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Table 1. Effect of different level of Fe on chlorophyll index, P and nitrate concentration in leaves

Fe Levels Nitrate P concentration Chlorophyll
(mg/L) (ma/kg) (mg/g) index
15 810.22¢ 1.16° 47.60"
2.0 890.23° 1.332 49.98°
25 910.00™ 1.08? 47.00"
3.0 923.31%¢ 1.16 48.65%
35 966.17% 1.16° 47.22%°
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Figure 1. Effect of Fe concentration in the nutrient solution on chlorophyll
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stabilized with scanning electron microscopy (SEM)
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Table 1. Mean squares effect of experimental treatments on morphological and physiological traits of purslane

Source of variation df Plan height Shoot Diameter Leaf area Electrolyte  Relative (RWC)
leakage water content

Cadmium 3 3327.80 59.05 12270.69 551.24 1017.87
(B - * * ok
Fungi 3 56.71 0.642 127.44 25.58 ns 188.89
© ox ox
Iron nanoparticles 2 26.34 0.197ns 17.003 ns 97.75 47.49 ns
AxB 9 7.52ns 0.261 ns 91.71 * 9.46 ns 16.05ns
AxC 6 292 ns 0.286 ns 23.53 ns 40.03 ns 44.34 ns
BxC 6 8.20 ns 0.281 ns 75.21 ns 15.18 ns 35.19 ns
AxBxC 18 5.60 ns 0.140 ns 65.38 s 15.10 ns 63.43*

96 4.93 0.236 45.81 41.19 33.33
Error
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.J..;));.{.ij@dk}\da.u)é)b&u))b&uﬁb%)?d{*kj* ns
ns * and **: Non significant and Significant at the 5% and 1% probability levels, respectively
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Figure 2. Response of purslane plant height to different levels of soil cadmium (A) and iron nanoparticles (B)
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Columns with similar letter (s) did not differ significantly
based on the LSD test at the 5% level of probability.
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Figure 6. Interaction of soil cadmium levels and fungal symbiosis on leaf area of purslane
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Figure 7. Electrolyte leakage response to different levels of soil cadmium (A) and iron nanoparticles (B) in purslane
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Columns with S|m|Iar letter (s) did not differ significantly based on the LSD test at the 5% level of probability.
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Table 2. Interaction effect of cadmium stress, fungal symbiosis and foliar spraying of iron nanoparticles on relative
water content of leaves in purslane plant

Cd concentration

Fungal Symbiosis

Iron nanoparticles

(mg.kg-1soil) (9.1-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN)  longibrachiatum

0 58.82 " 65.63 % 67.99% 56.70°

0 0.15 60.41" 67.55%° 67.29% 74.42°
0.3 61.24" 65.56 66.76 % 67.83%

0 58.21% 62.06 % 60.95% 58.09 %

25 0.15 57.42° 62.92% 63.05% 62.42%
0.3 60.50 62.37% 65.60° 58.64 %

0 54.95" 59.80 59.87 59.77 ¢

50 0.15 51.73°¢ 63.03% 65.44° 56.96
0.3 59.14 #* 57.48 % 52.70°¢ 55.15"

0 48.87" 64.12° 51.67" 5258

75 0.15 56.18 % 48.86™ 5357 52.46"
0.3 4252°¢ 51.63" 50.01" 56.31%

AN s s Jlez| cla..dj.sLSD RS el g ol ime Dl il Gy - b G slls e Sl Ogme o
In each cadmium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level of
probability.
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Table 3. Mean squares of experimental treatments on the content of photosynthetic pigments of purslane

Source of variation df Chiorophyl Carotenoid SPAD
a b a+b alb

& 3 6.86™ 153 367"  0286" 0755 189.96 ™
. 3 0194ms  0653™  0325™ 190%™  0.020ms 29.63
{ron nanoparticles 2 04737 0385  0416™  0476"  0322* 65.35™
AxB 9 0262m  0137* 01010 0917™  0.061ns 6.17ns
AxC 6 0628  01002m 0277 05457 0145™ 18.36 ™
BxC 6 0473*  0045m  0171%  0485"s  0.208" 2,931
AXBXC 18 0456*  0039™  0116m  0.728™  0.091* 9.87*
Error 9% 0.185 0.054 0.075 0.321 0.041 5.36
cv (%) 2113 23.86 18.13 15.99 25.32 7.75

.MJA&}@d%‘éﬁ)))b@#})\}@#f%ﬁ4;.**
and ™ : non significant and significant at the 5% and 1% probability levels, respectively

ns’*

5T M

G S5 P i 5 K3 Slho T lasles Bl I s bl a ¥ Jsir
Table 4. Variance analysis of interaction effect slicing of experimental treatments on morphological and physiological
traits of purslane

Ccﬁlizmirl;rt?on df RWC Chlorophyll a Chlorophyll a/b  Carotenoid SPAD
0 6 56.69 s 0.799* 152* 0.0763 ns 2,619
25 6 9.33 ns 0.716* 0.467* 0.0446 s 1.122 ns
50 6 56.67 s 0.243 s 0.348" 00157 1S 4871 1S
75 6 102.78* 0.0822 1 0.326 s 0.204* 23.9415

.M))&.i) c.i JL«.’.’>‘ Ck‘ﬂ)b)‘)‘j:\”‘j)\g&yjﬁ.b v-:;): sk * .ns
s * and **: non significant and significant at the 5% and 1% probability levels, respectively
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Table 5. Interaction effect of cadmium stress, fungal symbiosis and foliar spraying of iron nanoparticles on
chlorophyll a content in purslane plant

Cd concentration  lron nanoparticles

Fungal Symbiosis

(mg.kg-1soil) (9.1-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN)  longibrachiatum
0 1.88b-e 150 ¢ 1.80 cde 1.92 b-e
0 0.15 2.58a-d 2.61 abc 312 a 1.97 b-e
0.3 2.16a-¢ 1.64 de 155 ¢ 2.81 ab
0 2.70 abc 2.72 abc 1.874d 2.69 abc
25 0.15 2.33P 3332 2.79 @ 2.67 abe
0.3 1.95cd 2.45 bed 3.06 ab 2.41 bed
0 1.92bc 1.82 be 1.86 be 2.01 abc
50 0.15 1.63bc 2.18 @ 1.70 b 2,50 a
0.3 150¢ 150 ¢ 2.10 @ 1.81 be
0 1.69ab 1.48 a 1.65 ab 1.41 8
75 0.15 1.26b 1.72 1.57 @ 1.458
0.3 1.518 1.54 b 1.88 a 1.39@

S S N Jlez| Cla.»);LSD Osa3l bl g Gl e D wlie Gy - b slls e Sl O gre o o
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Figure 8. Interaction of soil cadmium levels and fungal symbiosis on Chl b content of purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability

P &lyd gt gl
1.8 4 - ool
16 bed bed o (x50 059)
‘_3: = 144 m=m _ = Iron
jj £ i nanoparticles
S g: 12 concentration
-1
E5 17 (CLD)
= & 081
£ = 061 =0
20 04
0.2 - 0.15
01 B0.3
wli Chaetomium Trichoderma Trichoderma
subaffine (SF)  atroviride (SN) longibrachiatum
)8 (s o2 jloud

Fungal symbiosis treatment

65 oS ath fdy S b gemme 5 (2l G e sl 5 ol D3 SU £ iSen A IS
Figure 9. Interaction of iron nanoparticle and fungal symbiosis treatment on total chlorophyll a+b of purslane
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Columns with similar letter (s) did not differ significantly based on the LSD test at the 5% level of probability
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Figure 10. Interaction of soil cadmium levels and iron nanoparticles on total chlorophyll 2+b of purslane
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Table 6. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on
chlorophyll a/b content in purslane plant

Cd concentration Iron nanoparticles

Fungal Symbiosis

(mg.kg-1soil) (9.1-1) Control Chaet_omium Tric_hpderma Tri_chode_rma
subaffine (SF) atroviride (SN)  longibrachiatum

0 2.10" 1.92" 1.59 2.44°

0 0.15 2.08"™ 2.45° 2.19% 1.57"
0.3 2.24" 1.78" 1.26¢ 3.79°

0 3.01° 2.85% 1.48°¢ 2.11°%
25 0.15 2.33 2.02°% 1.86% 2.002%
0.3 2.07°% 2.70%¢ 2.21° 215

0 2.15"¢ 2.38" 1.57% 3.48°

50 0.15 2.33 1.85"¢ 1.47¢ 2.55°
0.3 1.98™¢ 1.58% 1.63% 2.16"¢

0 2.39%® 2.23%® 2.23% 1.97°

75 0.15 2.24% 1.75° 2.006° 2.38%
0.3 2.28% 2.14%® 3.15° 2.59%

VRN WERYY = Jlez| Cla.dﬁLSD oyﬂ ol ol pae gl i Gy > L B > (gl s 6&;,&3@ g A 53
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Table 7. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on
carotenoid content (unit) in purslane plant

Fungal Symbiosis

Cd concentration  Iron nanoparticles

(mg.kg-1soil) (9.1-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN) longibrachiatum

0 0.878% 0.529% 0.581% 0.7132

0 0.15 0.272° 0.529%® 0.581% 0.669°
0.3 0.8252 0.751% 0.733% 0.710

0 0.608°" 0.672% 0.616°" 0.909°

25 0.15 0.574° 0.672% 0.827% 0.909?2
0.3 0.774%® 0.567° 0.827%® 0.685%®

0 0.703° 1.006 % 0.895%® 0.651°

50 0.15 0.621° 1.259°2 0.822% 1.258°2
0.3 0.943% 1.038% 1.048% 1.191°

0 1.206°2 0.673f 0.482f 0508

75 0.15 0.805% 1.088%° 1.1692 0.941%¢
0.3 0.861% 1.042%¢ 1.138% 0.891°°

e S N Jlez| cko»‘)JLSD Osesl bl 2 Ul gme sl il Gy = L glls sla Sl O gre L s
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Table 8. Interaction effect of cadmium stress, fungal Symbiosis and foliar spraying of iron nanoparticles on SPAD
value in purslane plant

] ) Fungal symbiosis
Cd concentration  Iron nanoparticles

(mg.kg-1soil) (9.1-1) Control Chaetomium Trichoderma Trichoderma
subaffine (SF) atroviride (SN) longibrachiatum

0 30.5° 31° 31.8° 335°

0 0.15 32.9° 32.3° 32.06° 32.9°
0.3 30.4% 32.9° 32.3° 32.7°

0 30. 2™ 31.8%° 31.4%° 32.4%

25 0.15 30.4%° 31.7%¢ 33.1° 31.7%°
0.3 29.4° 30.03" 31.06 % 29.8"

0 25.8% 25.4°¢ 29.7%¢ 27.9%%

50 0.15 31.1%° 30.9%¢ 31.7% 30.8%°
0.3 29.1°% 29.5%¢ 32.7° 27.7%%

0 21.1¢ 23.4% 27.8%° 24.9%

75 0.15 26.3" 27.03% 28.4%° 32.9°
0.3 25.5°% 25.8" 27.7%¢ 31.06%

AL o3 iy Jle| a3 LSD 0031 olal  (gols gme sl il oy = L (ghils slapSle O 2 3
In each cadimium level, the means with the same letter (s) did not differ significantly based on the LSD test at the 5% level
of probability
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Table 1. Physiochemical analysis of the field soil

Sand % Silt % Clay %  Soil Texture 7Organic C /Organic matter pH (ds.m-1) EC  TNV%
20 46 34 S"Ity clay 2.203 3.80 7.78 1.09 7
oam
a5 S 23 34 90 &‘.\.ﬁ J..;L& Y d‘gb
Table 2. Nutrient elements of field soil
N P K Mg Fe Mn Zn Cu
(%) (mgkg-1)  (mgkg-1)  (mgkg-l)  (mgkg-1)  (mgkg-l)  (mgkg-1)  (mg.kg-1)
0.22 17 730 196 5.4 10.62 0.76 0.89
bl o595 (b (SN Ol 5 w55 ¥ dor
Table 3. Rainfall amount and distribution during experiment period
. February December  November
Total Sum May 2017  April 2017 March 2017 2017 January 2017 2017 2017 month
252.41 88.21 50.92 13.9 13.36 111.8 24.71 49.51 Rainfall (mm)
o3l 3,590 Bl s plend 4o S ¥ Jyoxr
Table 4. Chemical analysis of used vermiwash
oH  (dsm-1)EC Organic  Cu Mn Zn Fe Ca Mg K P N- ':‘H4+
C% (mg.l-1) (mg.l-1) (mgl-1) (mg.l-1) (mg.-1) (mg.l-1) (mg.l-1) (mg.l-1) %)
8.37 7.4 0.058 0.1 0.01 0.05 0.05 1.2 0.96 3.9 0.25 2.1
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Table 5. Mean comparison of sulphur and organic amendments on yield and yield component of garlic

Pl_ant Tota! garlic Ga_rlic Garlic qulic clove Clove Cl_ove CI(_)ve
Treatment height yield weight length width number* length width weight
(cm)**  (tha-1)* (@)** (cm)**  (cm)** (cm)**  (cm)** (@)**
S.C  8333¢ 24.10¢ 54.33f 5,534 3.63P 13¢ 2,069 1.639 4.969
SV 90 «d 20.83°¢ 65¢ 6.56 5ab 13¢ 3.66% 2.5bc 11.662
SoH 105°P 22.91bc 78.66¢ 6.83° 5.56 2 148c  336bC 2.3¢ gf
SC 90 252 1072 6.9 5.56 2 152 3.932 263"  10.33c
SAY 1152 27.52 78.33 % 6.9 483% 1366  3.460° 2.6° 10.66 P
SH g0 o 22.9bc 77.66¢ 6.33° 4,838 148be 3.16°¢ 2.4b¢ 9
S,C  g833ed 2458 98P 7.33a 5462  1433% 366 2.6° 11°
S,V 95¢ 23.75¢ 82.66%  6.66°C 3.33P  11.66d 366% 246 104
S,H 84338d 23750 88°¢ 6.56 443%  1333b¢  326¢ 2,962 104

L5l o3 (P<O.0L) Hls pme OOl (glols Ognw a 55 S i g > bosldel 1Y) 570 Jlaz| Cla..,. 25 ol e Kby Oy e %
*and ** indicate statistical significance at 5% and 1% level of confidence, respectively. Numbers followed by the same letter
are not significantly differentns (P<0.01)
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Figure 2. Positive correlation between phosphorus and
weight of single cloves
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Figure 1. Positive correlation between photosynthesis
and weight of single cloves
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Table 6. Mean comparison of sulphur and organic amendments on photosynthetic parameters of garlic

E gH20 A

PARamb

Treatment (OE))H** (msr_nl(;l*rz-z (msr_nl(;I*rE-Z (prsrl(il)m.z (Pa/\IiIF;E) - PngtOSp 1()uiflol (um;))l 21_2 s Pﬁ]R2b<83t 1()pirlol
SC 52620 3.384 219.85° 0.174¢ 15.43 176.67°¢ 233¢ 12.33°¢
SV 56.63¢ 3.58 283.99° 0.94¢ 11.374 244.6° 262.73 ¢ 18.8°
SoH 26002 5412 381.452 1,01 10.03¢ 280.03 % 322.20¢ 17.13P
SC  5282¢ 3.84¢ 236.37° 1.942 14.34b¢ 134.13¢ 300 cde 27.82
SV 54118  451bc 252.31°P 1.225¢ 13.62°¢ 242.18b 291.7¢ 26.062
SH 53918 5912 416.172 1.39° 11.484 290.3% 390.8 % 21.36°
S,C 53408  384% 249380 118" 13.63°¢ 319.832 439.732 27.92
S,V 5934 451  250.36° 1.06 ¢ 11.524 269.77° 247.4¢ 19.1°
S,H s593cd 3044 221550 1.115¢ 15.982 243570 251.47¢ 29.762

L5b a3 (P<O.0L) Jls pms 8Dl (glols i o 55 S i g L oslael 1Y) Jlaz| Chw 03 Jls pme e

** significance 1% level of confidence, respectively. Numbers followed by the same letter are not significantly differentns
(P<0.01
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Table 7. Mean comparison of sulphur and organic amendments on nutrient uptake of garlic

Treatment Nitrogen Phosphorous Potassium Calcium Magnesium Sulphur
(mg/g)ns (mg/g) ns (mg/g) * (mg/g)** (mg/g) ns (mg/g) **
S,C 31.62 3.82 12 bed 3.2d 1.92 11.285°
S,V 3562 4.42 13.442 42 1.92 11.330°
SoH 36.62 442 11.56¢ 3.778b¢ 0.872 11.285°
SC 30.62 5.22 11.7¢d 3.4¢d 22 11.276°
S,V 36.82 552 12.44 2bcd 3.780C 12 11.297°
SH 35.52 458 12.98b¢ 3.5 bed 12 11.4402
S,C 29.82 52 11.88 bed 3.164 1.92 11.307°
S,V 36.22 52 11.8 bed 3.16¢ 0.82 11.296°
S,H 35.62 52 13.042 3.9 22 11.305°

Ml s Ot a5 S nie Gy > Loslael 1Y 570 JW\&):)\A@» Ols sma O 3 g f.,\.ojﬁl.\; e e

# NS

Ll el (P<O.0L) s s

ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively. Numbers
followed by the same letter are not significantly differentns (P<0.01)
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Figure 3. Single effect of organic amendment on nitrogen content of edible part of garlic
(C: Control, V: vermiwash, H: humic acid)
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Figure 4. Single effect of Sulphur treatment on phosphorus content of edible part of garlic
(SO: zero Sulphur, S3: Sulphur 3 I/ha, S6: Sulphur 6 I/ha)
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Table 8. Mean comparison of sulphur and organic amendments antioxidant activity of garlic

Antioxidant activity Total phenol Total flavonoids
Treatment (% of DPPH radicals inhibited) ~ (mg gallic acid equivalent/g ~ (mg quercetin equivalent/g extract)
** extract) * **
S,C 48.24¢ 5.99 63.2 %
SAY, 48 ¢ 4.6°¢ 215.12
SpH 12.244 6.812 160.9 ¢
SC 44.62 ¢ 46°¢ 185.9°
SV 41.85°¢ 4.75°¢ 62.1d°¢
SH 41°¢ 5.3b¢ 37.03°
S,C 6252 6.592 140.2°¢
S,V 47.2bc 5.87@ 72.84
S,H 51.7P 6.192 144°¢

Ll pos (P<O.0L) Sls pms Ml (Slols Ot o 55 S e Gog > Loslael 7Y 570 Jlaz>] C\a.,. 03 Ll pme by i a5 %
*and ** indicate statistical significance at 5% and 1% level of confidence, respectively. Numbers followed by the same letter
are not significantly differentns (P<0.01)
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Figure 5. Effect of organic amendment on caffeic acid in edible part of garlic
(C: Control, V: vermiwash, H: humic acid)

Sl Jlad Ly i 5 05520 e Jollals Ol e
S5 o 5035 Jib J2B 50 Plssens 5 S s L bas e slapasls 2y 55 SIC Lo oS bl

et Cpaman ISl Caeall [l gludas WS s S O gie fgazme 53 W s sl Cond s 5 Shas

o i Y SUs T esla sl (ol L as o sl clale Us S8 slesliad bl opl 3 oS

b obas e slpe H 0 Ol Slaed 53 5 4l JlalS S e 3 Sdas Gl e I glaeiS Mol 05,

35 0l ) KBS OleST BT ol b Rk nl @l el Gl S SL

Sialasl ool o3 eslial 350 St oS coils 55 b

SISl (ol 035 (Ao YAY) JTesle oYL dos (sl

3 s Sosbe Jle cole= L i o] o s (Hlesle e (ol b slasbs 55 cnl b

2 Gl b sl 5 (530S p ke oKl (55003 503555558 Clx s S JI glaes |

A el VEIYAV=) S ol 4 g b B ElE S pskiles ool S Llesw 6055 4l

vy



VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

égl.i.o

Akhavan, Z. and A.R. Fallah Nosrat Abad. 2013. The effect of sulfur and Thiobacillus inoculant on soil pH, dry
matter weight and phosphorus absorption by Canola. J. of Soil Management and Sustainable, 3(1): 1-13.

Arslan, G. and E. Pehlivan. 2008. Uptake of Cr3+ from aqueous solution by lignite-based humic acids.
Bioresource Technology, 99: 7597-605.

Asli, S. and P.M. Neumann. 2010. Rhizosphere humic acid interacts with root cell walls to reduce hydraulic
conductivity and plant development. Plant Soil, 336: 313-322.

Atiyeh, R.M., S. Subler, C.A. Edwards., G. Bachman., J.D. Metzger and W. Shuster. 2000. Effects of
vermicomposts and composts on plant growth in horticulture container media and soil. Pedobiologiad4, 579-
590.

Atmaca, G. 2004. Antioxidant effects of sulfur-containing amino acids. Yonsei Med J. 2004 Oct 31;45(5):776-
88.

Aydin, A., C. Kant and M. Turan. 2012. Humic acid application alleviate salinity stress of bean (Phaseolus
vulgaris L.) plants decreasing membrane Leakage. African Journal of Agricultural Research, 7(7): 1104-1109.

Azarpour, E., M.K. Motamed., M. Moraditochaee and H.R. Bozorgi. 2012. Effects of bio, mineral nitrogen
fertilizer management, under humic acid foliar spraying on fruit yield and several traits of eggplant (Solanum
melongena). African Journal of Agricultural Research, 7(7): 1104-11009.

Beato, V.M., F. Orgaz., F. Mansilla and A. Montafio. 2011. Changes in phenolic compounds in garlic (Allium
sativum L.) owing to the cultivar and location of growth. Plant Foods for Human Nutrition, 66(3): 218-223.

Chandel, B.S., P.K. Thakur., J. Ali and H. Singh. 2012. Soil sulphur status and response of garlic to sulphur in
relation to phosphorus. Ann. Pl. Soil Res. 14(2): 156-158.

Chang, C., M. Yang., H. Wen and J. Chern. 2002. Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food Drug Anal, 10: 178-182

Ebrahimzadeh, MA., S.F. Nabavi., S.M Nabavi and B. Eslami. 2010. Antihemolytic and antioxidant activities of
Allium paradoxum. Central European Journal of Biology. 5: 338-345.

George, S., R.S. Giraddi and R.H Patil. 2007. UtiLty of vermiwash for the management of Thrips and Mites on
chilL (Capsicum annuum L.) amended with soil organics. Karnataka Journal of Agricultural Science. 20: 657-
659.

Ghorbani, S., H.R. Khazaee., M. Kafi and M. Banayan aval. 2010. Effect of humic acid application in irrigation
water on yield and yield components of maize (Zea mays L.) Journal of Agricultural Ecology, 2: 118-111.

Yf


https://www.ncbi.nlm.nih.gov/pubmed/15515186

« (Allium sativum) s/, g3 s sbasddigiad g So59d 995 90 frcaly 10 )1Saa g canuld (o pols

Haghighi, M., M. Kafi., P. Fang and L. Gui-Xiao. 2010. Humic acid decreased hazardous of cadmium toxicity
on on lettuce (Lactuca sativa). Vegetabe Crops Research Bulletin, 72: 49-69.

Hawkesford, M.J. and L.J. De Kok. 2006. Managing sulphur metabolism in plants. Plant, Cell and
Environment, 29: 382-395.

Hu, C. and D.D. Kitts. 2000. Studies on antioxidant activity of Echinacea root extract. Journal of Agricultural
and Food Chemistry. 48(5): 1466-1472.

Karakurt, Y., H. Unlu and H. Padem. 2009. The influence of foliar and soil fertilization of humic acid on yield
and quality of papper. Acta Agriculturae Scandinavica, Section B-Soil & Plant Science, 59(3): 233-273.

Lillo, C., U. Slea and P. Ruoff. 2008. Nutrient depletion as a key factor for manipulating gene expression and
product formation in different branches of the flavonoid pathway. Plant, Cell and Environment .31, 587-601

Nardi, S., A. Muscolo., S. Vaccaro., S. Baiano., R. Spaccini and A. Piccolo. 2007. Relationship between
molecular characteristics of soil humic fractions and glycolytic pathway and krebs cycle in maize seedlings. Soil
Biology and Biochemistry, 39: 3138-3146.

Piccolo, A., G. Celano and G. Pietramellara. 1993. Effects of fractions of coalderived humic substances on seed
germination and growth of seedlings (Lactuca sativa and Lycopersicum esculentum). Biology and Fertility of
Soils, 16: 11-15.

Prabhu, M.J. 2006. Coconut leaf vermiwash stimulates crop yield. The Hindu Newspaper, 28th December, In:
Science and Technology Section.

Quaggiotti, S., B. Ruperti., D. Pizzeghello., O. Francioso., V. Tugnoli and S. Nardi. 2004. Effect of low
molecular size humic substances on the expression of genes involved in nitrate transport and reduction in maize
(Zea mays). Journal of Experimental Botany, 55: 803-13.

Rahmatpour, S., H. Ali khvani and S.H. Mer Sead Hassani. 2015. Effect of VVermicelli spray on wheat growth
and yield index and zinc, iron and phosphorus in wheat grain. Iranian Journal of Soil and Water Research, 44
(2): 211-203.

Rasaei, B., M.E. Ghobadi., M. Ghobadi and A. Najaphy. 2013. Reducing effects of drought stress by application
of humic acid, mycorrhiza and rhizobium on chickpea International Journal of Agriculture and Crop Sciences,
5(16): 1775-1778.

Ropme, 1999. Manual of Oceanographic Observation and Pollutant Analysis Methods (MOOPAM), 3rd edition.
Regional Organization for the Protection of the Marine Environment.

Sabbagh, H., M. Khorrami Vafa., S. Jalali Hnarmand and A. Beheshti Alagha. 2016. Effect of Thiobacillus,
Sulfur and Fertilizer on the Concentration of Some Mineral Ingredients in Garlic Flour. The 2nd National
Conference on Medicinal Plants and Sustainable Agriculture. (in Persian with English abstract).

Saruhan, V., A. Kusvuran and S. Babat. 2011. The effect of different humic acid fertilization on yield
components performances of common millet (Panicum miliaceum). Scientific Research and Essays, 6(3): 663-
669.

Yo



VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

Slinkard, K. and V.L. Singleton. 1977. Total phenol analysis: automation and comparison with manual methods.
Amrican Journal of Enology and Viticulture. 28: 49-55.

Shojaee, M., H. Roosta., M. Roozban and H. Soufi. 2019. Evaluation of the growth characteristics and changes
in the concentration of some nutrient elements of garlic affected by different nitrogen sources and alkalinity in
hydroponic culture. Horticultural Plant Nutrition 2(1): 33-50.

Taullley, H. and A. Semnani. 2002. Methods for the analysis of soils, plants, waters and fertilizers. Compilation
h L Tendon Shahid Chamran University Press. First Edition. 219 pages.

Turan, M.A., N. Taban., J. Turkmen and S. Taban. 2010. Selenium concentration of garlic bulbs grown in
different parts of turkey. Asian Journal of Chemistry, 22(8): 6563-6568.

Wainwright, M., W. Nevell and S.J. Grayston. 1986. Effects of organic matter on sulphur oxidation in soil and
influence of Sulphur oxidation on soil nitrification. Plant and Soil 96, 369-376.

Waling, 1., W. Van Vark, V.J.G. Houba and Van der Lee, J.J. 1989. Soil and Plant Analysis. Part 7, plant
analysis procedures. Wageningen Agricultural University, Wageningen

Westerman, R.E.L.1990. Soil Testing and Plant Analysis. SSSA, Mandison Wisconzin, USA..

\i4



A OBLE 405 ale 4 55
(YV =0+ o) A¥A4 Hlwsls g Hlgs N o lads ¥ o499

Y. 33:3 adlEe

S el B9 g 13590k Zi6 Cilike S 4T WE wyp
S5 Mg 517 9 uigigNd (Sl gicmo (S yiwigid (SO Ky ()
Hlediaod

.

s *y \
N R el S ab)

Ol o idgio oo 53,5 oS o 51y LS 0d S o (SU5 uilign 5 (JLEL psle 05,8 L)) ol )5 g g ils — )
zahrakheyril364@gmail.com
Ol ecdgio idglo s 93,5 ol o6 s LS 0l SIS s (G135 prkign 5 ULl psle 05,8 JLils 5 stms olie 5 =T
m.moghadam@um.ac.ir
Ol il o ol o (S ol 5 (SipsliS Jo 2ol maims ( AL LS55 05,5 oo =T
moradi.ob@gmail.com

AN 2o iy g6 WYAALAIYS redl po )b

RVLCY

-

S Bl 5 pland glassS glm (15500 Glag)B) s Glasss 055 3Klr 5 @358 56 o)
s 2ol mdl s 4 1550k Glag B AL e axelr Cdl B 5 L (5u5leS s e
sesdhe 33,8 e olS 53 (os DS 5 A o e e 3 et 5 s e Ol oS e e 3 S
5 o o L35 e ol WS ssp Sulg 55 5 ol ol 5 i Cands spe el LB nl O
(3 5 (5o 1555 Ol on oS 1 Ol (o Sl (0 Dl st (1 1) sSole 238 658 6 b alis
Pl YAV Ul s alas Sl bl SIS Jrasn Gleaties sl olS 45555008 5 A0
J5 S 05 bl s 8 i slaad o s li sl Wy gl Jeld adllles 550 Slis S,
3 SN Ol oS O el Sy (S S 5 5550 D@ 59 st slaesSSs Ol
ol 3 Al 3550 Slio S i 1 Sile lag B 1 sls OLES Laesls uilisls i gl s JS 45555508
3,208 el 03 o2 2050 S sSle £ B L8 6 Ole 51l s ame do s SO bl e 3 G
S (g Pl aheor 31 lgraioen oS st slaastls SIssg 1y U op 22 Glomus mosseae -
SR gd Sy, a1t e U 2B () e (SIS IS S 035 5 ks S als 5 o pes L
Gl i 23l a5l Ao s PA Ll Hled 4 s OT L il 53 JS U35 S Olss oS (5, sbow il
G. 5 G. etanicatum (slaz 5 OF 5 L 3 S sdalie =36 (pl b s 53 33 IS 48508 5 S Ol ol
350 SlposSole sba S Ola Sl ol by dadls )y 550 Slio S| ssg o 1) 86 o 2l gEOSPOrUM
Mg iy Sl s 1y 3t o 22y Gl geosporum  G. etanicatum (G. mOSSeae s cpl 55 o) »
Sl ol 3l Oy a5 T 015 o 4S5 sbay Al Jlgpadonn 25513 oS 3 4 5l slacd ke o yllas

ged dro i olS pl W s SGE) (65,5l s pland slas S

IS Sz 055 davse a8 (S L35S SIGET o s IS 1 3S alads

v


mailto:zahrakheyri1364@gmail.com
mailto:m.moghadam@um.ac.ir
mailto:moradi.ob@gmail.com

VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

T slse Sl g 53 dde K1 L b
San 2L Rl s Son el B S
Sl s ol ol o satan 5)5LiS slaesly
S5 o gmima QLALS (4S5 (oS 3 Ses 25
Hazzoumi et al. .(\Ya¥ O Kan 5 5 el Slsdl)
I sSSLs Slagl sbes s e iy Ol (2015)
e e Sl il S Al e ol 5o
e e 80 3 ok pl 5 0l Ol s oS e olie
Szl amen 55 0 olS 55 by LS S S5
Gk 3 olS s Sl Conds e b 135Sl
by Cda mhw (LI Al G580 50 e
S8 SWols K 5 S 3 a3 glaadn, 5 xS
oS Al s o e b b A1 5 b S
Card s 3y 3 2l 15 e O Cle oS 15 S
Al B 0T Lo s ol ol lailyy 5 sladss
Josls oS By 3 AYaY) oL 5 Olwdas
5 dts sl bl Ghal il e 15 5 S0n 3 LS
SLalS 55 O o sl 5 (g 5mm 33 sLne 150,
oS 52 2l St OLalS o o o5 S
S o (B 55 03 e A3 8 lpadaen o)
5 ELE S sl e 15 S b Bl ]
Blo izt 055 5 Sl S S 035 S
s pla)l (Dolatabadi et al., 2012) ._s LS |
e o g 3 55 glad g ls oS IS es
(Cabello et al., 2005; Freitas <L al5l 15, S
s o il gl 5555 e en et al., 2004)
ol sbad sl ma o5 Eol ok b s i
a3 5> (Gianninazzi et al., 2010) 5 3 » oS
odalive i planil o 3 5 Lsd ool QLS (g5, » &S
Olsmn st 55 2B osb 155w )8 45 s S
iz s s U aaslie 5o 1 0lalS ool il
Karagiannidis et al. .(Kapoor et al., 2004)

G. lamellosum S 15, ;S g i 5 (2012)

YA

LVRE-7

S LS (Calendula officinalis L.) lgaiien
Sl S 5 (Asteraceae) owlS o 0 an e 5 dlo
5300 3l ojs el a8 Uil e ol wxtlis sls OlalS
ol eslal il 5 il zbe s bl
i b lgaien (Arora et al, 2013) 5, =
i 555,18 dile amy 50 gl plie 51 (glos S
ol gy 5 dladd s il dlads 800 sl S g8
Sl 534S Wb e s 1 s sl 5 a3l 5o
YL (gl s (LM, 2012) 5505 555 oS Calise
o Dlgaizan T VU slads 555,85 Lads 520
Raal et) ool b liS| 5T ols 5 51 8 e
oz 3l S5 sm ol cp ki oLS ol (@l 2009
(13 ) S 55 g« FlAS| 5T gL Jlad
(Fonseca et al., 5,5 sl s 5ol S lablons
2010)

SoosliS 5 aiy; oS 01 31 iy Sk 550k
Sodp 6,50 5 ks Lo Kl il anils
3 s AT S0l as syl ala 2l s iy
Slides plail QUly 5 el (b ondls
Glas S 0s ol ol 03y Lo (g5, 5LES
0 e Gl e T glass L plad
YAV O 5 Shals (g5dge) L dal = (65, 5LES
Ll o S5 s 5 A slas S 3l eslinal (s b
5 3l5denn) L3l et S S (sl rls Sl
EQA LRI FICONY

wld S5 s 35S Olpe 4 155Gk slag )l
JSis OLalS aiy; 4l 3 (O s ek
Gl an s o glacis SWS 4 el S
Gl e b a5 s S SGS Sl obe
3 gl opl s e Obse oS 5 Shas 5 A
S S OlalS C ol i, b i sen (0l 5 5

6;L>— g;._m{j.o..ﬁ Lsucjt_é 9 oL; &MﬁA .,L.;:L:L;a



gy LAl Ay y 13 sSube g 18 Alids slads o8 il ey i)l lSen g auis sans

Glomus intraradicese -
Glomus fasciculatum —
Glomus caledonium -
Glomus gigaspora —
Glomus etanicatum -

Glomus geosporum —

Glomus versiform -

Lsg ol =S ede e

Syl 5 gy el ol oS il e
Obyss psldinn s &S 5 5o 15,50l lag Jl
Llaslis el 5l g8 5 4 25 a5 K 5500
a0 el 3 A S byl c ey sk oS 2y
s s cnl 0 eslizad 5 5e (615, 5S0k 206 6 S
5l sy S 0 S e sl Ve B A Sl
slasles 5o 15l go5 4SS e G pms i
0 OIS a6l 253 (sl e o8 Yo bl
Salmr Sl Sl A0S 05 S sl 250 2 S 54
s S el 8 Sy sl SLs 5 auls
el o eskind 5550 St et 5 S oo seant
o=l el h e ol 0l 03,51 ) s )3 e
S Sl CiS s 3 Jlgadinn 5ol (Gt
i SR g B CES Oy 5 S oSS (6 sle
i esls JUaS) DS a5 ke d e s ol
- Sl YO Y gl s SlS s 0alS il s,
el o 53 3L, S Sl a0 A EY 5 555 53018
By Ao 3 AD B Fy SbdS s cosb (o Sle ci S
53 ok e skt 4 gl slasa, s OLLS cpl ol
a5 LTSl G 5 03 8 Osm 5y p S
Saclacile s s GBI o3 ke s S plnil OlaLS
Lasles cpm s 0l S pmm JialosT o3 Jsb o
bl ol

Al w3 s asles Jlast 5l e sle T 550

St 15 550 i 5 A3 plawl OLLS 1 (6 S 5o

¥4

«(Salvia officinalis) S NPT oS Fr b
s>, (Lavandula angustifolia) . ss = skl
Slras Ol o3l 5l 51 (Origanum dictamnus)
Ll 5 Slasad ool 6= 5l (Geranium dissectum)
s—IS o3l 5L ;I (Santolina chamaecyparissus)
oSl DS oS 55 0T Sl b s sad o) 2
Gl e 5 il W5l (ol e Hsb &
slroslad OLalS 4 cod (i oM Sole
Ledls
Sl Sl 5l g5,5lS Glial 4 a5 L
oz 5l il wlo 53 e 00l ol 5l S
Ol ol s (o5 slas 8 o8T el (g5l
s SLaa S 05,5 Kol 5 5255 55
o olS ol alend sl ST L (15,500 slag )
S 03 5 olS pl A s ekl Sl il
OB Gl bl Sl Oda L e anelr Dl LS
s I rosele B leas S ¢l b e
Ol yn o5 ot T e Sl iy Dl st
L ) i) O samel 5 51 o3 o6 mn 528 (sl 5555
3 A5 8) g SU glacdpbe 5 (15,50 £

Al slpadaes ool olS S (US55

g 9 lge

S 55 a0 el Dl Sl ey e R
Slame (gl Sl sar 5 2 5SSk 250
NESCNNPS JUISEYTHNL (PR PRV SU R ppm—
LS 8 45555 5 a5 550 Olyes 5 O el 35S0 53
YL sl SlS b s a lpaioan sl
slasls s S =1 oldS Y s Cjwﬁj)lﬂ
oSl 2B ciles glaw S s Juls Siabasl ol
ihels g slS o
Glomus claroideu -

Glomus mosseae —



VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

}gﬂgiwé\)-b“‘ﬁ}sdﬁé)ﬁ)#ﬂ)ls‘b

A (S el S A5 55518 5 A 55D Ol s

A edias IS 4Ll slind (e pa Ll ol i ¢S

a J.:ﬁj;lf)dj@x}fd 6&0);5) Lﬁ&o}d)} (a3l

S pland 5 (S5 Olwsas N Jgi>

Table 1. Physical and chemical characteristics of soil

Texture Clay Loam Sand oM oC EC pH CEC
(%) (%) (%) (%) (%) (ds/m) (%) (meq/100 gr soil)
Sandy loam 6.3 19.3 74.4 1.39 0.81 3.27 7.79 7.9
(aalsh) S glowd 5 S5 Ol s ) J g
Table 1. Physical and chemical characteristics of soil (continue)
N P (P205) K (K20) Ca Mg Cl Na
(%) (mag/kg) (mg/kg) (meg/1) (meq/1) (meg/l) (meg/l)
0.07 51 184 174 4.8 11 20
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CHLa = 15.65 A666 — 7.34 A653
CHLb =27.05 A653 — 11.21 A666
Cx + ¢ =1000 A470 — 2.860 CHLa — 12.92 CHLb

CHLt=CHLa+ CHLb
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Table 3. Analysis of variance (mean of squares) effect of mycorrhiza fungi on growth characteristic of Calendula
officinalis L.

MS

No. of flowering Production of

SXOAY) df Plant height No. of branches branches Stem diameter flower dry weight
Mycorrhiza 9 4.38** 4.59** 6.82** 1.55** 2.73**
Error 20 0.97 0.97 0.53 0.27 0.34
CV (%) 6.96 14.63 11.64 16.90 22.57

**: are significant at 1 percent probability levels
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Table 3. Mean comparisons of mycorrhiza fungi effect on growth characteristics of Calendula officinalis L.

Mvcorrhiza Plant height No. of branches No. of flowering Stem diameter Production of flower
Y (cm) ' branches (mm) dry weight (g/pot)

Control 2.42% 2.25% 4,159 5.16° 13.90%
G. mosseae 4.34° 2.72%¢ 8.99° 8.77% 14.86%
G. intraradicese 2.45% 3.11%¢ 5,630 6.98% 14.832
G. fasciculatum 1.40° 2.75%¢ 4,88 5.88% 13.62%
G. caledonium 2.36™ 3.21%¢ 5.49bcd 6.33% 11.66°
G. claroidium 2.36™ 4.17° 7.10%¢ 7.55% 14.16%
G. versiform 2.36" 3.62%* 6.99%¢ 7.44% 13.55%
G. geosporum 3.51%® 3.96° 7.10%¢ 7.10® 14.832
G. etanicatum 3.53% 2.86%° 7.33% 7.49%® 16.242
G. gigaspora 1.25° 1.89° 4.66¢ 4.66° 13.48%

Within each column, means with similar letters, are not significantly different (P<0.05) based on Bonferroni test.
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Figure 1. Effect of mycorrhiza fungi on growth characteristic of Calendula officinalis L.
(Control treatments: in the left)
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Table 4. Analysis of variance (mean of squares) effect of mycorrhiza fungi on photosynthetic pigments, relative water
content, clonization percentage, flavonoids and carotenoids of Calendula officinalis L.

MS
Chlorophyll  Chlorophyll Leaf Total Clonization Flower Flower
SOV df - RWC ; -
a b carotenoids  chlorophyll percentage  flavenoids carotenoids
Mycorrhiza 9 3.29** 0.52** 0.12** 4.43** 41.03** 457.42**  0.000002**  2703.3**
Error 20 0.02 0.05 0.002 0.07 0.48 8.40 0.00000 157.1
CV (%) 2.89 8.45 2.57 3.47 1.18 4.61 2.22 19.12

**: are significant at 1 percent probability levels.
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Table 5. Mean comparisons of mycorrhiza fungi effect on photosynthetic pigments, relative water content, clonization
percentage, flavonoids and carotenoids of Calendula officinalis L.

_ Chlorophyll  Chlorophyll Leaf ) Total Clonization Flowe_r Flowe(
Mycorrhiza a(ug/g FW) b (ugle FW) carotenoids  chlorophyll RWC (%) percentage flavonoids  carotenoids
(ng/g FW)  (ug/g FW) (%) (ng/g FW)  (ng/g FW)
Control 3.8e 2.1c 2.1° 5.94 52.6 33.0e 0.0366% 0.58bcd
G. mosseae 6.3a 3.6a 1.4f 9.9° 65.8° 71.0ab 0.0366% 1.03a
G. intraradicese 6.2a 2.6bc 1,70 8.8° 60.9° 77.7a 0.0374" 0.88abc
G. fasciculatum 5.7b 2.3bc 1,70 7.9 58.4% 64.0bc 0.0369° 0.48d
G. caledonium 3.2f 2.9b 1.6% 6.1¢ 58.6¢ 61.0cd 0.0364¢ 0.55cd
G. claroidium 5.5bc 2.6bc 1.8 8.1%¢ 61.1° 65.0bc 0.0372% 0.35d
G. versiform 6.2a 2.6bc 1.7 8.8° 61.4° 67.7bc 0.0369° 0.31d
G. geosporum 4.9d 2.4bc 1.5¢ 7.3° 55.4¢ 70.7ab 0.0377° 1.07a
G. etanicatum 5.2cd 2.4hc 1,70 7.6° 56.4% 65.0bc 0.0393* 0.94ab
G. gigaspora 5.7b 2.3bc 1.8° 8.0% 57.2¢% 53.0d 0.0367« 0.32d

Within each column, means with similar letters, are not significantly different (P<0.05) based on Bonferroni test.
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Tablel.climatic data of the nearest meteorological station to the test area

Average Average Average Average Average Total
Average annual  minimum maximum annual minimum maximum an?1tuaal annual ~ Number
Station  temperature annual annual hﬁ:}i;g{f annual relative annual relative insy ©VaPOTation of sunny
0 B Y humidiy o) humidiy  (mm) (MM hours

Yazd 21.6 14.4 28.4 22.6 11.9 33.3 23.6 3046.2 3569.9
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Table 2. The results of the soil chemical analysis used in the experiment
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Table 3- Analysis of variance of effect of irrigation interval, bio and non -bio-fertilizers on yield components in Thyme
(Thymus vulgaris L.)

Mean Square

Number of lateral

Source of Variance df Height(cm) branches Flowering branches yield(kg/ha) Biological yield(kg/ha)
(R)Repetition 2 5.45ns 18.02ns 4.37ns 715.97ns
(A) (irrigation interval) 2 83.19* 7029.44** 333.05** 72153.49**
Error a (R*A) 4 9.05 5.42 3.27 782.06
Fertilizers(B) 4 9.68* 2223.52** 38.12** 14796.67**
inrigation interval 8 2.66ns 756.75%* 43.30%* 13829.33**
xFertilizers
Error (Error b) 24 3.381 6.76 1.32 164.13
C.V. (%) 9.6 2.05 6.37 5.35

Aoy ) 50 Jlax! éa.w 05 sl Ol sl Ol 558 i 5 4 *F 3 s
ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels, respectively

5 ol plerdian OLS 5 (g p ) 2B 9 ) sbasS 5 oklss SU Ll 4 F g
Table 4- Analysis of variance of effect of irrigation interval, bio and non -bio-fertilizers some of biochemical
compounds in Thyme( 7Thymus vulgaris L.)

Mean Square

Essential Total Phenol(mg/g  Soluble carbohydrates  Protein(mg/g leaf ~ Proline(mg/g leaf

Source of Variance  df 0il (%) leaf fresh weight)  (ug/g leaf fresh weight  fresh weight fresh weight)
(R)Repetition 2 0.00024ns 40.28ns 1419.96ns 0.052* 0.062ns
("”ga“‘zz)imer"a') 2 0.050%* 2749.95%* 2234979.37%* 5.054%* 0.36%*
Error a(R*A) 4 0.000038 24.42 1656.34 0.016 0.009
Fertilizers(B) 4 0.0038%* 276.18%* 2069979.85%* 11.11% 2.80%*
irrigation interval 8 2884243.93ns 93.62* 2884243.93%* 0.87%* 0.031ns
xFertilizers
Error(Error b) 24 0.000081 47.87 3985.55 0.013 0.028
C.V. (%) 3.03 3.92 173 2.38 15.83

Aoy ) 50 Jlead ch 53 slslies Ol lalies Ml 558 s 5 4FF NS
ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels, respectively
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Figurel. Mean comparison of interaction of irrigation periods and fertilization on flowering branches yield in 7Thymus
vulgaris
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Figure2. Mean comparison of interaction of irrigation periods and fertilization on biological yield in Thymus vulgaris
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Table5- Means comparison of effect of irrigation interval on height, essential oil percentage and proline in Thyme
(Thymus vulgaris L.)

Trait
(mglg |eanr?:2;ﬁ weight) (%) Essential oil Height (cm) Treatment
0.90°¢ 0.22¢ 21.862 Control (each 7 day)
1.05° 0.32"0 17.98"° Each 12 day
1.228 0.332 17.61° Each 17 day

LSS b g lslime DY) o 53 0 Jlel pmane 53 O g o 3 DSy By (5Ll Sle
Similar letters in each column shows non- significant difference at 5% level.

#1553 ol ol 53 s p 5 bl Ao ys gyl ) b 5 (s L35S ST 0o anlis £ g
Table 6- Means comparison of effect of bio and non -bio-fertilizers on height, essential oil percentage and proline in
Thyme (7Thymus vulgaris L.)

Trait

Proline

(mglg leaf fresh weight (%) Essential oil Height (cm) Treatment)
0.59°¢ 0.27¢ 19.77°2 Control
Mycorrhizal (Glomus)
b b
0.99 0.322 18.27°¢ (40kg/ha)
¢ b c brasilense Azospirillum
0.45 0.30 17.97 (20kg/ha)
1552 0.29°¢ 20.47° fluorescens Pseudomonas
(20kg/ha)

Ll K aS b g hslie O] (s 530 ez T 53 D a3 DS iy > gl Sl
Similar letters in each column shows non- significant difference at 5% level.
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Figure4. Mean comparison of interaction of irrigation periods and fertilization on soluble carbohydrates in Thymus
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FigureS. Mean comparison of interaction of irrigation periods and fertilization on total protein in Thymus vulgaris
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Figure6. Mean comparison of interaction of irrigation periods and fertilization on total phenol in 7Thymus vulgaris
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Tablel- Mean of nitrate concentration and other statistical data of vegetables

Mean of nitrate Maximum nitrate Minimum nitrate ~ Standard value for
- ] - o Sample above
Vegetable concentration Standard Deviation concentration concentration nitrate standard
(mg.kg-1 in Fresh (mg.kg-1in Fresh  (mg.kg-1in Fresh  (mg.kg-1 in Fresh %)
Weight) Weight) Weight) Weight) °
Lettuce 3909 581 5300 2800 1500 100
Spinach 3173 1024 6500 2100 2000 100
Celery 1393 425 2100 600 400 100
Cabbage 775 201 1290 390 500 90
Pepper 1008 268 1500 110 1000 40
Dill 778 180 1250 445 1000 33
Cress 1481 315 2000 700 1000 90
Fenugreek 641 154 890 369 1000 0
Leek 807 173 1250 500 1000 10
Coriander 736 111 1000 550 1000 0
Parsley 1465 305 2250 950 1000 93.3
Savory 1340 395 2250 700 1000 80
*Iranian National Standard No.16596
—¢— Nitrate — —Standard ‘
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Figure 1- Variation of nitrate concentration in lettuce in different fields
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Figure 2- Variation of nitrate concentration in spinach in different fields
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Figure 3- Variation of nitrate concentration in celery in different fields
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Figure 4- Variation of nitrate concentration in cabbage in different fields
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Figure 5- Variation of nitrate concentration in mint in different fields
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Figure 6- Variation of nitrate concentration in dill in different fields
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Figure 7- Variation of nitrate concentration in cress in different fields
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Figure 8- Variation of nitrate concentration in fenugreek different fields
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Figurel0- Variation of nitrate concentration in coriander in different fields
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Figurell- Variation of nitrate concentration in parsley in different fields
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Mean of nitrate concentration

Leafy vegetable

Maximum daily consumption (g)

(mg.kg-1)
Lettuce 3909 76
Spinach 3173 94
Celery 1393 215
Cabbage 775 387
Pepper 1008 297
Dill 778 385
Cress 1481 202
Fenugreek 641 468
Leek 807 371
Coriander 736 407
Parsley 1465 204
Savory 3909 223
Mean 1458 187

*Human Health Fact Sheet, 2005
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Leaf Arealndex changing during growth period-Chem.Fertilizer 1
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Leaf Arealndex changing during growth period-Chem.Fertilizer 2
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7
v =-6E-05x + 0.0086x" - 0.2936x + 3.2018 # density 60
6 R*=0.8322
¥ =-6E-05x3+0.0084x2 - 0.2924x + 3.2779 M density 75
5 s R?=0.9286
'g y=-5E-05x3+ 0.0072x* - 0.2311x + 2.3968 density 90
= R?=0.9438 ™
< 4 v
o
=1
«<
4 3
<
L
=

0 T T T T 1
0 20 40 60 80 100
Measuring Leaf Area Index each 10 days
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Figure 1. Process of leaf area index changes under the effects of fertilizer levels and density
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Figure 2. Process of crop growth rate (CGR) changes under the effects of fertilizer levels and density
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Figure 3. Process of relative growth rate (RGR) changes under the effects of fertilizer levels and density
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Table 2. Analysis variance of yield and yield components of guar under effects of fertilizer levels and density

Mean of squares

Degree of

Source of variation freedom Seed yield 1Ov(\)/gi;?1etds Noir?fpzzeds Pod length No opflsr?tds in bgr?c%fes Final hight
Replication 2 12468.29™ 11.36™ 0.37™ 0.71" 150.76™ 1.04™ 274.85"
Fertilizer 5 50794.61™ 7.54™ 0.35™ 1.36™ 478.00™ 247" 1803.61"
Density 2 12727.78™ 5.94" 0.34™ 2.96™ 2881.02" 48.27" 1183.61"
FertilizerxDensity 10 1633.37™ 1.59™ 0.05™ 0.17™ 125.82" 0.30™ 41.7™
Error 34 6552.43 4.74 0.14 0.11 53.11 0.46 57.77
CV (%) 24.04 6.61 4.32 4.09 20.77 14.81 7.90

ns, * and ** in sequence shows non significant, significant at 5 and 1 percent probability.
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Table 3. Mean comparison of yield and yield components of guar under effects of fertilizer levels.

Fertilizer Seed yield 1000 seeds  No of seeds in Pod length No of pods in No of branches Final hight
(kg/h) weight (g) pod (cm) plant (cm)
Fertilizer 1 4232.7° 32.67% 9.16 8.65 41.79° 4.62° 99.99°
Fertilize r2 4394.6° 33.55° 9.01° 8.48° 41.82% 5.442 119.43*
Animal manure 1 3020.5° 33,55 9.11° 8.16° 36.952 4,34 98.78°
Animal manure 2 3069.5° 31.28° 8.88% 7.93 36.91° 4.86% 95.25°
Vermicompost 1 2850.0° 32.99% 8.60° 7.75° 23.31° 3.92¢ 77.23¢
Vermicompost 2 2631.8° 33.74° 8.96% 7.71° 29.36° 4.34> 86.98°

Means with the same letter within each column are not significantly different at the 0.05 level according to LSD test.

¢SV goh ;5 Cov I8 ol s Shas gl 55 Mhos Kl dmlio —F Jpuor

Table 4. Mean comparison of yield and yield components of guar under effects of density levels.

Plant density Seed yield 1000 seeds No of seeds in Pod length No of pods No of Emﬁ{

(plant per m2) (kg/h) weight (g) pod (cm) in plant branches (é?n)
60 3646.32 33.552 8.83" 7.70° 46.322 6.132 88.86°
75 3336.12 32.932 8.93%® 8.13° 37.51° 4.76° 94.61°
90 3117.18 32.402 9.102 8.51° 21.38° 2.87°¢ 104.862

Means with the same letter within each column are not significantly different at the 0.05 level according to LSD test.
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Figure 4. Mean comparison of interaction effects of fertilizer levels and plant density on number of pods per plant
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Table 1. Results of soil analysis for experiment local in depth of 0-30 cm

Soail EC PH Organic carbon Total nitrogen Auvailable P Available K
texture (msfcm-1) (%) (%) (ppm) (ppm)
loam 3.21 8.17 0.33 0.025 6.27 204
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Table 2. Analysis of variance of the effect of nitrogen and plant density on morphological traits of roselle

Mean square

Source of variation df
Plant height Stem diameter Number of branches Fruit length
Replication 2 5140.045 ™ 13.941 " 0.619™ 0.639™
Nitrogen (A) 3 738.145™ 25.294 " 8.744™ 0.081 ™
Erorra 6 2435.522 5.074 0.466 0.901
Density plant (B) 3 199.683 ™ 46.631 " 24.688™ 2.657"
AxB 9 230.453 ™ 8.316 ™ 0.99™ 0.646 ™
Erorr b 24 302.419 4.218 0.211 0.713
CV (%) 10.2 11.73 18.06 418

._L.»Lu‘;a )‘J‘;.u:):;j/o A Cﬁ«).} )‘J‘;Lu: S o NS 4%

*** and ns are significant at 1 and 5% probability levels and non-significant, respectively

ARR



VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

03 ol a cul eals QLA T (guls sme Aol 8l &
S s 055,55 adesr 31 e b 3L5 slaST 3
Sl o dle amd 55 5 el (i adi
Stl 2 e (ol S 2 Sl S e e JB
g el il g ol Ble Sl sl U oS e
Lok b el 2alS ml laeST i 4 s
5> (Parsa Motlagh et al., 2017) ol Lea 5 5-lks
Sepehri and ) dswsl s =55 5 S (oo Sl
OHLsSen 5 aiS 5 ool ;s (Vaziriamjad, 2015
S s S 58 s s (Kashfi et al, 2011)
oy S s el sl ls ame RS oS1S )l

Al n A6 1y ol s s o 3505 JLis

e > T 3N SV 40 5l

VEIF 5 OVIO YA/F s 5 & ol el Ll sl
U & SITTA R A B, VE SRS S0 S S | BV =1 SR WV
ssban 50 P sl e Ik 5 5,8 g SRl
LS T Yo a0 Slas i oS15 Rl L gols s
o ol eSS st e b a (7 Jpae) 3L
3 sler e s W e el i glad s s
3 e sl 5 o lp S Sl D 3 5 See)
S8 e sl S s elS il sme
a8l S St 4 G b 5l ol S 5 e S
S eSS Ll (Rahbarian et al., 2011)

53 ol Bl Ll slass 550 58V O 4 Yo

S oS15 3 0555 el DI b o B sl (K3 sse Sl Sl amlie ¥ Jpir
Table 3. Simple effects of nitrogen and plant density on morphological traits of roselle

Treatment Plant height Stem diameter Number of branches Fruit length
(cm) (mm) (mm)
Nitrogen (kg. ha-1)
0 163.00 2 1555 b 1.45 © 20.22 @
100 165.98 @ 1855 2 235 D 20.28 2
200 171.99 @ 1791 @ 2.96 2011 8
300 180.78 18.01 & 342 2 20.28 @
Plant density (m2)
5 164.63 @ 19.79 @ 4302 20.72 @
6.7 170.56 2 18.02 P 303 P 20.22 2
10 173.26 @ 1718 © 1.83 © 2011 ®
20 173.30 2 15.04 ¢ 101 ¢ 19.83 P

(PSe/00) i S b sl sime M S5 0 gl ell 2 S e iy sl SlapeSile cJuls o sl 5 05 0 0
In each column and for each factor, same letter(s) shows non-significant difference (P>0.05)
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Figure 1. Comparison of the mean of nitrogen interactions and plant density on the number of branches main stem of
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Table 4. Analysis of variance of effect of variance effect of nitrogen and plant density on yield and yield components of

roselle
Source of variation df Number of fru’i\gJ r|cT)1ebreschScare Dry weight of - go01 gy vield Biological yield S€Pals harvest
fruits in a plant meter sepals in fruit index
Replication 2 13.714™ 1026.141 ™ 0.006 ™ 8752.74 ™ 7914283.14 ™ 0.307 ™
Nitrogen (A) 3 318.718 ™ 28945.047 ™ 0.021™ 882997.47 ™ 119761574.82" 5.821"
Erorr a 6 9.493 259.12 0.019 36430.92 14573925.1 0.682
Density plant (B) 3 173.837 ™ 46429.186 ™ 0.0001 " 70237252  717345602.9 0.554 ™
AxB 9 30.770 ™ 423951 ™ 0.013™ 34773.42™ 17921855.3 ™ 0.89 ™
Erorr b 24 6.241 228.59 0.01 17487.57 7159172.7 0.427
CV (%) 13.33 8.46 5.2 15.34 10.07 17.53

.JJL{@)‘Q@MJ:&)A/.O o) Cb-\d)))‘ﬁ&;m%;@n.sjﬁé

*** and ns are significant at 1 and 5% probability levels and non-significant, respectively
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Table 5. Comparison of mean yield traits and yield components of roselle sepals influenced by simple effects of
nitrogen and plant density

Dry weight of

Number of fruits  Number of fruits Sepals dry yield  Biological yield  Sepals harvest

Treatment in a plant per square meter sepalié? fruit (kg. ha-1) (kg. ha-1) index (%)

Nitrogen (kg. ha-1)

0 11.87 € 107.50 © 0.479 @ 512.56 ¢ 23359.22 € 227 b

100 18.80 ° 190.42 © 0.494 2 936.34 0 27606.07 2 3.40 @

200 20.06 P 197.17 b 0.474 2 929.46 P 24802.96 P¢ 3.88 @

300 24.26 @ 219.79 @ 0.489 @ 1070.34 & 30498.79 @ 3518
Plant density (m2)

20 13.50 © 260.33 @ 0.464 2 1216.73 @ 37612.96 2 3218

10 18.36 P 189.17 P 0481 @ 915.65 P 25718.71 P 353 @

6.7 2158 @ 150.00 © 0.480 2 725.00 © 22983.83 ¢ 3.30 @

5 21.53 2 11537 ¢ 0510 @ 591.32 d 19951.54 ¢ 3.02 2

P =Ze/00) 6,10 KaSS b s pme DDt oSGl 0 gasl bl 0 S e g sl gla o Sbe (Jole oo gl 5 O a0
In each column and for each factor, the meanings of the letters based on Duncan's test were not significantly different
(P>0.05).

Bcontrol E100 kg/ha E200kg/ha @300 kg/ha

4559 )3 2 gsa slaas

Number of fruits in plant

R e
Plant density (m?2)

5P Sl g 3 0y SNy G g o515 5 O35 58 i 51 5S0le aslie Y IS
Figure 2. Comparison of the means of interaction of nitrogen and plant density on the number of fruits per plant of

roselle
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Figure 3. Comparison of the means of interaction of nitrogen and plant density on the number of fruits (in square
meters) of roselle
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Fig 1. Study of the pollen tube penetration to the different parts of the style by florescent microscope.
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Table 1. Analysis of variance of the effect of Boron on primary and final fruit set in the Beigi and Shahroudi apricot

Cross.
Sources of variation Df Flower number Primary fruit set (%) Final fruit set (%)
Boron concentration 2 35/70** 500/09** 130/56**
Error 18 4/51 8/58 5/6
C.V. (%) 9/93 10/49 24/34
** show significant at the 1 % P value. sas . 0L 1ty S Jlaz| Tl 53l me ek
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Figure 3. The effect of different concentrations of the
Boron on the Final fruit set
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Figure 2. The effect of different concentrations of the
Boron on the primary fruit set
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Table 2. Analysis of variance of the effect of Boron on pollen germination on the stigma and tube penetration to
upper, middle and third part of the style and so beginning of the ovary.

Sources of Df pollen Beginning middle end Beginning of
variation germination (%) of the style of the style of the style ovary
Boron 2 - - . - e
Concentration 556/61 1818/84 1018/61 201/74 12/13
Error 81 52/15 44/1 8/3 1/56 0.41
C.V. (%) 12/52 17/86 21/3 21/18 23/51
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Figure 4. The effect of different concentrations of the Boron on the pollen germination percentage on the stigma.
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Figure 6. The effect of different concentrations of the
Boron on the tube penetration to middle part of the style
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Table 3. Pearson correlation coefficients among the studied characteristics.

betgrjgrslislgeof mid(ilt(;I(;f the end of the style beging\i/r;?yof the Primar();/of)ruit set Final(;:)t)ﬂt set
beginning of the style 0/53**
middle of the style 0/59** 0/65 **
end of the style 0/53** 0/52** 0/74**
beginning of the ovary 0/42** 0/43** 0/55** 0/75**
Primary fruit set 0/42** 0/46** 0/51** 0/61** 0/79**
Final fruit set (%) 0/41** 0/47** 0/51** 0/54** 0/63** 0/82**

** show significant at the 1 % P value
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Fig 9. The effect off different concentrations of the Boron on the penetration to beginning of the ovary
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Table 1. Some physical and chemical properties of soil (Sampling depth: 0-30 cm)

Texture H EC S P K N Organic matter
P (ds.m) (mg/Kg) (mg/Kg) (mg/Kg) (%) (%)
Clay-silt 7.97 2.18 13 8.56 235 0.05 0.07

5385 55,8 U Cov amS 81,5 5 K d s g0 Sli (Fp (Sl :K0ke) bl 4w s Y s
(e Pl g

Table 2. Analysis of variance (mean squared) the effect of different sulfur levels and Thiobacillus on some
morphological and agricultural characteristics of Sesamum indicum L.

SHOAY) df Capsule No. Seed No. 1(\)/82i-5ﬁfd Seed yield Bi?/';;?écal Harvest index  Plant height
Sulfur 2 651.06** 1820.23** 0.02** 35574** 87518** 12.17** 187.06**
Thiobacillus 1 184.65** 193.39** 0.02** 4544 8933** 1.66* 22.22
SxT 2 24.39* 27.06* 0.01 574.91* 975.72* 0.22 5.06
Replication 2 330.88 72.67 0.01 9070 4160 521 17.06
Error 10 5.16 5.13 0.01 104.72 155.86 0.09 11.19
CV (%) 4 4.49 0.90 412 3.36 5.12 7.93

** * Significant at the 1% and 5% probability levels, respectively.
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Fig 1. Interactive effects of sulfur and 7Thiobacillus on capsules per plant. Different letters indicate significant
differences at P < 0.05 by LSD.
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Fig 2. Interactive effects of sulfur and Thiobacillus on seeds per capsule. Different letters indicate significant
differences at P < 0.05 by LSD.
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Table 3. Comparison of the mean of main effects of different sulfur levels and Thiobacillus on some morphological
and agricultural characteristics of Sesamum indicum L.

1000-seed

Treatment Capsule No. Seed No. weight Seed yield  Biological yield Harvestindex  Plant height
Sulfur
So) 46.33° 33.17° 3.47° 654.33° 3651° 17.91¢ 93.51°
S 56.67° 50.33" 3.55? 731.67° 3780° 19.34 97.33
(S2) 67.17% 68* 3.58° 808.33* 38922 20.76* 104.54*
Thiobacillus
(To) 53.44° 47.22° 3.56° 715.57° 3753° 19.04° 99.57¢
(T 60* 53.78% 3.512 747.33% 37972 19.64° 97.33%
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Fig 3. Interactive effects of sulfur and 7hiobacillus on grain yield. Different letters indicate significant differences at P
<0.05 by LSD.
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Fig 4. Interactive effects of sulfur and Thiobacillus on biological yield. Different letters indicate significant differences
at P <0.05 by LSD.
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Table 4. Analysis of variance (mean squared) the effect of different sulfur levels and Thiobacillus on of some
physiological characteristics of Sesamum indicum L.

S.0v df Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
Sulfur 2 0.08** 0.11%* 0.36** 0.02**
Thiobacillus 1 0.02** 0.02** 0.08** 0.02**
SxT 2 0.01* 0.01* 0.01* 0.01
Replication 2 0.01* 0.01 0.01 0.01
Error 10 0.01* 0.01 0.01 0.01
CV (%) 1.58 3.35 2.07 1.26

** * Significant at the 1% and 5% probability levels, respectively.
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Fig S. Interactive effects of sulfur and Zhiobacillus on chlorophyll-a. Different letters indicate significant differences
at P <0.05 by LSD.
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Fig 6. Interactive effects of sulfur and Thiobacillus on chlorophyll-b. Different letters indicate significant differences
at P <0.05 by LSD.

AR



VA4 Ll g jles o o lack F 099 8L GLALS dadii ale do el

255 0L Jd 5,8 Olpee (I3 o s

Sudgiig s
S0 skl 52858 Jeol Jlas o Ol s
(F Jsd) il (p < 0.01) (syls pmn 36 A 555,08
Olmer i 45 ol e 03 Sl anglis L
b e 5 53 0SS Y jled 4 by e A8 5558
ool oS e S e AL (S) 6555 558
Gl 4Bl 2alS 545558 Jlude 0 58 G ne JialS
L (Sp) dals logi 4 by e b ol llin o S
il e (0 Jsdx) o D?,, Di&p YJAY
P ) cils (ol pme U A8 55008 (55w shenlips
4 (Ty) 80 mail Sl 53 4355508 o 22 .(0.01
sl 53 Ol s o S 5 0,5 2 S hen *IM Ol
Adedalin o S e S e /A0 ke 4 (Tp) dals

(0 i)
5555 36 Lhays > (Kumawat et al,. 2006)
ol 13 oLl ssse 1y by Lds IS gl
385 Gpan Sute 5l e 6 SOk G

By S g5s8 s JS s s b @ s s

JS Jadgls
23S 45 5l 0L ab o glaesls il ls 4 5
Sl ples 58U e (p £ 0.01) (ols pne 5k S
(Fdsiz) e 8 L3 (p < 0.05) ol 5 Lol
Yoo obed oS 5 51 S b AS Slde o 2
ohelisd L (Sy) 5 555 b ae SIS s 0 S5k
01 Sl (208 5 05 2 0,5 s YT Ol 4 (Tp)
Slesliul pls 5 (Sp) dal i (g ilod S 5 5
dob 05 e S e WA Ole 0 (To) sl o

v K as

38555 2,8 L5 5 5018 (W) Lals) 5 ok
e g Ll @ Jd IS Ol 1 b3 e S
sls olzi (Wang et al., 2003) s s S O ol
S o 5 GLadlUS ) il 4 e 5 558 5 eslanad
(Marschner, 1995) , L5 5 b .a_sa sy LS ;s
5 ki S5 skl hls LIS el ols S
5 83555 A Al e 3,555 S bl
OLals 5o ;5 jole il Sl (Rl paes

Ls.k.:-u.h‘j;& ijj.f)\ oaw‘wu{‘bm}.&y

Tp = Control

2.5 A

T chlorophyll {mg/g)

BT, = Inoculation

d d
1.5 ~
1 4
0.5 -
0 T
0

a
b b
c I I
100 300

Sulfur (Kg.ha1)

J‘é‘-;'\M o,w oAy ¢LL qu.‘.'.a J}f JS J:éj)fﬁg«_’l,ﬂl.g};}:;jf é_,fdkiudhjw j.ls.s.hﬁ;‘ VJ@
AL o LSD 05051 L 70 Jlel pelans 3

Fig 7. Interactive effects of sulfur and Thiobacillus on total chlorophyll. Different letters indicate significant
differences at P < 0.05 by LSD.
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Table 5. Comparison of the mean of main effects of different sulfur levels and Thiobacillus on some physiological
characteristics of Sesamum indicum L.

Treatment Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
Sulfur
(So) 1.19° 0.61° 1.81° 0.83°
(S1) 1.31° 0.73° 2.04° 0.86°
(S2) 1.43* 0.86° 2.29° 0.90°
Thiobacillus
(To) 1.28° 0.70° 1.98° 0.85°
(M) 1.35% 0.77° 2112 0.88°
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Table 1. Physicochemical properties of soil

Organic Total Nitrogen Potassium Phosphorus
Texture pH (dS/m) EC Carbon (%) %) (ppm) (ppm)
Loam 7.87 1.26 0.51 0.1 278.94 10.95
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Table 2. Analysis of variance of quantitative and qualitative traits of Cichorium intybus

Mean of squares

sov DF
Leaf No.  Fresh weight Dry weight Rootlength  Flavonoid Nitrogen ~ Phosphorous  Potassium
Repetition 2 2.7 14537.0° 30340.8™ 16.67" 1868.5™ 600.3"™ 2799.0™ 49.4"
Nitrogen . - - « - - - -
fertiliver 2 163.9 2097165.5™  134195.6 195.9 319592.3 166149.3 278752.8 184567.1
Error a 4 1.4 782.2 295.1 2.66 564 116.5 1278 208.1
Density 2 461.3™ 262141.3"  17660.3" 31.24" 35320.4™  18391.1%  31838.9™  16733.4"
(DxN) 4 16.7" 5040.7" 281.3™ 2.69™ 278.6™ 110.6™ 481.9™ 1314.6™
Error b 12 25 791.2 143.0 0.16 251.2 79.4 464.7 486.2
Biological 12 22.1" 53282.1"  2087.7" 462" 148439 59290  11676.1"  6025.3"
fertilizer
(Nx B) 4 0.5™ 2085.7" 263.7™ 0.29"™ 66.7M™ 13.2" 317.1™ 1195.3™
(BxD) 4 71" 3159.7" 36.6" 0.65" 66.5"™ 205.1™ 177.9™ 277.3™
(NxDxB) 8 0.6™ 5524.7 68.9" 0.32" 437.8"™ 194.4" 186.3™ 261.1"™
Error ¢ 36 0.37 4225 101.8 0.18 427.6 4327 203.4 536.6
CV (%) 3.66 1.63 3.09 2.79 10.47 8.67 14.12 6.02

Loy u<;jc\i JL:..“&-' da“):)\ék;'du w‘j 4{**}* s)\bk;l;u r.,\& :ns
ns, * and ** are non-significant and significant at 5 % and 1 % probability levels, respectively.
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Table 3. Mean comparison of effects of nitrogen fertilizer, density and bio fertilizer on quantitative and qualitative
traits of Cichorium intybus

Treatment Leaf No Fresh weight ~ Dry weight  Root length Flavonoid Nitrogen Phosphorous  Potassium
' (9/m2) (9/m2) (cm) (mg/g DW) (g/kg) (9/kg) (9/kg)
Nitrogen Fertilizer

N1 14.38 ¢ 914.6° 236.8° 12.2°¢ 0.86° 16.12°¢ 1.45°¢ 8.42°¢
N2 17.14° 1268.3° 330.9° 15.19° 2.02° 24.03° 253" 15.84°
N3 19.29° 1597.12 409.2° 18.79 2 3.042 31.81° 3.48% 249.32
D1 21.41° 1133.8°¢ 294.9°¢ 14.19°¢ 2.35% 26.692 2.83° 19.042
D2 16.14° 1271.9° 324.4° 15.19° 1940 23.78° 2.48" 16.04°
D3 13.26° 1374.32 357.62 16.18 2 1.63° 21.48° 2.14¢ 11°14
B1 15.99°¢ 1209.0°¢ 315.1°¢ 14.86 ¢ 1.83° 22.27° 2.36° 15.35"
B2 17.04° 1253.8° 325.3° 15.43° 2.24° 24.85° 2722 18.11°
B3 17.79° 1317.3¢ 336.6° 15.87¢ 1.84° 24.84° 2.36"° 15.73°

0 Jlaz=| C\a..ﬂ)zjl;d;u ol wsb (ST L;lu\:.);gayﬂmblﬁaw S e G ghils S Lla Sle Oz a0 (ole ol
Mbd Loy
For each factor, means followed by similar letters in each column are not significantly different at 5% level (Duncan’s
multiple range test).
B3)BZ Bl c@fﬂ)éﬁﬁ\VJq & VS‘J: ;,??JSMDs‘;DZ D1 fbjjjl:;)tgﬂja p_fjlcf\u )O'c'g_éng_ﬂ.;j‘uNngz N1
LSl 5 5Nk b mdls s 38 il pde SIS

N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants.m-2,
respectively; B1, B2 and B3, without biofertilizers, inoculation with Mycorrhiza and inoculation with Azotobacter,

respectively
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Figurel- Leaf changes in interaction of a) density and bio fertilizer b) density and nitrogen fertilizer
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N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants. m~2,

respectively; B1, B2 and B3, without inoculation of biofertilizers, inoculation with Mycorrhiza, and inoculation with
Azotobacter, respectively.
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Figure2. Root length in interaction of a) density and bio fertilizer b) density and nitrogen fertilizer
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N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants. m-2,

respectively; B1, B2 and B3, without inoculation of biofertilizers, inoculation with Mycorrhiza and inoculation with
Azotobacter, respectively.
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Table 4. Mean comparison of interaction effects of nitrogen fertilizer, density and bio fertilizer on fresh weight of

Cichorium intybus
D1 D2 D3
B1 B2 B3 B1 B2 B3 B1 B2 B3
N1 688.5' 713.3! 9335k 940.8* 950.8* 947.5% 978.5k 103400 1044.71
N2 1104.2° 1120.8F 1213.3" 1253.5"  1307.29  1326.09 134559 134639  1397.8F
N3 140007 15148°  1507.2° 1515.2¢ 156509  1637.7°¢ 16425¢  1731.8°  1847.82

sl o A 53 0 Szl a3 s ine sl BB STl (glasals dir a3l il editen S e G sl o e SSLe
Means followed by similar letters are not significantly different at 5% level (Duncan’s multiple range test).
B3}BZ B1 ‘Gf):»)sdy_ﬂ‘ }‘\ i VS‘J; ;,\.;:JSMD3_3D2 D1 ébjjﬁ)tﬁ)b(:ﬁj&\s\“ )O'c'u_ﬁng_,.:?jduNS‘gNz N1
AUl 5 500k mdl (a3 35S el pde S
N1, N2 and N3 were respectively 0, 50 and 100 kg. ha* nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12

plants.m-2, respectively; B1, B2 and B3, respectively, without inoculation of biofertilizers, inoculation with Mycorrhiza and
inoculation with Azotobacter.
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Table 1. Some chemical and physical properties of the soil used in the experiment

Soil texture (%) Organic material

PH

salinity(ds/m) F.Cg/kg

Clay-loam 1.56

7.28

2.07 214
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Table 2-Analysis of variance of the effect of irrigation treatment zinc nanoparticles and zinc-sulfate on morphological
traits of petunia plant.

flower Flower Chlorophy Stomatal Root dry . Aerial
Treatment DF Dimeter NO. Leaf NO. Il index conductan weight Sugar Prolin part_s dry
ce weight
Irrigation(@) 1 409% 416 508™  281%*  193%*  412*  4406* 0.133*  288**
Error(a) 1 45.4 14.5 50.6 37.7 31.2 14.44 149.1 0.822 38.11
Zinc Nanoparticle (b) 3 218*  585*  2381**  51**  0/758ns  52** 82.57*  0.40*  76.87*
Error(b) 3 5.16 351 8.59 48 0.69 3.88 6.48 0.107 5.18
Zinc sulfate (c) 3 17ns 440*  79.1% 17ns 256ns  579*  1.88ns  0.015* 2.81ns
axb 3 3.40™  195*  116.7*  36™  0.785ns  239*  66.4*  0.018* 4245™
axc 3 10ns 6.17ns  37.2*  11.6nhs  3.11ns 0/591ns 3.37ns  0.001hs  9.06**
bxc 9 12ns  1384ns  343*  11ns 1.65ns  3.56Ns 50*  0.004ns  4.18*
axbxc 9 294ns  891ns  167*  57ns 297*  407ns 23ns  0.004ns  502**
Total error 96 7.06 5.62 10.1 6.9 1.19 2.10 20.8 0.56 1.24
(A oAY 3.51 18.36 8.2 12.5 10.57 14.9 19.3 25.26 15.65

ns, (*) and (**) non-significant and significant at p p<0.05 and p<0.01, respectively
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Table 3- Main effects of irrigation treatments and different concentration of nanoparticles and zinc-sulfate on some
morphological and physiological petunia plants.

flower .
Chlorophyll Stomatal @ )x 55 . dr
Dimeter Flower  Leaf in dg(y conductance gy w:; )ht ( Sulgifw) Prolin weight
mi
Treatment mm) NO. (SPAD)  (mol.m.-2s-1) o ght ((mg/g (Hmol/gFw) ©
Stressed ~ 73.7° 19.8°  36.8° 19.5° 9.1° 9.1° 29.5° +/29° 28.7°
Irrigation Non
° 77.32 19.5°  40.8° 22.52 11.5° 10.32 17.7° +/ 23" 47.6°
stressed
0 69.3° 17.9¢ 347" 19.3° 10.32 9.2° 21.26° o 21° 25
5 71.9®  19.8® 4042 22.2° 1052 9.92 23.9?2 +/29% 422
Zinc
nanoparticle 25 732 21.3% 39.8° 21.6° 10.4¢ 9.62 24,752 +/ 292 42.5%
50 71° 19.6°  40.4° 212 10.12 10.22 2452 ./ 25% 4182
0 70° 19.9° 38.8° 21.9? 10° 9.2° 23.92 /26 362
5 722 19.78 4009 21.3%® 10.4%® 9.9% 23.752 ./ 25° 38.62
Zinc sulfate
25 71.5® 19.78  37.1° 20.1° 10.4%® 9.6/® 2342 /292 3952
50 71.8 19.2%  385% 20.8%® 10.72 10.22 26.32 ./ 240 37.12
ns, (*) and (**) non-significant and significant at p<0.05 and p<0.01, respectively
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Table 4- Interactive effect of zinc nanoparticles and zinc sulfate on studied traits in petunia plant under drought stress
condition.
flower Dimeter Root dry Sugar Prolin Aerial parts
SPAD
Treatment (mm) Flower NO. Leaf NO. ( ) weight (g) (MG/GFW)  (UmOlgFW ) dry weight (g)
NoSo 68.7° 20.02% 34.7° 32.12 6.8° 26.8" 0724 232
NoSs 71%® 212 36.2%* 35.6% 8.4bcde 31.3® 0/22° 242
NoSgs 73® 19.7a 35.5%® 34.52 8.4bcde 28.1b° 0/24 31.4°
NoSso 73.2% 20.2¢ 35.5% 36.6% 10.3%® 30.4%¢ 0/26" 40?
NsSo 74.34% 21.7° 37.5% 38.7% 8.4bcde 27.8 0/26" 22.4°
NsSs 73.47%® 17.78 35.7% 37.42 10.8° 28.1% 0/35%¢ 45.7°
NsSzs 76.442 19.72 36.2% 38.5° 7.7d¢ 31.8® 0/37% 26.7°
NsSso 75.3¢ 192 37.2® 36.6° 8.9%° 26.7" 0/26" 27.7°
N2sSo 73.7% 205% 37.2% 34.3% 10.1% 33.8% 0/42 37?
N2sSs 75.3° 19.5% 38.7° 36.9° gede 31.6%® 0/29%¢ 218
N25S2s 74® 20.2¢ 34.7%® 38.6° 9.5 26.8" 0/36% 252
N25Ss0 75.9 19.7¢ 37® 38.5% 8.6bede 29.8%¢ 0/36% 26.5°
NsoSo 75% 212 37.5% 39.7° 8.30cde 36.8° 0/28%¢ 212
NsoSs 73.2% 222 38.7% 37.1° 9.8%° 30.9%° 0/28%¢ 37°
NsoS25 72% 18% 38% 38 11° 26.4% 0/35%¢ 342
NsoSso 7452 16.2¢° 37 36° 10.8%¢ 23.7° 0/2¢ 23

*N and S in table represent zinc nano-particle and zinc sulfate respectively, and figures beside them represent their
concentrations.
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Table 5. Interactive effect of zinc nanoparticles and zinc sulfate on studied traits in petunia plants under normal

conditions.
flower (mm) chlorophyl Sugar Proline  pry weight
Treatments Dimeter Flower NO. Leaf NO. (SPAD) Root D.W (g) (Mg/gFW))  (umol/gFW ) ©
NoS, 69.7¢ 15.7¢ 329 3550 6.8P 11.8b 0.16° 2¢
NySs 71749 16.5P¢ 34.2 €f 36.6° 84D 115P 0.17b 21.4¢
NpSys 74.6°¢ 16°¢ 33219 36.6° g.4b 143 0.24% 25 be
NS, 71.2d 18.2 bc 36 defo 35.1 cde 10.3° 156 0.17° 21.6¢
NS, 8052 2180 47 bed 39.32bc 8.4 1573 0.233 49bc
N5S, 79.78 18.78bc 4573 40.23b¢ 1082 18.42b 0272 54abc
N5S,s 79.9% 18.7 3bc 44 3bc 39.9 @-d 7.78 21,958 032 7742
NSy, 78.28b 17.78bc 45.53b¢ 4072 9.98 20.32 0.202 68.92
N,sS, 79.4% 17.g abc 44.52bC 40.4 @ 102 2118 0.24% 60.8%
N,5Ss 79.12 18.21 8b¢ 4852 40.72 ga 17,92 0.222 67.22
N,5S,5 78.4% 2328 35.7 defg 38.627d 952 1573 0273 642
N,5Ss, 77.2b 19.53bc¢ 40.2 bede 39.52°¢ 862 212 0162 55 abe
NS, 79.28 122¢ 40.22bc 38,627 8.3 173 0.2430 68.42
N5Ss 78.42 17.78bC 492 39.8 a-d 9.8 192 0.232 51.48bC
NS5 78.92 17.5ab¢ 3g odef 3g.92-d 112 208 0.262 49abc
NsoSso 79.28b 19.2 abc 39 cdef 3ga~d 10.82 19 0.23% g2 b

*N and S in table represent zinc nanoparticle and zinc sulfate respectively, and figures beside them represent their
concentrations.
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Table 1. Physicochemical characteristics of soil used in this experiment

Sand% Silt% Clay% TEXT.S Organic carbon (%) pH EC(mS) TNV%
49 34 17 Loam 3.256 7.56 1.36 345
b3l 3590 s S 53 3z g0 e pols - Jpux
Table 2. Nutritional elements of soil used in this experiment
Total nitrogen Phosphorus Potassium Magnesium Iron Manganese Zinc Copper
(%) (mg kg-1) (mg.kg-1) (mg kg-1) (mg kg-1) (mg kg-1) (mg.kg-1) (mg kg-1)
0.32 63 595 440 3.26 6.28 4.42 1.2
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Table 3. Variance analysis of the effect of silicon and methyl jasmonate on morphological traits purslane

Mean Square

o df
Source of Variation . . . .
leaf length  leaf width ~ Stem length length Root Fresh weight Fresh weight - Dry weight  Dry weight
of stem of leaves of stem of stem
Methyl jasmonate 2 0.5 0.8" 17.6™ 45" 1.3 0.003" 0.01™ 0.2"
Silicon 4 1.64™ 0.4™ 7.4 3.4™ 2.2" 0.01™ 0.006™ 0.3™
# Methyl jasmonate " o~ . - o o -
- 1.07 0.1 20.9 22.4 6.6 0.01 0.006 0.5
Silicon
Block 2 0.01™ 0.02" 0.2 0.34" 0.04" 0.007" 0.01™ 0.05"™
Error 28 0.17 0.03 15 0.72 0.27 0.001 0.007 0.03
CV% 8.44 8.3 5 17.6 18.1 12.7 14 10.1

ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively.

G5 S5 Ps 50 Do p S gamlr Jito 5 p smmebens 51 5S0le dlis - It

Table 4. Mean comparison of silicon and methyl jasmonate on morphological traits of purslane

Treatments leaf length . leaf Stem length - Rootlength wgirg;?r of ngrgef?th of DL)? ggin%ht Do?/ I\é\;e\jgsh t
em _ wdiem CM  sem@@)  leaves@@ (@ (@)ns
SoMg 4.9 1.9f¢ 24.4 3.9¢de 2.20ef 0.20% g.7cde 25.6
SaiMo 5.2b¢ 2.1¢ 23.10¢f 3.6¢0 2.7 0.25bcd 8.2¢d 32.02
Ss2Mo 4.9 2. 200ef 27.6% 10.0? 2.5% 0.302c 9.6bcd 9.42
StMo 5.1k 2.0 26.3% 4,5bcd 2.0%f 0250 12.0° 7.8
Sr2Mo 5.3° 2.20¢f 27.0% 5.00¢ 3.5% 0.332 8.6 8.1°
SoMys 5.00¢ 2.4% 25.3bcd 6.1° 2.4% 0.322% 19.82 6.6%
Ss1M7s 3.9¢ 1.79 21.1° 6.0 1.5° 0.16¢ 8.6¢d 6.82
Ss2My7s 4.5bcd 2.20¢f 24.3% 2.9¢ 2.4%f 0.31% 8.4% 7.7%
SrtMy7s 6.0% 2.6%¢ 26.50¢ 3.7¢¢e 5.52 0.36% 8.0%d 12.12
Sr2Mys 4.4% 2.0 21.5 4,70 2.10ef 0.24 10.55 8.5%
SoMiso 6.1° 3.0 26.8% 4,8bcd 5.6 0.35% 9.60 8.3
Ss1Miso 4.0 2.1¢f 26.1° 2.8°f 2.30ef 0.20% 10. 6P 5.42
SsoMiso 5.00¢ 2.5bcd 23.8% 2.0f 2.7% 0.322% 9.0« 7.12
SrMasg 5.1k 2.8% 22.0°f 8.8? 1.4 0.24¢ 6.4° 2.28
Sr2Miso 5.3° 2.4%0e 29.02 3.20ef 3.9° 0.36% 11.0% 6.7°

Numbers followed by the same letter are not significantly differentns (P<0.01).
033 b 0355 a3 M5 5 g A SRl o Syl e 4SSl o 305 DL il (ioen
035 ¢S Jsb MrsSt (5les oS 5 53 4Gk ol p e ol e3lital oS HlRe 4 b el exlanal
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Table 5. Variance analysis of silicon and methyl jasmonate on photosynthetic parameters of purslane

Mean Square

- df i Photosynthetic Photosynthetic Photosyntheti
Source of Variation Relative Transpiration Stomat'al' C02 - active active radiation ¢ active
water conductivity assimilatio TR - S
capacit rate (E) GH2 n (A) radiation in  in buttonnm of  radiation in
pactty top of the leaf the leaf atmosphere
Methyl jasmonate 2 3.2 1.7 3943" 3.5™ 57778 233.77 96057
Silicon 4 7.2" 11.4™ 12503™ 545 15614™ 451" 124776™
Silicon Methyl jasmonate 8 3.9 5.08™ 9428™ 39.5™ 71553™ 53.1" 93334
Block 2 1.1m 0.7 231.6"™ 0.09" 621.8" 5.03" 1056.1™
Error 28 11 1.7 954 1.9 3250 9.8 2256
CV% 2.09 28.4 21.8 9.5 11.9 9.9 8.9

ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively.

63 oS (5 g5 Sl falsl 5 U gamsler e 5 p grecbes S A lis £ J g
Table 6. Mean comparison of silicon and methyl jasmonate on photosynthetic parameters of purslane

Treatments R\?Vlgtt;\r/e assimicl:giin (A) Transpi(ré;ion rate coitg:(]:?it\a/lilty aci!ll()ef(?:)é?;?igtr:ﬁn aci:g?:)c;?:igtr:cin ;cqio\:gsl};ztig‘teitcl)z

capacity (%) (umol m-2 s-1) (mmol m-2 s-1) (GH20) top of the leaf  buttonnm of the leaf in atmosphere

(mmol m-2s-1)  (umol m-2 s-1) (umol m-2 s-1) (umol m-2 s-1)
SoMo 50.1%%¢ 13.9¢de 3.50 104° 508" 26.6 595
SaMo 50.23¢ 12.4¢f 4,13 200? 8712 26.6 141°
SeoMg 47.4¢ 16.3% 3.2¢ 75% 453bcde 32.3cdf 646%°
SuMo 50.6%¢ 11.3°% 4.38%c 174® 398 28.3¢f 248°
SupMo 51.7% 16.3% 6.2% 206° 4740 22.0¢8 5850«
SoM7s 50.5%¢ 17.6° 5.0%° 2042 484> 36.8%¢ 573
SaMzs 51.6% 21.0° 5.0%° 204% 378% 37.5% 6182
SoMys 51.6% 15,20 3,50 77¢ 447 bcde 30.9¢df 6352
SuMyzs 49.8™ 9.9% 3.2¢ 89« 551° 29.0°f 671
SpMys 51.0%¢ 7.79 6.5 1972 531° 36.0%° 507¢
SoMiso 50.3%¢ 12.0°f 1.4¢ 38 507 41.3% 5810«
SaMiso 52.0° 20.0° 5,28 123« 348¢f 30.0%f 6162
SsoMiso 49.4° 15,20 5.5 165 508 35,30 689°
SnMiso 49,0« 12.7% 5.9% 131%® 464> 30.0¢%f 163
S;Mis0 51.9® 14,9« 6.3 167 255° 33.4bcde 6592

Numbers followed by the same letter are not significantly differentns (P<0.01).
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Table 7. Variance analysis of silicon and methyl jasmonate on biochemical traits of purslane

Mean Square

df Source of
Carotenoids Total chlorophyll Chlorophyll b Chlorophyll a SPAD Variation
67149.5™ 188.4™ 9.9 132.0™ 2.9 2 Methyl jasmonate
254788.9™ 2,57 7.1 22.6™ 7.7 4 Silicon
155525.7" 68.3" 14.87 3517 17.97 8 * Methyl jasmonate Silicon
11280.5™ 9.2 2.2™ 1.8™ 0.18™ 2 Block
22243 5.05 1.8 5.03 0.2 28 Error
17.2 15.05 29.9 18.8 1.2 CV%

ns, * and ** indicate statistical non-significant, significance at 5% and 1% level of confidence, respectively.
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Table 8. Mean comparison of silicon and methyl jasmonate on phytochemical traits of purslane

A e e
757 odef 15.80%f 4,0cdef 17, 70def 38 SoMp
696" 12.8f9 3.1°f 9.6 38¢ SaMo
14022 11.19 2.6 8.4 35l SeoMg
9170« 21.1% 6.1 14, 78bcd 38« SuMo
487" 11.3¢ 2.2f 9.5¢f0 39P SpMy
1067° 22.6° 4, 7cdef 17.7% 36" SoMys
548f 10.3¢ 4.8ct 7.29 37¢f SqM7s
9570« 16.5%f 7.9% 11.50%f 370ef SoMys
579¢f 13.9¢f0 7.9% 5.8¢ 34 SuMys
8540 16.49%f 4, 3edef 11.9cdef 37cde SppMys
1030 19.7bxd 3.2¢f 16.3% 36 SoMis50
7269%f 27.8% 9.28 18.4% 370ef SaMiso
9170w 17.100 3.4¢f 13.5bcde 35hi SsoMiso
1056° 19.4b< 3.5%f 15.82¢ 422 SyMiso
939bdd 22.0° 6.0°cd 15.82b° 34 SizMis0

Numbers followed by the same letter are not significantly differentns (P<0.01).

N
N
o

Silicon concentration (mg/kg)
N
o

7

SO Ssl Ss2 Sfl Sf2

MO ®M75 B M150

SN (51,13 S e By by O gi) 05 olE Sy p s Olon 1 Sl golr fin 5 p g Blie 1Y JS2

(Al el dp s S ck..« 23 Sl s
Figure 1. Interaction effect of Si and MJ treatments on the leaf silicon concentration of purslane. Different lowercase
Jletters represent significant differences between treatments (P<0.01).
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Abstract

Introduction: Common purslane is one of the valuable medicinal plants for its abundant effective
substances (Stephan et al., 1994). Since the use of silicon as a beneficial element (Ma et al., 2000) and
methyl jasmonate as an elicitor (Creelman and Mullet, 1997) can increase some of the most desirable
traits of medicinal herbs, in this study, the effect of simultaneous treatment of methyl jasmonate and
silicone onddifferent growth characteristics and photosynthetic parameters of common purslane has been
investigated.

Material and methods: This research carried out in a factorial format based on complete block
randomized design with two factors and three replications in greenhouse conditions. The first factor was
methyl jasmonate spray at three levels (Mg: control, Mss: 75 um, Mis: 150 um) and the second factor
was silicon in five levels (Sy: control, Sg: fertigation of 1 pm, Sg,: fertigation of 2 mM, Sg;: spray of 1
mM, Ss,: spray of 2 mM) in one step, when the plants had six developed true leave. Morphological traits
including stem fresh weight (g), leaf fresh weight (g), length and width of leaf (cm) stem length (cm) and
root length (cm), and photosynthetic parameters including leaf relative humidity (rh), transpiration rate
(E), stomatal conductance (GH,O), carbon dioxide absorption rate (A), photosynthetic active radiation

in top surface of the leaf (PARtop), photosynthetic active radiation in bottom surface of the leaf
(PARbot), Ambient photosynthetic active radiation (PARamb) and photosynthetic pigments including
chlorophyll a, b, total chlorophyll and carotenoids. Data analysis was performed using SAS software and
comparison of meanings by Duncan's multiple range test at 1 and 5 percent probability level.

Results and discussion: The results showed that MySs,, MSt, M150Se and M150Ss, treatments had the
highest stem length with no significant difference among each other (Table 2). The fresh weight of the
stem was significantly higher in MsSy; and Mis50S, compared to the control and all other treatments
(Table 2). MysS,; treatment showed the least fresh weight of leaf, however, it was not significantly
different with MySy and My5,Ss; treatments (Table 2). Transpiration rate (E) was significantly higher in
treatments using 2 mM silicium fertilizer (MoSs,, M75St, and M150Ss,) than control (Table 4). The lowest
stomatal conductance (GH,O ), was seen in My5,S, treatment which was significantly less than control

(Table 4). The highest chlorophyll a was observed in Mi5Ss; treatment which had no significant
difference with M75S, and M50S,, and all three treatments were superior to control (Table 6). The
highest amount of chlorophyll b was observed in the treatment of Mj5,Ss; which showed significant
difference with MssSs, and M;sSy; (Table 6). In terms of total chlorophyll content, Mi5Ss; was
significantly higher and the highest amount of carotenoids was observed in MySs, (Table 6).

Conclusions: As a whole, My5,Ss; treatment has been shown to improve on yield and photosynthetic
traits in common purslane and it is a suitable treatment for spraying on this plant.

Keywords: carbon dioxide, carotenoid, chlorophyll, transpiration rate.
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Abstract

Introduction: Drought stress is one of the major abiotic stresses which adversely affect crop productivity
and plant growth. A good nutritional status of the plant could alleviate the adverse effects of drought
stress. Zinc dificiency is one one the most predominant mineral dificiency especially in dry and semi-dry
regions. Zinc has a critical role in protein metabolism, gene experssion, cell-wall integrity, other micro-
nutrient content and carbon metabolism.

Hybrid Petunias are garden standbys developed from several South American Petunia species. These sun
and heat-loving annuals or tender perennials were among the first ornamentals to be bred for the bedding
plant market in the 1950s. Petunia is cultivated in flower beds and pots and requires full sunlight to
produce plants and flowers with bright attractive colors. Petunias are as easy to grow as they are pretty.
They require ample sun and grow best in rich soil with good drainage. They bloom best with regular
fertilization and will continue to flower all seasons

Material and methods: seedlings grown on medla containing 70: 30 garden soil: sand were spraed with
diefferent concentrations (0, 5, 25 and 50 MgL™) of Nanoparticles and zinc- sulfate. Spraying repeated in
two weeks interval on plants after drought stress implementation (50 and 100 percent of field capacity).
Morphological and physiological traits were evaluated during the growing period and after final harvest.

Results and discussion: results showed that drought stress affected all of the studied traits significantly.
Spraying with zinc nanoparticle had significant and positive effects on all morphological and
physiological trait except stomatal conductance. Spraying with zinc-sulfate enhanced plant growth,
proline accumulation, flower and leaf number. In case of flower number, no significant difference were
observed among treatments under drought strss condition, while, under normal condition, plants treated
with 25 mg/l of each compound produced 7 more flowers than control.

Conclusions: spraying with zinc nanoparticles was more effective than zinc- sulfate on alleviation of
drought stress and consequently on growth and flowering of petunia plants.

Keywords: chlorophyll content, flower diameter, flower number, plant height, foliar spraying.
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Abstract

Introduction: Medicinal plants have been one of the main natural resources of Iran from ancient times.
Nutritional management has a significant impact on the quantity and quality of plants. The fastest way to
supply nutrients for plant is the use of mineral fertilizers. In spite of significant and positive effect of
chemical fertilizer on crops production, excessive use of them can reduce crop yield due to loss of soil
biological activity, loss of soil physical properties, soil acidification, and soil nutrient imbalance. In
addition, the use of chemical fertilizers can cause environmental pollutions. The use of organic manures
as alternative sources of chemical fertilizer increased the yield of many plants and reduced the adverse
effect of chemical fertilizers. Organic fertilizers also increased soil moisture, reduced soil pH and
increased the electrical conductivity and the ability of absorbing soil nutrients. Therefore to study the
effects of biological and chemical fertilizers on quantitative and qualitative yield of Cichorium intybus in
different densities, this experiment was conducted.

Material and methods: This experiment was conducted as split split plots in a randomized complete
block design with three replications. The treatments comprised of nitrogen at three levels (0, 50, 100
kg/ha) as the main plot, density at three levels (6, 9 and 12 plants/ m?) as sub plot and bio-fertilizer in
three levels (non- inoculation, inoculation with Mycorrhiza and inoculation with Azotobacter) as sub-sub
plot. Several quantitative and qualitative traits were measured including leaf number, root length, fresh
and dry weight, flavonoid content, nitrogen, phosphorous and potassium.

Results and discussion: Analysis of variance showed the significant effects of treatments on leaves,
fresh and dry weight, root length and the amount of plant flavonoids, nitrogen, phosphorus and
potassium. Nitrogen consumption based on 100% fertilizer recommendations increased all traits, while
the effects of density and bio-fertilizer were different on quantitative and qualitative traits. Seed
inoculated with mycorrhiza showed a better result for flavonoid, phosphorus and potassium than seed
inoculated with Azotobacter. Among the two-way interaction effects, the density x bio fertilizer and
density x the nitrogen fertilizer were significant for plant leaf number and root length. Mean comparison
of density x bio fertilizer showed that the highest number of leaves per plant was obtained at density of 6
plant/ m? and Azotobacter inoculation and the highest root length was observed at density of 12
plant/ m2 and Azotobacter inoculation. Mean comparison of density x the nitrogen fertilizer showed that
the highest leaf number was observed at density of 6 plant. m=2and 100 kg ha~ nitrogen fertilizer and

the highest root length was obtained at density of 12 plant m—2and 100 kg ha! nitrogen fertilizer. The
interaction effect of nitrogen fertilizer, density and bio-fertilizer was significant only for fresh weight.
The maximum value of fresh weight (1848.8 g/ m?2) is related to the application of 100 kg/ha nitrogen
fertilizer, the density of 12 plants/m2 and using Azotobacter. These conditions increased fresh weight
t0168 percent than conditions of lack of nitrogen and bio-fertilizers under the density of 6 plants/ m?
(with 688.5 g/ m?2 fresh weight).

Conclusions: The results showed that the application of biological fertilizer had a significant effect on
improving quantitative and qualitative yield of Cichorium intybus. Furthermore, the combined application
of biological fertilizer and chemical fertilizer (based on 100% fertilizer recommendations) in the density
of 12 plant/ m? significantly increased root length and weight of the plant. Therefore, biological
fertilizers through the improvement of soil structure, and along with chemical fertilizers, increase greatly
the quantitative and qualitative yield of plants.

Keywords: Azotobacter, Macro elements, Mycorrhiza, Nitrogen, Root and plant weight.
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Abstract

Introduction: Sesame is an annual plant with a history of 5,000 years, apparently the oldest oilseed in the
world. Due to the climatic conditions and characteristics of Iranian soils, it is very important to pay
attention to the consumption of sulfur in agricultural lands. Lack of sulfur fertilizer consumption (such as
simple superphosphate) containing in the last few years, consistent and intense cultivation of agricultural
lands, the existence of sodic and saline-sodic soils, abundance and affordability of sulfur are the most
important reasons for paying attention to sulfur consumption in Iran. The importance of this element in
oilseed plants is more important. Sulfur must first be converted to sulfate ions to be absorbed by plants,
which is caused by microorganisms such as chemoaulytotrophs, which use elemental sulfur as a source of
energy. The most important of these microorganisms are Thiobacillus bacteria (Zhi-Hui et al., 2010). The
realization of this depends on the existence of a significant population of Thiobacillus.

Material and methods: This study was conducted as complete randomized blocks design for factorial
experiment with 3 replications on a farm in Karaj city (Alborz province) in the 2017-2018 agronomic

year. In this experiment, sulfur fertilizer was used at three levels (including control level (S;), 100
Kg.ha-1 (S;) and 300 Kg.ha-1 (S,)); Thiobacillus bacteria was used at two levels (including no

inoculation ( T, ) and inoculation with bacteria ( T, )). Then plant height, yield and yield components and

harvest index were calculated. To determine the content of chlorophyll and carotenoids before the end of
the growing season, sampling of plant leaves was performed. Analysis of variance and mean comparisons
of data (at a 5% probability level based on LSD test) were performed using SAS software (Ver. 9.4). MS
Excel was also used to plot the diagrams.

Results and discussion: The results showed that all the studied traits were significantly affected by the
main effect of sulfur fertilizer and except for the plant height, all the studied traits were affected by the
main effect of Thiobacillus. So that the highest amount of all the tested properties of sulfur fertilizer was
300 Kg.ha-1 in sesame. The use of Thiobacillus bacteria also significantly increased all the studied
characteristics in sesame plants except plant height. The interaction of sulfur fertilizer and Thiobacillus
bacterium also had significant effects on the number of capsules per plant, the number of seeds per
capsule, grain yield, biological yield, chlorophyll a, chlorophyll b and total chlorophy!ll.

Conclusions: Due to the high level of lime in the soils of our country and the cheapness of sulfur
resources in Iran, to reduce soil pH use sulfur fertilizer and to facilitate access to sulfur resources,
increase oxidation of this fertilizer and increase the activity of beneficial soil microorganisms using
bacteria Thiobacillus is recommended.

Keywords: Sesame, sulfur, Thiobacillus, yield, yield component, chlorophyll, carotenoid.
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Abstract

Introduction: The amount of nutrients in fruit trees and their proper nutrition is one of the most
important determinants of yield. Among the micronutrients, due to the effective role of boron in
germination and growth of pollen tube, it has an important role in pollination, fertilization and finally fruit
set (Sharafi, 2019).

Usually, the concentration of Boron (B) in plants is comparatively higher in flower, anthers, ovary and
stigma as compared to vegetative parts which suggests a particular biological role of B in the reproductive
phases of plants (Agens et al., 1997; Alva et al., 2015). The B necessity for normal pollen germination
and tube growth has been well known in fruit trees (Yang et al., 1999).

Material and methods: In this study, the effects of Boron foliar application at three concentrations of 0,
1000 and 2000 mg / | on flower buds of two cultivars of Beigi and Shahroodi apricots were investigated.
After foliar application two weeks before flowering, the effect of foliar application on germination
percentage, pollen tube growth, primary and final fruit set were evaluated.

Results and discussion: The results were showed that 2000 mg / L Boron had the most effect on the rate
of initial and final fruit set. The percentage of initial and final fruit set was 1000 mg / | Boron. The results
also showed that the effect of Boron on germination percentage at stigma level and penetration rate of
pollen tubes at the beginning of pistil, middle style and ovarian inlet was significant at 1% probability
level. The germination percentage with 1000 mg / L Boron with 61.82% germination and the lowest
germination with 57.91% was related to control. Also, 1000 mg / | sulfate increased the penetration of
pollen tubes into the beginning and middle parts of the styles and so ovary.

Conclusions: Overall foliar application of Boron increased the primary and final fruit set, and so
increased germination and penetration of pollen tube to the ovary in apricot cultivars.

Keywords: Apricot, Boron, germination, pollen tube, fruit set.
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Abstract

Introduction: Roselle is the English name for Hibiscus sabdariffa L. that is an annual or perennial
medicinal plant. Roselle is specific to the warm and indigenous climate of Africa (Rahbarian et al., 2011).
Roselle is one of the most important crop plants due to its medicinal properties and use in local and
industrial foods (Sanoussi et al., 2011) in some countries. Also, its leaves as edible vegetable and its seeds
have been used as enhancers and a rich source of protein (Maksoud and Hosni, 1997). Sepal is the most
important part of the plant that can be green, red or dark red and in traditional medicine use to treat
hypertension, liver lesions, cancer, fever, and inflammatory diseases. Nutrients, including nitrogen, have
effects on vegetative and reproductive growth and economical yield of medicinal plants. Moreover,
nitrogen affect on quantity and quality of its ingredients. Plants' need for this nutrient varies according to
plant type, climatic and field conditions, including plant density per unit area. Proper plant density is one
of the most important factors affecting the growth and production of medicinal plants and is an effective
factor in achieving optimum yield through maximum use of light and other resources (Omidbeigi and
Hasani Malayeri, 2007).

Material and methods: The experiment was carried out in a farm located 6 km east of Iranshahr near
Iranshahr-Abtar road with 60 degrees 45 minutes east longitude and 27 degrees 13 minutes north latitude
with a height of 580 meters above sea level in 2014. This research was conducted as split-plot experiment
on the basis of a randomized complete block design with three replications. In this research nitrogen set
as main factor with four levels (0, 100, 200 and 300 kg N ha-1) and plant density set as sub factor with
four levels (5, 6.7, 10 and 20 plants per m2). The studied traits were plant height, number of branch per
main stem, stem diameter, fruit length, number of fruit per plant, number of fruits per m2, dry weight of
sepal in fruit, dry yield of sepal, biological yield and harvest index of sepal. In the end, all data were
anallyze(i by MSTAT-C statistical software and means were compared by Duncan multiple range test at
5% level.

Results and discussion: Analysis of variance revealed that number of branch per main stem, number of
fruits per plant, number of fruits per m2 and biological yield were significantly influenced by simple and
interaction effects of nitrogen and plant density. Also, stem diameter and dry yield of sepal were
significantly influenced by simple effects of nitrogen and plant density. Means comparison showed that
increasing of nitrogen application from 0 to 300 kg N ha-1, stem diameter, branches number of main
stem, fruit number per plant, fruit number per m2, dry yield of sepal and biological yield significantly
increased by 15.8, 135.8, 104.4, 108.8 and 30.5%, respectively. Moreover, increasing of density from 5 to
20 plants m-2, stem diameter, branch number of main stem and fruit number per plant significantly
decreased by 24.1, 76.6 and 37.3% respectively, but fruit number per m2, dry yield of sepal and
biological yield significantly increased by125.6, 105.7 and 88.5%, respectively. It seems that the reason
of significant increase in number of fruit per m2 and sepal yield per unit area with increasing application
of nitrogen fertilizer can be development of shoots and increasing branch number thus more uptake of
sunlight and finally the assimilates production in the plant. Also, significant increase in dry yield of sepal
with increasing plant density per m2 was mainly due to significant increase in number of fruits per m2.

Conclusions: In general, according to the results of current study, application of 300 kg N. ha-1 and
density of 20 plants m-2 can be suggested for roselle cultivation in Iranshar, Iran.

Keywords: Roselle, urea, density, fruit number, sepal, number of main branch.
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Abstract

Introduction: Guar or cluster bean belongs to leguminosae family. It is an annual plant and tolerant to
salinity and drought. Guar is a drought resistant plant which is cultivated as a forage and seed crop and
vegetable in warm and dry regions of Asia and Africa (Momen Keykha et al., 2018). The use of organic
matters as fertilizer on agricultural soils can reduce the effects of soil compaction and provide the
nutrients for the plants (Mohammadnejad et al., 2015). The research on the use organic fertilizers on guar
under different plant densities has been scant. Thus the present study was carried out in order to assess
and survey the effects of nutritious factors and density on growth indices, yield and yield components of
Guar under Isfahan climatic conditions.

Material and methods: Experiment was conducted as factorial using randomized complete blocks
design with three replications. This research was carried out during the growing season of 2015-2016 in
the center of agricultural research of Isfahan province. First factor included: chemical fertilizer (two
levels of 60, 70, 70 and the other 90, 100, 100, kilograms per hectare respectively nitrogen, potassium and
phosphorous), animal manure (in two levels 10 and 20 tons per hectare) and vermicompost (at two levels
of 300 and 600 kilograms per hectare) and density as the second factor consists of three levels of 60, 75
and 90 plants / m2. Growth indices were LAI, CGR and RGR. Also plant height, number of branches,
pod number per plant, grain number per pod, length of pod, 1000-grain weight and grain yield were
measured. The data were statistically analyzed by SAS software. Comparison of means was performed
using LSD test at the 0.05 level of significant.

Results and discussion: The highest LAl belonged to chemical fertilizer 2 and the lowest to
vermicompost 1. 60 and 90 plants per square meter had the highest and lowest LAI respectively. The
highest and lowest CGR belonged to chemical fertilizer and vermicompost respectively. CGR peaked in
all the treatments by appearance of pods and reduced while pods were filling. This can be due to
increasing shades and lack of light (Emam and Niknejad, 2011). RGR was almost linear and declining.
They decreased to zero and negative

The results showed that the effect of factors were significant on all traits except grain number per pod and
1000-grain weight. Based on the results, the plant height, number of sub branches, number of pods, pod
length and grain yield in nutritious treatments and plant density were significant, but the interaction
between fertilizer levels and density, except for the number of pods, were not significant. The maximum
number of sub branches (6.13), pod number per plant (46.32), 1000-grain weight (33.55 @) and grain
yield (3646.3 kg/h) was observed in density of 60 plants per square meter. Rezvani Moghaddam et al.,
(2010) reported that the seed yield was increased by increasing plant density, but decreased the plant
height, number of capsule per plant, plant biomass, seed yield and weight and number of seed per plant,
significantly. 1000-seed weight, harvest index and weight of seed per capsule had no affected by
treatments. Asadi et al., (2013) reported that organic input application could be considered as a
sustainable approach for improving growth and yield of medicinal plants such as isabgol in
agroecosystems that will increase nitrogen efficiency and reduce environmental pollutions due to slow
release of nutrients.

Conclusions: As a whole the density of 60 pl/m2 was preferred in most of traits. In most of the yield
components, preference is to chemical fertilizer, but in the some traits, vermicompost was at the same
level or sometimes superior to other treatments. So at the same condition, it is advisable to use 60 plants
per square meter and to get a better result in cropping and to decrease the negative environmental effects,
it is advisable to use a combination of chemical fertilizer and vermicompost.

Keywords: Animal manure, LAI, Vermicompost, 1000-grain weight.
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Abstract

Introduction: Among the plant nutrients required, nitrogen is the most limiting plant growth factor and
the key nutrient for achieving optimum yield in most crops, especially in arid regions (Seilsespour and
Momayezi, 2005). Therefore, the most widely used fertilizer amonlg the fertilizers is nitrogen-containin
fertilizers. Nitrogen is present in the structure of amino acids, nucleic acids, purine bases, alkaloids an
chlorophylls. The amount of nitrogen needed by plant depends on the species of plant and soil. It is
absorbed by the plant in the form of ammonium and nitrate. Plants mainly prefer nitrate ions for uptake
(Dordas and Sioulas, 2008). Nitrate in the human body is converted to nitrite and, in combination with
amines, is converted to nitrosamine, which is one of the main causes of cancer. In the neonatal stomach,
nitrate is resuscitated to nitrite and, in the bloodstream, oxidizes hemoglobin iron and converts divalent
iron to trivalent iron. Thus, hemoglobin pigments disrulpt oxygen delivery to the infant's body and
eventually lead to choking and death of the infant (Fewtrell, 2(_)04%. Nitrate accumulation in vegetables is
often dependent on the amount and type of nutrients in the soil and is closely related to the amount and
timing of fertilizer use, so that the amount of chemical fertilizer applied is one of the factors affecting
it. Vegetable and vegetable products, including leafy vegetables, are of great importance in many
countries because of their high nutritional value %Menard, 2008). Vegetables have been suggested by the
World Health Organization to prevent no communicable diseases such as cardiovascular disease, cancer,
obesity, and type 2 diabetes (FAO / WHO, 2003). However, despite the importance and nutritional value
of vegetables, research has shown that about 80% of the nitrates that enter the human body are from
vegetables and fruits (Kiani and Gheytasi, 2016). Due to the adverse effects of nitrate on human health,
much attention has now been paid to the accumulation of this ion in vegetables and has been considered
as a qualitative biological indicator in vegetables (Chen et al., 2004). Due to the lack of information on
the nitrate concentration of leafy vegetables produced in the major vegetable production areas of Varamin
plain, this study was conducted to determine of nitrate concentration in leafy vegetable and evaluation of
nitrate risk assessment for vegetables consumers.

Material and methods: To_investi?ate the nitrate concentration in leafy vegetables, this study was
conducted in 2014 in the agricultural lands of Varamin district (Varamin, Pishva, Pakdasht), which are
the hub of vegetable production in Tehran province. The leafy vegetables studied were savory, parsley,
coriander, fenugreek, leek, cress, dill, mint, cabbage, celery, spinach and lettuce. Sampling was done for
each crop from 30 different farms.. Di azo method (Emami, 1996) was used to determine nitrate
concentration. The mean nitrate concentration in each leafy vegetable (at 30 field level) was compared
with the maximum permissible nitrate level (National Standard No. 165_96?_by means of T-test. According
to the World Health Organization (Human Health Fact Sheet, 2005) guidelines, which set the daily nitrate
uptake for humans to be 3.6 mg.kg-1 body weight, the maximum daily allowable nitrate uptake through
each leafy vegetable for a person with 80 kg weight was calculated.

Results and discussion: Among the Ieaf¥ vegetables, lettuce with average 3909 mg/kg fresh weight had
the highest accumulation of nitrate and fenugreek with an average of 641 mg/kg fresh weight had the
lowest nitrate accumulation per kg. The mean nitrate concentration of each vegetable was compared by T-
test with maximum nitrate concentration for each vegetable. In all samples of lettuce, spinach and celery
studied, nitrate concentration was significantly higher than the maximum, while in all fenugreek and
coriander samples, nitrate concentration was significantly lower than Maximum allowed. Considering the
maximum allowable daily intake of nitrate for humans (3.86 m?/kg body Weigiht) and the average nitrate
content in the studied vegetables, the maximum daily intake of each vegetable species were calculated.
The results showed that daily consuming of 76 grams of lettuce or 94 grams of spinach by a person with
80 kg weight, would maximize the amount of nitrate in the body and increase the risk to health.

Conclusions: The results of this study showed that some of the leafy vegetables such as lettuce and
spinach contained high levels of nitrate base on the national standard of Iran. The average nitrate
concentration in the leafy vegetables was 1458 mg/kg fresh Wei%ht. Maximum daily uptake of nitrate for
adults is about 190 mg and more uptake, can cause harmful on the body. It is worth noting that this issue
is more important for children. Therefore, it seems that the use of nitrogen fertilizers should be revised in
the leafy veggt%bles fields. In this regard, nitrogen fertilizer application based on soil test and soil nitrate
is recommended.

Keywords: Celery, Lettuce, Maximum permitted consumption, Spinach.
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Abstract

Introduction: Aromatic Thyme (Thymus vulgaris L; Lamiaceae) is a valuable and common medicinal
plant in traditional medicine. Due to its main composition, thymol, is used in the food, pharmaceutical,
health and cosmetic industries. Among the different species of Thyme, Thymus vulgaris is cultivated and
produced in many parts of the world, including Iran (Omidbaigi, 2000). Water stress can decrease leaf
height, number and leaf area, dry weight, stomata closure, chlorophyll content reduction and root growth
in medicinal plants. Therefore, it is important to deal with the damaging effects of drought in different
ways such as the use of biofertilizers.

Material and methods: To investigate the effects of irrigation interval at three levels including
wq =7(Control), w, =12 and w;=17 days irrigation interval as a main plot and bio and non — bio

fertilizers at five levels including B;= control (without fertilizer), B, = Endo mycorrhizal (Glomus),
B;= Azospirillum bacteria , B, = Pseudomonas bacteria and Bs= chemical fertilizer(NPK) were

considered as a sub plot on flowering branches yield , percentage of essential oil and some biochemical
compounds in Thymus vulgaris, An experiment was conducted in a split plot design with randomized
complete block design with three replications in 2017 in Asgarya agricultural field in Yazd. Finally, the
data were analyzed through SAS statistical software and Excel software was used to draw charts. Means
comparison was performed through LSD test at 5% probability level.

Results and discussion: The results showed that the highest of flowering branches yield and total phenol
were observed in control of irrigation (w; ) and NPK treatment ( Bs), the highest of biological yield and

number of lateral branches were observed in control of irrigation (w; ) and mycorrhiza treatment (B, ) ,
the highest of protein was observed in control of irrigation (w; ) and Azospirillum treatment ( B3), the
highest of soluble carbohydrates was observed in w, and pseudomonas treatment ( B, ), the highest of
height was observed in control of irrigation (w; ) , The highest of proline and the percentage of essential
oil were observed in W3.In terms of fertilizer treatment, the highest of height, proline and the percentage
of essential oi were observed in pseudomonas treatment (B, ), NPK (Bg) and mycorrhiza (B,). In

general, the results in this experiment can be expressed, in terms of water deficit stress, use of biological
fertilizers, especially mycorrhizal, can partly reduce the adverse effects on this plant.

Conclusions: In general, it can be concluded that the use of bio fertilizers, especially mycorrhiza, can
reduce the side effects of this plant in water deficit conditions. According to the results of this study, it is
concluded that accumulation of proline and carbohydrates in Thyme aerial parts in the face of water
deficit stress, is one of the mechanisms of drought resistance in this plant. Rapid accumulation of osmotic
pressure-regulating substances such as proline and carbohydrate decrease the osmotic potential of plant
cells and thus water absorption of the plant. Also, similarity of yield increase and yield components of
flowering shoots in Thyme with biofertilizers especially Mycorrhiza under stress conditions has positive
effects of this fertilizer by improving physiological traits in the plant. Therefore, it seems that if the water
deficit stress does not lead to a significant decrease in the economic performance of this plant,
biofertilizers can be reduced on this plant.

Keywords: Pseudomonas, Azospirillum, Mycorrhiza, Carbohydrates, Phenolic compounds.
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Abstract

Introduction: Studying the fertilizer requirement and replacing biological fertilizers (mycorrhizal fungi) instead of
chemical fertilizers is one of the great valuable issues in sustainable agriculture. Mycorrhizal fungi as biological
fertilizer has applied to absorb nutriotion elements from the soil to increase plant growth. The researchers indicated
that mycorrhizal fungi cause to change the metabolism of host plant by mycorrhizal inoculation and this modification
in metabolism, produce defensive compounds in plant. Furthermore, mycorrhizal fungi improve plant growth by
enhancing nutritional and water conditions of plant with changing the root morphology and increasing absorption
area with their root development in the soil and stimulating gas interchanging via enhancing the sink capacity, which
can be in consequence of nutritional conditions and water relationship enhancement by that fungus. Calendula
officinalis is an annual plant from Asteraceae family, one of the well-known medicinal plants that nowadays uses lot
in pharmaceutical, cosmetic and hygienic industries. The aim of this study was to evaluate the effect of various
mycorrhizal fungi species on some growth characteristics, photosynthetic pigments, secondary metabolites amount
(flavonoid and carotenoid) in maigold flower.

Material and methods: This study was performed as a completely randomized design with three replications. The
treatments comprised inoculation of different mycorrhizal fungi species included Glomus fasciculatum ,Glomus
claroideum, Glomus versiform, Glomus geosporum, Glomus caledonium, Glomus mosseae, Glomus intraradicese
Glomus etanicatum, Glomus gigaspora and without fungal inoculation. The inoculation media of mycorrhizal fungi
included vegetative organs and the spores of mycorrhizal fungi. In the experimental treatments 200 g of this media
used for 5 Kg soil each pot.

The seeds of pot marigold were cultivated in the cultivation tray containing equal ratio of perlite and cocopeat, then at
four leaves stage, three seedlings were transferred to each pot. After about three months from applying the treatments
and at flowering stage, the plants harvested and the studied characteristics included plant height, branchlet number,
inflorescence number, stem diameter, flower dry weight, photosynthetic pigments (chlorophyll a, b, carotenoid and
total chlorophyll), relative water content, flavonoid and carotenoid of flowers were measured. The data were
subjected to statistical analysis by Minitab 18 software and the means were compared with Bonferroni test at P < 0.05

Results and discussion: The results of analysis of variance showed that the effect of different types of mycorrhizal
fungi on all of the studied characteristics in this experiment were significant at 1% probability level. Among the nine
mycorrhizal fungi species that used in this study, application of G. mosseae had the highest effect on improving the
most growth indices of pot marigold such as plant height, branchlet number, inflorescence number and flower dry
weight. Also it had positive effect on enhancing photosynthetic pigments, so that total chlorophyll content increased
67% in this treatment compare to control. The highest relative water content and flower carotenoid also observed in
this treatment. After that G. etanicatum and G. geosporum fungi provided the best conditions for pot marigold.
Furthermore, the highest fungus colonization percentage (76.7%) with marigold root was observed at G.
intraradicese and there was no significant differences with G. mosseae (71%) and G. geosporum (70.66%) and the
lowest colonization percentage (33%) was obtained at control and after that among different mycorrhiza species G.
gigaspora showed 53% colonization. Therefore, among the studied mycorrhiza species in this research, G. mosseae,
G. etanicatum and G. geosporum can provide the best conditions for growth and desirable production of secondary
metabolites in pot marigold as medicinal plant and suitable replacement for chemical fertilizers in the most organic
agriculture.

Conclusions: Most mycorrhizal fungi species used in this research had high symbiosis with pot marigold root,
therefore the measured characteristics in the most inoculated plants with mycorrhizal fungi significantly increased in
comparison with control that can be in consequence of improving water relationships of plant and probably better
nutrition absorption by mycorrhizal fungi. Of course G. gigaspora and G. claroideum in comparison with the other
mycorrhizal fungi species that studied in this experiment, could not create good colonization with pot marigold root
and therefore had not good effect on growth improvement and yield of marigold. Based on the obtained results of this
study, G. mosseae, G. etanicatum and G. geosporum can provide the best conditions for desirable growth and
production for pot marigold and as biological fertilizer are suitable replacement for chemical fertilizers.

Keywords: Glomus etanicatum, Total chlorophyll, Glomus mosseae, Flower dry weight.
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Abstract

Introduction: Sulphur is an important element for garlic because all the species of the Aliaceae family,
including the garlic, are sulphur friend. Garlic accumulats this element in a large extent, and respond to
sulphur nutrition remarkably. Elemental sulphur requires oxidation by Thiobacillus bacteria to be
absorbable for plants root and the population of these bacteria has a positive correlation with soil organic
matter (Sabbagh et al, 2016). Therefore, the addition of organic matter increases the oxidation of sulphur
and ultimately increases the sulphur content of the plant.

Material and methods: Regarding the role of soil organic matter in increasing sulphur oxidation, a
factorial experiment was carried out with two factors of sulphur (Control: SO, 3lit/ ha: S1 and 6 lit/ha S2)
and organic amendments (Control: C, Humic Acid: H, and vermiwash: V). Various traits including yield
and yield components, photosynthetic parameters, nutrient elements, total antioxidant activity, total
phenol, total flavonoid and caffeic acid were measured. Antioxidant activity and caffeic acid were
determined based on Ebrahimzadeh et al, (2010) and Hu and Kitts, (2000) respectively. Data analysis was
performed using SAS software and mean comparison by Duncan's multiple range test at 1 and 5 percent
probability levels.

Results and discussion: The results showed that the highest total yield of garlic plant was observed in
S,V treatment, although, had no significant difference with S,C and S,C treatments. The highest single

garlic weight was obtained in S,C treatment, which was significantly more than all other treatments. The
maximum garlic length was observed in S,C treatment, which did not show significant differences with

S,V and S,C. The highest photosynthesis rate (A) was recorded in S,C treatment, which was
significantly higher than all other studied treatments. The highest amount of sulphur in the edible part of
garlic was observed in S;H treatment, which was significantly higher than control and all other

treatments. The highest amount of antioxidant capacity in the edible part of garlic was observed in S,C

treatment. The content of total phenol in the three treatments SjV, S,V and S,C was significantly

lower than the control, while the rest of the treatments did not differ in comparison with the control. The
concentration of caffeic acid varied from 11.36 to 20.46 mg/kg; which had the highest amount of caffeic
acid in the organic amendments factor were control and vermiwash with no significant difference. It
seems that with increasing soil organic matter, some natural stresses in soil may be reduced and, as a
result, the amount of some antioxidant-related substances such as caffeic acid decreased.

Conclusions: In general, the use of sulphur with a moderate concentration and no organic amendment
increased the yield of garlic. In order to generalize the results of this study to other farms, it should be
noted that the soil used in this experiment contained a fairly high percentage of organic matter (3.80%).
So in soils with the same amount of organic matter there is no need for extra organic modifiers and
sulphur nutrition alone is sufficient. As the results indicated, increased nitrogen and phosphorus
absorption took place in humic acid and vermiwash treatments that is very important from a nutritional
point of view.
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Abstract

Introduction: Nowadays, the soil contamination by heavy metals including cadmium (Cd) is one of the
environmental problems which not only damage the animal and plant species but also diminish plant
function, enters the food chain and endanger human health and other organisms (Sheoran et al., 2016).
Phytoremediation is one of the most important methods that have been developed in the last two decades
to address soil contamination, including heavy metals in various countries where planting of suitable
plants is used to clean and absorb pollutants from the soil (Shahgholi et al., 2012). On the other hand,
many studies have shown that the use of beneficial microorganisms such as fungi can significantly reduce
the toxicity of heavy metals by bonding metals to their cell walls and consequently their immobilization
(Akhtar et al., 2007). The aim of the research was to investigate the effect of application of some
symbiotic fungi and iron nanoparticles on morphological and physiological traits of purslane (Portulaca
oleracea L.) under cadmium stress.

Material and methods: The factorial experiment was conducted in a completely randomized design with
three replications. The experimental factors included cadmium chloride in four levels (0, 25, 50 and 75
mg/kg soil from cadmium chloride source), four levels of fungal symbiosis (uninoculated and inoculated
with fungi Chaetomium subaffine (SF), Trichoderma atroviride (SN) and Trichoderma longibrachiatum)
and foliar spraying of iron nanoparticles in three levels (0, 0.15 and 0.3 g/l).

Results and discussion: The results showed that the plant height and stem diameter linearly decreased
(with 69.6 and 56.6%, respectively) when the cadmium levels incresed. Leaf area increased at zero
cadmium level in plants inoculated with T. longibrachiatum, 18.4% as compared to the uninoculated
control . When 25 mg/kg of Cd was added to the soil, purslane plants which inoculated with Chaetomium
subaffine (SF) showed 11.4% more leaf area than those uninoculated plants. At all foliar concentrations
of iron nanoparticles, the highest content of chlorophyll a+b was obtained at 25 mg/kg soil cadmium.

Conclusions: Overall, the interaction of symbiotic fungi and foliar spraying of iron nanoparticles
(especially at a concentration of 0.15 g/l) showed a synergistic effect, hence some growth parameters
and chlorophyll concentrations markedly increased in the purslane plants.

Keywords: Stress, Phytoremediation, Heavy metals, Nanoparticles.
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