
which helps establish the plant. Finally, it can improve the response of the plant to environmental
stresses, especially sodium chloride stress.

Keywords: Petal juice, Root, Safranal, Sodium chloride.



https://doi.org/10.22070/hpn.2023.16276.1173
mailto:imantasdighi03@gmail.com

L OB 4oE e b 4l
(VA -FY o) AFr ) licus) g jaals oY o laski & 6,99

i 95 e

DOI: 10.22070/hpn.2023.16276.1173

9 Fi4lg> » il Sluudlo slosd g Ol a5 ilul g oslas (2b5)
(Festuca arundinacea Scherb.) oy (S5 giud uliy 21l o1 50

muwug)b’yw

A *y )
Olaas Rl ‘;@JJ‘ T C)ng' ¢ ‘;'»U 65.3-’»43 C)Lmﬂ

ald oSl (s LiS o sle 0SS Uoliw] 5 bl (ol )1 Dl pmils ~ )
(imantasdighi03@gmail.com)
dals oSl (67 s LS p sl 0SSl Jlsle] g A ) (uelid 1S ol el sl iems ki 5 =T
(i.rohollahi@shahed.ac.ir)
Al oKl gl OlalS Colidoes S oo jlalw] =1
(h.dehghan@shahed.ac.ir)

VPV VD 1o s G, VP VYYD bl o g ,b

VLT

Olgie 4 WS ISl (6,80 51 015 o s bay o3l Ol ol 53 Olydes gl IS oS IS 51 (osls iom s a
‘Ju;u Spslis slyls Olaes IS LS LIS ulul 5 6las s o5 3500 eslinl Olals Wiy JoSe 5 Jiailsr S e
D b S 5 ISl a5l Ul Sl b b plin Ll Sltle oS ol el OLE Slidd 5
g ¥ el Sl Sl iy sl GRlT 53 Bl e asme o Ll 2 55 055 4 OLALS L8 s s )
pL/mL chle U G e Oliss IS ol ojlas 5 Olaes IS Lulul Ol,ae; S U8 T (/o mM 5 /Y mM (i)
Y s alas Sl oAb B s hsS el Cus (e mg/L 5 Y mg/L i) i IS S a5 00
S Yoo mg/L 6558 5 Lol i s ey WY 1y 5 dle dsns oY MM da) Shdle s g s S1SS
Ol s s ey SIS Ol e 53 1) 5 S 00 Chle L (W) agaty; 05y 5 (W) axasle Job dotsy
e LIS IS o Soailer Gatld s 6l el Sl sl o Sl 28L A IEal 4 s (5558
chle aw b olis; S8 OF lajlas 806 baamalS il 51w £33 Sibesl 3 e oA MM chle Ul i
VYo uL/100mL 5 ¢+ pL/100mL « v cdale au b Ol ae NS Slal 5 00+ pL/100mL 5 Yoo uL/100mL asls
SRlBas S5 oLl s il G s glaamalS gp, Ve mg/L 5 Yoo mE/L Gio (6o 5d gla i S
AU bl [l Sl eslinal s VB 5 5last, w;'l Sl 5 050 ST lie (Rl el i b IS clale
53l L;uw;'l Sl ls me (15l 5 050 4SOl s gae JialS Esl £0 pL/100mL el L Ol jae
sl cdled i el VL clale b Oley s Olae SIS O 5 S bl 5l esliad A5 5l
A el o LIS il ee a5 olS el 5l 5 s SIS

e LIS UL ks SISOl g agls” leds'

1. safranal
2. b-cyclocitral

\4


https://doi.org/10.22070/hpn.2023.16276.1173
mailto:imantasdighi03@gmail.com

VEOY Glicusy g ol oY o,lacki 0 0499 £l HLALS dadis ale da yulis

.(Jayakannan et al., 2015) d_as _ial S oLalS ;s
S ool b 8 U5 S oSl
Glad ol b )3 ege S 4 S cul U, oS
ol Sl 25 S o il DS s 05 50
Y gz Sl Goln 53 (o= i Sl als s
(ElTayeb et al., 2012) cul sdd 5,58 4> Ak
55 oS sladnlp Ul e Sl
i a5 Sl (ol s i | Ol
bl b (Yavas and Unay, 2016) disw 55 )
Sy (870 3¥ /0 ¢ mgr/L) du Sl 5L
Gopb i S S gladlgils Ad; 5 S5 4l
e o d okl Aoy (Yo 5V 00 o mM)
.(Bahrani and Pourreza, 2012) <5l i3l g ls
oS Conl Jld 5 LS S 5 SO U ISl L
Ao dl glacd plie sm slp sl iy S Ulse
Malamy and Benfey, 1997; Moreno-) s 55 .« AJ &
S el Jl i IS L— L L(Risueno et al., 2010
(Primordia) L) ses 2 55 S i ok Slocns
Ao o 0L i 58 e I sk OAS Josb 51 13 4ty
sla—dshu Clanss Julssl Col Il Ll o«
s il 5 adsl el i o 5o 4Bl LS
Lag) | 5 4 ;2 .(Moreno-Risueno et al., 2010)
Gl It JISOL Ly S 5l OLES s skl s
Sl s Cond Caglie sloml 5 el s
-2 sl ((Ramel, 2012) cul o go 55l0uS]
axlge 53 g5 55 oS S Il Eel dl e IS L
3 i ISl L 53 e S L
s 5 SO OLLS s ady) ) S e glos 1S
Sl a3l Ay 0S5 S Al e 5 03
Al s Gla i G Jpmmee S il
4 S osls QL& &l ad>s .(Dickinson et al., 2019)
b oS5 L e st Sl sl JUL AL
.(Corradi and Michelli, 1979) ! JI pu Lo

LV-RN-7Y

DA 3 sdmn 53 el Jale S e (555
OV e 515, Slas 5ol oy B (el
w5 .(Hasanuzzaman et al., 2012) 4L o (55,528
S LS 5 ol Jedliy Gl el (52
osb 03 b s Sl e b el olS e s
e Ao IS b laka e s am il amaly
.(Wahome et al., 2001) 5 S .

(Festuca arundinacea Scherb.) 1 IS g2 olS
e oS ol ol Grme slaata, b UL (ke aLS

Ceal s a5 L s (Poaceae) O 5 SGoL 6,0«

S o Sl 5 e ligle B e
55 ol g ols e Cilie Gl A 4l
Khoshkholghsima and ) <—ul o3 5 Oliizes 4> &
.(Rohollahi, 2015

Aol (Salix alba) Ay olS 1VAYA Jlu 55 5L s
olsllas (Raskin, 1992) Ji #| ool Sl Il
S Aol Sledlo 0581 slas Shas 5550 )3 iliss
Jo el s il il sla 25 S 34l g
syl 5 1 H202 bl anl Shedle 5 el S5
Cowl 28l L5 esls [2als YU (658 ol 03 4l
L et o8 opl o5l S5l Sl (e
SLaE oL caglie s ad Sl i
S5 5 o3 St o a8 L il i
(Loutfy et al., 2012) sl cilas 131 O35S sla
Seals Cel Shedle asl v/romM clale i eslacd
Catharanthus roseus 3> 5314 —.S| o O e Ol S
(W wbd;.lm et .(Misra et al., 2014) J_i
WS D e Sl 1 sl ded Sl
5 odsm ol Jsdee 5 1 (ST e 5 Shes
Kang et) Ld o elsl gladle (g5 s sl PRt
3 ,)LS S ol esls OLEs Cilis lallas (al., 2012

L om3 5l 8l o L5 o0 ool Sl 515052



o dalye g (25408 g sl Sabunidlos jlasi g ol Ae ) gusled g ojlas (b)) (0l Sen 9 Uiz 9, Ol

byl e a0 I8 5 sl Sl Ol e oLl
51 S L ms sloml (gl il JUE) 5 4 el

Yo mgll Gio) gl lale b b IS J sl
S S O o 5 48 Ao BT 5 (e vmg/L
Saffron extract and essential oil — ) SEES;; Ol ¢
5 SEES; Ol 4¢3 aIMS Ll (Abbreviation: SEES
w00 pL/mL o5 4 SEES 3 Ol i NS T o las
MalS 3Dl L s 5,5 S b b wilsl G5 e

03 g 453 VO (les 53 355V E Dol w4 5 at
5l e .(Parmoon et al., 2014) xS 5 3 A, SGUI
2 o3 a3 adlyr gl sl Jioled Gy, 0 idS
Gla yasls . cuils aalsl 555 Yo Sde 4y 5 A ST S5
3 P05 s db (s e Ao Kb w3 se
SS 3l s (s a0 azmady, s el S
SN TP S V-5 GO S T H P V- ST TGN P
o3 eddesls 3 edn IS el wen ) dile s

Al Sy a3 (S

OIS )3 Hlpdsanl jl g L)) -9 Ginle T

V4, h8) Lo sze OIS 5ue VY LISl plosl sl
5 RS el e SlS glails s, anle b (e sl
53k s S0 e Vor (sl L cpdi 5l e
a5 Y0 gles Sl Lol s 5 axisls OIS s
A plonil 5 e g 4 ol LS e e gl
GrSi 5 4 dis gz 5 LazalS O3 5 5l 1y
ot 58 1y 0y50 b 5o oME sl 35S
Ol 3 dgdoes Soygm a4 (Yo=Y ooYo g 2) 7Y LS
503 S 55 Sl 5l ey s S eslinal ool
G0 A S e b e S0 DL G s sl
sYrremgll in) o5 slamha b 2 Jles
ool aalsl azia b e 4 5 A3 LT (e emg/L
S 03 B 3550 o 5d sl Bde Coaal B
das L s wuﬁ&ujtw); KR TIPRCIRALY

C}.E_AEC bj”_ljﬁbl_s.a (Y'\/\) d‘)&@jﬁ;

Y

35 4S Sl p 5 e ge ST K (ChoH0) JUI L
Ly O o3 53 (53l 0,3 5 03,8 Sis oK
Iborra et al., ) 3 53 s byl s S5 o 5 5050
3l A Olas s g SIS 51 sl e Al a (1992
i L Lsd e s 8 gl IS gslula
OF caalis 5 0l e cilisen slaton 53 JUIL 5 g
5SS ojlas 48 5y, oo sl Jl e ISl
A S e S Ol an Ol 1 Ol ey bl
OLalS Slaul 5 glinl a5 aliada, 55 <l
13 515 el 3y g s b SES A s 8l
Jie a3l 53 b 53 b s gad 55 L sl s
cil el Sl 5 Ol is s il 5 o jlas 36
GlaamalS Slaal 5 ad;  laiy, eyl 55
T (S35 5 S5 9s 0 Glagal 5tk 55

22 03 Bl asse 1y s kil s o

& oh9) 9 Slge
W) dilga ala yo —Jsl Linle 3T

B s S T o 4 ol i
5% edes S lal s s S SEY L sl Slels S
Gas 53 Las ol C B L (05 559) oS G
Sl Sles Sie Jol Lilesl 5s s ploxil (Y£Y0)
SAS CTC/omM 5o/ mM Gio) b ¥ s
Ol e AN ST ojlias 5 Olie s NS Luslul Ol s
e oS BB an s 0 pl/mL Bl LS e
slayds as Lol Qv mg/L Yoy mg/l (i)
LS 5| e Festuca arundinacea Scherb. 1y S 423
Ve IS5 s o S 5en L adds 0 e 4y Jsie
sl eals pinad i dade OT Ll Y Side 4 Ao
Sl glad s 53 cole Y8 s w0 0T 51
S e KAS ekl (/0 MM 5 /Y MM dall) el
S b st Sl b ol Sl slasds O
3 oobas il gl LS Ao S STl



VEOY Glicusy g ol oY o,lacki 0 0499 £l HLALS dadis ale da yulis

As a8 S 4 5 dse b 5l eslinad b bl O (655
.(Karimi et al., 2018)

amar s L Cdl e 5o edd Jlesl (658 lasles
0535781 L (Leaching fraction) L;j_;:qj S EC 0l 5
j|;§_“.J_a):)'L:J>)HQ)H4_3M¢AEJ§QgT

dﬁfﬁ=@)wuﬂj)sgigw/c)a.djsoJuio:LiLA;.jw

Golal S, Lcs 8 515 Jbsol 5yse Jled s o
(Wemg/L 5 Yoo mg/ll ¢ iw) ) slackle
5SS Tl ol S Sl s B S S o
G Bl Sl astinad b al= e 53 53 Ois s NS il

OLalS Loy Ly osd e i O 0o nlnl

03 IS e 53 35 ge Sed ity e
Sead chale Sl o 5 le dal gt SLaly ;) adlais
Ll ades b 5o Sl Jle 358 0 SIS s
il ol o e (5o chale b sl

LaollS T3 ,8 (5o g sdse il 51 Olabsl (61

(SEESB) Ove uL/lOOmL 9 (SEESzz) Yo uL/lOOmL c(SEE821) Jw u\JJ&) ;fj.,lf uT
(SEESy ) 1Yo uL/100mL 5 (SEESys) ¢+ uL/100mL (SEESy,) jis :0l jis 5 458 il

sl aslas Olge g odal Gz w0 sy Jaloes .05 S
BINNI{ PP N & CRP I U B JEJX IS (RH ROV
23S 1 eslinal 550

JEAPEWEE P V'“'PT b (g, Se 51l
O3odeademnSt oy DY e S el Slid 3L bl
Sl s S Blol alt Silas 2y Sea Ve 5 V5 S
Jsb 53 Hy0s 0 ey 5 Olgzn ol 5YBIS o 5
MM em’ b gelt o 5 Sl eslinal bz gl Ve e
NP LV

S 131 S Sl o 5T e (5 Sl
DY S ey Sl L STy Bl ) L
a1 0 0550 ST Vs e V0 ol Sl
ol el s 3wl bt ol iy S Ve
DA S Olsmn lal oy Sl s Sl
s 5 5 e g YA e sk s il S
SPECORD ) e 5t 55

Mm™ sl o b sleslicul L 5 (210,Germany

Analytic  jena

.(Navarro et al., 2000) L 4vsles YA '.Cm

Yy

Rlenh Sl )gis L L)y

LAl Sesle S Y D050 S e
A3 ) Al Sl IS 65 dsleee S5l Ol s
Verer s s aids 10 e 4 ol o lae 5 ek S
(il Sl 3L ) s 40 e L 558 5L
Vel L ) e G5 VR pH L Y e e Ve
Ao YA ms dpb 5o il 5 s S Gl Y
Nano drop, Thermo )J.:.aj:_éj:&;_.ﬂ\ s L oug
05 Ossds LSy e . As oLl > (america group
A3 S s skl e 5l esleiad L dsad e
.(Meloni et al., 2003)

u_ﬂﬂz)l_.a.c«_:@‘_;\ﬁ:@::jﬁsjwc\ﬁw\
Sl Jald 3L ) e Selan S e 50N
-k 5 /) mM EDTA 5V, pH Lo+ mMols
B S0 33 ey 05l 5 Loy G s Lo
Woeer s fol laolas e Lds (Ses 5 edule
Vo e g a3 8 les 53 4l 55 00

sl g Jol s Jskome 5 A3 5 ok 5l 43



o dalye g (25408 g sl Sabunidlos jlasi g ol Ae ) gusled g ojlas (b)) (0l Sen 9 Uiz 9, Ol

Ao Sehedlo sl 5 ()58 S () JS2)
Lo, las (iSan oy (Codls (gl e 36 54l
mg/L 5,55 ¢ +/OmM g+/V mM ol SCL—oJls
& S (Gl duoyd o me Gl 4 e Y-
Slewd s o i mlin wyp () JS3) 0l sals
roseus sl ;& 59, Sohawdli sl /-0 mM clale
o eoos Lyl (Syasles o9y el Catharanthus
Sl mme glas (Misra et al., 2014) ol salg> (5,98
odalice (598 (5 (a0 el Skl sl jlos (0
PUASWUURINS ¥ [T U] PR VW] I WU DUV | RN D L Wy B4
SlysSsl 5 093515 Jd 51 con 33108 (ST 5
il S b LS 5 ol 45 93,5 o iy 5o
Ceslaz s gl gals |y, Siale bojo o]

.(Harris et al., 2001) Dl o ‘53)’4515.? Aoy w8l

GoboT ulbT
Tl B s S O pasT S s Laesls S
SAS 9.4 551 p 5 5l eslizal L LSS Y 53 alas SIS
Ao Ogal 5 esliad L La Sl anslie s 3JUT
STl 5 51 eslizal b Lals sad ey 5 (SS5 lasal

A el

ey 9 @l

o) Sl sy
S Sl =me bl Ol e Guill 5o )lae
P R PV P - VUR LA E LR S PH PP PP et
Sl )3 (Silez doyd (n ieS 5 5 9h (e e 5o

Ol sanlie padw an IS Fe e mg/lL clale b 6,98

H Control

Salinity 3000(mg/L)

B Salinity 6000(mg/L)

90.0 5
80.0
70.0
60.0 d
50.0
400 €
30.0

Germination(%)

20.0
10.0
0.0

ab

Control

Salicylic acid
0.5(mM)

Salicylic acid
0.1(mM)

Salicylic acid (mM)

S8l o) Al

Sl

I Sopd S JiSen = SO

Figure 1. Interaction of salinity stress and salicylic acid on germination percentage
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Figure 10. Interaction of salinity stress and SEES on peroxidase activity
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Abstract

Introduction: The use of bio-fertilizers along with the rational use of chemical fertilizers can be a good
solution to reduce environmental pollution. Bio-fertilizers include microorganisms such as bacteria, fungi,
cyanobacteria, etc., which improve the structure and quality of the soil and strengthen the soil in terms of
nutrients. Mycorrhizal arbuscular fungi are present in many soils and coexist with the roots of most plant
species (Wang et al. 2021). Due to the high importance of fenugreek in food and pharmaceutical
industries and the need to reduce environmental pollution caused by the improper use of chemical
fertilizers, in this study the effect of inoculation of ten species of mycorrhiza fungi of different genera on
growth and some biochemical characteristics of fenugreek were investigated.

Material and methods: A pot experiment was conducted to investigate the inoculation effect of different
species of mycorrhizal fungi on the growth and nutrient elements of fenugreek (7rigonella foenum-
graceum) based on a completely randomized design with three replications in the research greenhouse of
Ferdows1i University of Mashhad during 2020-2021. The treatments were included 10 species of
mycorrhizal fungi Glomus mosseae, Glomus etunicatum, Glomus claroideum, Glomus caledonium,
Glomus interaradices, Glomus fasiculatum, Acaulospora langula, Scutellospora castanea, Glomus
versiforme, Gigaspora margarit and non-inoculation Cgcontrol). The studied traits were morphological
traits (plant height, number of branches, number of nodes, internode length, leaf length and width, fresh
and dry weight of plant aerial parts, root length, fresh and dry weight of roots) and the content of macro
and micro elements (N, P, K, Mg, Ca, Fe, Mn, B, Cu, Zn).

Results and discussion: The results of analysis variance showed that the effect of mycorrhizal fungi on
growth and the content of nutrient elements was significant at the level of 1% probability. Mycorrhiza
inoculation significantly increased the height of fenugreek plants. The lowest plant height was observed
in the un-treated plants and the highest plant height was related to plants inoculated with R. castanea. The
highest leaf length and width was recorded in plants inoculated with R. intraradicese, which were 7.06
and 31.63% higher than the control, respectively. The results showed that the highest fresh weight of
plant aerial part was obtained in the inoculated plants with R. castanea, which was 111.66% (more than
twice) higher than the un-inoculated plants. However, F. mosseae caused a decrease (30.88%) of fresh
weight compared to the control treatment. The highest plant dry weight belonged to plants inoculated
with R. castanea, A. langula and D. versiformis which were 133.58% higher than the un- inoculated
plants. The lowest plant dry weight was obtained in the control treatment which was not significantl

differed from the treatment of C. etunicatum. Comparison of the mean data showed that inoculation witﬁ
mycorrhiza fungi effectively increased the root growth of fenugreek. Although inoculation of fenugreek
with mycorrhiza fungi had a significant effect on improving the nutrient uptake, but the plant response
varied depending on the studied fungus species and in some species reduction in nutrient contents was
recorded. Literature survey showed that the inoculation with appropriate species of mycorrhizal fungi can
effectively increase the growth and biomass of fenugreek by improving the plant physiological traits and

absorption of nutrient elements (Latef and Chaoxing, 2011; Baghbani arani et al., 2017).

Conclusions: According to the obtained results, the response of fenugreek to inoculation was depended
on the mycorrhizal fungi species therefore determining suitable species of fungi is necessary to improve
the growth and yield of this plant. Generally, inoculation of fenugreek with C. claroideum, R. castanea
and R. intraradices can be suggested as a suitable alternative to chemical fertilizers to increase the yield
of fenugreek under greenhouse and field condition.

Keywords: Biomass, Symbiosis, Nutrient elements, Root growth.
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e (Y Jd>) cils el 33 a3 YUY0 Ll
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R. L;LAG)U s dals L aS s edalie mosseae
SoI3 —=e & C. claroideum s intraradicese
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G. claroideum 7,6 L SWLS =il 4 by e 0 8 sl
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Al

051 53 51,8 mla az ;3 Vo gls 53 el YE s 4
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13 S e 3 dpe 5N S o
RWC% = [(FW-DW)/(TW-DW)] x 100

Aladsisds Iy 93 polic wldle s uS o)l

OIS

S sai Sl p S Y 0555 Ol S S es g
W~U%)Mdﬁj)>°5°@9@7w
S el 52 oo 0 Lol e 55U 2 SV
Sralesl ey 53 Jol bglse 5 s eyl O o Lde
Sl a8 S 515 an oKaas oy Cele ¥ Sen
Bl Ve e Vo i o Sl e 045
L e 3 s Lol G5 ol Jglos 2 LT
D5 Ol 5 o Jl i 01000 SG 5 ]
it G S i)yl 3 o g 255
4 ged 53 om0 053 5 ko yd Dy po a0 055 5% Ol e
(Emami, 1996) L& (¢ ,Ss 361 JItaeS 5 Sl L

H—iSin 159 (BT coaulS (osjsio phand (amuliy
29 e

590 glas bkl lav 5 olSaws 03 505 0,8 5l da
S T e e el ol e Gl
(ICP- Jua) ICP oz L s 5 e 53550 505
Sl e 0 5y e a5, Sl OES
S St b e, S Y0 Ble S psal
S8 3 Cele YE St e s S WL
Sl apm 503 53,8 Do sl ie Besl
Wolg 3 58 ol OF 5 sl Sl B e el
L 55 ekilay 2 ke 00 4 lade OT L Jslons o
o3l g oy Dlid J gl 5AE e3ls e Lo
2058 ol ICP olKiws 53 5 S jwole Slide 5,5
.(Asadi karam et al., 2016)
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i oS (gl ; s Shs 1 150500 g b 31 bty 4o Y Jsdr
Table 1- Analysis of variance effect of mycorrhiza fungi on growth characteristic of fenugreek

MS
8.0.V df plant Branch Internode No. nodes Leaf Leaf Fresh weight  Dry weight of Root Fresh weight Dry weight  Relative water
height number length ’ length width of aerial parts  aerial parts length of roots of roots content
Mycorrhiza 10 29.1934™ 0.67652" 0.58838™ 3.3023" 0.06338™ 0.11927™ 10.8100™ 1.389717 1116917 0.009782"  0.001016™  438.84™
Error 22 0.1129 0.04545 0.08408 0.2341 0.01135 0.01410 0.0285 0.00125 0.0313 0.000152 0.000167 46.48
CV (%) - 824 421 10.32 6.36 10.32 14.32 9.36 12.32 8.32 12.32 8.07 9.11
** oy \ Jlex| CEM 03 ls pxa
**Significance at the 1% probability level
s ol gud, Sleogas 15,5500 g B 31 5Klke anlis Y g
Table 2- Mean comparisons of mycorrhiza fungi effect on growth characteristics of fenugreek
. . Plant height ~ Branch Internode Leaf length Leaf width Fresh .welght Dry welght Number Root length Frqsh Dry weight Relative
Mycorrhiza fungi (cm) number length cm)  (cm) (cm) of aerial parts of aerial of nodes (cm) weight of of roots water
& (2) parts (g) roots (cm) (cm) content (%)
. . d
Control 2657 275 271 3110 1.58" 438’ 1.33¢ 9.33¢ 13.5% 0.22" 0.05° 30.66
. N ab
F. mosseae 30.16¢ 375 258 2.96™ 1.500 3.02¢ 1.462" 9.42¢ 11.5' 0.14° 0.04° 67.67
bed
C. etunicatum 26.921 3.17% 3.11% 3.23% 1.50% 457 1.35¢ 11.11% 14.25% 0.23% 0.05° 50.40
abc
C. claroideum 34.57" 3.50% 2.88¢ 2.87° 1.43% 6.52¢ 2.01° 12.12° 13.75% 0.24% 0.06° 60.60
be
F. caledonium 29.75" 2.66% 2.99% 3.04% 1.61% 7.16° 1.97¢ 1036* 8.6 0.21% 0.06° 52.32
abc
R. intraradicese 2832 2.50% 2.72¢ 3.33° 2.08° 8.26" 2.48° 9.84b 13.12% 0.16% 0.07% 55.74
cd
R. fasciculatum 28.90¢ 2.00° 3.11% 3.15% 1.39° 5.69° 2.66° 8.66 12.75° 0.21° 0.07% 40.69
abc
A. langula 31.17% 2.75° 3.0 327 1.43% 8.39° 3.05° 9.33 14.37° 0.27° 0.11°* 57.26
abc
R. castanea 36.50° 3.00% 3.98 295" 1.45% 9.25° 3.08° 10.77% 11.25° 0.30° 0.09® 58.70
D. versiforms 33.03° 2.75° 3.83® 3.16™ 1.65™ 6.75% 3.034° 11.15% 11.25° 0.30° 0.08" 75.20°
abc
G. margarita 32.00% 2.83% 3.16™ 3.245% 1.76% 5.62 234 1099 937 0.13 0.07% 59.40

L oa bl e IO S a3l il 2 OLSG Cg o L sliel O a3

In each column, numbers with at least one similar letter based on the Bonferoni test do not differ significantly at the 1% probability level

v
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Nadeem et al., 2014; )55, s Vool S iy,
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4.1.:.];:.:..55 alzf d_‘..\.ﬁ J..ﬁ\-'& u~\-> Q‘ﬂﬁ 2 |ﬁ)}.§3_be 6‘AGJG JS| J“‘"ﬂ)b 4.3_)2-5 -y dj-’-?
Table 3- Analysis of variance effect of mycorrhiza fungi on absorption of nutrients of fenugreek

MS
S0V ar N P K Mg Ca Fe Mn Zn Cu B
Mycorrhiza 10 29.1934" 0.009782"" 11.1691" 3.3023" 1.38971" 10.8100" 0.06338" 0.11927" 0.58838"" 0.67652"
Error 22 0.1129 0.000152 0.0313 0.2341 0.00125 0.0285 0.01135 0.01410 0.08408 0.04545
CV (%) - 8.11 10.34 6.65 7.41 9.07 12.74 5.98 6.87 14.30 16.07
1o ) Jlel s 3 Sl sne
** Significance at the 1% probability level
ddid oS S 5 03 plie polie Gl Ol 5 152050k slag b S 5l deslis -6 Jgur
Table 4- Mean comparisons of mycorrhiza fungi effect on absorption of nutrients of fenugreek
Mycorrhiza fungi N P K Mg Ca Fe Mn Zn Cu B
% mgkg! DW
Control 2.44° 0.15¢ 1.13° 0.79¢ 5.01° 144.86' 65.57" 379.20° 143.68" 211.208
F. mosseae 1.75° 0.06! 1.14% 0.88* 5.65° 160.77" 92.66° 316.12f 163.45¢ 365.77*
C. etunicatum 1.67°F 0.138 0.99° 0.70° 5.08° 294.36" 65.72° 256.95¢ 282.04¢ 295.57°
C. claroideum 1.89% 0.18" 1.14% 0.73¢ 5.62° 367.46° 83.19° 667.60° 213.87° 295.56"
F. caledonium 2.40¢ 0.13f 0.76" 0.80" 5.72° 197.91° 73.43¢ 327.04° 157.67¢ 254.21¢
R. intraradicese 3.89° 0.16° 0.83° 0.65° 5.25° 614.92° 73.81¢ 172.63! 243.93¢ 231.47"
R. fasciculatum 2.70° 0.12" 1.153 0.628 5.12° 177.768 72.32¢ 368.08° 167.20% 209.49"
A. langula 2.52° 0.16° 1.11° 0.64% 5.01° 102.59 63.39¢ 349.02¢ 356.69° 257.74°
R. castanea 2.17% 0.15¢ 1.04° 0.82° 6.03" 108.68! 72.49° 204.041 175.73¢ 235.12¢
D. versiforms 1.65° 0.18° 0.54° 0.33f 0.98° 1918.35° 96.73° 221.70" 162.58¢ 4736
G. margarita 1.51° 0.09' 0.72¢ 0.52" 3.84¢ 275.35° 60.61" 126.58" 405.39° 163.81

L oa b ol e IO S a3l il OLSS Cp o L slatel O a3
In each column, numbers with at least one similar letter based on the Bonferoni test do not differ significantly at the 1% probability level.

in
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Abstract

Introduction: Although beneficial effects of silicon for plants were well documented (Liang et
al., 2015), leaf uptake efficiency of this element in most of plants including tomato remains to be
explored. So, this experiment aimed to evaluate penetration of silicon into the tomato leaf
mesophyll.

Material and methods: This pot experiment was conducted hydroponically in a completely
randomized design with 7 treatments, 3 replications and 2 samples in research greenhouse of
Sari Agricultural Sciences and Natural Resources University, Sari, Iran. Treatments comprised
potassium silicate (K,Si0O;), sodium silicate (Na,Si0Os), and orthosilicic acid (H40,4Si), each of
them in two concentrations of 1 and 2 mM, along with a control. All treatments were applied
weekly as foliar spray. Evaluated parameters included yield, photosynthetic pigments (Carter
and Knapp, 2001), leaf silicon concentration (Elliott and Snyder, 1991), and silicon distribution
among mesophyll profiles. The later parameter was determined in three different points of the
transverse section of the leaf (near adaxial, middle of mesophyll, near abaxial) using Energy
Dispersive X- ray Spectroscopy (EDX).

Results and discussion: All of the silicon treatments resulted in an increase in leaf silicon
concentration compared to the control. However, the application of potassium silicate at 2 mM
led to the highest silicon concentration, which was not significantly different from potassium
silicate at ImM. Evaluation of the middle of mesophyll elemental profile showed that only two
treatments, orthosilicic acid at 1 mM and sodium silicate at 2 mM, resulted in a higher silicon
ratio than the control in the whole mesophyll and near abaxial point. The other treatments
showed no significant differences from the control. The Silicon ratio at the near adaxial point
was significantly higher under potassium silicate treatment compared to the control. The highest
yield was recorded under orthosilicic acid at 2 mM, which was not significantly different from
sodium silicate at 1 mM concentration.

Conclusions: Overall, the results of this research confirmed that silicon can infiltrate tomato
leaves, indicating that silicon fertilizers can be safely applied via foliar spray. Furthermore, an
important finding from this experiment was that there is no correlation between leaf silicon
concentration and tomato yield in normal conditions.

Keywords: Silica, Mono silicic acid, Leaf penetration, Energy dispersive X-ray.
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Table 1. Concentration of elements in nutrient solution (mg /1)
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Figure 1. An X ray photo taken by EDX from adaxial, abaxial and middle of the cross section of tomato leaf
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Table 2. Analysis of variance for leaf silicon as affected by various silicon sources spray
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Figure 3. Effect of silicon spray on the silicon concentration of tomato leaf. PS1: Potassium silicate 1 mM, PS2:

Potassium silicate 2 mM, SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1: Orthosilicic acid 1 mM, OS2:
Orthosilicic acid 2 mM (all columns with the same letter are not significantly different from each other)
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Figure 4. Effect of silicon spray on silicon percentage among 10 evaluated elements in the adaxial of tomato leaf. PS1:
Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:
Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Figure 5. Effect of silicon spray on silicon percentage among 10 evaluated elements in the middle of tomato leaf. PS1:

Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:

Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Figure 6. Effect of silicon spray on silicon percentage among 10 evaluated elements in the abaxial of tomato leaf. PS1:
Potassium silicate 1 mM, PS2: Potassium silicate 2 mM. SS1: Sodium silicate 1 mM. SS2: Sodium silicate 1 mM. OS1:
Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all columns with the same letter are not significantly different
from each other)
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Table 2. Analysis of variance for tomato yield as affected by various silicon sources spray
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Source of Variation Degree of Freedom Yield per plant (g) Fruit number per plant Single fruit weight (g)
i 6 632195.492™ 47.4048° 185.2762™
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s
14 164804.000 43.0595 260.0846
Error
s .
TS e - 24.26 21.95 25.85

Coefficient of Variation

#% % g
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s * and *": non-significant, significant at 0.05% and 0.01% probability level respectively
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Figure 7. Effect of silicon spray on yield of tomato. PS1: Potassium silicate 1 mM, PS2: Potassium silicate 2 mM, SS1:

Sodium silicate 1 mM, SS2: Sodium silicate 1 mM, OS1: Orthosilicic acid 1 mM, OS2: Orthosilicic acid 2 mM (all
columns with the same letter are not significantly different from each other)
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Figure 8. Effect of silicon spray on wight of single tomato fruit. PS1: Potassium silicate 1 mM, PS2: Potassium silicate
2 mM, SS1: Sodium silicate 1 mM, SS2: Sodium silicate 1 mM. OS1: Orthosilicic acid 1 mM. OS2: Orthosilicic acid 2
mM (all columns with the same letter are not significantly different from each other)
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Abstract

Introduction: Chicory is one of the perennial and important medicinal plants of the Asteraceae family. In
addition to having many nutritious compounds, chicory is potentially a rich source of bioactive
substances for strengthening human food due to its polyphenol compounds (Petropoulos et al., 2017).
Nitrogen is one of the most important elements required by plants, which participates in various
processes, and its deficiency or excess significantly affects the growth, yield and quality of products
(Yaghoobi et al., 2018). Due to the high importance of nutrition in the performance and quality of the
active substances of medicinal plants and the fact that so far a little research has been done in chicory
plant; Also, since ammonium sulfate is an acid-forming fertilizer suitable for the alkaline soils of southern
Iran and causes better absorption of other nutrients; therefore, the present study was conducted with the
aim of the effect of different levels of ammonium sulfate on the growth indexes and some biochemical
fact(ci)ys of two species of chicory (Cichorium intybus and Cichorium pumilum) in Jahrom climatic
conditions.

Material and methods: In this research, the effect of different amount of ammonium sulfate on growth
and yield traits, chlorophyll contents and some biochemical properties of two Cichorium species were
studied. In this purpose, the experience was conducted on factorial based on randomized complete block
design (RCBD) with two factors and three replications. The first factor, ammonium sulfate concentration
includes 5 levels: 50, 100, 150, and 200 kg/h and control (soil without fertilizer) and the second factor,
two Cichorium species including C. intybus and C. pumilum. The most important factors inclusive leaf
number, leaf length and width, plant fresh weight, yield of dry matter, length and diameter of tuberous
root, fresh weight and dry weight of root and chlorophyll contents (a, b, total and carotenoid). Also,
biochemical properties of leaf extract (flavone and flavonol, total flavonoid, phenolic compounds and
antioxidant activity) were measured at two times (middle and end of growth period).

Results and discussion: The results showed the significant effect of the treatments on some measured
traits. In relation to most of the morphological factors and yield indicators in C. pumilum, the best result
was obtained in the 150 kg of ammonium sulfate treatment, while in C. intybus, the application of 100 kg
of ammonium sulfate had a greater effect, which showed that C. pumilum has more fertilizer tolerance
properties than C. intybus species. In C. pumilum, the highest amount of flavone and flavonol (2.93
mg/g), total flavonoid (7.30 mg/g) and phenolic compounds (10.06 mg/g) in the 50 kg of ammonium
sulfate treatment was observed 1n the second harvest while in relation to C. intybus species, the maximum
amount of total flavonoids (12.14 mg/g) and phenolic compounds (13.67 mg/g) in the first harvest by
usage of 100 kg of ammonium sulfate and in the second harvest in the 200 kg of ammonium sulfate
treatment (7.14 and 10.26 mg/g respectively) were measured. Previous findings showed that in some
plants, including Ocimum basilicum (Radusiene et al., 2019) and Stevia rebaudiana (Barroso et al., 2018),
the high availability of nutrient elements leads to an increase in plant growth and development and a
decrease in secondary metabolites production. While in some other plants such as Marrubium vulgare
(Kheiry et al., 2020), Cicorium sp. and Artemisia annua (Jha et al., 2011) by increasing the amount of
fertilizer, an increase in active substances has been observed.

Conclusions: In totally, application of 100-150 kg/h Amuniom sulphate fertilizer for Chicory species
recommends.

Keywords: Phenolic compounds, Antioxidant activity, Flavonoids, Yield and Chicory.
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Table 1. Physicochemical analysis and some nutrient element exist in soil related to cultivation area of two chicory

species
4 | S s Sl plil cosb, JS 0l oslizal LB i oslizal b ol
Soil pH EC (ds/m) Saturated soil moisture (%) N (%) P (mg/kg) K (mg/kg)
7.93 0.66 29.44 0.60 5.13 144.86
) <Y o Sl el ST ol s J:Lum._LfQLJ;
Sand (%) Silt (%) Clay (%) Soil texture OM (%) Caco;
47 41 12 loam 0.60 73

LS s S S wsed 0 80 Oy b les
4 o 2 e YO Dln g 5 5L QUi 05506 o
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1. Folin Ciocalteu Sigma-Aldrich
2. 2,2-diphenylpicrylhydrazyl, Sigma, Aldrich
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Table 2. Analysis of variance of the effect of Ammonium sulfate fertilizer and species on morphological properties and

yield index of Chicory
Mean square

Source of variation df Leaf number Leaf length Leaf width Plant fresh weight
Fertilizer (Ammonium sulfate) 4 6673.09%* 52.67** 1.33* 11489.30**
Species 1 4421ns 13.09ns 0.39ns 2118.50**
Fertilizer* Species 4 621.32%* 6.93ns 0.36ns 1963.00**
Error 18 21.63 4.52 0.31 113.31
Cv - 34.19 15.12 17.44 57.14
Source of variation Yield of dry matter ~ Root length Root diameter Root fresh weight  Root dry weight
Fertilizer (Ammonium sulfate) 48.20%* 8.68** 0.19%** 40.35%* 2.44%*
Species 106.33%* 3.22ns 0.001ns 2.38ns 0.01ns
Fertilizer* Species 23.60%* 9.84%* 0.04* 18.30%** 1.44*
Error 0.95 1.14 0.01 1.27 0.34
Cv 54.04 12.48 21.31 39.73 46.03

Slagae M gz pde 1108 s yn ) 50 Loz CEM 03l pme SNl 3 g 5 oS 5 4 ke g
* and ** Significant difference at 5 and 1 percent probability level, respectively, ns: Non significant

@..w‘S 43;‘9.\\_{..’(5e.ﬂ.a:ﬂw}ﬁ}f;b}}ggﬁ.:‘.Lﬁﬁrv}:;yiawydkﬁuc}hmﬁu Y J}b
Table 3. The effects of different ammonium sulfate on leaf number, plant fresh weight and yield of dry matter of two
chicory species

Leaf number (n)

Plant fresh weight (g/plant)

Yield of dry matter (g/plant)

Chicory species

Ammonium sulfate levels

(ke/h) Ch. pumilum Ch. intybus
Control 19.11°¢ 39.70 ¢
50 49.95 b 38.51¢
100 54.95"% 83.26°
150 75.17° 60.29°
200 55.11% 44.66 <

Chicory species Chicory species

Ch. pumilum Ch. intybus Ch. pumilum Ch. intybus
2591 ¢ 22.15¢ 3.63¢ 3291
49.75 ¢ 31.54¢ 7.22°¢ 426¢
81.52°¢ 116.66 ° 8.47°¢ 10.09 ©
157.10° 95.39 % 18.13° 8.31°
119.82° 84.33° 12.96° 7.63°¢

ML:@ é}; L)_}A)Tuﬂlwu‘f)bw eS| S (:.,\9 aM:QWWJALg&{U)J ;}Jﬁw«}g.iié)ﬁ)b ASJLZ.A g_éj>- S99 sk
*: Means followed by the same letters are not significantly different at 0.05 level according to Tukey test
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Figure 1. The effect of different amount of ammonium sulfate on leaf length (a) and leaf width (b) in chicory
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Table 4. Interaction effect of ammonium sulfate and species on chicory root properties

Root length (cm) Root diameter (cm) Root fresh weight (g) Root dry weight (g)

Chicory species Chicory species Chicory species Chicory species
é&?g;ii?oiuiiagﬁl) C. pumilum C.intybus  C. pumilum C. intybus  C. pumilum C. intybus C. pumilum  C. intybus
Control 13.95¢ 14.05 ¢ 0.62¢ 0.71 2.83°¢ 3.92% 0.63 ¢ 1.04 %
50 15.41° 15.80 0.85 ¢ 0.68 ¢ 6.07 6.40" 1.90 * 1.48
100 14.05 16.72 ™ 0.83 > 1.03® 5.88 < 10.73 * 1.47 * 2.67%
150 18.41 % 15.62 ™ 1.08 1.07%® 9.79* 9.39® 2.50 1.74 ™
200 18.56* 1491°¢ L1 0.96 ™ 11.73° 8.68 ™ 3.00° 240

A2l e (S5 O30 bl ls e Ml 5 g pde s asOLIS S o Loabaly 03 Ogir 5 sy 8 53 S ke B 3y
*. Means followed by the same letters are not significantly different at 0.05 level according to Tukey test

Aoled A5 e s BB es s Sy 5 a2l e A
5 J=Bo S e 53 O3 el B s
e A= U sllae Lyl s 0T SRl s
oS iy slapasli o 53 5 s SRl s
e O35 oS Ly il 4 J s sl
5ol sy il Slad 5 b b s IS Sl jtals
Zareetal., ) Aol o alS oLS 5 Slas 5 s0d 5 A,
w_:jyﬁ Sl 4w &S T 51.(2013; Singh et al., 2016
3950 Wl il e 5 5 88 sl 0558 s esdle
2 558 ol il sl 4 Cd QLS sl
Gl bl s gl 1SSk e g3 s Sl
OlalS 555 858 5,08 o 555 Shes 5 ady gla S
Yadegari and Barzegar, ) 4 s job ados 5l il
<=J_;§ «(Shabani et al., 2016) &, Olus (2010
Safari Zargani et al., ) |;1S 5 (Mousavi et al., 2019)
5 ,5,LS 48 Wles S Olo cpaiizes ool ol i 50 (2021
SRl e Sy 3l 0 Gk )5 S S
S ydie dppazme L) L Rl 5 (6 s DI 5
4S Cul ol Ol zmen ((Mousavi et al., 2019)
Ll 0,55 O pme Sl ol S pH e ialS
e i Losgd G 5 (plugy M) Gl gl |
il Gl S et 5 (S s S

.(Mousavi et al., 2019) &S . V‘“‘fé sl ele sl

¢

35S (G ol 3l sl sy ml eyt

Ll 5 s SL nlS a8 5n s el i s
Eb el dd s Shoe 5 A5, sla Shs Sl oo e
25 Sslite p g gal O s il sl 4 La0]
- Oyl 2S5 ol SL 6 S 48 g5k
2 il bl 558 4 o (5t ey sl
S ALl €5 5o 50 SShS V00 58 S 6 S
5 poigel Sl gy o SIS s 0SS Ve
Ay sla s le il s gadee sla i8S
Babalar et al., ) o}, adex 3l il LS 5 Slas
Sifola and Barbieri, ) Ol , (2020; Zare et al., 2013
Yaghoobi) ;L= «(Kheiry et al., 2020) O sl 5 (2006
«(Baghbani Arani et al., 2017) e (et al., 2018
Ramezanifar ) CL;@\ s (Hazrati et al., 2020) L;lf =
i 31 S5 WS 508 4 s (et al,, 2021
Gt ol gl b Gl 4 315 35 p g sal Sy
Sol ez L as cl el Sl ans pl o AL s
5 OME S 0 it ;5 L its 5l 055 10
252w aS plidl Ag s i gbdshe s
yls cdbts ps e Ay sl S Sl J st
Sai o OalS s msasls 5 Logy A il
Sy iy SL 03 O3 PSS Dlie &S Gley oo

oLS 358 o o 5 Lk e SRl s s Ol e S



~(Cichorium sp.) Jiuls €345 93 abaardigns 9 35915590 GLAGEISIg (ouuy 32 10151800 9 ookl osaac

iy b s as cal e 5518 &S (6 sba sl 0L
IS U G s GGPP S 5 S il ol
Sl 505 e eSS WS 55 e bk 55 e
Sl 0l 54058 ioeen (Trudel and Ozbun, 1970)
ol Cté_\ﬂ\jﬁlj&ul.:f):b sa s S i &S
S s 4 das DL 51 jtis sl padpel Lol
ool olS 535 58 3l eslanal (Rousta, 2010) Ll e
a2l el (Nigella sativa L.) &s ol
Heidari ) c—ilib |85 IS Ol (g5l one S Lol
SIS, @S 55 g5 sluws L(and Rezapor, 2011
S bl 5l ail e S350 skl Gbls QLS s
L 037 e 2L Ll e 2 55 mle 5555
Slheslial S 015 e gy cpl s il OLS s

iy o35 OLLS a1 J@,&S;wg\}f;ﬁﬁ

Slesion S 529

(sl slmesls Lusbsls SIUT Jsd el
el g 355 5 68 lize Sl 5 e S S|
slad s 5 Lao b e Sl ISL bLE ) s
A3 S s e Ay 0p58 aulyl 53 Jlaenst ST e b
IS o pel il g il e G S Il o
Lyl s Slaeast sl co b e olesd s Sliv
(0d5d) 433 S ls ome Ay 0553
aJgsgMb 9 Loy

o 0 L (05, 0y dals) g sl s
(0J50m) As S Sl e oy gol i)y i e
S S e YY) Oln i o8 Sosbey
T LS sy dald jlad @ b e (Sl 50 p S
3l ne sl g sl Dl g o SAS V00 e
PO P PSRRI SPGB R
JS2) 5 o sal il p LS 00 5 Yo o jlos
2SS s el Bl 1S J s (Y

)‘Ju_.;u C‘ﬁb C,_.::‘Jf B l_hd}_v‘)bj l_aujm Q‘ﬂ

o

(359i69)L5 Ulise 9 US b @ Jadg pls) Jadg s’ uljse
o Lol s e 5 el 0Lt il
PAS gm0 ol A3 e (5 55 55 (slao 55,
AHlaS J 5308 K 18 bles 36 cos Slis )
Jelize Sl (ool O s 5l ) Sl el
sba JdsJS Olpe badaly 53 658 5 p s el Ol s
LS 5 JS s 50 Olen balasly 53 555 s sms JS
53 (0 dpdar) A S s e g gl Sl g a3l S|
sdzr 2 a8 jsboles S sb @ b5 S Oljee L alal
O AV (ol S SL 68 03 35 ol 1
Gyad 05 53 p S Jes VMU S VELA VUTA 5 5 w)
pompel DM 358 0SS Vo v ek by (SC2
b Jods S Olse eV 5 o lS UL &5 s o
05 53 p S ke YA SNV AV LS 5 w) S
- Oy 558 e S LS Ve jlad 5 (i e
Lo Olimn (2 S 68 Jm 53 A (55503000 g ol
-l S e Sels N0 5 or wall glasles
At o)Ll iy 4S5y boles (W dsda) 35 p s gel
- Ol glasled SU o b i U8558 Oljes
V) Olye oS alaily cnl 534S 238 13 g sal
Vo olad an b e (SLis ased o5 0 p 5 e
S Laslass 2o 52 pss el Dl 358 0 SLS
ol @l S bk (Y S8) dmdls 15 05 8
- Sl oSS Ve Sled s S das e LS Gaded
268 Jl s ad Jol b IS Ol o 2t p s sel
Ot ot ool o S dlaly Ol SR8l Gl
OB 93 (G il 53 IS 5590 5 Jd s IS Ol
B 5 055 3gmS S 2L piusl el ol
Asle Mohammadi et al., ) Cul ol 5,058 dime
iy sl ol 4ol o a5 L (2021
o 3o Sl uly A S 5SS Olse 4 (GGPP)
(mslod s bl LS 55508 5 Jds IS Jsnd o i

e LA 5 s IS o e sSe daly Ll S



VEOY Glicusy g ol oY o,lacki 0 0499 £l HLALS dadis ale da yulis

eSS 0 Jlas s an i SL w58 s sy Gintybus

2l G (s 13 Ol o 2t 3 oS o el Dl pe

S8 5 pomen (I 5 Sols sma IO lea,.a
(Y’ JL&) M\b}\} o)_)g L.Qn)bsﬂ.t?;ﬁ‘_gu)w .L.LL

Y/AY) Ol o i 45 (555 ban (0 Jsux) A3 S
53 gl s oSS 00 e by (o S s
- e VY) Ols 0 2aS 5 (Co pumilum) o6 SU 2 S

Gl oS S pledian G Sy (Fp 9 JBINS Vi 2 85 5 psssel Slgw ST bl 4 0 s
(Cichorium sp.)
Table S. Analysis of variance of the effect of Ammonium sulfate fertilizer and species on chlorophyll content and some
biochemical properties of Chicory leaf (Cichorium sp.)

Mean square

Flavone and

Flavone and

Source of variation df Shlorophyll g hlorophyll z}?f;lo hyll S;;?etg?md flavonol flavonol
Py (first harvest) (second harvest)
Fertilizer .
(Ammonium sulfate) 4 1.41ns 0.01ns 1.23ns 0.04ns 0.17ns 2.89
Species 1 24.86%* 37.62%* 122.89%* 0.35* 0.23* 0.29**
Fertilizer* Species 4 3.10%* 3.98% 13.95% 0.12ns 0.15ns 32%*
Error 18 0.61 1.23 3.23 0.09 0.05 0.05
CvV - 15.20 24.77 19.10 24.60 14.33 24.33
N Total flavonoid Total flavonoid Phenol content ~ Phenol content AnFlg)ﬂdant AnF19x1dant

Source of variation df (first harvest) (second harvest) (first harvest) (second harvest) activity activity

s s cco ¢ s s seco s (first harvest) (second harvest)
Fertilizer o ok ok o ok
(Ammonium sulfate) 4 132.47 9.66 145.28 21.90 1.44ns 2052.50
Species 1 14.44%* 5.01%* 18.03** 14.65%* 6.09ns 236.40**
Fertilizer* Species 4 12.43%* 7.15%* 25.90%* 15.91%** 1.18ns 105.65%*
Error 18 1.56 0.51 0.87 1.00 3.34 11.36
CcvV - 34.99 31.40 33.95 37.26 1.91 13.85

Slasre S 5 gz pde 118 sy ) 5 0 JL,:;—\CEM):J\;JM [ g RV IPTE.

* and ** Significant difference at 5 and 1 percent probability level, respectively , ns: Non significant ,
Df: Degree of freedom

r‘,:s‘,J S g s o 36 o (Clichorium sp.) S &8 35 S 5 Jd5 IS sy 55 s N g
Table 6. Change in chlorophyll content of chicory leaf (Cichorium sp.) influenced by ammonium sulfate

Chlorophyll a Chlorophyll b Total Chlorophyll

(mg/g dry weight) (mg/g dry weight) (mg/g dry weight)

Chicory species Chicory species Chicory species
éﬁ?:;?;?oiugag;) C. pumilum C. intybus C. pumilum C. intybus C. pumilum C. intybus
Control 13.53° 13.20° 10.32% 9.44° 23.86° 22.65°
50 12.38° 11.79° 8.76 7.78°¢ 21.14° 19.56°
100 16.28° 16.56 ° 14.08 * 14.24° 30.36 ° 30.80 °
150 11.52° 11.40° 8.76 ¢ 7.59°¢ 20.28° 18.99°
200 13.43° 16.37*° 10.13 % 12.86 ® 23.56° 29.23*°

ML:@ é}; Q‘}AJT u”L“”‘ﬁ)bJ"” eS| S (:.,\9 a.X&JQLiJ W}A L: 4)44.\) B ijo} g.i.;”é)ﬁ)b ASJ:;:«A g_éj>- S sk
*: Means followed by the same letters are not significantly different at 0.05 level according to Tukey test
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Figure 2. The effect of different amount of ammonium sulfate on carotenoid content (a) and flavone and flavonol (b)
in chicory leaf
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Figure 3. The Interaction effect of different amount of ammonium sulfate and plant species on flavone and flavonol
content in chicory leaf at second harvest
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Figure 4. Changes in total flavonoids of chicory leaf affected by different amount of ammonium sulfate at two harvest
time. (a): first harvest, (b): second harvest
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Abstract

Introduction: Pomegranate (Punica granatum) belongs to the Lytraceae family and is one of the
most important fruit trees in Iran. Although pomegranate is considered as a low expectation fruit
species and is relatively tolerant to various unfavorable conditions such as hot and dry climate, salty
soil, and water deficit, however, commercial production of this fruit crop is faced with various
challenges including different physiological disorders and biotic/abiotic stresses that can negatively
affect pomegranate fruit yieldI,) uality, and commercial acceptance. Fruit skin sunburn and fruit
cracking are among the main physiological disorders that cause serious economic losses to the
pomegranate growers all around the world and may account for losses of up to 40-50 % of the total
fruit production in different pomegranate production areas.

Material and methods: To reduce physiological diosorder of fruit cracking in pomegranate
cultivar cv. Malase-Saveh, gibbereﬁic acid, potassium sulfate and copper sulfate treatments
were utilized as a factorial design in the frame of randomized complete block design with three
replications. Gibberellic acid (0 and 100 ppm), potassium sulfate (0 and 5000 ppm) and copper
sulfate (0 and 2500 ppm) were sprayed in three stages of fruit development in the late spring
and mid-summer. The fruit samples were harvested randomly from different sides of the
pomegranate trees at the ripening stage of fruit and some characteristics of fruit were measured.

Results and discussion: Results of analysis of variance has illustrated that most of the evaluated
parameters were significantly affected by foliar treatments. The number of fruit cracking was
counted for each tree and results showed that fruit cracking was influenced by the application of
gibberellic acid, potassium sulfate and copper sulfate, as the percentage of fruit cracking was
reduced significantly with application of tﬁese compounds. The fruit weight, peel thickness,
moisture percentage of peal, TSS and titratable acidity was significantly increased by 100 ppm
GA; compared to the control sample. The highest fruit weight (181.7 gr) was obtained in 100
mg gibberellic acid treatment, while this parameter was 160.75 gr in the control plant. The
lowest level of fruit cracking was related to gibberellic acid treatments with levels of 100 mg/1
with mean values of 14.10%. The highest amount of fruit cracking was observed in control plant
(23.38%). Finally, fruit cracking percentage was reduced by the rise of peel thickness, moisture
percentage of peel, and titratable acidity in fruit.

Conclusions: In this study, the effects of gibberellic acid, copper sulfate and potassium sulfate
were investigated on the fruit cracking of pomegranate fruit. The overall results showed that the
application of gibberellic acid and copper sulfate significantly affected some of the attributes of
pomegranate fruit and finally led to the reduced fruit cracking in ‘Malase-Saveh’ cultivar. The
results obtained from this research indicate that the fruit cracking of pomegranate is related to
many physicochemical characteristics of the fruit and tree. The results of this investigation can
enhance our knowledge about the major contributing factors on pomegranate fruit cracking, and
will be benefcial for making sound horticultural practices to reduce the detrimental effects of
pomegranate physiological diorders.

Keywords: Fruit cracking, Gibberellic acid, Nutrient elements, Pomegranate.
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Table 2. Variance analysis of gibberellic acid, potassium sulfate and copper sulfate treatments on quantitative and
qualitative characteristics of pomegranate cv. Malase-Saveh

Mean of Squares

S 0.V df Fruit ' Fruit Fmit IOQ arils Pgel Fru.it peel  Fruit peel To'gal soluble TiFrqtable pH
cracking sunburn  weight  weight thickness moisture  dry matter solids acidity
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Figure 2- Mean comparison interaction effect of gibberellic acid and copper sulfate on fruit cracking in pomegranate
fruit cv. Malase-Saveh.
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Table 3. Mean comparison of gibberellic acid, potassium sulfate and copper sulfate treatments on quantitative and qualitative characteristics of pomegranate cv. Malase-Saveh

Gibberellic Fruit Fruit Fruit 100 arils Peel thickness Fruit peel Fruit peel dry Total soluble Titratable acidity

acid cracking (%) sunburn (%) weight (gr) weight (gr) (mm) moisture (%) matter (%) solids (Brix) (%) pH

0 23.38 22.50a 160.75b 24.29a 2.2% 67.34b 32.65a 15.19b 1.84b 3.23a

100 (mg/1) 14.10b 15.20b 181.70a 26.8a 2.75a 78.40a 21.59b 16.63a 2.16a 3.02a
Fruit Fruit Fruit 100 arils Peel thickness Fruit peel Fruit peel dry Total soluble Titratable acidity

Copper sulfate cracking (%) sunburn (%) weight (gr) weight (gr) (mm) moisture (%) matter (%) solids (Brix) (%) pH

0 18.91a 20.48a 171.87a 25.88a 29.44a 70.55b 2.27b 15.85a 1.99a 3.29a

2500 (mg/1) 16.4b 17.21b 170.58a 25.2a 24.8b 75.19a 2.77a 15.96a 2.01a 3.14a
Fruit Fruit Fruit 100 arils Peel thickness Fruit peel Fruit peel dry Total soluble Titratable acidity

Potassium sulfate  cracking (%) sunburn (%) weight (gr) weight (gr) (mm) moisture (%) matter (%) solids (Brix) (%) pH

0 18.07a 20.91a 174a 26.01a 2.25b 72.32a 27.68a 15.51b 2a 3.18a

5000 (mg/1) 14.24b 16.78b 25.13a 2.79a 168.4a 26.56a 16.3a 1.98a 3.25a

I Ao 3 0 el e 3 (6ls e sl (S ke U S Bl L 2 Sle D5 s o
In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Abstract

Introduction: Tuberose (Pollianthes tuberosa L.) is one of the essential cut flowers in the
country. Which has good economic potential for the cut flower business and essential oil
industry. which has good economic potential for cut flower business and essential oil industry.
Therefore, improving Tuberose's quantitative and qualitative characteristics, especially the life
after its harvest, is vital. Calcium and boron elements play a role in photosynthesis and nutrient
absorption that affect plants' growth. They are essential in improving their quantitative and
qualitative characteristics, including life after harvest. This study was conducted to investigate
the effect of calcium on the quantitative and qualitative characteristics of Tuberosa flowers.

Material and methods: This experiment was conducted in a factorial form in the form of a
complete randomized block design in the National Research Institute of Flowers and
Ornamental Plants of Iran located in Mahalat city with a geographical location of 50 degrees 30
minutes east, latitude 33 degrees 53 minutes north in 2017-2018. Factors include calcium foliar
application at four levels (0, 0.2, 0.4, and 0.6 grams per liter of calcium from calcium nitrate
source) and boron at three levels (0, 20, and 40 kg of boric acid per hectare ). Plant height, stem
diameter, floret diameter, length, postharvest life, calcium, nitrogen, potassium, and boron
concentrations were investigated. The data obtained were analyzed using SAS statistical
software version 9.4, and the comparison of means was performed using the LSD test at the 5%
level.

Results and discussion: The results showed that calcium and boron application significantly
affected plant height, cluster length, concentration of nutrients, and postharvest life and
increased all investigated traits compared to the control. According to the maximum plant
height results, the cluster length was 69.96 cm, 26.63 cm, and 1.08 cm from the foliar treatment
of 0.6 grams per liter of calcium and 20 kg/ha boron. The combined treatment of foliar spraying
of 0.6 g/L of calcium 20 kg/ha boron increased the postharvest life of Tuberose by 41%
compared to the control. Also, the highest amounts of nitrogen and calcium were obtained from
the 0.6 g/L calcium foliar treatment, 2.83% and 1.62 mg.kg-1, respectively.

Conclusions: According to the results obtained from the test data (consumption of 3 grams per
liter of calcium from the source of calcium nitrate in the form of foliar spraying and 20 kg of
boric acid per hectare) has improved the quantitative and qualitative characteristics of Tuberose
and this treatment can be used. He advised the producers of the recommended amount in the
production fields of Tuberose.

Keywords: Cut flowers, Foliar application, Post-harvest life.
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Table 1. Treatments performed on Polianthes tuberosa

Treatment Amount consumed Treatment Amount consumed

Ca, Calcium (0 g/1) (Control) B, (0 kg.ha™) (Control) Boric acid

Ca, Calcium (0.2 g/l) B, Boric acid (20 kg.ha™")

Ca; Calcium (0.4 g/l) B; (40 kg.ha™) Boric acid

Cay Calcium (0.6 g/l) - -

Ca;B,; Calcium (0 g/I)x Boric acid (0 kgha™) Ca,B,; Calcium (0.2 g/l) x Boric acid (0 kg.ha™)
Ca;B, Calcium (0 g/l) x Boric acid (20 kg.ha™") Ca,B, Calcium (0.2 g/l) x Boric acid (20 kg.ha™)
Ca;B; Calcium (0 g/l)x Boric acid (40 kg.ha™) Ca,B; Calcium (0.2 g/l) x Boric acid (40 kg.ha™)
CasB,; Calcium (0.4 g/l) x Boric acid (0 kg.ha™) Ca,B; Calcium (0.6 g/l) x Boric acid (0 kg.ha™)
CasB, Calcium (0.4 g/l) x Boric acid (20 kg.ha™) CaB, Calcium (0.6 g/l) x Boric acid (20 kg.ha™)
Ca3B; Calcium (0.4 g/l) x Boric acid (40 kg.ha™) Ca,B; Calcium (0.6 g/l) x Boric acid (40 kg.ha™)
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Table 2. Soil sample analysis results

B Cu Mn Zn Fe K P N 0.C H EC
mgkg! mgke!' mgkg' mgkg! mgkg!' mgkg! mgkg' % % P ds. m’
0.72 0.66 5.26 0.6 3.36 158 4.8 0.03 035 79 0.58
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Table 3. Analysis of variance results of the measured traits of Polianthes tuberosa

Source of df Plant Cluster Stem Flower Flower Postharvest Nit Potassium Boron Calci
variance High length diameter diameter length life irogen 0 alcium
Replication 2 39.41 5.46 0.005 0.001 0.055 2.23 0.22 0.006 28.52 0.03
Calcium 3 98.60™  8.38" 0.016™  0.007 1.517 14.71° 0.45" 0.008™ 51.85™ 0.34"
Boron 2 69.46"  9.45 0.007" 0.012" 0.12™ 0.61™ 0.02" 0.24" 219.96"  0.02™
Calciumx . . . N o

6 71.90" 991 0.005 0.003"™  0.12™ 451 021" 0.17 18.98"™ 0.04"
Boron
Error 22 1740 249 0.002 0.002 0.07 1.71 0.12 0.03 31.46 0.04
C.V (%) - 6.39 6.91 4.61 432 452 7.65 14.31 9.08 10.53 14.74

Ao s K o Jloz| C).]am 53 Jla e O gl pme IVt s g e 4 Ty 3 IS

ns, * and **: non-significant difference, significant difference at 5 and 1 percentage of probability level

ri}aJS/A.vJUn.aaJ‘,ﬁQW;JW.Jsdigdjbud\f‘,a‘}gwjl&fé\:»w&a.iJJJ:,-
Table 4. Comparison of the average double interaction effect of calcium and boron foliar spraying of studied traits of
Polianthes tuberosa

Treatment Plant High Cluster length Stem diameter Postharvest life K .
(cm) (cm) (cm) (day) (mg.kg™)
Ca,B; 49.86° 19.90¢ 0.85¢ 13.66¢ 2.13°
Ca,B, 67.76" 22.63% 0.92% 16.66™ 2.11°
CaB; 65.23° 21.86>¢ 0.98%™ 16.66> 2.02%
Ca,B, 66.70° 22.70% 0.99° 17.66> 2.13°
Ca,B, 67.16 21.56>¢ 0.98% 16.76" 2.11°
Ca,B; 67.20° 24.16® 0.96"™ 16.66> 1.96™
CasB; 69.23" 24.06" 0.95% 16.66™ 2.10%
CasB, 65.73" 23.26" 0.98" 16.66™ 2.05%
CasB; 64.73" 22.86" 0.96" 16.00° 2.06"
Ca,B; 64.36" 20.63% 0.97" 18.33% 1.91%
Ca,B, 69.96" 26.63* 1.08* 19.33% 2.71°
CayB; 66.93" 23.56" 1.01% 18.66 1.78°

.JJJUJ‘;J\J.:;&AJM;;HM)J@JLQ:}lCEM): LSD Q}Aﬂwblﬂu@.&lﬁJAJJLLAJF‘_;\JBQ}:MJAJ;AS@u oSl

Means in each column, fallowed by similar letters are not significantly different at the 5% probability level- LSD Test
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Table 5. Comparison of the main effects of foliar application of calcium and boron on studied traits of Polianthes

tuberosa
Treatment Flower length ~ Flower diameter N Ca N Treatment Flower diameter Boron N
(cm) (cm) (%) (mg.kg™) (cm) (mg.kg™)
Ca 5.64° 1.03° 2.32° 1.15° B, 1.04° 49.16°
Cay 6.10° 1.07b 2.48® 1.35° B, 111 52.91°
Ca; 6.22° 1.10° 241° 1.40° B; 1.06° 57.70°
Cay 6.64* 1.09° 2.83° 1.62° - - -

.J@UJ&]JW&JM;;HMﬁ@JL&;—\CEM): LSD Q}Aﬂwblﬂu@.&lﬁ‘;ngsjzlquél)\s‘g}:ﬁ»ﬁ);é@u oSl

Means in each column, fallowed by similar letters are not significantly different at the 5% probability level- LSD Test
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Abstract

Introduction: Deficit low irrigation is of particular importance as a valuable strategy for areas where
water is the limiting factor in crop cultivation. The ability to estimate in determining the water
requirement, the amount of water consumed and Irrigation scheduling one of the most effective
factors in the irrigated cultivation of agricultural products. Therefore, this research was conducted in
order to investigate the NIAZAB system in determining the actual amount of irrigation water and
eggplant yield based on the inverse solution of the production function under water stress conditions
in Guilan province.

Material and methods: In this research, irrigation management included no irrigation and providing
60, 80, and 100% of the plant's water needs as the main factor and secondary factors nitrogen
fertilizer amounts (from the urea fertilizer source) included two levels of zero and 120 kg/ha. The
experiment was carried out in the form of split plots in the form of a randomized complete block
design in three replications in the years 2020 - 2022. In terms of climate, the region was one of the
temperate and humid regions. The Soil and Water Research Institute of the country presented a
system called "NIAZAB System" which is used to determine the water requirement of agricultural
crops. This system has the ability to estimate and determine water Requirements, water consumption
and plant irrigation planning at the level of the region, city, watershed and plain. One of the
important points of this system is its location-based nature, and the user can extract the needs of the
desired area by referring to the system and estimate the water consumption for the cultivation pattern
under different options.

Results and discussion: The results showed that the highest amounts of evapotranspiration in the
studied years occurred in the irrigation conditions of 100% of the water requirement and the
consumption of 120 kg N fertilizer. In the measured conditions and the methods of Tafteh, Pasquale
and Reas, the amount of evapotranspiration in 2020 were 341, 332, 333 and 333 mm respectively
and in 2021 it were 358, 346, 359 and 346 mm respectively and in 2022 were 620, 576, 615 and 577
mm respectively. The average relative error in the mentioned methods in the first year were 2.6%,
2.3% and 2.3% respectively and in the second year were 3.4%, -0.3% and 3.4% respectively, and in
the third year, were 7.1%, 0.8% and 6.9% respectively. The root mean square error (RMSE) for
evapospiration in Tafteh, Pasquale and Reas methods were 18.6, 79.3 and 18.3 mm/day,
respectively, and the root mean square normal error (RMSE,) was 0.059, 0.251 and 0.058%
respectively. The Index of agreement (d) in the Tafteh, Pasquale and Reas methods were 0.976,
0.595 and 0.977%, respectively. The coefficients of efficiency (EF) of the models were 0.915, -0.536
and 0.918 percent respectively, and the coefficients of determination (R”) were 0.92, 0.35 and 0.92%
respectively.

Conclusions: In general, the statistical results between field data and NIAZAB System showed that
Tafteh and Reas methods are a suitable method for making decisions and estimating the water
consumption of eggplant plants in the study area.

Keywords: Water productivity, evapotranspiration, numerical inverse solution, water requirement.
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Table 1- Meteorological data of the region in the studied years

Month Years Min Temp Max Temp Average relative Wind speed at a height Rainfall Evaporation from
() () humidity (%) of two meters (m/s). (mm) pan (mm per day)
2020 12.1 39.0 41.4 1.9 32.1 6.9
May 2021 11.2 38.4 40.2 2.0 20.3 6.7
2022 11.7 38.7 40.8 1.9 10.0 6.8
2020 17.5 46.6 322 1.8 8.5 12.4
June 2021 16.8 45.5 333 1.9 9.4 11.9
2022 17.2 46.1 32.8 1.9 9.1 12.2
2020 21.0 44.0 31.3 2.0 30.0 13.6
July 2021 20.0 44.6 30.2 2.1 25.5 13.1
2022 20.5 443 30.8 2.0 12.8 134
2020 23.0 45.0 36.6 2.0 154 12.1
August 2021 22.0 445 35.7 2.3 12.3 12.0
2022 22.5 448 36.2 2.1 10.9 12.1
2020 15.0 42.0 29.4 2.7 5.0 114
September 2021 14.7 41.6 254 2.8 2.5 11.0
2022 14.9 41.8 27.4 2.8 38 11.2
Sl o S pled 5 (K58 Sl pas —Y Jpi
Table 2- Physical and chemical characteristics of the soil of the experiment site
Years Soil depth ~ Soil Sand Clay  Silt H EC Total N Available Available Bulk density PWP FC
(cm) texture %) (%) (%) p (ds/m) (%) P(ppm) K (ppm) (g.cm?) (%Vol) (%Vol)
0-30 Sandy 63 5 32 71 031 005 0.99 46.7 143 53 16.0
Loam
2020 Sand
30-60 amey 70 4 26 75 031 004 0.63 55.6 1.43 4.6 13.8
Loam
0-30 Sandy 7 5 28 72 046 005 0.99 472 143 52 15.0
2021 Loam
30-60 Sandy 55 4 21 75 048 004 0.63 56.0 1.42 4.6 12.7
Loam
0-30 Sandy o, 3 30 72 045 003 0.98 46.7 1.42 4.1 14.1
Loam
2022 Sand
30-60 y 72 3 25 7.6 0.26 0.03 0.52 26.2 1.42 4.0 12.9
Loam
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Table 3- The amounts of water consumed (mm) in the conditions measured and estimated by the system in the studied years

Water consumed (mm)

Tretements 2020 year 2021 year 2022 year
Obs™ ;{;{gﬁg d 11\)/?2311?56 llsdee?tio d Obs™ Tafteh Method f/?esgi)aée Reas Method  Obs”™ Tafteh Method i;:&ﬁi;e Reas Method

LN; 127 136 279 137 129 138 288 139 262 300 586 301
LN, 172 147 280 148 173 149 288 150 355 339 586 340
LN, 169 159 279 160 172 161 288 162 349 352 586 352
LN, 230 183 280 184 230 183 288 184 473 391 586 392
LN, 211 171 279 172 215 172 288 173 436 339 586 340
LN, 287 279 280 280 288 276 288 277 591 547 586 548

N S 2o SASAYr 5 (ND) io 105520 555 palie ol sk des ) Ve 5 @D A (@) Vbl co e

Irrigation management: 60% (I,), 80% (1) and 100% (I,) water requirement; Nitrogen fertilizer amounts: zero (N;) and 120KgN/ha (N,). : water consumed Or water consumed (mm).
Observational Or Measured: Obs.

wd\.’a:- RV BT ﬁau.ajo.&fs ‘5}:50}‘-\3‘343‘.4\.«: 3 ealaial b sl :J‘giﬁ é,u"—,;:';;ﬁ—i JJJP:

Table 4- Evapotranspiration estimated using the system and observational and mean relative error (%) amounts

Evapotranspiration (mm) Mean Relative Error (%)
Year Treatments Yield (t/ha)
Obs” Tafteh Method Pasquale Method Reas Method Tafteh Method Pasquale Method Reas Method
LN, 13.2¢g 128 164 332 163 28.1 159.4 27.3
LN, 18.1¢ 133 189 333 190 42.1 150.4 429
LN, 15.0f 167 176 332 177 5.4 98.8 6.0
LN, 18.7¢ 216 189 333 190 12.5 54.2 12.0
2020
LN, 21.6d 213 202 333 203 52 56.3 4.7
LN, 26.1b 279 228 333 229 18.3 19.4 17.9
LN, 24.4¢ 258 215 333 216 16.7 29.1 16.3

LN, 47.4a 341 332 333 333 2.6 2.3 2.3

Vo
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Continue Table 4
Evapotranspiration (mm) Mean Relative Error (%)
Year Treatments Yield (t/ha) "
Obs Tafteh Method Pasquale Method  Reas Method Tafteh Method Pasquale Method ~ Reas Method

Average (2020 year) 23.1 216.7 211.9 332.8 212.6 16.4 71.2 16.2

LN, 12.7f 113 177 359 177 56.6 217.7 56.6

LN 18.1d 118 203 359 203 72.0 204.2 72.0

LN, 14.6¢ 179 190 359 191 6.1 100.6 6.7

LN, 18.5d 229 203 359 203 114 56.8 11.4
202 LN, 21.4c 228 215 359 216 5.7 57.5 53

LN, 25.7b 293 241 359 242 17.7 22.5 17.4

LN, 21.8¢c 276 229 359 229 17.0 30.1 17.0

LN, 45.2a 358 346 359 346 34 0.3 3.4
Average (2021 year) 22.3 224.3 225.5 359.0 2259 23.8 86.2 23.7

LN, 12.1g 57 303 538 304 843.9 4333 429.5

IIN, 17.4¢ 59 355 615 356 942.4 503.4 499.2

LN, 14.2f 291 329 615 330 111.3 13.4 13.3

LN, 18.8¢ 384 368 615 369 60.2 3.9 -4.0
2022

LN, 21.1c 378 381 615 382 62.7 1.1 1.0

LN, 25.3b 502 420 615 421 22.5 16.1 -16.2

LN, 19.1d 465 368 615 369 323 20.6 -20.7

LN, 42.9a 620 576 615 577 0.8 6.9 -6.9
Average (2022 year) 214 3445 387.5 605.4 388.5 1244 259.5 111.9

)‘QL;.'&J CJ}UJ s lasOlis cé\av\hw d}:vw BE) slael )] A= alises g_é)f (Nz) )LL<A 2 rjf_}lzs \Ye 9 (N1> J.ka Q)’)JL_\: :_55 Jibu,a f;ﬁi )L_u Loy (14) Yoo 9 (13)/\' «(Iz) e ‘(Il> 6)L:JT Q)J.; 6)L:JT Cﬁiﬁv\.&
(p<0.01) ol bajles o SSIs 5031 bl

Irrigation management: No Irrigation (I;), 60% (I,), 80% (I5) and 100% (1) water requirement; Amounts of nitrogen fertilizer: zero (N;) and 120 Kg/ha (N,). Different letters after the
numbers in the observational column, indicate a significant difference between treatments based on Duncan's test (p<0.01). *: Observational Or Measured: Obs.
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Table 5- The relative error percentage of water physical productivity in the conditions observational and estimated by the system

WP (kg/ha) Mean Relative Error (%)
Year Treatments "
Obs Tafteh Method Pasquale Method ~ Reas Method Tafteh Method Pasquale Method ~ Reas Method
LN, 11.8¢c 11.0 5.4 10.9 0.07 0.54 0.07
LN, 10.9d 12.7 6.7 12.6 0.17 0.39 0.16
LN, 12.8b 13.6 7.7 13.5 0.06 0.39 0.06
2020
LN, 11.3¢ 14.3 9.3 14.2 0.26 0.18 0.25
LN, 11.6¢c 14.3 8.7 14.2 0.23 0.24 0.23
LN, 16.5a 17.0 16.9 16.9 0.03 0.03 0.03
Average (2020 year) 12.5 13.8 9.1 13.7 0.14 0.30 0.13
LN, 11.3¢ 10.6 5.1 10.5 0.07 0.55 0.07
LN, 10.7d 12.4 6.4 12.3 0.16 0.40 0.15
LN, 12.4b 13.3 7.4 13.2 0.07 0.40 0.06
2021 LN, 11.2¢ 14.0 8.9 14.0 0.26 0.20 0.25
LN, 10.1d 12.7 7.6 12.6 0.25 0.25 0.24
LN, 15.7a 16.4 15.7 16.3 0.04 0.00 0.04
Average (2021 year) 11.9 13.2 8.5 13.2 0.14 0.30 0.14
LN, 5.4c 4.7 2.4 4.7 0.13 0.55 0.13
LN, 5.3c 5.5 32 5.5 0.05 0.39 0.04
LN, 6.0b 6.0 3.6 6.0 0.01 0.40 0.01
2022
LN, 5.3c 6.5 43 6.5 0.21 0.19 0.21
LN, 4.4d 5.6 33 5.6 0.29 0.26 0.28
LN, 7.3a 7.8 7.3 7.8 0.08 0.01 0.08
Average (2022 year) 5.6 6.0 4.0 6.0 0.13 0.30 0.12

(Nz) )L“&/»& 2 (:iji.; \Ye 3 <N1>Jw Q)’)}L_\; bjsj.iéuﬁ f&T )L_q do <l4> Voo 9 (I3>/\' g(lz)-\' 6)\.:;] ‘:"iji"\"
Irrigation management: 60% (I,), 80% (I3) and 100% (I,) water requirement; Amounts of nitrogen fertilizer: zero (N;) and 120 KgN/ha (N,). *: Observational Or Measured: Obs.
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Figure 1- Evapotranspiration amount measured and
estimated using the method of Tafteh et al., 2014
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Figure 2- Evapotranspiration amount measured and
estimated using the method of Pasquale (Reas ef al,
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Figure 3- Evapotranspiration amount measured and estimated using the method of Reas et al., 2004
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Figure 4- Water productivity in measured and estimated
conditions using the method of Tafteh ef al., 2014
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Figure 5- Water productivity in measured and

estimated conditions using the method of Pasquale

(Reas et al., 2017)
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Figure 6- Water productivity in measured and estimated conditions using the method of Reas et al., 2004
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Abstract

Introduction: Cannabis sativa L. is an annual dioecious plant from Central Asia. It has been
used since ancient times as a medicinal plant, but also it is the source of hemp fibers and
vegetable oil used as food. Cannabis has been used for medicinal purposes, for treating pain,
spasms, asthma, insomnia, depression, and loss of appetite, in many cultures for hundreds of
years. Antioxidants are the most important chemical compounds found in the C. sativa species.
Cannabis contains a diverse group of active compounds, including cannabinoids, terpenes, and
flavonoids, which exhibit multidirectional biological activity and can influence each other’s
pharmacological profile. Hemp leaves, often considered waste in the industry, have been found
to contain high levels of active compounds, making them a valuable resource for extraction.
Utilizing hemp leaves can contribute to a zero-waste approach and sustainable development of
the industry. Considering the climatic diversity of Iran, as well as the importance of the
medicinal plant cannabis and also the use of nanoparticles in agriculture, the present study was
condugj[ed with the aim of the effect of these abiotic elicitors on the antioxidant system of
cannabis.

Material and methods: To evaluate the effect of nanoparticles of titanium dioxide (TiO2) (250
and 500 mg/1), zinc dioxide (ZnO2) (125 and 250 mg/1), cerium dioxide (CeO2) (125 and 250
mg/l) and methyl jasmonate (MJ) (50 and 100 uM) on the antioxidant activity of hemp plant, a
factorial experiment was conducted based on a completely randomized design with three
replications. The elicitors solution was applied as irrigation and the sampling of plant leaves
was done 24, 48 and 72 hours after the elicitor treatment, respectively. After preparing the
enzyme extracts from the leaf tissue of treated cannabis plants, the activity of antioxidant
enzymes catalase, ascorbate peroxidase, superoxide dismutase, glutathione reductase and
guaiacol peroxidase was measured using a spectrophotometer..

Results and discussion: The analysis of variance results indicated the significance (p<0.01) of the
effect of different elicitors and sampling times on all antioxidant activities. Also, all the two-
way elicitor X time interaction effects were significant (p< 0.01) on all studied traits. In means
comparison of the two-way interaction effect, it was found that the 125 mg/l of CeO, and 250
mﬁ/l of ZnO, in the sample taken 48 hours after the treatment had the highest amount of protein.
Also, 250 mg/l TiO, in 48 hours sampling after the treatment showed the highest amount of
catalase, 125 mg/l ZnO, in the 72 and 48 hours sampling after the treatment showed the highest
amount of ascorbate peroxidase, the 250 mg/l CeO, in 48 hours sampling after the treatment
showed the highest amount of glutathione reductase, the 125 mg/l CeO, in 48 hours sampling
and 250 mg/l ZnO, in 72 hours sampling showed the highest levels of guaiacol peroxidase, and
50 uM methyl jasmonate in the sample taken 48 hours after the treatment had the highest
amount of superoxide dismutase in the leaves of the hemp plant.

Conclusions: In this research, the highest amount of protein was observed with cerium and zinc
nanoparticles at 48 hours sampling time after treatment. Also, the highest amount of catalase
with titanium nanoparticles at 48 hours, the highest amount of ascorbate peroxidase with zinc
nanoparticles at 72 and 48 hours, the highest amount of glutathione reductase and Guaiacol
peroxidase with cerium nanoparticles in 48 hours and the highest amount of superoxide
dismutase with methyl jasmonate in 48 hours sampling time after treatment were observed in
hemp leaves.

Keywords: Cerium dioxide, Elicitor, Titanium dioxide, Zinc dioxide..
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Table 1- Variance analysis of zinc, cerium and titanium nanoparticles and methyl-jasmonate effect on protein content
and antioxidant enzymes activity in hemp.

Sources of Variations df Protein CAT SOD GPX APX GR
ks

Elicitor 8 1291'6 41.17%* 0.69%* 0.006** 0.217** 0.054**
Sampling Time 2 1003.9** 40.98%* 0.34%%* 0.0005* 0.030%** 0.004**
Ti . 930.2%*

imex Elicitor 16 o 7.36*%* 0.15%* 0.001** 0.107** 0.005**
Error 54 12.75 0.045 0.004 0.00004 0.002 0.00007
CV% 3.39 8.24 9.53 8.03 8 6.15

**: Significant at the 0.01 probability level.
CAT: Catalase; SOD: Super Oxide Dismutase; GPX: Guaiacol Peroxidase; APX: Acrobat Peroxidase; GR: Glutathione
Reductase.
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Fig 1. Effect of zinc, cerium and titanium nanoparticles and methyl-jasmonate on total protein in hemp. Means with the same
letters is not significant at 0.01 level of Duncan test.
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Fig 2. Effect of zinc, cerium and titanium nanoparticles and methyl-jasmonate on catalase in hemp. Means with the
same letters is not significant at 0.01 level of Duncan test.
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Fig 3. Effect of zinc, cerium and titanium nanoparticles and methyl-jasmonate on Ascorbate Peroxidase in hemp.
Means with the same letters is not significant at 0.01 level of Duncan test.
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Fig 4. Effect of zinc, cerium and titanium nanoparticles and methyl-jasmonate on Glutathione Reductase in hemp.
Means with the same letters is not significant at 0.01 level of Duncan test.
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Abstract

Introduction: Soil salinity and alkalinity are some of the biggest factors limiting the production of
agricultural products worldwide. Pistachio (Pistacia vera L.) is the most commonly cultivated fruit tree in
Iran due to its relatively high salt tolerance, low water requirements, and high economic value (Sherafati
et al., 2022). Several factors have caused a decrease in the yield of pistachio orchards in the country,
including the selection of incompatible cultivars, soil and water salinity, climatic stress, and imbalanced
nutrition (Sherafati et al., 2016). Recent studies indicate that microorganisms can make plants more
resistant to salinity and alkalinity stress (Khavazi et al., 2013).
Material and methods: The ﬁresent study was conducted to investigate the effect of haloalkaliphile
bacterial strains native to the Razavi Khorasan region (which had the h(iighest ability to produce plant
growth promoting, including production of ammonia, tri-indole acetic acid, and ACC deaminase) on the
vegetative growth of pistachio seedlings and some nutrients concentration (phosphorous, potassium,
calcium, sodium, chlorine, zinc and boron) in the factorial split-plot arrangement based on a randomized
complete design (RCD) and under %arden conditions in 2021-2022. Three [evels of saline irrigation (8, 12
and 16 ds m "), two pistachio cultivars, Daneshmandi and Akbari, and the use of two superior and
selected strains of native haloalkaliphilic bacteria, Virgibacillus marismortui, and Alkalibacillus
haloalkaliphilus at four levels (each one alone, mixing both strains and control) were studied in three
replicates consisting of two seedhnigs in each replicate. The studied traits in the project included stem
length and diameter, number of leaves, leaf area, and chlorophyll index in the seedlings, and
phgsph({rouz, potassium, calcium, sodium, chlorine, zinc, and boron concentrations which were recorded
and analyzed.
Results and discussion: The results of the analysis of variance showed that almost all traits were
51%n1ﬁcant at the 0.01 level under the influence of salinity, variety, and bacterial strain. The effect of
cultivar type on measured Ve%etatlve traits and bacteria type on element concentration was more
significant than the effect of other experimental factors. Akbari cultivar showed superiority in all traits
and calcium concentrations except for the chlorophyll index. The trend of chlorophyll index was inverse
of the leaf area; and increased with increasing salinity. Virgibacillus marismortui bacteria strain increased
vegetative traits including stem length and diameter and Ieaf area, calcium concentration by 6, 5, 0.17,
and 0.2 %, respectively, compared to the control. However, the application of Alkalibacillus
haloalkaliphilus bacteria freatment decreased the concentration of sodium and chlorine ions by 18.5% and
12.8%, respectively, compared to the control.The application of the mixed stains treatment of
Virgibacillus marismortui, and Alkalibacillus haloalkaliphilus caused an increase in the chlorophyll index
(0.6%), the least decrease in the number of fallen leaves (5.7%) and microelements increasin
concentration of zinc (2.1%) and boron f(1.5%) compared to the control. The highest concentration o
calcium and the lowest concentration of sodium were obtained under the influence of Virgibacillus
marismortui bacteria, and the lowest concentration of chlorine and the highest concentration of
phosphorus, potassium, zinc, and boron were obtained under the influence of inoculation with
Alkalibacillus haloalkaliphilus bacteria. .
Conclusions: In general, Virgibacillus marismortui strain in salinities of 12 to 16 dS m™ in the Akbari
cultivar is known as the best treatment for increasing the growth characteristics of pistachio seedlings.
However, the highest chlorophyll index, and concentration of phosphorus, potassium, zinc, and boron
elements were gbtained under the influence of Alkalibacillus haloalkaliphilus strain at the l_nﬁhest salinity
level (16 dS m™) for the Akbari cultivar. In general, the use of extremophilic bacteria in high salinities is
recommended, and due to the different chemistry of the investigated elements and the different growth
characteristics of these two bacteria, the use of Virgibacillus marismortui bacteria in sodium salt
conditions is recommended. o ) ) )
Is(eg{words: Akbari cultivar, Alkalibacillus haloalkaliphilus bacteria, Pistachio, Stem height, Calcium,
odium.
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Table 1. Specific culture media of haloalkaliphilic isolates (Jones et al., 1992)

Compounds Amount (g L)
Glucose -
Poly Peptone -
Yeast extract 10

Di potassium hydrogen phosphate -
Magnesium sulphate seven H,O 1
Sodium carbonate 18.54
Sodium Chloride 200
Magnesium chloride two H,O -
Calcium chloride -
Potassium chloride 2
Sodium hydrogen bicarbonate -
Sodium bromide -
Protease Peptone -
Casino acid 7.5
Tri sodium citrate 3
Manganese (II) chloride 0.00036
Ferrous sulfate 0.05
Agar 20
Electrical conductivity of the culture medium , dS m 39.90
pH of culture medium 9.18

38 Blol CiS s 4 baalir S 51 S 5 edis S el lse e 5l G81aA
4 were sterilized seprately from other materials and added to the culture medium before culturing the isolates.
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Figure 1 - The implementation map of the project, where salinity levels, variety, and strain are specified. Ak= Akbari
var., Da=Daneshmandi Var., Bi= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two
strains in equal proportion, C=Control
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Table 2. Quality characteristics of deep well water of Feizabad Pistachio Research Station (2021)

Parameters EC pH Na' Mg* Ca* (Cat+Mg) cr HCO;  CO; SAR!
Unit dS/m - meq/1 -
Irrigation water 16.25 7.3 93.9 20.3 36 56.3 135 3.1 0 17.7

'SAR= Sodium adsorption ratio
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Table3. Chemical analysis of three water samples used in the experiment (2021)

COs» HCO5 Cr Ca* Mg* K Na* SAR
Salinity level dS/m pH

meq/1
8.2 7.8 0 33 78.3 24 7 0.1 62.3 17.5
12.08 8 0 35 120.3 38 11.6 0.2 92.5 20
16.30 8.1 0 3.8 182.5 45.6 11.6 0.2 130.4 23.7

() G2yl sl 31 S wdap @l Jous S olasd 550 55 Slo soass 51 5 & gl

Table 4. Some of the physicochemical properties of the soil at the project site before the experiment (2021)

EC! TNV 0.C° Sand  Silt Clay Np P, Kay Ca Mg
Depth pH SAR*
(dS/m) )
% mgrkg
0-50 5810 7.5 167 017 40 43 17 0.019 2.0 106 2320 960 30.1
50-100 2640 7.6 172 019 32 47 21 0.016 0.8 119 72 366 27.5

'EC = Electrical conductivity,” T.N.V = Total Neutralizing Value, *0.C = Organic Carbon,* SAR= Sodium adsorption ratio

Fe Mn Zn Cu B Na Mg Ca (Cat+Mg)** Cr HCO;  (COs)*
Depth

mg/kg meq/kg
0-50 3.80 3.00 0.40 0.90 2.64 300.7 98.0 102.0 200.0 502.5 4.0 0.0
50-100 4.60 5.06 0.56 1.80 2.24 170.4 35.0 42.0 77.0 203.8 6.5 0.0

Qg I 1 93 RNAE polic A2 s 5 o)1
s Pl 4 ai Sy s gl olie (5 Se3ll
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Table S. Effect of salinity levels on some vegetative paramters and nutritional elements of pistachio seedlings

No. of No.of .

Treat. SFem remained abscission No. of Leaf Cholorophll P K Ca Na Cl Zn B
diameter total leaf  area index

leaves leaf
Unit mm - - - cm? % mg kg
Sg 5.588*  32.00° 1.625® 33.63 11.75" 65.45° 0.294° 2.455° 1.631° 0.0305" 2.529" 44.99° 272.7°
Siz 5.669*  32.17° 1.750% 33.96" 11.55* 64.62° 0.277° 2.347° 1.590° 0.0666° 2.415° 42.83% 263.4°
Si6 5.550°  30.81° 1.375° 32.17° 11.00° 68.27° 0.353" 2.822% 1.483" 0.0680* 2.917*° 52.32° 304.4"

Sg- 8 dS/m, 812:1% dS/m, 816:16 ds/m
A3 e ls e 10 Jlazl o 53 LSD 0ge5T elal y ailie b Bs > b Ot 2 3 b Sl
Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Fig 2. The effect of different salinity levels on pistachio stem heght (cm) (Aol =C 5 sy g b glns = By ¢ o pLd JIST Lo o pokonly SIS =

Fig 2. Figure 3. The effect of strain type on stem heght (cm) (B1= Virgibacillus
marismortui, B2= Alkalibacillus haloalkaliphilus, B3=Mixed of two strains in
equal proportion, C=Control)

Ko 6‘#&5\-@"5 &uf‘rﬂ\.’&j ‘;.’.‘o*j) olie ‘;5-,3,3 VjJ ;‘ A JJJP:
Table 6. Effect of varity on some vegetative paramters and nutritional elements of pistachio seedlings

Treat. Islz:?g}llt (Slitzﬁeter E:(r)r.l;ifled leaves {a\{)os.é)ifssion leaf E)(t)é;l()lf:af I:r:zi Sll(lizlfrophll P K Ca Na cl Zn B

Unit cm mm - - - cm? - % mg kg

Da 24,625 5.474° 29.264° 1.556 30.833° 10.106° 66.215° 0.311° 2.555° 1.307° 0.089° 2.634* 46.97" 281.29°
Ak 27.236" 5.731° 34.056" 1.611° 35.667" 12.761° 66.014° 0.306 2.528° 1.828* 0.021° 2.606 46.45° 279.03*

Ak= Akbari var., Da=Daneshmandi Var.
A3l el gnn 10 Jlazl o 53 LSD §ge3T bl il b Gy b O o s Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 7. Interaction effect of salinity levels and varity on some vegetative paramters and nutritional elements of pistachio seedlings

4:...\.1dudkjladll&fﬁhﬁ‘,giﬁ})o&wu&ﬁﬁ‘JJJL;)}&C}E.»J#E;«;‘.V NPRES

Treat. }Sl;[!?g;lt izrrﬁeter ?&I:?ﬁ;iied leaves i)os.((:)igsion leaf E)(t)éloliaf i(il}(li(;l;mphll P K Ca Na c Zn B
Unit cm mm - - - - % mg kg!
SgxDa 27.33 5.787° 30.13° 1.583° 31.71¢ 66.60° 0.318" 2.605" 1.447¢ 0.0549° 2.688" 47.98" 285.7°
Sgx Ak 27.83° 5.387° 33.88" 1.667° 35.54° 64.30° 0.271° 2.306° 1.814° 0.0062¢ 2.371° 42.00° 259.8°
S;»xDa 23.21¢ 5.292° 29.04¢ 1.167° 30.29° 64.33° 0.271° 2.310° 1.130° 0.1332° 2.375° 42.08° 260.1°
Si:xAk 28.83° 6.046" 35.29° 2.333° 37.63° 64.91° 0.283° 2.385° 2.050° 0.0000° 2.454° 43.58° 266.6°
Si¢xDa 23.23¢ 5.342° 28.63¢ 1.917° 30.50° 67.71° 0.341% 2.749™ 1.345° 0.0797° 2.840% 50.86™ 298.1%
S1exAk 25.04° 5.758" 33.00° 0.833° 33.83° 68.83° 0.364° 2.894° 1.620° 0.0564° 2.994° 53.78" 310.7°

Sg- 8 dS/m, S;,=12 dS/m, S;,=16 ds/m s Ak= Akbari var., Da=Daneshmandi Var

A3 g ls s 1.0 Jlazl prlane 53 LSD 05031 el alis b s b Ot a3 LSSl
Means in each column with different letters are significant based on the LSD test at the 5% probability level
Gy Sdlls alde ol 5 (g Slho (S 6 SL s 1A Jge
Table 8. Effect of strain type on some vegetative paramters and nutritional elements of pistachio seedlings

Treat. (Slitzﬁeter g?ﬁzfifled leaves Iig.s(::fssion leaf ?(I);lolt;af él;reee;f Sll(lizlfrophll P K Ca Na cl Zn B
Unit mm - - - cm? - % mg kg
B, 5.769* 29.25¢ 2.806 32.11° 11.63 65.41° 0.294° 2.451° 1.606" 0.0539b° 2.524° 44.89° 272.3°
B, 5.642%" 31.14° 1.528° 32.67° 11.34 64.50° 0.275 2.332° 1.550° 0.0457° 2.399° 42,53 262.1°
B; 5.500° 33.06° 1.028° 34,08 11.15° 67.47° 0.336° 2.718° 1.512° 0.0644° 2.807° 50.25° 295.4°
C 5.479° 33.19° 0.972° 34.14° 11.61° 67.07° 0.328" 2.665° 1.603* 0.0561% 2.751° 49.19° 290.9°

B,= Virgibacillus marismortui, By= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control

Al ol gxe 10 Jlazsl o 53 LSD O3l bl il e Gog o b Ot o 5o Lo Sils
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Table 9. Interaction effect of salinity levels and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No. of No.of .
Treat. Stem height iitzrnr:e ter remained abscission E;‘ of total Leaf area i(;ll;(i;)mphﬂ P K Ca Na Cl Zn B
leaves leaf
Unit cm mm - - - cm? - % mg kg!
SsxB 25.58¢ 5225 29.25° 2.250° 31.50°% 10.27¢ 65.98"¢ 0.305%¢ 2.524%4 1.339¢ 0.0723% 2.602%¢ 46.37%¢ 278.7%¢
SsxB, 27.42° 5.717% 31.42°¢ 1.083 32.50%" 12.75° 61.39° 0.211° 1.929° 1.826° 0.000¢ 1.971¢ 34.44° 277.1°
SgxBs 32.25° 5.775% 34.00° 1.917° 35.92° 12.05° 67.04% 0.327% 2.662% 1.689° 0.0150" 2.748% 49.12% 290.6"
SgxC 25.08% 5.633" 33.33% 1.250% 34.58% 11.95¢ 67.39" 0.334% 2.707% 1.669° 0.0349° 2.796 50.03% 294.5%
S1»¥B, 30.58° 6.225° 31.17% 3.083¢ 34.42% 13.45° 65.58¢cd 0.297¢ 2473 1.964° 0.0125% 2.5474 4533 2742
S1xB, 23.33f 5.633% 32.25% 2.167° 34.42% 10.03¢ 59.54¢ 0.172° 1.689° 1.293¢ 0.0986™ 1.716° 29.64° 206.3°
S12%Bs 25.92¢ 5.533¢e 32.000% 0.833% 32.83¢ 11.83° 67.35% 0.334% 2.702% 1.646° 0.0690¢ 2.790% 49.92% 294.0%
SixC 2425 5.283%f 33.25% 0.916% 34.17% 10.87¢ 66.00>¢ 0.306>¢ 2.527%d 1.456° 0.0861% 2.604%¢ 46.42%¢ 278.9%¢
S16¥By 25.834 5.858° 27.33f 3.083¢ 30.42¢ 11.17¢ 64.68¢ 0.278¢ 23554 1.515¢ 0.0770% 24224 42.97¢ 264.0¢
S16¥B; 21.83¢ 5.575%4 29.75% 1.333° 31.08'% 11.25¢ 72.57° 0.441° 3.380° 1.532¢ 0.0385° 3.509* 63.49° 352.8°
S16¥Bs 23.17° 5.192f 33.17% 0.333¢ 33.50%¢ 9.567" 68.03° 0.348° 2.791° 1.202f 0.109* 2.884° 51.70° 301.7°
S16xC 25.924 5.575%d 33.00a° 0.750% 33.67%¢ 12.02¢ 67.81° 0.343° 2.761° 1.682¢ 0.0475¢ 2.853° 51.11° 299.2°

Sg- 8 dS/m, S;,=12 dS/m, S;¢=16 ds/m, B= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control
Al o ol gnn 10 Jlazl prlaw 53 LSD 0 ge3T bl y alie b Gy b 05 o s by Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Table 10. Interaction effect of variety and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No. of

Treat. Ste.:m remained NO'O.f . No. of Leaf area .ChOIOTOphll P K Ca Na Cl Zn B
height leaves abscission leaf total leaf index

Unit cm - - - cm? - % mg kg!

DaxB, 24.22% 27.72° 1.889° 29.724 9.844° 66.12° 0.308° 2.542° 1.256 0.099° 2.621° 46.72° 280.2°
DaxB, 24.78¢ 29.67% 1.500% 31.17° 10.94¢ 63.86° 0.262° 2.248° 1.472¢ 0.0657¢ 2.310° 40.85° 254.8°
DaxB, 26.17° 30.28 1.278° 31.56° 10.12° 69.07° 0.369° 2.925° 1.311° 0.0793° 3.027° 54.40° 313.4°
DaxC 23.33¢ 29.39¢ 1.556 30.89% 9.511° 65.82° 0.302° 2.503° 1.191° 0.112° 2.579° 45.94° 276.8°
AkxB, 30.44° 30.78° 3.722° 34.50° 13.41° 64.71% 0.279% 2.359% 1.956" 0.008¢ 2.427% 43.07% 264.4%
AkxB, 23.61° 32.61° 1.556 34.17° 11.74° 65.15% 0.288% 2416 1.629¢ 0.025" 2488 44.21% 269.3%
AkxBs 28.06° 35.83" 0.777¢ 36.61° 12.18° 65.88° 0.303° 2.511° 1.714° 0.049° 2.588" 46.10° 277.5°
AkxC 26.83° 37.00° 0.388¢ 37.39° 13.71° 68.32° 0.354° 2.827° 2.014a 0.0000¢ 2.923° 52.43° 304.9°

Sg- 8 dS/m, S;,=12 dS/m, S;¢=16 ds/m, Ak= Akbari var., Da=Daneshmandi Var., B;= Virgibacillus marismortui, By= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal
proportion, C=Control

A3l e ol gnn 10 Jlazl o 53 LSD 0 ge3T bl il b Gy b O o s by Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Table 11. Interaction effect of salinity level, variety and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No.of

No. of remained

No. of total

Cholorophil

Treat. Stem height ~ Stem diameter abscission Leafarea . P K Ca Na Cl Zn B

leaves leaf leaf index
Unit cm mm - - - cm? - % mg kg!
SgxDaxB; 25.50% 5.500d°" 31.83 %N 0.500" 32.33h0 9.367" 67.30°% 0.333¢ 2.695% 1.162Y 0.119¢ 2.783% 49.79°% 293.5%
SgxDaxB, 29.67% 6.150° 29.00¢ 1.667°% 30.67% 12.57¢ 62.23" 0.228%" 2.038" 1.790%  0.0000" 2.086" 36.63" 236.6"
SgxDaxB; 31.00% 5900 29.17¢ 2.667% 31.831 11.03# 67.88% 0.345% 27714 1.490¢ 0.0301¢ 2.863 51.31% 300.0%
SgxDaxC 23,174 5.600%" 30.50" 1.500°% 32.001 10.30" 69.00 0.368" 2916 1.346" 0.0698" 3.017% 54.21% 312.6%
SgxAkxB, 25.67 4950" 26.67 4.00" 30.67% 11.17¢ 64.67°%" 0.278°% 2354 1.515¢ 0.0248¢ 2421 4295 963 gefeh
SgxAkxB, 25.17¢0 5.283%" 33.83%f 0.500" 3433 12.93% 60.55' 0.193" 1.819' 1.862%  0.0000" 1.855' 32.26' 217.6'
SgxAkxBs 33.50° 5.650%f 38.83° 1.167%" 40.00% 13.07°%  66.20%% 0.310%%" 2553l 1.888¢  0.0000" 2.632°%0  46.94% g 1edf
SgxAkxC 27.00%% 5.667°%" 36.17° 1.00& 37.17¢ 13.60° 65.78% 0.301%f 2.498%f 1.993° 0.0000" 2.575%%  4585%  76.4%k
SizxDaxB; 28.17% 5.783bd 30.83"k 1.833¢ 33.00%  11.438 67.85% 0.344% 2.767% 1.568¢ 0.02508 2.859% 51.22¢ 299.7¢
SpxDaxB,  20.67™ 5.500%f 30.001 0.666" 30.67% 7.933™ 56.60' 0.1121 1.307 0.881™  0.1973° 1.312 22.00° 173.3
SpxDaxB;  23.33M 5.417°% 30.175% 0.500" 30.67% 9.033 67.78% 0.343 27584 1.097%  0.1382%¢ 2.850% 51.05% 298.9%
SipxDaxC 20.67™ 4467 25.17" 1.667°% 26.83 8.400I™  65.08%fh 0.2874f 2.408dfeh 0.972!™  0.1723° 2.478%Eh 44 03%h D68 goleh
SpxAkxB;  23.00° 6.667° 31.50%" 4333° 35834 1547° 63.3210 0.250%" 2.178M 2.359° 0.0000" 22368 39.44%h  p4g 7N
SpxAkxB,  26.00% 5.767%% 34.50%% 3.667" 38.17% 12.13f 62.48" 0.233¢ 2.070™ 1.705° 0.0000" 2,121 37.28" 239.4M
SpxAkxB;  28.50% 5.650%f 33.83%f 1.167%" 35.00%  14.63° 66.92°% 0.325¢ 2.646% 2.195° 0.0000" 2.731%% 48.80°* 289.2%4¢
S1xAkxC 27.83%f 6.100% 41.33° 0.166' 41.50° 13.33% 66.92°% 0.325¢ 2.646% 1.940¢¢  0.0000" 2.730% 48.80°* 289.2%4¢
SiexDaxB; 19.00" 4.933" 20.50™ 3.333% 23.83™ 8.7334 63.20% 0.248" 2.163% 1.0384 0.1542% 2.220% 39.148 247 .48
SiexDaxB;,  24.00™ 5.783bde 30.000% 2.167% 32,17 12.33f 72.73¢ 0.445° 3.401° 1.744° 0.0000" 3.531° 63.91° 354.5°
SiexDaxB;  24.17"k 5.400°% 31.508" 0.666" 32.17"  10.30" 71.55% 0.420® 3.247% 1.346" 0.0698" 3.368% 60.83% 341.2%
S1exDaxC 26.17% 5.250%" 32.50°% 1.500°% 33.83% 9 g33M 63.37%0 0.251%" 2.185%M 1.254" 0.0950° 2.242%0 39 5gfhi 949 3feh
SiexAkxB;  32.67" 6.783° 34.17%% 2.833 37.00%  13.60° 66.15°% 0.309°%f 2.546 1.993¢ 0.0000" 2.625%C% 4680 280.6°f
S16xAkxB, 19.67" 5.367¢" 29.50% 0.500" 30.00 10.17" 72.42° 0.438" 3.359° 1.319" 0.0770° 3.487° 63.08" 351.0°
SiexAkxB;  22.17™ 4.983% 34.83% 0.0000' 3483 g.833M 64.52°%h 0.275% 2.334°h 1.058™  0.1487¢ 2.401°%h 42 570 gD pefeh
SiexAkxC 25.67%" 5.900*¢ 33.50%"% 0.0000' 33.50¢" 1420 72.25°% 0.435° 3.338° 2.110° 0.0000" 3.464° 62.65° 349.1°

Ak= Akbari var., Da=Daneshmandi Var., B,= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control

Means in each column with different letters are significant based on the LSD test at the 5% probability level
A3 e ls e 10 Szl o 53 LSD 05051 olal y aoliia b s b 052 2 2 b Sl
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Abstract

Introduction: Apple (Malus damestica) from the Rosaceae family, is the fourth most important fruit in
the world and the most important fruit in temperate regions after citrus fruits, grapes and bananas (Janik
et al., 2019). In high soil pH conditions, most micronutrient elements such as iron and zinc are deficient
in apple trees. Foliar feeding is an effective way to compensate for the lack of micronutrients and increase
their levels. Today, the widespread use of chemical fertilizers has caused an increase in concern about
human health, which can be reduced to some extent by replacing organic fertilizers. improving the yield
and quality of various fruit trees (Crespan et al, 2020). The purpose of this research is to spray fertilizers
containing iron, zinc and humic acid to achieve a suitable fertilizer combination to increase the yield and
fruit quality of ‘Golden Delicious’ apple in response to the treatment of different concentrations of iron
chelate, zinc sulfate and humic acid.

Material and methods: In order to study the effect of three different concentrations of iron chelate, zinc
sulfate and humic acid on some quantitative and qualitative traits of 13-year-old ‘Golden Delicious’ apple
trees grafted on seedling rootstock, an experiment was carried out in the form of a completely randomized
design with 9 treatment and three repetitions were performed. The treatments included foliar spraying
with iron chelate, zinc sulfate and humic acid each at three levels (zero, 1000 and 2000 mg/L). Foliar
spraying consisted of one stage before and four stages after flowering, the round of foliar spraying was
done every two weeks. The first foliar spraying stage is on May 10 %efore flowering, the second foliar
spraying stage is on May 25 after flowering and fruit formation, the third foliar spraying stage is on June
10 when the fruits are set, the fourth foliar spraying stage is on June 25 when the fruits were the size of
walnuts, and finally, the fifth stage of foliar spraying was done on July 10, 2014, when the fruits were
green and unripe. After the foliar application was completed, 21 healthy trees were selected for the
experiment. The measured factors include length and diameter of the fruit, fruit density, dry weight of the
fruit, total weight of the fruit, and measurement of the branch length of the current year, soluble solids,
titratable acidity, pH, some nutritional elements in leaf and fruit. Data were analyzed using SAS statistical
software version 1.9, and the comparison of averages was done using Duncan's multi-range test, and
graphs were drawn using Excel version (2019) software.

Results and discussion: The effect of nutritional treatments on some quantitative and qualitative traits:
The results indicated the significance effect of nutritional treatments observed on some quantitative traits
such as fruit length (Table 1. Figure 1), the length of the branch of the current year (Table 1. Figure 3),
fruit yield (Table 2, Figure 4), the density of fruits (Table 2. Figure 5). Also, the results indicated the
significant effect of nutritional treatments on dry weight of fruits (Table 2, Figure 6), amount of iron
element in leaf and fruit (Table 5, Figure 10; Table 6, Figure 13), the zinc element in the fruit is at the
(Table 6. Figure 1431. But these results, according to the results obtained, showed the opposite result, that
s, it showe§ that the effect of nutritional treatments was not significant on some traits such as soluble
total acidity (Table 4. Figure 8) and amount of potassium of fruit (Table 6. Figure 12).

Conclusions: The results obtained from this experiment, among the three fertilizer treatments used, the
iron chelate fertilizer treatment with a concentration of 2000 mg/l had the greatest effect on some
quantitative and qualitative characteristics of the leaves and fruits of the ‘Golden Delicious’ apple
cultivar. This level of fertilizer treatment (2000 mg/L of iron) increased fruit yield, dry weight of fruit,
iron element concentration in leaves and fruit. In general, the results of this research showed that in
calcareous soils, iron and zinc foliar application can lead to the improvement of quantitative and
qualitative characteristics of the ‘Golden Delicious’ apple cultivar. Therefore, this level of fertilizer
treatment is recommended to increase quantity and quality in apple orchards.

Keywords: Apple (Malus domestica L.), ‘Golden Delicious’ cultivar, Foliar spraying, Iron, Zinc, Humic
acid.
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Figure 1- Comparison of the effect of different levels of iron chelate, zinc sulfate and humic acid on the fruit length of

apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.
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Figure 2- Comparison of the effect of different levels of iron chelate, zinc sulfate and humic acid on fruit diameter of

apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.
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Figure 3- Comparison of the effect of different levels of chelate iron, zinc sulfate and humic acid on the length of the

branch of the current year of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 4-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on fruit yield

of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.
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Figure 5- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

density (specific weight of fruits) of apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test
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Figure 6- Comparison of the average levels of iron chelate, zinc sulfate and humic acid on the fruit dry weight of apple
cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of Duncan's

test.
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Figure 7- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on soluble

solids in fruit of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the
5% level of Duncan's test.
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Figure 7- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the
acidity of the whole fruit of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 8-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of soluble fruit carbohydrates in apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 10-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of iron in apple leaves of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 11. Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of zinc element in leaves of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 12- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the
amount of potassium element in fruit, of the apple cultivar ‘Golden Delicious’. The averages with the same letters are
not significantly different at the 5% level of Duncan's test.( mg/l)
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Figure 13. Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of iron in fruit, of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 14- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of zinc element in fruit, of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Abstract

Introduction: In recent years, organic fertilizers application has increased to reduce the use of
chemical fertilizers. The fertilizer management is one of the greatest challenges of agriculture in
the 21st century. Biochar and vermicompost are the most important types of organic fertilizers
(Wu et al, 2005). Biochar is a by-product of the biodegradable pyrolysis process and is
considered to be a stable chemical and biological carbon reservoir in the soil (Schmidt and
Noack, 2000). Vermicompost is a fertilizer obtained from the excretion of earthworms. A
special type of worm called Eisenia foetida, also known as composting worm, is used to make
vermicompost (Krishnamoorthy and Vajranabhaiah, 1986). Yanga et al. (2015) compared the
effect of organic and chemical fertilizers on tomato yield and showed that vermicompost
increased the activity of phosphatase and urease enzymes by increasing the activity of nutrients
and subsequently improved tomato fruit yield. The aim of this study was to investigate the
effect of two levels of biochar and vermicompost on the characteristics of tomato plants in
saline conditions.

Material and methods: This research was conducted in a research greenhouse located in Gilan
province, Langrud city. The present study is factorial in the form of a randomized complete
block design with three replications. Factors studied include two levels of biochar and two
levels of vermicompost in both saline and non-saline conditions on cherry tomatoes.
Performance parameters, number of fruits, fruit weight and plant height, nitrogen, phosphorus,
potassium, calcium, iron and sugar were measured in the plant. Soil characteristics including
soil texture, acidity, electrical conductivity, phosphorus, potassium, nitrogen and iron, etc. were
measured. Data were analyzed statistically using SAS program (SAS Institute Inc.1999) and
Duncan's Multiple Range test at 0.05 significance level as outlined by Little and Hills (1978).

Results and discussion: The results of comparing the average effect of organic fertilizers in saline
and non-saline conditions on the yield of tomato plants are shown in Figure 1. The highest yield
and iron in the treatment of the second level of vermicompost in non-saline conditions was 1247
g/ pot and 0.006%, respectively. These results also show that salinity reduced the yield by 68%.
Many researchers say that increasing the yield of agricultural products due to the addition of
biochar-biomass is a function of the quality and quantity of biochar (Deenik et al., 2010; Major
etal, 2010).

Figure 2 shows the results of comparing the average effect of biochar and vermicompost
treatments on salinity on fruit phosphorus levels. As can be seen, the highest amount of fruit
phosphorus was obtained in the treatment of the second level of vermicompost without salinity
equal to 0.29%. The lowest amount of phosphorus was obtained in the treatment of 0.21%.
According to Renato et al. (2003), increased composting into the soil increases soil phosphorus.
Reinecke et al. (1992) also noted that vermicompost makes phosphorus available to plants

Conclusions: Our results show that the second level of vermicompost had the best improvement
in the quantitative and qualitative characteristics of tomatoes. Generally, according to the
obtained results, the use of biochar and vermicompost from the remnants of the tea plant and
municipal waste can be recommended as a suitable source to provide the nutrients needed by
tomatoes.

Keywords: Tea, Pyrolysis, Plant nutrition, Fertilizer, Yield.
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Table 1. Some physical and chemical soil properties, vermicompost and biochar.

Soil properties Value Compost properties Value Biochar properties Value
Clay (%) 43 pH 7.30 pH 7.65
Sand (%) 17 EC (dS/m) 3.30 EC (dS/m) 1.53
Silt (%) 40 N (%) 2.10 K (mg/kg) 30.6
Soil texture Caly K (mg/kg) 1432 OC (%) 6.80
EC (dS/m) 0.9 P (mg/Kg) 3900 P (mg/Kg) 724
pH 5.75 Fe (mg/Kg) 61.40

OC (%) 0.80

N (%) 0.21

Jmg/kg( K 140

Ca (meq/L) 0.60

P (mg/Kg) 10

Fe (mg/Kg) 46.2
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Figure 1. Comparison of the average effect of different treatments on plant height
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, B1 and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Figure 2. Comparison of the average effect of different treatments on Wight fruit
)wdaw\.,,;;qVZ s VI (a3 s J.p)s)l.@%-}}:dw\.ﬁ;;«.BZ sBl i S 82 (58 8 S ST wals S RO
A S gaS 059 oy J.@.>

RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Figure 3. Comparison of the average effect of different treatments on number fruit
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Figure 4. Comparison of the average effect of different treatments on plant yield
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Figure 5. Comparison of the average effect of different treatments on chlorophyll
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, B1 and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Figure 6. Comparison of the average effect of different treatments on N of fruit
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, B1 and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, B1 and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.

I KA b (gl xe DMl A5 oy ezl a3 LSD Sasl ool ool ks 3l alie Gy ghils gla Kl Slas 5o o
Different lowercase letters indicate significant differences at P < 0.05

)j_\::ﬁﬁ.ba"‘flji C,..A}?QSL;“)j (M)Ji')"j)ckm
Slas ol s el sl sl ez il Cel
4S 5sd 0 edalin Ll Ao ys o/0 0T Uslas JAT Sldie

A

-

Ry
o al Dt S0le anslie @l Ve IS

35 Cml ol S g5 5 ST 358 Calises Ll 3 o
Slagd 45 3 g 0 dalie JISEN s il 55 IS 0l



S 9 (S SS9 (B 3 Sy L) 9 SugaaSoayg B oy palle (Y L pule

= 35S Ol edd g sy e I (YAE) Ol Ses
on S ol gla S5y o) il gbales s
- JLE ol 4y e 35S 51 O  cnl i S
el s il slales 3 555l ol s
CoB s JBy sl S sl 0l Ol Kk ol
b ot 5 S5 Ko ol b ol ol

sl 0305 ‘_),l',_lbé\

RO|V1 V2 Bl B2|Vl V2 Bl B2|S1 S2

S5y oS oy (o Y0 Jl o 5 s
Lasbesd (rm uls e SV 55558 gl 25 5 5l
4S Cowl ol b osly QLA IS H5b il e dllS e
sl 0 4e HT)U_L:)\JT‘.M oS e ()
OLLSea s Namgay 5 (2011) ol,LCea 5 Fellet ool
o ey L5 sleslanal 4S5 uss S 0L, (2010)

b ) Jldke  Cilise b yled ST ke amglis N S
Figure 10. Comparison of the average effect of different treatments on Fe of fruit
3 S e S 5 V2 5 VI a5 I s e 5 53 e i 5 0 B2 5Bl 50 S 82 (58 0 S ST aals S RO
N P ST IS WP E R v

RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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RO; Control soil, S1; Non-saline soils, S2; Saline soil, Bl and B2 are the second and fourth percent levels of biochar,
respectively, while V1 and V2 are the twenty and forty percent levels of vermicompost, respectively.
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Abstract

Introduction: Camelina is a known oil plant from the family Brassicaceaec Burnett. In recent
years, interest in the cultivation of this species has increased. This is due to the high tolerance of
camelina to unfavorable environmental conditions and the possibility of versatile crop
utilization. Special feature of this plant is its easy adaptation to various soil and climatic
conditions. Tﬁe aim of the research was to determine the reaction of the camelina to different
foliar fertilization with macroelements. The research hypothesis assumed that the applied
fertilizer combinations would have a modifying effect on the size and quality of seed yield and
would be economically justified.

Material and methods: To investigate the effect of different amounts of nitrogen and potassium
fertilizers on the yield and quality of Camelina plant oil, an experiment was carried out in the
agricultural year 2022 in Shahindej city. The experiment was factorial based on a completely
randomized block design. The test tactors included nitrogen fertilizer at three levels (0, 50, and
100 kg/ha), and the second factor was potassium fertilizer at three levels (0, 25, and 50 kg/ha),
which Four repetitions were performed.

Results and discussion: The results of mean comparisons showed that the level of 100 kg/ha of
urea fertilizer increased the number of capsules, 1000 seed weight, biological yield, harvest
index, oil percentage, oil yield, protein percentage, and protein yield by 40.60, 68.00, 18.25,
158.29, 10.90, 52.00, 27.27, and 114.5% compared to the control treatment. Also, the increase
of the mentioned traits in the treatment of using 50 kg/ha of potash fertilizer was 19.31, 41.75,
21.71, 31.36, 22.12, 87.69, 16.26, and 85.83% respectively. The mean comparison of the
interaction treatments showed that the maximum plant height, the number of sub-branches, the
number of seeds in the capsule, and the seed yield were recorded in the treatment using 100
kg/ha of urea along with tl}jme levels of 50 and 25 kg/ha of potash fertilizer. In this study, the
difference between the treatment of applying 100 kg/ha of urea fertilizer with 50 and 25 kg/ha
of potash with the treatment of 50 kg/ha of urea fertilizer with 50 kg/ha of potash was not
significant in terms of grain yield. Therefore, considering the environmental effects of urea, it is
recommended to use 50 kg/ha of urea along with 50 kg/ha of potash to achieve the maximum
economic performance of Camelina. The biplot analysis showed that the first two components
explained 91.5% of the data variation. Finally, the treatment of 50 kg/ha of urea along with 50
kg/ha of potash was recognized as the most appropriate treatment.

Conclusions: It can be stated that with the application of 50 kg/ha of nitrogen fertilizer and 50 kg
of potassium fertilizer, the same yield can be obtained that can be obtained from the application
of 100 kg/ha of nitrogen fertilizer along with 50 kg of potassium fertilizer, also the maximum
yield of oil in the treatment of using 50 kg/ha of nitrogen fertilizer and 50 kg/ha of potassium
fertilizer were obtained. It can be concluded that the application of the mentioned two levels, in
addition to having a positive effect on the yield and yield components of seed and oil, led to the
achievement of the maximum mentioned economic traits, they are also the most favorable
treatment from an economic and environmental point of view.

Keywords: Seed Protein, Yield, Camelina, Chemical Fertilizer, Oil Yield.
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Table 2. Mean squares of investigated traits under the influence of N and K fertilizer treatments in Camelina

$.0.v. Df  Plantheight Sl%rg)t;zlg}l:es yc;lc;zt}))i:rr(}))gant iléf(?sbg 2(1) i)od X:;%Ia::lg;ains Biological Yield
R 2 13.66 7.98 512 2.81 0.29 949008

N 2 141.05%* 59.90%* 84116.1%* 15.81%%* 2.71%* 2287763*

K 2 33.91% 24.56** 10289.4* 4.29% 1.43%* 3334452%

NxK 4 26.76* 17.19* 914.2™ 3.59%* 0.31™ 638806™

Error 16  7.09 5.10 1778.6 0.73 0.21 603593

CV (%) 5.98 9.94 11.00 7.74 21.56 13.34

/1) 40 Jlm}‘dd.«))).)&uj}..}&m phe S 4 5 DS
ns, * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 2. Mean squares of investigated traits under the influence of N and K fertilizer treatments in Camelina

S.0.vV Df Grain Yield Harvest Index  Oil Percentage Oil Yield Protein Percentage ~ Grain Protein Yield

R 2 10118 15.95 0.46 2523 1.91 2269
N 2 3149134** 714.83** 83.06%* 580443 ** 78.86%* 313171%*
K 2 706684 ** 94.65* 87.76** 185127** 40.75* 89612%*
NxK 4 70856* 13.51™ 2.82™ 14157™ 5.53™ 9474"™
Error 16 20209 16.54 11.34 6448 10.62 4770
CV (%) 11.53 19.54 9.05 16.84 12.65 20.69
ns/. V50 Jlex| dﬁ»ﬂ 23 b gme 5 la e plde S 5 4 e 5

ns, * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.
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Figure 2. Comparison of the average treatment combinations of N fertilizer and K fertilizer in terms of effect on the
number of sub-branches

YAA



- Ry CalaS 9 3 ySlas (59 o paealiy 9 059,05 995 Al juallie L o jlSan g 0ul jieh Janasl

oL 1y (Sos s Jayl s 5 Lels asle b,

.(Amiri Darban et al., 2021 )"L‘”d“

OERI9D VD &3l Sl
O35, 355 Hsls OLad laesls (usbsls a2 el
Db 53 Jolime 15 (P 2/00) Ll 558 (< e/ Y)
S ol e ey st s 4l slus o (P e/Y)
Ol ol LS 5 Sle anmlin ol (Y Jsax)
Lol 035,25 255 S 3 0 kS Ve Jlas oS 5l
Loy S o el p Seds 00 5 Y0 bl
A 5 1y asils slacas 5L ls VY 5 VY/YA Lo gz
S5 slasleg ey SN oS ol S5 4 e3Y s S
O3 255 LS 5o p S5 LS 00 558 Sl Lo
ol 3 35 s e el 35S 6 SALS YO Lol e
S 3 0 SIS Y0 o Lol s dald Lo Sialesl
bose bcd e a8 pde Dled (mmen 5 pmly
Oy sl sl Blas ey s Lls 470 5 A/A
Laails (6 5 58 3l 5 0 1t mie (17 JS2) Ls 8 A5 1,
G s 3l go plnd LBl 2l Lils sl 4 e Aites
el s 4 03,38 35 51 eslitl Al o S
ool 58l 1y (Laasls) (6 e 528 O 3be 3las ol 055 20
aslge cpl Sl Ul o go 355 a5 4y 5 s e
Yousafetal ., ) 555 o olS Ay 0,5 Jsb )3 ladils
el s plonil 4y olS (55, p S slesl 55 .(2016
bl by ae Ol 3 S ol ooy DU &
54y YU ey 0L 3 edd e G g S
il b (Laails) O3lbe =13 @ slge ol Jlas] e
3 30ns EalS e T8 (nl ¢ samme 45 S s
b (Pettigrew, 2009) Ly i s oLS ;5 als 0
Gl slws o VL LIS olS ol sl 55158 sy
ol sl s 4 ey 555 Jlesl L 1 Sy 5 o
L5 20 & Bl o el 355 45 a0 OLLS 5055
2lp e 03 ot 4 S SaS LllS oS Wy s

{(Shirani Rad et al., 2023) Li)1> ouslty 555 35008 oS

YAQ

399 ) 9D dlaxs
U35 358 bl ST nl s sls Ol il
Cos—oiy (P /10) by 5 S 5 (p< +/e))
sy 13 b | @ s e s Sl (gls e
Voo L Ll slaai g )l cws cpl oo (Y Jsr)
A op SV Sl odle s 3 03520 ¢ S kS
S L3S U5 L VY Lo L) €50 53 Cpm) 5
adald 500 mglan b anslie 55 &5 53 (s S
slss pweS s Al Ay 0/ 5 V0/YE LS S
L (2 555 pde) il Ll 6l 45 03 s
osls OLid ldlas (F Jod=) s YVANV Lo g
LS 5o sl 5, Shas 5 Sie sl 5l G &S el
Jankowski ) Cul & 5 55 5L Sy o sliws LS
LS 05 u-*"l—’ Loy S 4 (et al et al., 2019
5 ke Sa S S AalS e LS oS
oS LhalS (655 p o 3 058 OT Jagy hals
sLeb! (Kunt joshi et al., 2017) ol,LCan 5 ol
LbelS &5 5 53 Cpom 5 olas 035,50 555 2,08 cdls
ol el Sl b aglie 3 (St & son |
(Zarei et al.,, 2022) 0|,Ln 5 o)l anllas 5 51
£ 5 LS Sl p3 aS g s ey s Sldas Slu s
alie ol el s 4 055 20 555 1S 3 o S kS
S o3 ooy SHs S Sl ey 5 S sk
s 355 Jasl 4y ate STy 55 e s sls 0L
DL 3 p SskS 00 5 Y0 m ke &g ke dinls 0L
o VY SYAY/EY b LS 5w ol
A el Hlad Lanlie o)) Cdw pl s
Ol (4 VA 5V /AL Jsles) dmls TVY 5 YV/E
e Al S aadllee sl 5y (Y Jsde) Lsls
g;_u(v.a_wb; 345 5,8 rJ&) Aol sles Gl g wg
ety Sl e 35 51 53 0 S LS VO Sl eslinad LS
oLS 3 Loy 55 2l bl 4 e 5 LG 5ba
Sl oslil Caal La el ol il ol e LLlS

413 QLS iS55 Shes 35 53 1) ermlty slas S



VEY licue) § jaals Y o lach O 0,99 £l LALS daddi sale da pukid

- 16 ~ B8 Control B25 (kg/ha K) @50 (kg/ha K) A

g 14 ~ a

g 12 - wd c be c

2 10 -

2 81

S 6 -

2]

5 2 A

Z

0
Control 50 100

N (kg/ha)

O 3 A1 SRS ey 355 5 05558 355 (ol DS 5 Kl s ¥ IS
Figure 3. Comparison of the average treatment combinations of nitrogen fertilizer and potassium fertilizer on the
number of seeds in Khurjin
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Table 3. Comparison of the main effects of nitrogen and potassium fertilizers on the examined traits in Camelina

Number of Weight ofa Biological = Harvest Oil 0Oil Protein Protein
N (kg/ha)  pods per thousand Yield Index Percentage  Yield Percentage  Yield

plant grains (gr)  (kg/ha) (%) (%) (kg/ha) (%) (%)
Control 76279¢ 1.5b 5280.2b 10.91b 33.97b 199.89¢ 22.75b 133.02¢
50 398.94b 2.36a 5921.1ab 23.36a 40.02a 532.23b 25.86ab 367.54b
100 471.2a 2.52a 6274.8a 28.18a 37.63a 698.69a 28.66ab 500.9a
K (kg/ha)
Control 345.86b 1.82b 5126.4b 17.76b 33.98b 325.65¢ 24.57b 233.93¢
25 382.41a 1.98b 6110.7a 20.48ab 38.41la 494.24b 24.49 340.03b
50 411.62a 2.58a 6238a 2421a 40.20a 610.92a 28.21a 433.5a
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Figure 4. Comparison of the average treatment combinations of nitrogen fertilizer and potassium fertilizer on grain yield
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Abstract

Introduction: Apple (Malus domestica Borkh.), belongs to the Rosaceae family and is one of the
most important economic fruits in the world. Apple trees grow best in well-drained, deep, and
fertile soils, and the availability of nutrients inﬂll)lences the overall yield and quality of fruits

roduced in orchards. The importance of increasing calcium in apple fruit to improve its quality

as led to research in major apple production areas around the world. Calcium is a critical
component in maintaining the hardness of fruits during storage, as it is responsible for the
integrity of the cell. Thus, the softening of the fruit may result from the loss of calcium in the
middle of the plate and/or its absence in the bonds between the peptic molecules. When treated
during the pre-harvest period, the entrance of calcium into fruits delays the fruit’s softening and
ripening rate, thereby slowing down the decay of cell walls. The pre-harvest use of calcium can
slow down the aging of fruits without adversely affecting the consumer quality of fruits. The
preferred method to increase the calcium concentration of the fruit is to apply foliar application
of various calcium compounds before harvesting. In this research, the effects of foliar
application of different calcium compounds on the quality parameters of Golden Delicious
apple fruit were evaluated.

Material and methods: In this study, three different calcium compounds including calcium
chloride (CaCl,), calcium nitrate (Ca(NO;),) and calcium oxide (CaO) in concentrations of
0.5%, 1% and 1.5% and control (distilled water) were used to evaluate the effects of calcium on
the quality characteristics of Golden Delicious apples. This design was implemented as a
factorial experiment based on randomized complete %locks in three replications. The experiment
was recorded at two harvest times and after 4 months of storage in the refrigerator (4°C and 85-
95% relative humidity).

Results and discussion: Results and discussion: Based on the results obtained from the two
experiments, the traits affected by different sources of calcium fertilizer and the interaction
effects of calcium fertilizer sources were not concentrated. According to the results, different
concentrations had a significant impact on the studied traits. The mean comparison results
indicated that with the increase in the concentrations of calcium sources, the fruit firmness traits
(4.87% and 8% at harvest and 4 months after storage, respectively) and organic acid (0.67% and
0.38% at harvest and 4 months after storage, respectively) increased. Additionally, with the
increase in the concentrations of calcium sources, the total soluble solids (13.06% and 11.95%
at harvest and 4 months after storage, respectively) and pH (3.61 and 4 at harvest and 4 months
after storage, respectively) had the lowest values. Overall, spraying calcium sources at a
concentration of 1% at harvest effectively improved the fruit quality and storage capability of
the Delicious apple variety.

Conclusions: Based on the observations made at the time of harvesting and after storage in cold
storage, high concentrations of fertilizer sources, especially in the treatment of 1.5%, caused
burns and damage to fruits. Therefore, despite the effectiveness of these treatments in increasing
the firmness of the fruit compared to the control, the use of this concentration is not
recommended. Since there was no burn effect at the concentration of 1% and it had a greater
effect on increasing the firmness of the fruit texture than other treatments, it can be used as a
result. Foliar application was used at harvest time and 4 months after refrigeration, and this
concentration sﬁowed its efficiency in this experiment.

Keywords: Calcium, Fruit firmness, Golden Delicious Apple, Organic Acid.
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Table 1- Chemical and physical characteristics of field soil

30 cm 0- Chemical and physical properties of soil
Clay Loam Texture

0.4 EC (ds/m)

8 pH

50 SP (%)

17 TNV

1.5 OC (%)

0.73 Total N (%)

3.6 P (ppm)

200 K (ppm)
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Table 2- Mean square of investigated traits under concentrations of calcium fertilizer at harvest time

S.0.V Df Fruit Firmness TSS TA pH

Ca fertilizer (Ca) 2 0.238™ 1.434™ 0.009™ 0.041™
Concentration (C) 3 2.863** 9.383** 0.025* 0.214%*
CaxC 6 0.657™ 1.703™ 0.008™ 0.029™
Error 22 0.307 0.908 0.006 0.028
CV (%) - 7.24 6.89 12.07 4.5

ns

1Y 40 dw.chﬂ)bj.bwjjlb&”r&%);4;_':25':;:‘}':{:‘6
", * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.

sy Bla) 53 o (&S Dl S 558 Ao glahil Rle A lis ¥ J g
Table 3- Comparison of different average concentrations of calcium fertilizer on quality traits of apples at harvest

time
Concentration (%) Fruit Firmness (kg/cm?) TSS (Brix) TA (Malic acid %) pH
Control 6.84° 153° 0.55° 3.96°
0.5 7.7° 13.78 ° 0.63 % 3.73°
1 8.1° 13.2° 0.67° 3.67°
1.5 8® 13.06° 0.66° 3.61°

(700 sols e CJGMJJ O5Kls Ui 5,05 gl xSl Ot K s ERIE OLSS G >
The same letters among cultivars within the same column are not significantly different
(Duncan test at 0.05 significant level).
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Table 2- Mean square of investigated traits under the effect of fertilizer with calcium source after 4 months of storage
in cold house

S.0.V Df Fruit Firmness TSS TA pH

Ca fertilizer (Ca) 2 0.969™ 1.848™ 0.008™ 0.058™
Concentration (C) 3 1.757%* 6.438%* 0.042* 0.128**
CaxC 6 0.066™ 0.164™ 0.001™ 0.018™
Error 22 0.211 0.57 0.003 0.019
CV (%) - 10.3 6.01 16.8 3.41

/A 30 Jw.daﬁﬂjb).bw)).éw CV\P g_.,.:;JJA.g‘?ﬁ'

", * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 5- Comparison of different average concentrations of calcium fertilizer after 4 months of storage in cold house

Concentration (%) Fruit Firmness (kg/cm?) TSS (Brix) TA (Malic acid %) pH
Control 3.84° 13.78*° 0.22° 427
0.5 4.45° 12.48° 0.30° 4.06°
1 4.87° 12° 0.38° 4.02°
1.5 4.65* 11.95° 0.33% 4°
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The same letters among cultivars within the same column are not significantly different (Duncan test at 0.05 significant
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	28.90gh
	R. fasciculatum
	57.26abc
	0.11a
	0.27b
	14.37a
	9.33cd
	3.05a
	8.39b
	1.43bc
	3.27ab
	3.22abc
	2.75c
	31.17de
	A. langula
	58.70abc
	0.09ab
	0.30a
	11.25f
	10.77abc
	3.08a
	9.25a
	1.45bc
	2.95bc
	3.98a
	3.00bc
	36.50a
	R. castanea
	75.20a
	0.08ab
	0.30a
	11.25f
	11.15ab
	3.034a
	6.75cd
	1.65bc
	3.16abc
	3.83ab
	2.75c
	33.03c
	D. versiforms
	59.40abc
	0.07ab
	0.13e
	9.37g
	10.99ab
	2.34d
	5.62e
	1.76ab
	3.245ab
	3.16abc
	2.83bc
	32.00cd
	G. margarita
	MS
	df
	S.O.V
	B
	Cu
	Zn
	Mn
	Fe
	Ca
	Mg
	K
	P
	N
	0.67652**
	0.58838**
	0.11927**
	0.06338**
	10.8100**
	1.38971**
	3.3023**
	11.1691**
	0.009782**
	29.1934**
	10
	Mycorrhiza
	0.04545
	0.08408
	0.01410
	0.01135
	0.0285
	0.00125
	0.2341
	0.0313
	0.000152
	0.1129
	22
	Error
	16.07
	14.30
	6.87
	5.98
	12.74
	9.07
	7.41
	6.65
	10.34
	8.11
	-
	CV (%)
	B
	Cu
	Zn
	Mn
	Fe
	Ca
	Mg
	K
	P
	N
	Mycorrhiza fungi
	mg kg-1  DW
	%
	211.20g
	143.68h
	379.20b
	65.57f
	144.86i
	5.01c
	0.79c
	1.13a
	0.15d
	2.44b
	Control
	365.77a
	163.45g
	316.12f
	92.66b
	160.77h
	5.65b
	0.88a
	1.14a
	0.06j
	1.75ef
	F. mosseae
	295.57b
	282.04c
	256.95g
	65.72f
	294.36d
	5.08c
	0.70e
	0.99b
	0.13g
	1.67ef
	C. etunicatum
	295.56b
	213.87e
	667.60a
	83.19c
	367.46c
	5.62b
	0.73d
	1.14a
	0.18a
	1.89de
	C. claroideum
	254.21d
	157.67g
	327.04e
	73.43d
	197.91f
	5.72b
	0.80bc
	0.76d
	0.13f
	2.40d
	F. caledonium
	231.47f
	243.93d
	172.63j
	73.81d
	614.92b
	5.25c
	0.65f
	0.83c
	0.16b
	3.89a
	R. intraradicese
	209.49h
	167.20fg
	368.08c
	72.32e
	177.76g
	5.12c
	0.62g
	1.153a
	0.12h
	2.70b
	R. fasciculatum
	257.74c
	356.69b
	349.02d
	63.39g
	102.59j
	5.01c
	0.64fg
	1.11a
	0.16c
	2.52b
	A. langula
	235.12e
	175.73f
	204.04i
	72.49e
	108.68j
	6.03a
	0.82b
	1.04b
	0.15e
	2.17cd
	R. castanea
	47.36j
	162.58g
	221.70h
	96.73a
	1918.35a
	0.98e
	0.33i
	0.54e
	0.18a
	1.65ef
	D. versiforms
	163.81i
	405.39a
	126.58k
	60.61h
	275.35e
	3.84d
	0.52h
	0.72d
	0.09i
	1.51f
	G. margarita

	4. Ghasemi. AA .pdf
	Mo
	Cu
	Zn
	Mn
	Fe
	B
	Mg
	S
	Ca
	K
	P
	N
	Elements
	mg/kg))
	0.05
	0.2
	0.3
	0.8
	2.8
	0.7
	50
	60
	150
	200
	50
	150
	درصد سیلیسیم
	درصد سیلیسیم
	درصد سیلیسیم
	غلظت سیلیسیم
	درجه آزادی Degree of Freedom
	منابع تغییرات
	سطح میانی برگ
	سطح زیری برگ
	سطح رویی برگ
	برگ
	Source of Variation
	Silicon percentage in the leaf abaxial
	Silicon percentagein the middle of leaf 
	Silicon percentage in the leaf adaxial
	Silicon leaf concentration
	سیلیسیم
	**1.3473
	**4.0615
	**3.0515
	**2.5512
	6
	Silicon
	خطا 
	0.0353
	0.0630
	0.0558
	0.05934
	14
	Error
	ضریب تغییرات
	15.48
	16.46
	12.49
	10.39
	-
	Coefficient of Variation
	وزن تک میوه
	تعداد میوه در بوته
	عملکرد میوه در بوته
	درجه آزادی Degree of Freedom
	منابع تغییرات
	Single fruit weight (g) 
	Fruit number per plant
	Yield per plant (g)
	Source of Variation
	سیلیسیم
	185.2762ns
	47.4048*
	632195.492**
	6
	Silicon
	خطا
	260.0846
	43.0595
	164804.000
	14
	Error
	ضریب تغییرات
	25.85
	21.95
	24.26
	-
	Coefficient of Variation

	5. Mohtashami. AA .pdf
	پتاسیم قابل استفاده
	فسفر قابل استفاده 
	نیتروژن کل 
	رطوبت اشباع خاک
	هدایت الکتریکی
	اسیدیته
	K (mg/kg)
	P (mg/kg)
	N (%)
	Saturated soil moisture (%)
	EC (ds/m)
	Soil pH
	144.86
	5.13
	0.60
	29.44
	0.66
	7.93
	کربنات کلسیم معادل 
	مواد آلی
	بافت خاک
	رس
	لای
	شن
	Caco3
	Soil texture
	Clay (%)
	Silt (%)
	Sand (%)
	 OM (%)
	73
	0.60
	loam
	12
	41
	47
	Mean square
	Plant fresh weight
	Leaf width
	Leaf length
	Leaf number
	df
	Source of variation
	11489.30**
	1.33*
	52.67**
	6673.09**
	4
	Fertilizer (Ammonium sulfate)  
	2118.50**
	0.39ns
	13.09ns
	44.21ns
	1
	Species
	1963.00**
	0.36ns
	6.93ns
	621.32**
	4
	Fertilizer* Species
	113.31
	0.31
	4.52
	21.63
	18
	Error
	57.14
	17.44
	15.12
	34.19
	-
	CV
	Root dry weight
	Root fresh weight
	Root diameter
	Root length
	Yield of dry matter
	Source of variation
	2.44**
	40.35**
	0.19**
	8.68**
	48.20**
	Fertilizer (Ammonium sulfate)  
	0.01ns
	2.38ns
	0.001ns
	3.22ns
	106.33**
	Species
	1.44*
	18.30**
	0.04*
	9.84**
	23.60**
	Fertilizer* Species
	0.34
	1.27
	0.01
	1.14
	0.95
	Error
	46.03
	39.73
	21.31
	12.48
	54.04
	CV
	Yield of dry matter  (g/plant)
	Plant fresh weight (g/plant)
	Leaf number (n)
	Chicory species
	Chicory species
	Chicory species
	Ammonium sulfate levels (kg/h)
	Ch. intybus
	Ch. pumilum
	Ch. intybus
	Ch. pumilum
	Ch. intybus
	Ch. pumilum
	3.29 d
	3.63 d
	22.15 d
	25.91 d
	39.70 d
	19.11 e
	Control
	4.26 d
	7.22 c
	31.54 d
	49.75 d
	38.51 d
	49.95 bcd
	50
	10.09 c
	8.47 c
	116.66 b
	81.52 c
	83.26 a
	54.95 bc
	100
	8.31 c
	18.13 a
	95.39 bc
	157.10 a
	60.29 b
	75.17 a
	150
	7.63 c
	12.96 b
	84.33 c
	119.82 b
	44.66 cd
	55.11 bc
	200
	Root dry weight (g)
	Root fresh weight (g)
	Root diameter (cm)
	Root length (cm)
	Chicory species
	Chicory species
	Chicory species
	Chicory species
	Ammonium sulfate Concentration (kg/h)
	C. intybus
	C. pumilum
	C. intybus
	C. pumilum
	C. intybus
	C. pumilum
	C. intybus
	C. pumilum
	1.04 bc
	0.63 c
	3.92 de
	2.83 e
	0.71 cd
	0.62 d
	14.05 c
	13.95 c
	Control
	1.48 abc
	1.90 abc
	6.40 bc
	6.07 cde
	0.68 d
	0.85 a-d
	15.80 abc
	15.41 bc
	50
	2.67 ab
	1.47 abc
	10.73 a
	5.88 cde
	1.03 ab
	0.83 bcd
	16.72 abc
	14.05 c
	100
	1.74 abc
	2.50 ab
	9.39 ab
	9.79 a
	1.07 ab
	1.08 ab
	15.62 abc
	18.41 ab
	150
	2.40 ab
	3.00 a
	8.68 abc
	11.73 a
	0.96 abc
	1.11 a
	14.91 c
	18.56 a
	200
	Mean square
	Flavone and flavonol 
	Flavone and flavonol 
	Carotenoid content
	Total chlorophyll
	Chlorophyll b
	Chlorophyll a
	df
	Source of variation
	(second harvest)
	(first harvest)
	Fertilizer (Ammonium sulfate)  
	2.89**
	0.17ns
	0.04ns
	1.23ns
	0.01ns
	1.41ns
	4
	0.29**
	0.23*
	0.35*
	122.89**
	37.62**
	24.86**
	1
	Species
	.32**
	0.15ns
	0.12ns
	13.95*
	3.98*
	3.10**
	4
	Fertilizer* Species
	0.05
	0.05
	0.09
	3.23
	1.23
	0.61
	18
	Error
	24.33
	14.33
	24.60
	19.10
	24.77
	15.20
	-
	CV
	Antioxidant activity
	Antioxidant activity
	Phenol content
	Phenol content
	Total flavonoid
	Total flavonoid
	df
	Source of variation
	(second harvest)
	(first harvest)
	(second harvest)
	(first harvest)
	(second harvest)
	(first harvest)
	Fertilizer (Ammonium sulfate)  
	2052.50**
	1.44ns
	21.90**
	145.28**
	9.66**
	132.47**
	4
	236.40**
	6.09ns
	14.65**
	18.03**
	5.01**
	14.44**
	1
	Species
	105.65**
	1.18ns
	15.91**
	25.90**
	7.15**
	12.43**
	4
	Fertilizer* Species
	11.36
	3.34
	1.00
	0.87
	0.51
	1.56
	18
	Error
	13.85
	1.91
	37.26
	33.95
	31.40
	34.99
	-
	CV
	Total Chlorophyll
	Chlorophyll a
	  Chlorophyll b
	(mg/g dry weight)
	(mg/g dry weight)
	(mg/g dry weight)
	Chicory species
	Chicory species
	Chicory species
	Ammonium sulfate Concentration (kg/h)
	C. intybus
	C. pumilum
	C. intybus
	C. pumilum
	C. intybus
	C. pumilum
	22.65 b
	23.86 b
	9.44 c
	10.32 bc
	13.20 b
	13.53 b
	Control
	19.56 b
	21.14 b
	7.78 c
	8.76 c
	11.79 b
	12.38 b
	50
	30.80 a
	30.36 a
	14.24 a
	14.08 a
	16.56 a
	16.28 a
	100
	18.99 b
	20.28 b
	7.59 c
	8.76 c
	11.40 b
	11.52 b
	150
	29.23 a
	23.56 b
	12.86 ab
	10.13 bc
	16.37 a
	13.43 b
	200

	6. Erfani Moghadam. A .pdf
	TNV (Total Neutralizing Value) (%)
	Potassium (%)
	Phosphor (%)
	Nitrogen 
	Soil 
	SOC (Soil Organic Carbon) (%)
	Soil EC (ds/m)
	Soil texture
	Clay 
	Silt 
	Sand
	(%)
	pH
	(%)
	(%)
	(%)
	Sandy loam
	0.37
	244
	12.7
	0.19
	7.21
	1.90
	0.52
	29
	34
	37
	Titratable acidity 
	Total soluble solids 
	Fruit peel dry matter 
	Fruit peel moisture 
	Peel thickness 
	100 arils weight 
	Fruit weight 
	Fruit sunburn 
	Fruit cracking 
	pH
	df
	S. O. V.
	0.10ns
	0.01ns
	1.5ns
	53.69ns
	53.69ns
	0.15ns
	6.94ns
	397ns
	21.31ns
	0.21ns
	2
	Block
	0.0ns
	0.7**
	12.4**
	733**
	733**
	1.26*
	39.3ns
	2635**
	319.7**
	303.8**
	1
	GA3
	0.02ns
	0.0ns
	3.76*
	7.39ns
	7.39ns
	1.76*
	4.65ns
	189ns
	102.5*
	4.16*
	1
	K+
	0.13ns
	0.0ns
	0.07ns
	129.2*
	129.2*
	1.5*
	2.34ns
	10.01ns
	64**
	38**
	1
	Cu2+
	0.03ns
	0.0ns
	0.4ns
	5.77ns
	5.77ns
	0.04ns
	23.03ns
	1211ns
	11.8ns
	9.17ns
	1
	GA3 × K+
	0.0ns
	0.03ns
	2.22ns
	60.1ns
	60.1ns
	0.26ns
	0.55ns
	41.34ns
	6.4ns
	19.87**
	1
	GA3 × Cu2+
	0.0ns
	0.0ns
	2.1ns
	16.17ns
	16.17ns
	0.09ns
	8.51ns
	46.76ns
	1.72ns
	0.55ns
	1
	Cu2+ × K+
	0.75ns
	0.03ns
	0.0ns
	8.2ns
	8.2ns
	0.0ns
	7.46ns
	396ns
	10.14ns
	4.5ns
	1
	GA3 × Cu2+  × K+
	0.07
	0.0
	0.67
	23.74
	23.74
	0.27
	9.97
	313
	6.78
	2.15
	14
	Error
	8.74
	4.78
	5.15
	6.68
	6.68
	20.73
	12.34
	10.13
	13.8
	8.31
	-
	C.V. (%)
	Titratable acidity (%)
	Total soluble solids (Brix)
	Fruit peel drymatter (%)
	Fruit peel moisture (%)
	Peel thickness (mm)
	100 arils weight (gr)
	Fruit weight (gr)
	Fruit sunburn (%)
	Fruit cracking (%)
	Gibberellic acid
	pH
	3.23a
	1.84b
	15.19b
	32.65a
	67.34b
	2.29b
	24.29a
	160.75b
	22.50a
	23.38
	0
	3.02a
	2.16a
	16.63a
	21.59b
	78.40a
	2.75a
	26.8a
	181.70a
	15.20b
	14.10b
	100 (mg/l)
	Titratable acidity (%)
	Total solublesolids (Brix)
	Fruit peel dry matter (%)
	Fruit peel moisture (%)
	Peel thickness (mm)
	100 arilsweight (gr)
	Fruit weight (gr)
	Fruit sunburn (%)
	Fruit cracking (%)
	pH
	Copper sulfate
	3.29a
	1.99a
	15.85a
	2.27b
	70.55b
	29.44a
	25.88a
	171.87a
	20.48a
	18.91a
	0
	3.14a
	2.01a
	15.96a
	2.77a
	75.19a
	24.8b
	25.2a
	170.58a
	17.21b
	16.4b
	2500 (mg/l)
	Titratable acidity (%)
	Total soluble solids (Brix)
	Fruit peel dry matter (%)
	Fruit peel moisture (%)
	Peel thickness (mm)
	100 arilsweight (gr)
	Fruit weight (gr)
	Fruit sunburn (%)
	Fruit cracking (%)
	pH
	Potassium sulfate
	3.18a
	2a
	15.51b
	27.68a
	72.32a
	2.25b
	26.01a
	174a
	20.91a
	18.07a
	0
	3.25a
	1.98a
	16.3a
	26.56a
	168.4a
	2.79a
	25.13a
	16.78b
	14.24b
	5000 (mg/l)

	7. Khalaj. A .pdf
	Amount consumed 
	Treatment
	Amount consumed 
	Treatment
	(0 kg.ha-1) (Control) Boric acid
	B1
	Calcium (0 g/l ) (Control) 
	Ca1
	Boric acid (20 kg.ha-1)
	B2
	Calcium (0.2 g/l)
	Ca2
	(40 kg.ha-1) Boric acid
	B3
	Ca3
	Calcium (0.4 g/l) 
	-
	-
	Calcium (0.6 g/l) 
	Ca4
	Calcium (0.2 g/l) × Boric acid (0 kg.ha-1)
	Ca2B1
	Calcium (0 g/l)× Boric acid (0 kg.ha-1) 
	Ca1B1
	Calcium (0.2 g/l) × Boric acid (20 kg.ha-1)
	Ca2B2
	Calcium (0 g/l) × Boric acid (20 kg.ha-1)
	Ca1B2
	Calcium (0.2 g/l) × Boric acid (40 kg.ha-1) 
	Ca2B3
	Calcium (0 g/l)×  Boric acid (40 kg.ha-1)
	Ca1B3
	Calcium (0.6 g/l) × Boric acid (0 kg.ha-1)
	Calcium (0.4 g/l) × Boric acid (0 kg.ha-1)
	Ca4B1
	Ca3B1
	Calcium (0.6 g/l) × Boric acid (20 kg.ha-1)
	Ca4B2
	Calcium (0.4 g/l) × Boric acid (20 kg.ha-1)
	Ca3B2
	Calcium (0.6 g/l) × Boric acid (40 kg.ha-1)
	Calcium (0.4 g/l) × Boric acid (40 kg.ha-1)
	Ca4B3
	Ca3B3
	EC
	O.C
	N
	P
	K
	Fe
	Zn
	Mn
	Cu
	B
	pH
	dS. m-1
	%
	%
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1
	0.58
	7.9
	0.35
	0.03
	4.8
	158
	3.36
	0.6
	5.26
	0.66
	0.72
	Plant
	Postharvest
	Flower length
	Flower diameter
	Stem diameter
	Cluster length
	Source of variance
	Calcium 
	Nitrogen 
	Boron
	df
	High
	 life
	0.03
	28.52
	0.006
	0.22
	2.23
	0.055
	0.001
	0.005
	5.46
	39.41
	2
	Replication
	0.34**
	51.85ns
	0.008ns
	0.45*
	14.71**
	1.51**
	0.007*
	0.016**
	8.38*
	98.60**
	3
	Calcium
	0.02ns
	219.96**
	0.24**
	0.02ns
	0.61ns
	0.12ns
	0.012*
	0.007*
	9.45*
	69.46*
	2
	Boron
	Calcium× Boron
	0.04ns
	18.98ns
	0.17**
	0.21ns
	4.51*
	0.12ns
	0.003ns
	0.005*
	9.91**
	71.90**
	6
	0.04
	31.46
	0.03
	0.12
	1.71
	0.07
	0.002
	0.002
	2.49
	17.40
	22
	Error
	14.74
	10.53
	9.08
	14.31
	7.65
	4.52
	4.32
	4.61
	6.91
	6.39
	-
	C.V (%)
	Postharvest life
	Stem diameter
	Cluster length
	Plant High
	Treatment
	(mg.kg-1)
	(day)
	(cm)
	(cm)
	(cm)
	2.13b
	13.66d
	0.85d
	19.90d
	49.86b
	Ca1B1
	2.11b
	16.66bc
	0.92dc
	22.63bc
	67.76a
	Ca1B2
	2.02bc
	16.66bc
	0.98bc
	21.86bcd
	65.23a
	Ca1B3
	2.13b
	17.66bc
	0.99b
	22.70bc
	66.70a
	Ca2B1
	2.11b
	16.76bc
	0.98bc
	21.56bcd
	67.16a
	Ca2B2
	1.96bc
	16.66bc
	0.96bc
	24.16ab
	67.20a
	Ca2B3
	2.10bc
	16.66bc
	0.95bc
	24.06ab
	69.23a
	Ca3B1
	2.05bc
	16.66bc
	0.98bc
	23.26bc
	65.73a
	Ca3B2
	2.06bc
	16.00c
	0.96bc
	22.86bc
	64.73a
	Ca3B3
	1.91bc
	18.33ab
	0.97bc
	20.63cd
	64.36a
	Ca4B1
	2.71a
	19.33a
	1.08a
	26.63a
	69.96a
	Ca4B2
	1.78c
	18.66ab
	1.01ba
	23.56b
	66.93a
	Ca4B3
	Boron
	Ca 
	Flower diameter
	Flower diameter
	Flower length
	 N 
	Treatment
	Treatment
	(mg.kg-1)
	(cm)
	(mg.kg-1)
	(%) 
	(cm)
	(cm)
	49.16b
	1.04b
	B1
	1.15c
	2.32b
	1.03b
	5.64c
	Ca1
	52.91b
	1.11a
	B2
	1.35b
	2.48ab
	1.07ba
	6.10b
	Ca2
	57.70a
	1.06b
	B3
	1.40b
	2.41b
	1.10a
	6.22b
	Ca3
	-
	1.62a
	2.83a
	1.09a
	6.64a
	Ca4
	-
	-

	8. Gohari. A .pdf
	Evaporation from pan (mm per day)
	Rainfall 
	Wind speed at a height of two meters (m/s).
	Average relative humidity (%)
	Max Temp (°C)
	Min Temp (°C)
	Years
	Month
	(mm)
	6.9
	32.1
	1.9
	41.4
	39.0
	12.1
	2020
	6.7
	20.3
	2.0
	40.2
	38.4
	11.2
	2021
	May
	6.8
	10.0
	1.9
	40.8
	38.7
	11.7
	2022
	12.4
	8.5
	1.8
	32.2
	46.6
	17.5
	2020
	11.9
	9.4
	1.9
	33.3
	45.5
	16.8
	2021
	June
	12.2
	9.1
	1.9
	32.8
	46.1
	17.2
	2022
	13.6
	30.0
	2.0
	31.3
	44.0
	21.0
	2020
	13.1
	25.5
	2.1
	30.2
	44.6
	20.0
	2021
	July
	13.4
	12.8
	2.0
	30.8
	44.3
	20.5
	2022
	12.1
	15.4
	2.0
	36.6
	45.0
	23.0
	2020
	12.0
	12.3
	2.3
	35.7
	44.5
	22.0
	2021
	August
	12.1
	10.9
	2.1
	36.2
	44.8
	22.5
	2022
	11.4
	5.0
	2.7
	29.4
	42.0
	15.0
	2020
	11.0
	2.5
	2.8
	25.4
	41.6
	14.7
	2021
	September
	11.2
	3.8
	2.8
	27.4
	41.8
	14.9
	2022
	FC
	PWP (%Vol)
	Bulk density
	Available  K (ppm)
	Available  P (ppm)
	Total N (%)
	EC (ds/m)
	Silt (%)
	Clay (%)
	Sand (%)
	Soiltexture
	Soil depth (cm)
	pH
	Years
	(%Vol)
	(g.cm-3)
	Sandy Loam
	16.0
	5.3
	1.43
	46.7
	0.99
	0.05
	0.31
	7.1
	32
	5
	63
	0-30
	2020
	Sandy Loam
	13.8
	4.6
	1.43
	55.6
	0.63
	0.04
	0.31
	7.5
	26
	4
	70
	30-60
	Sandy Loam
	15.0
	5.2
	1.43
	47.2
	0.99
	0.05
	0.46
	7.2
	28
	5
	67
	0-30
	2021
	Sandy Loam
	12.7
	4.6
	1.42
	56.0
	0.63
	0.04
	0.48
	7.5
	21
	4
	75
	30-60
	Sandy Loam
	14.1
	4.1
	1.42
	46.7
	0.98
	0.03
	0.45
	7.2
	30
	3
	67
	0-30
	2022
	Sandy Loam
	12.9
	4.0
	1.42
	26.2
	0.52
	0.03
	0.26
	7.6
	25
	3
	72
	30-60
	Water consumed (mm)
	2022 year
	2021 year
	2020 year
	Tretements
	Pasquale Method
	Pasquale Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Tafteh Method
	Obs**
	Reas Method
	Tafteh Method
	Obs**
	Obs**
	301
	586
	300
	262
	139
	288
	138
	129
	137
	279
	136
	127
	I2N1
	340
	586
	339
	355
	150
	288
	149
	173
	148
	280
	147
	172
	I2N2
	352
	586
	352
	349
	162
	288
	161
	172
	160
	279
	159
	169
	I3N1
	392
	586
	391
	473
	184
	288
	183
	230
	184
	280
	183
	230
	I3N2
	340
	586
	339
	436
	173
	288
	172
	215
	172
	279
	171
	211
	I4N1
	548
	586
	547
	591
	277
	288
	276
	288
	280
	280
	279
	287
	I4N2
	Mean Relative Error (%)
	Evapotranspiration (mm)
	Yield (t/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	27.3
	159.4
	28.1
	163
	332
	164
	128
	13.2g
	I1N1
	42.9
	150.4
	42.1
	190
	333
	189
	133
	18.1e
	I1N2
	6.0
	98.8
	5.4
	177
	332
	176
	167
	15.0f
	I2N1
	12.0
	54.2
	12.5
	190
	333
	189
	216
	18.7e
	I2N2
	2020
	4.7
	56.3
	5.2
	203
	333
	202
	213
	21.6d
	I3N1
	17.9
	19.4
	18.3
	229
	333
	228
	279
	26.1b
	I3N2
	16.3
	29.1
	16.7
	216
	333
	215
	258
	24.4c
	I4N1
	2.3
	2.3
	2.6
	333
	333
	332
	341
	47.4a
	I4N2
	Mean Relative Error (%)
	Evapotranspiration (mm)
	Yield (t/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	16.2
	71.2
	16.4
	212.6
	332.8
	211.9
	216.7
	23.1
	Average (2020 year)
	56.6
	217.7
	56.6
	177
	359
	177
	113
	12.7f
	I1N1
	72.0
	204.2
	72.0
	203
	359
	203
	118
	18.1d
	I1N2
	6.7
	100.6
	6.1
	191
	359
	190
	179
	14.6e
	I2N1
	11.4
	56.8
	11.4
	203
	359
	203
	229
	18.5d
	I2N2
	2021
	5.3
	57.5
	5.7
	216
	359
	215
	228
	21.4c
	I3N1
	17.4
	22.5
	17.7
	242
	359
	241
	293
	25.7b
	I3N2
	17.0
	30.1
	17.0
	229
	359
	229
	276
	21.8c
	I4N1
	3.4
	0.3
	3.4
	346
	359
	346
	358
	45.2a
	I4N2
	23.7
	86.2
	23.8
	225.9
	359.0
	225.5
	224.3
	22.3
	Average (2021 year)
	429.5
	433.3
	843.9
	304
	538
	303
	57
	12.1g
	I1N1
	499.2
	503.4
	942.4
	356
	615
	355
	59
	17.4e
	I1N2
	13.3
	13.4
	111.3
	330
	615
	329
	291
	14.2f
	I2N1
	-4.0
	3.9
	60.2
	369
	615
	368
	384
	18.8e
	I2N2
	2022
	1.0
	1.1
	62.7
	382
	615
	381
	378
	21.1c
	I3N1
	-16.2
	16.1
	22.5
	421
	615
	420
	502
	25.3b
	I3N2
	-20.7
	20.6
	32.3
	369
	615
	368
	465
	19.1d
	I4N1
	-6.9
	6.9
	0.8
	577
	615
	576
	620
	42.9a
	I4N2
	111.9
	259.5
	124.4
	388.5
	605.4
	387.5
	344.5
	21.4
	Average (2022 year)
	Mean Relative Error (%)
	WP (kg/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	0.07
	0.54
	0.07
	10.9
	5.4
	11.0
	11.8c
	I2N1
	0.16
	0.39
	0.17
	12.6
	6.7
	12.7
	10.9d
	I2N2
	0.06
	0.39
	0.06
	13.5
	7.7
	13.6
	12.8b
	I3N1
	2020
	0.25
	0.18
	0.26
	14.2
	9.3
	14.3
	11.3c
	I3N2
	0.23
	0.24
	0.23
	14.2
	8.7
	14.3
	11.6c
	I4N1
	0.03
	0.03
	0.03
	16.9
	16.9
	17.0
	16.5a
	I4N2
	0.13
	0.30
	0.14
	13.7
	9.1
	13.8
	12.5
	Average (2020 year)
	0.07
	0.55
	0.07
	10.5
	5.1
	10.6
	11.3c
	I2N1
	0.15
	0.40
	0.16
	12.3
	6.4
	12.4
	10.7d
	I2N2
	0.06
	0.40
	0.07
	13.2
	7.4
	13.3
	12.4b
	I3N1
	2021
	0.25
	0.20
	0.26
	14.0
	8.9
	14.0
	11.2c
	I3N2
	0.24
	0.25
	0.25
	12.6
	7.6
	12.7
	10.1d
	I4N1
	0.04
	0.00
	0.04
	16.3
	15.7
	16.4
	15.7a
	I4N2
	0.14
	0.30
	0.14
	13.2
	8.5
	13.2
	11.9
	Average (2021 year)
	0.13
	0.55
	0.13
	4.7
	2.4
	4.7
	5.4c
	I2N1
	0.04
	0.39
	0.05
	5.5
	3.2
	5.5
	5.3c
	I2N2
	0.01
	0.40
	0.01
	6.0
	3.6
	6.0
	6.0b
	I3N1
	2022
	0.21
	0.19
	0.21
	6.5
	4.3
	6.5
	5.3c
	I3N2
	0.28
	0.26
	0.29
	5.6
	3.3
	5.6
	4.4d
	I4N1
	0.08
	0.01
	0.08
	7.8
	7.3
	7.8
	7.3a
	I4N2
	0.12
	0.30
	0.13
	6.0
	4.0
	6.0
	5.6
	Average (2022 year)
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	GR
	APX
	GPX
	SOD
	CAT
	Protein
	df
	Sources of Variations
	1991.6**
	0.054**
	0.217**
	0.006**
	0.69**
	41.17**
	8
	Elicitor
	**
	0.004**
	0.030**
	0.0005*
	0.34**
	40.98**
	1003.9**
	2
	Sampling Time 
	930.2**
	Time × Elicitor 
	0.005**
	0.107**
	0.001**
	0.15**
	7.36**
	16
	**
	0.00007
	0.002
	0.00004
	0.004
	0.045
	12.75
	54
	Error
	6.15
	8
	8.03
	9.53
	8.24
	3.39
	CV%

	10. Eskandari Torbaghan.pdf
	Amount (g L-1) 
	Compounds
	-
	Glucose 
	-
	Poly Peptone
	10
	Yeast extract
	-
	Di potassium hydrogen phosphate
	1
	Magnesium sulphate seven H2O
	18.5(
	Sodium carbonate
	200
	Sodium Chloride
	-
	Magnesium chloride two H2O
	-
	Calcium chloride
	2
	Potassium chloride
	-
	Sodium hydrogen bicarbonate
	-
	Sodium bromide
	-
	Protease Peptone
	7.5
	Casino acid
	3
	Tri sodium citrate
	0.00036
	Manganese (II) chloride
	0.05
	Ferrous sulfate
	20
	Agar
	39.90
	Electrical conductivity of the culture medium , dS m-1
	9.18
	pH of culture medium
	SAR1
	CO3=
	HCO3-
	Cl-
	Ca2+
	Mg2+
	Na+
	pH
	EC
	Parameters
	 (Ca+Mg) +2
	-
	meq/l
	-
	dS/m
	Unit
	17.7
	0
	3.1
	135
	56.3
	36
	20.3
	93.9
	7.3
	16.25
	Irrigation water
	SAR
	Na+
	K+
	Mg2+
	Ca2+
	Cl-
	HCO3-
	CO32-
	pH
	Salinity level dS/m
	meq/l
	17.5
	62.3
	0.1
	7
	24
	78.3
	3.3
	0
	7.8
	8.2
	20
	92.5
	0.2
	11.6
	38
	120.3
	3.5
	0
	8
	12.08
	23.7
	130.4
	0.2
	11.6
	45.6
	182.5
	3.8
	0
	8.1
	16.30
	Mg
	Ca
	Kav
	Pav
	NT
	Clay
	Silt
	Sand
	O.C3
	T.N.V2
	EC1
	SAR4
	pH
	Depth
	(dS/m)
	mg/kg
	%
	30.1
	960
	2320
	106
	2.0
	0.019
	17
	43
	40
	0.17
	16.7
	7.5
	58.10
	0-50
	27.5
	366
	72
	119
	0.8
	0.016
	21
	47
	32
	0.19
	17.2
	7.6
	26.40
	50-100
	(CO3)2-
	HCO3-
	Cl-
	(Ca+Mg)2+
	Ca
	Mg
	Na
	B
	Cu
	Zn
	Mn
	Fe
	Depth
	meq/kg
	mg/kg
	0.0
	4.0
	502.5
	200.0
	102.0
	98.0
	300.7
	2.64
	0.90
	0.40
	3.00
	3.80
	0-50
	0.0
	6.5
	203.8
	77.0
	42.0
	35.0
	170.4
	2.24
	1.80
	0.56
	5.06
	4.60
	50-100
	No.of abscission leaf
	No. of remained leaves
	Cholorophil index
	Leaf area
	No. of total leaf
	Stem diameter
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	Unit
	272.7b
	44.99b
	2.529b
	0.0305b
	1.631a
	2.455b
	0.294b
	65.45b
	11.75a
	33.63a
	1.625ab
	32.00a
	5.588a
	S8
	263.4b
	42.83b
	2.415b
	0.0666a
	1.590a
	2.347b
	0.277b
	64.62b
	11.55a
	33.96a
	1.750a
	32.17a
	5.669a
	S12
	304.4a
	52.32a
	2.917a
	0.0680a
	1.483b
	2.822a
	0.353a
	68.27a
	11.00b
	32.17b
	1.375b
	30.81b
	5.550a
	S16
	Cholorophil index
	Leaf area
	No. of total leaf
	No.of abscission leaf
	No. ofremained leaves
	Stem diameter
	Stem height
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	cm
	Unit
	281.29a
	46.97a
	2.634a
	0.089a
	1.307b
	2.555a
	0.311a
	66.215a
	10.106b
	30.833b
	1.556a
	29.264b
	5.474b
	24.625b
	Da
	279.03a
	46.45a
	2.606a
	0.021b
	1.828a
	2.528a
	0.306a
	66.014a
	12.761a
	35.667a
	1.611a
	34.056a
	5.731a
	27.236a
	Ak
	Cholorophil index
	No. of total leaf
	No.of abscission leaf
	No. of remained leaves
	Stem diameter
	Stem height
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Treat.
	mg kg-1
	%
	-
	-
	-
	-
	mm
	cm
	Unit
	285.7b
	47.98b
	2.688b
	0.0549c
	1.447d
	2.605b
	0.318b
	66.60b
	31.71d
	1.583b
	30.13c
	5.787b
	27.33b
	S8×Da
	259.8c
	42.00c
	2.371c
	0.0062d
	1.814b
	2.306c
	0.271c
	64.30c
	35.54b
	1.667b
	33.88b
	5.387c
	27.83b
	S8×Ak
	260.1c
	42.08c
	2.375c
	0.1332a
	1.130f
	2.310c
	0.271c
	64.33c
	30.29e
	1.167c
	29.04d
	5.292c
	23.21d
	S12×Da
	266.6c
	43.58c
	2.454c
	0.0000d
	2.050a
	2.385c
	0.283c
	64.91c
	37.63a
	2.333a
	35.29a
	6.046a
	28.83a
	S12×Ak
	298.1ab
	50.86ab
	2.840ab
	0.0797b
	1.345e
	2.749ab
	0.341ab
	67.71ab
	30.50e
	1.917b
	28.63d
	5.342c
	23.23d
	S16×Da
	310.7a
	53.78a
	2.994a
	0.0564c
	1.620c
	2.894a
	0.364a
	68.83a
	33.83c
	0.833c
	33.00b
	5.758b
	25.04c
	S16×Ak
	Cholorophil index
	Leaf area
	No. of total leaf
	No.of abscission leaf
	No. of remained leaves
	Stemdiameter
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	Unit
	272.3b
	44.89b
	2.524b
	0.0539bc
	1.606a
	2.451b
	0.294b
	65.41b
	11.63a
	32.11b
	2.806a
	29.25c
	5.769a
	B1
	262.1b
	42.53b
	2.399b
	0.0457c
	1.550b
	2.332b
	0.275b
	64.50b
	11.34b
	32.67b
	1.528b
	31.14b
	5.642ab
	B2
	295.4a
	50.25a
	2.807a
	0.0644a
	1.512b
	2.718a
	0.336a
	67.47a
	11.15b
	34.08a
	1.028c
	33.06a
	5.500b
	B3
	290.9a
	49.19a
	2.751a
	0.0561ab
	1.603a
	2.665a
	0.328a
	67.07a
	11.61a
	34.14a
	0.972c
	33.19a
	5.479b
	C
	No.of abscission leaf
	No. of remained leaves
	Cholorophil index
	No. of total leaf
	Stem diameter
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Leaf area
	Stem height
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	cm
	Unit
	278.7bcd
	46.37bcd
	2.602bcd
	0.0723cd
	1.339e
	2.524bcd
	0.305bcd
	65.98bcd
	10.27e
	31.50efg
	2.250b
	29.25e
	5.225ef
	25.58d
	S8×B1
	277.1e
	34.44e
	1.971e
	0.000g
	1.826b
	1.929e
	0.211e
	61.39e
	12.75b
	32.50def
	1.083cd
	31.42c
	5.717bc
	27.42c
	S8×B2
	290.6bc
	49.12bc
	2.748bc
	0.0150f
	1.689c
	2.662bc
	0.327bc
	67.04bc
	12.05c
	35.92a
	1.917b
	34.00a
	5.775bc
	32.25a
	S8×B3
	294.5bc
	50.03bc
	2.796bc
	0.0349e
	1.669c
	2.707bc
	0.334bc
	67.39bc
	11.95c
	34.58ab
	1.250cd
	33.33ab
	5.633bc
	25.08de
	S8×C
	274.2cd
	45.33cd
	2.547cd
	0.0125fg
	1.964a
	2.473cd
	0.297cd
	65.58cd
	13.45a
	34.42ab
	3.083a
	31.17cd
	6.225a
	30.58b
	S12×B1
	206.3e
	29.64e
	1.716e
	0.0986ab
	1.293e
	1.689e
	0.172e
	59.54e
	10.03e
	34.42ab
	2.167b
	32.25bc
	5.633bc
	23.33f
	S12×B2
	294.0bc
	49.92bc
	2.790bc
	0.0690d
	1.646c
	2.702bc
	0.334bc
	67.35bc
	11.83c
	32.83cde
	0.833cde
	32.000bc
	5.533cde
	25.92d
	S12×B3
	278.9bcd
	46.42bcd
	2.604bcd
	0.0861bc
	1.456d
	2.527bcd
	0.306bcd
	66.00bcd
	10.87d
	34.17bc
	0.916cd
	33.25ab
	5.283def
	24.25ef
	S12×C
	264.0d
	42.97d
	2.422d
	0.0770cd
	1.515d
	2.355d
	0.278d
	64.68d
	11.17d
	30.42g
	3.083a
	27.33f
	5.858b
	25.83d
	S16×B1
	352.8a
	63.49a
	3.509a
	0.0385e
	1.532d
	3.380a
	0.441a
	72.57a
	11.25d
	31.08fg
	1.333c
	29.75de
	5.575bcd
	21.83g
	S16×B2
	301.7b
	51.70b
	2.884b
	0.109a
	1.202f
	2.791b
	0.348b
	68.03b
	9.567f
	33.50bcd
	0.333e
	33.17ab
	5.192f
	23.17f
	S16×B3
	299.2b
	51.11b
	2.853b
	0.0475e
	1.682c
	2.761b
	0.343b
	67.81b
	12.02c
	33.67bcd
	0.750de
	33.00ab
	5.575bcd
	25.92d
	S16×C
	No. of remained leaves
	Cholorophil index
	No. oftotal leaf
	No.of abscission leaf
	Stem height
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Leaf area
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	cm
	Unit
	280.2b
	46.72b
	2.621b
	0.099b
	1.256ef
	2.542b
	0.308b
	66.12b
	9.844ef
	29.72d
	1.889b
	27.72e
	24.22de
	Da×B1
	254.8c
	40.85c
	2.310c
	0.0657d
	1.472d
	2.248c
	0.262c
	63.86c
	10.94d
	31.17c
	1.500bc
	29.67cd
	24.78d
	Da×B2
	313.4a
	54.40a
	3.027a
	0.0793c
	1.311e
	2.925a
	0.369a
	69.07a
	10.12e
	31.56c
	1.278c
	30.28cd
	26.17c
	Da×B3
	276.8b
	45.94b
	2.579b
	0.112a
	1.191f
	2.503b
	0.302b
	65.82b
	9.511f
	30.89cd
	1.556bc
	29.39d
	23.33e
	Da×C
	264.4bc
	43.07bc
	2.427bc
	0.008g
	1.956a
	2.359bc
	0.279bc
	64.71bc
	13.41a
	34.50b
	3.722a
	30.78c
	30.44a
	Ak×B1
	269.3bc
	44.21bc
	2.488bc
	0.025f
	1.629c
	2.416bc
	0.288bc
	65.15bc
	11.74c
	34.17b
	1.556bc
	32.61b
	23.61e
	Ak×B2
	277.5b
	46.10b
	2.588b
	0.049e
	1.714b
	2.511b
	0.303b
	65.88b
	12.18b
	36.61a
	0.777d
	35.83a
	28.06b
	Ak×B3
	304.9a
	52.43a
	2.923a
	0.0000g
	2.014a
	2.827a
	0.354a
	68.32a
	13.71a
	37.39a
	0.388d
	37.00a
	26.83c
	Ak×C
	No.of abscission leaf
	Cholorophil index
	No. of total leaf
	No. of remained leaves
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Leaf area
	Stem diameter
	Stem height
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	cm
	Unit
	293.5de
	49.79cde
	2.783cde
	0.119d
	1.162ij
	2.695cde
	0.333cde
	67.30cde
	9.367ij
	32.33hij
	0.500hi
	31.83fghi
	5.500def
	25.50ghi
	S8×Da×B1
	236.6hi
	36.63hi
	2.086hi
	0.0000h
	1.790ef
	2.038hi
	0.228gh
	62.23hi
	12.57ef
	30.67jk
	1.667efg
	29.00k
	6.150b
	29.67cd
	S8×Da×B2
	300.0cd
	51.31cd
	2.863cd
	0.0301g
	1.490g
	2.771cd
	0.345cd
	67.88cd
	11.03g
	31.83ijk
	2.667cd
	29.17k
	5.900bcd
	31.00bc
	S8×Da×B3
	312.6bc
	54.21bc
	3.017bc
	0.0698f
	1.346h
	2.916bc
	0.368bc
	69.00bc
	10.30h
	32.00ijk
	1.500efg
	30.50hijk
	5.600def
	23.17ki
	S8×Da×C
	263.9efgh
	42.95efgh
	2.421efgh
	0.0248g
	1.515g
	2.354efgh
	0.278efg
	64.67efgh
	11.17g
	30.67jk
	4.00ab
	26.67i
	4950h
	25.67ghi
	S8×Ak×B1
	217.6i
	32.26i
	1.855i
	0.0000h
	1.862de
	1.819i
	0.193h
	60.55i
	12.93de
	34.33fgh
	0.500hi
	33.83def
	5.283fgh
	25.17ghij
	S8×Ak×B2
	281.1cdef
	46.94cdef
	2.632cdef
	0.0000h
	1.888cde
	2.553cdef
	0.310cdef
	66.20cdef
	13.07cde
	40.00ab
	1.167fgh
	38.83b
	5.650def
	33.50a
	S8×Ak×B3
	276.4defg
	45.85defg
	2.575defg
	0.0000h
	1.993c
	2.498defg
	0.301def
	65.78defg
	13.60c
	37.17cd
	1.00gh
	36.17c
	5.667cdef
	27.00efg
	S8×Ak×C
	299.7cd
	51.22cd
	2.859cd
	0.0250g
	1.568g
	2.767cd
	0.344cd
	67.85cd
	11.43g
	33.00ghi
	1.833ef
	30.83hijk
	5.783bcde
	28.17de
	S12×Da×B1
	173.3j
	22.00j
	1.312j
	0.1973a
	0.881m
	1.307j
	0.112i
	56.60j
	7.933m
	30.67jk
	0.666hi
	30.00ijk
	5.500def
	20.67mn
	S12×Da×B2
	298.9cd
	51.05cd
	2.850cd
	0.1382cd
	1.097jk
	2.758cd
	0.343cd
	67.78cd
	9.033jk
	30.67jk
	0.500hi
	30.17ijk
	5.417efg
	23.33jkl
	S12×Da×B3
	268.6defgh
	44.03defgh
	2.478defgh
	0.1723b
	0.972lm
	2.408defgh
	0.287defg
	65.08defgh
	8.400lm
	26.83l
	1.667efg
	25.17l
	4.467i
	20.67mn
	S12×Da×C
	248.7fghi
	39.44fghi
	2.236fghi
	0.0000h
	2.359a
	2.178fghi
	0.250fgh
	63.32fghi
	15.47a
	35.83def
	4.333a
	31.50ghij
	6.667a
	23.00a
	S12×Ak×B1
	239.4hi
	37.28hi
	2.121hi
	0.0000h
	1.705f
	2.070hi
	0.233gh
	62.48hi
	12.13f
	38.17bc
	3.667ab
	34.50cde
	5.767bcde
	26.00fgh
	S12×Ak×B2
	289.2cde
	48.80cde
	2.731cde
	0.0000h
	2.195b
	2.646cde
	0.325cde
	66.92cde
	14.63b
	35.00defg
	1.167fgh
	33.83def
	5.650def
	28.50de
	S12×Ak×B3
	289.2cde
	48.80cde
	2.730cde
	0.0000h
	1.940cd
	2.646cde
	0.325cde
	66.92cde
	13.33cd
	41.50a
	0.166i
	41.33a
	6.100bc
	27.83def
	S12×Ak×C
	247.4ghi
	39.14ghi
	2.220ghi
	0.1542bc
	1.038kl
	2.163ghi
	0.248fgh
	63.20ghi
	8.733kl
	23.83m
	3.333bc
	20.50m
	4.933h
	19.00n
	S16×Da×B1
	354.5a
	63.91a
	3.531a
	0.0000h
	1.744f
	3.401a
	0.445a
	72.73a
	12.33f
	32.17hijk
	2.167de
	30.000ijk
	5.783bcde
	24.00ijkl
	S16×Da×B2
	341.2ab
	60.83ab
	3.368ab
	0.0698f
	1.346h
	3.247ab
	0.420ab
	71.55ab
	10.30h
	32.17hijk
	0.666hi
	31.50ghij
	5.400efg
	24.17hijk
	S16×Da×B3
	249.3fghi
	39.58fghi
	2.242fghi
	0.0950e
	1.254hi
	2.185fghi
	0.251fgh
	63.37fghi
	9.833hi
	33.83fghi
	1.500efg
	32.50efgh
	5.250fgh
	26.17fg
	S16×Da×C
	280.6cdefg
	46.80cdefg
	2.625cdefg
	0.0000h
	1.993c
	2.546cdefg
	0.309cdef
	66.15cdefg
	13.60c
	37.00cde
	2.833cd
	34.17cde
	6.783a
	32.67ab
	S16×Ak×B1
	351.0a
	63.08a
	3.487a
	0.0770ef
	1.319h
	3.359a
	0.438a
	72.42a
	10.17h
	30.00k
	0.500hi
	29.50jk
	5.367efgh
	19.67n
	S16×Ak×B2
	262.2efgh
	42.57efgh
	2.401efgh
	0.1487c
	1.058jkl
	2.334efgh
	0.275efg
	64.52efgh
	8.833jkl
	34.83efg
	0.0000i
	34.83cd
	4.983gh
	22.17lm
	S16×Ak×B3
	349.1a
	62.65a
	3.464a
	0.0000h
	2.110b
	3.338a
	0.435a
	72.25a
	14.20b
	33.50ghi
	0.0000i
	33.50defg
	5.900bcd
	25.67ghi
	S16×Ak×C

	12. Ladan Moghadam. AA.pdf
	Value
	Biochar properties
	Value
	Compost properties
	Value
	Soil properties
	7.65
	pH
	7.30
	pH
	43
	Clay (%)
	1.53
	EC (dS/m)
	3.30
	EC (dS/m)
	17
	Sand (%)
	30.6
	K (mg/kg) 
	2.10
	N (%)
	40
	Silt (%) 
	6.80
	OC (%)
	1432
	K (mg/kg)
	Caly
	Soil texture
	724
	P (mg/Kg)
	3900
	P (mg/Kg)
	0.9
	EC (dS/m) 
	61.40
	Fe (mg/Kg)
	5.75
	pH
	0.80
	OC (%)
	0.21
	N (%)
	(mg/kg) K 
	140
	0.60
	Ca (meq/L) 
	10
	P (mg/Kg) 
	46.2
	Fe (mg/Kg) 

	13. Nabizade AA.pdf
	Chemical and physical properties of soil
	30 cm 0-
	Optimal range
	EC
	2.14
	Less than 2
	pH
	7.74
	6.5-7.5
	SP (%)
	45
	40
	TNV
	23.33
	Less than 10
	Clay (%)
	20
	20-30
	Silt (%)
	46
	30-40
	Sand (%)
	34
	30-40
	TEX
	L
	medium
	 (%)OC 
	1.71
	medium
	 (%)TN 
	0.18
	medium
	P
	7.82
	medium
	K
	4.3
	a lot
	Weight of a thousand grains
	Number of seeds in a pod
	Number of pods per plant
	Number of sub-branches
	Biological Yield
	Plant height
	Df
	S.O.V
	949008
	0.29
	2.81
	512
	7.98
	13.66
	2
	R
	2287763*
	2.71**
	15.81**
	84116.1*
	59.90**
	141.05**
	2
	N
	3334452*
	1.43**
	4.29*
	10289.4*
	24.56**
	33.91*
	2
	K
	N×K
	638806ns
	0.31ns
	3.59**
	914.2ns
	17.19*
	26.76*
	4
	603593
	0.21
	0.73
	1778.6
	5.10
	7.09
	16
	Error
	13.34
	21.56
	7.74
	11.00
	9.94
	5.98
	CV (%)
	Grain Protein Yield
	Protein Percentage
	Oil Yield
	Oil Percentage
	Harvest Index
	Grain Yield
	Df
	S.O.V
	2269
	1.91
	2523
	0.46
	15.95
	10118
	2
	R
	313171**
	78.86**
	580443**
	83.06**
	714.83**
	3149134**
	2
	N
	89612**
	40.75*
	185127**
	87.76**
	94.65*
	706684**
	2
	K
	N×K
	9474ns
	5.53ns
	14157ns
	2.82ns
	13.51ns
	70856*
	4
	4770
	10.62
	6448
	11.34
	16.54
	20209
	16
	Error
	20.69
	12.65
	16.84
	9.05
	19.54
	11.53
	CV (%)
	Protein Yield (%)
	Protein
	Oil Yield (kg/ha)
	Oil Percentage (%)
	Harvest Index (%)
	Biological Yield (kg/ha)
	Weight of a thousand grains (gr)
	Number of pods per plant
	Percentage (%)
	N (kg/ha)
	133.02c
	22.75b
	199.89c
	33.97b
	10.91b
	5280.2b
	1.5b
	76279c
	Control
	367.54b
	25.86ab
	532.23b
	40.02a
	23.36a
	5921.1ab
	2.36a
	398.94b
	50
	500.9a
	28.66ab
	698.69a
	37.63a
	28.18a
	6274.8a
	2.52a
	471.2a
	100
	K (kg/ha)
	233.93c
	24.57b
	325.65c
	33.98b
	17.76b
	5126.4b
	1.82b
	345.86b
	Control
	340.03b
	24.49b
	494.24b
	38.41a
	20.48ab
	6110.7a
	1.98b
	382.41a
	25
	433.5a
	28.21a
	610.92a
	40.20a
	24.21a
	6238a
	2.58a
	411.62a
	50

	14. Nabizade 2 AA.pdf
	Chemical and physical properties of soil
	30 cm 0-
	Texture
	Clay Loam
	EC (ds/m)
	0.4
	pH
	8
	SP (%)
	50
	TNV
	17
	1.5
	 OC (%)
	Total N (%)
	0.73
	P (ppm)
	3.6
	K (ppm)
	200
	pH
	TA
	TSS
	Fruit Firmness
	Df
	S.O.V
	0.041 ns
	0.009 ns
	1.434 ns
	0.238ns
	2
	Ca fertilizer (Ca)
	0.214**
	0.025*
	9.383**
	2.863**
	3
	Concentration (C)
	Ca × C
	0.029 ns
	0.008 ns
	1.703 ns
	0.657 ns
	6
	0.028
	0.006
	0.908
	0.307
	22
	Error
	4.5
	12.07
	6.89
	7.24
	-
	CV (%)
	pH
	TA (Malic acid %)
	TSS (Brix)
	Fruit Firmness (kg/cm2)
	Concentration (%)
	3.96 a
	0.55 b
	15.3 a
	6.84 b
	Control
	3.73 b
	0.63 ab
	13.78 b
	7.7 a
	0.5
	3.67 b
	0.67 a
	13.2 b
	8.1 a
	1
	3.61 b
	0.66 a
	13.06 b
	8 a
	1.5
	pH
	TA
	TSS
	Fruit Firmness
	Df
	S.O.V
	0.058 ns
	0.008 ns
	1.848 ns
	0.969ns
	2
	Ca fertilizer (Ca)
	0.128**
	0.042*
	6.438**
	1.757**
	3
	Concentration (C)
	Ca × C
	0.018 ns
	0.001 ns
	0.164 ns
	0.066 ns
	6
	0.019
	0.003
	0.57
	0.211
	22
	Error
	3.41
	16.8
	6.01
	10.3
	-
	CV (%)
	pH
	TA (Malic acid %)
	TSS (Brix)
	Fruit Firmness (kg/cm2)
	Concentration (%)
	4.27a
	0.22c
	13.78 a
	3.84 b
	Control
	4.06b
	0.30 b
	12.48 b
	4.45 a
	0.5
	4.02 b
	0.38a
	12 b
	4.87 a
	1
	4 b
	0.33 ab
	11.95 b
	4.65 a
	1.5




