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Table 1. Hoagland and Arnon modified table

Nutrients Source Concentration (mg I)
N Ca(NOs); 4 H,0 -NH4NO3-NH4CI-KNO3 70- 140- 210
P KH2PO4 77.5
K K- K2S04 234

Mg MgSO.. 7H,0 48
Ca CaCl, 230
Zn ZnS0O, 0.5
Fe Fe-EDDTA 10
Mo H24M07N6024, 4H20 0.05
Cu CuSO.. 5H0 0.1
Mn MnSO;. 1H,0 2
B HsBO; 0.5
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Figure 1. Effect of different ratios of NO3z : NH4* on fresh weight (F.W) of Origanum vulgare L. under saline

(50 mM) and non-saline (0 mM) conditions
Values with the same letters are not significantly different (P < 0.05)
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Table 2. Analysis of the variance of the growth indices, oil percentage and yield the influence of different
levels of nitrogen, different ratios of nitrate to ammonium and salinity

Mean uares

Sources of Df Fresh weight nght Height Number of Oil content  Qil concentration

variation (9 © (cm) branches (mg pot?) (mg g?)
Replication 2 13.66 ™ 0.127 20.287 " 26.259 " 1439 "™ 0.127 "™
N.C (a) 2 302.72 ** 18.221 ** 517.954 **  2931.565**  33133.93 ** 7.116 **
NO3 :NH4* (b) 5 468.007 ** 5.31 ** 205.17 ** 224.415**  2946.209 ** 0.151 **
Salinity (c) 1 1081.73**  31.256 **  4826.7 **  3840.148 **  6577.586 ** 0.373 **
axb 10 10.122 ™ 0.392 * 3.343 ™ 11.365 ** 369.064 ** 0.021m™
axc 2 7.272" 5.861 ** 24.509 ™ 124.454 ** 1760.17 ** 0.072"™
bxc 5 53.489 ** 0.881**  52.415** 2.57"™ 835.68 ** 0.061"
axhxc 10 6.973 ** 0.459 ** 4,184 " 14.809 s 459.82 ** 0.024 ™
Error 70 7.034 ™ 0.165 " 13.278 ™ 23.907 ™ 160.71 " 0.031 "
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Figure 3. Effect of different ratio of NOs™ : NH4* on height of plant in saline (50 mM) and non-saline (0 mM) conditions
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Values with the same letters are not significantly different (P < 0.05)
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Figure 4. Effect of different concentration of nitrogen on height of plant
Values with the same letters are not significantly different (P < 0.05)

oad el L3 llllas ;o (Ahmad et al., 2006)

as Lo olawy

s b 3 (355 il slacale Jaso
Ol alies g Lol Sl yrizen g 5
2 @ G e sloasli slass  paiisel &
(Y Jso2) 0o 5 s pxe vy ) s mhaws
b 4y (658 Hlad Jlosl b ol S (slaaslls slass
ol e (O JS8) el el cons
o9 yae S Wlg oo (95 YL glacdale
G5l 5 oS Cenglin sl gl |, ol
cbale b8l L jedped b e 10 00,5 (590
L bwly o 5 ol (slo a3 Ll olawd S 059 55
O JS=8) 0,5 oy Gl (i wdale el
odalin SIS o (sae OA) azli slows ¢y 5 i
5 00=b sles G395 Yae (ke VO Clale L oS 0
Shasi oy eS aSng 48,55 18 (5,50 S o
Shows Jlael 5l g ei Il il jo 30 (03e YY) asls

Sl Jemax i Ve (e O lale b g05S
80

B D
o o

N
o

Branch number

o

oo p JESbe po rils &858 bl 4 (5958
= OLalS o Lao Silo Jsbo g oy ial3dl cely
§ Siu e Sgte |y oS 08 )b cnl 5l g 09
=290 3| £ 035 oo lalS elis )] (aulidl e,
aihg i e lizee mulie Wglise Coudte 13U 4y bogyse
OFgs iy 005 S 25 slayges0 Ag
9 k) 5 OGS g Sdg 9 0l | ST in S e
Lis gl Syt o s Lo aslss 4 o Lz
aS Glez> sle g asls Sei o, obj e
45 Sl (6590 i (e Fiw (Lol 5 5
Ol Og)92 Gl Sl (39 Al oo
S A4S 85 a5 S o0 9l ) og b e
b A e Lo o an Leaiy ) 4 dis o
Oilo= aSdy (o y9m Tobaw i 4 (g et
Silwdgize g S (oo 55 a5 lagyge g0
b Bt 09092 90 ol RalS (e 4%
0 gy 9ty 5 gLl alS el g oud o
el mls3l (Marschner, 1986) oo 5 oo olalS

LS olals o (55,2 (20055 L plals ass

0o _ .. . 50
Salinity (m M)
@5(m M) m10(m M) =15(m M)
)l g p0 oL sl a5 L olasi p (350 (o olowiy 9 1) (§y9b Zobaw 9 (39 ciliseo gl clalé p5T-.0 JSCo
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Table 3. Effect of different concentration of nitrogen and ratios of NOs™ : NH4* on dry weight of Origanum
Vulgare L. under saline (50 mM) and non-saline (0 mM) conditions

Saline Non-Saline
N Conc. N Conc.

15(mM) 10(m M)  5(m M) 15(m M) 10(m M) 5(mM)  NOs : NHs* Ratio
3.334BC 7 gpcBC 2.63¢C 5.13bA 3.6°%E 3.3¢BC 100:0
3.8bcdBC  353bCD 3 2@ abcD 6.36 oA 4.1 cdB 3.7 be.BCD 87.5:125
4.323BC 391 abC 3.73aC 8.16 A 4.8 238 4538 75:25

4.56 /B 4.233B 3.93aB 5.33bA 4.5 A8 4.2 B 50:50

4,1 @cBC  361bCD 347 abD 5.33bA 4,3 cB 3.8 be.BCD 25:75
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Table 4. Effect of different level of nitrogen and ratios of NO3 : NH4* on the essential oil yield of
Origanum Vulgare L. under saline (50 mM) and non-saline (0 mM) conditions

Saline Non-Saline
) N Conc. N Conc.
NOs™: NH," Ratio 15 10 5 15 10 5
(mM)
100:0 50.48 bB 29.9eC 26.38 ¢ 92.7 ¢A 41.3198C  27.130bC
87.5:125 68.1 28 475 beCD 33.34bPP  120.28 A 61.25b5¢BC 34,84 @D
75:25 88.31 2B 54,93 ®C 42.21b¢ 158.9 A 94.31 2B 45,04 2C
50:50 9435248 52,6528 64.2 2B 101.6 ¢A 74.28 B 44.04 3¢
25:75 77.950A8 43 6 cdBC 32.61 beC 92.2 ¢A 52.85¢B 4448 2BC
0:100 71.8 bAB 34,56 4B 25.2 ¢C 102.4 ¢A 4354 B 3776 aBC
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Values with the same letters are not significantly different (P < 0.05) Capital letters (ABC...) show mean comparison among N rates and
salinity (row comparison) Small letters (abc...) show mean comparison among NO3- : NH4+ ratios (column omparison)
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Effect of Nitrogen and Nitrate: Ammonium Ratios on Growth Indices
and Essential Oil Content of Origanum vulgare ssp. Gracile under Saline
Conditions

Sajad Nematzade!, Ebrahim Sepehr?, Amir Rahimi®
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Abstract

In order to evaluate effects of different levels of nitrogen and different ratios of nitrate: ammonium
under saline and non-saline conditions on growth indices, essential oil content and yield of
Origanum vulgare ssp. Gracile, a factorial experiment was carried out in randomized complete
block design (RCBD) with third factors including nitrogen levels (5, 10, and 15 mM), nitrate:
ammonium ratios (100:0, 87.5:12.5, 75:25, 50:50, 25:75, 0:100), and salinity levels (0 and 50 mM
NaCl) in three replications. The results showed that under non-saline condition, the highest fresh
weight (33.34 g), dry weight (8.16 g), and essential oil yield (158.9 mg/pot) were obtained by 15
mM nitrogen and 75:25 nitrate: ammonium ratio. Under saline condition, all the three above-
mentioned traits were reduced in all treatments however under this condition, the highest fresh
weight (33.34 g), dry weight (4.56 g) and essential oil yield (94.35 mg/pot) were observed by 15
mM nitrogen and 50:50 nitrate: ammonium ratio. The main effects of all treatments on essential oil
content were significant (p <0.01); so that the highest essential oil content obtained by 15 mM
nitrogen, 75:25 nitrate: ammonium ratio, and 50 mM salinity. In conclusion, 15 mM nitrogen with
75:25 and 50:50 nitrate: ammonium are recommended for non-saline and saline conditions,
respectively.
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