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Article Info ABSTRACT

Article type: Background and Obijectives: Lavender is an important plants with many
Full Length Research Paper  yses in various medicinal and food industrial. Among environmental
stresses, drought stress plays an important role in the biosynthesis of
secondary metabolites in medicinal plants in arid and semi-arid regions like
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Revised: 01.15.2025 upset the balance between the antioxidant defense system and free radicals
Accepted: 02.18.2025 by stimulating a series of biochemical reactions. In sustainable production

systems of medicinal and aromatic plants, stable quantitative and
qualitative functions can be achieved under conditions of environmental

Es?;vr:lt?gldrsﬁicro nutrients, stress and it is possible to improve the production of secondary metabolites
Linalool, in these plants under adverse environmental conditions. Therefore, this
Linalyl acetat, study was done to evaluate some of important macro-micro nutrients on the
Medicinal plant, morpho-physiological and phytochemical properties of Lavandula
NPK fertilizer angustifolia to determine the effects of use of some essential nutrients with

use of superabsorbent under water stress conditions on plant indices.

Materials and Methods: This research was using a randomized complete
block design (RCBD) in a split-split plot layout with three replications.
Irrigation regimes (D1-D3: Field Capacity, 50% and 75% evaporation from
basin class A) in main plots, superabsorbent nano-polymer application
(S1-S2: 30 gr/m? and not use) in sub plots and treatments of fertilizers
[F1-F15: grow-more 1 (F1), grow-more 2 (F2), grow-more 3 (F3), iron
chelate (F4), zinc chelate (F5), grow-more 1+iron chelate (F6), grow-more
1+zinc chelate (F7), grow-more 2+iron chelate (F8), grow-more 2+zinc
chelate (F9), grow-more 3+iron chelate (F10), grow-more 3+zinc chelate
(F11), grow-more 1+iron chelate+zinc chelate (F12), grow-more 2+iron
chelate+zinc chelate (F13), grow-more 3+iron chelate+zinc chelate (F14)
and control (F15)] in sub-sub plots were done. This research was
performed in farm of Islamic Azad University Branch of Shahrekord
(latitude. 32°20" N, longitude. 50°51' E, altitude. 2061 m) in 2023-2024. In
each year, fertilizer treatments were applied in foliar application after stage
of V8 (plants had 8 leaf) in 6 stage by 14 days interval and harvesting was
done after one month after the final application of fertilizers and the
sampling was performed in flowering stage. The fertilizers of grow-more
(NPK), iron and zinc in 4 gr.I"* concentration by production company
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certification were used in V8 stage in plants and the effects were compared
by control plants. Weed control was done manually during the entire
experiment. During the experiment no systemic pesticide and herbicide
were used. The harvested shoots were transferred to the laboratory for
measurement of various characteristics. Morphological characters (shoot
dry matter and height of plant); physiological characters (total chlorophyill,
zinc and iron of shoot), phytochemical characters (total phenol and prolin
content) and essential oil content and composition were measured.

Results: Over two consecutive years, the obtained results showed that the
use of treatments increased the characters and made the significant
effectiveness. In two years, the highest shoot dry matter (61.55 g.plant™),
zinc of shoot (69.55 pg/g dry weight), iron of shoot (82.85 pg/g dry
weight), phenol (1.39 mg.Kg Fw™), chlorophyll content (2.92 mg.g™ DW)
and the lowest amount of prolin (10.89 pg.KgFw™), made by grow-more
fertilizers specially grow-more 1 (20-20-20) in combination with Fe/Zn
Libfer. However the superabsorbent nano-polymer application had the
aggressive effectiveness on amounts of characters especially in hardness of
water stress. In most of measured characters, plants treated with grow-more
fertilizers were in the same group. The lowest values for morpho-
physiological and phytochemical characters such as shoot dry matter
(22.12 g.plant™), zinc of shoot (28.34 pg/g dry weight), iron of shoot
(40.77 pg/g dry weight), phenol (0.29 mg.KgFw™), chlorophyll content
(1.95 mg.g™ DW) and the most of prolin (32.01 pg.KgFw™), obtained by
plants treated with irrigation regime of 75% evaporation from basin class A
(D3) and no application of fertilizers. In some characters, plants treated
with F12, F13 or F14 treatments under hardness of drought stress had the
same group with control plants. The main constituents of essential oil were
Linalool, Linalyl acetate, Limonene, Alpha-pinene, 1, 8 cineole, Borneol,
Camphor (alcoholic/cyclic monoterpenes) and Beta-farnesene, Alpha-
bisabolene and Beta-Caryophyllene (Sesquiterpenes) that made the most
components of essential oil plants. The effect of grow-more 1 (20-20-20) in
combination with Fe/Zn Libfer on increasing the total phenol and
chlorophyll content, were higher than the other grow-more fertilizers ones.
Applied grow-more fertilizers showed significant effects on essential oil
content and composition of L.angustifolia and the highest essential oil
content (1.24 %) was obtained from the treated plants by grow-more 1
(20-20-20) in combination with Fe/zZn Libfer. According to the biennial
results of the chemical analysis of the essential oils from L.angustifolia by
GC/MS and GC-FID, the most important chemical compounds that
determine the quality of L.angustifolia essential oil including linalool
(48.85-27.73 %) and linalyl acetat (30.01-12.81%) were identified.
Linalool and linalyl acetat belonging to monoterpene hydrocarbons was the
predominant constituent of the L.angustifolia. The most correlation indices
were obtained between essential oil content and composition
(alcoholic/cyclic monoterpenes) with shoot dry matter. By increasing of
level of drought, the sesquiterpenes constituents were increased.

Conclusion: Generally the application of grow-more fertilizer 1 (20-20-20)
with consumption of zinc and iron fertilizers can be a good strategy to
improve the morpho-physiological and phytochemical characters of
L.angustifolia especially the grow-more 1 (20-20-20) in combination with
Fe/zZn Libfer in field capacity water condition. However the use of
superabsorbent nano-polymer in strenuous drought stress (75%) is more




effectiveness than other water stress levels. Finally, the application of
grow-more 1 (20-20-20) in combination with Fe/Zn Libfer can be a good
strategy to improve morpho-physiological characters and essential oil
quantity and quality of L.angustifolia in cold and semi-arid climates.

Cite this article: Yadegari, Mehrab. 2026. Effects of superabsorbent nano, NPK, iron and zinc
fertilizers on some morpho-physiological and phytochemical properties of Lavender
(Lavandula angustifolia Mill.) under drought stress. Journal of Plant Production Research,
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Table 1. Physicochemical and climatic properties of experimental field.

2024 2023 Characters
276.3 311.1 Average rainfall (mm) _x,L Lo s
11.9 11.6 Average temperature (°C) <)l > 4> 3 L e
24.8 22.6 Average maximum temperature (°C) a.iw ool = a3 lawgie
-10.1 -12.4 Average minimum temperature (°C) a.S &)l > a5 lav 52
(3R 3,590 S e 0 5 Dl g —Y J g
Table 2. Soil physicochemical properties of experimental soil.
g w3
v, 8 3 5 5
O . T A X = _ : 23 . o — - 0
jE\'B-E '1)§58 "’_’lxréz %x\&g%ag,ﬁﬂ)ﬂflm ET{\B
5 ¢ v g 3 = - j{, g
S ° g
o
7. Ppm ds.m’
2023 1.46 29.2 252 456 7.66 0.14 134 011 017 0.09 0.03 16 47 2.2
2024 1.55 309 248 443 7.11 0.155 187 0.16 0.11 0.101 0.02 14 45.4 2.8
Solal g oslinul 3,0 O Slaaseia ¥ Jus
Table 3. Water properties used for irrigation.
sy IS Colda
gL eSses s (e S by b . S
- - 2+ 2+ + + J}l""’ ;;iij‘gl T
Year HCO? Cl ) Mg _ Ca ) K ) Na_ pH
(meq/lit) (meg/lit)  (meg/lit)  (meg/lit)  (meg/lit)  (meg/lit) TDS E.C
(mgl/lit) (us/cm)

2023 3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
2024 3.55 0.88 1.41 2.14 0.17 0.788 255.1 399 8.09
—¥ g dals!

Continue Table 3.

Sl S I e3lS ool o fooh S KN I
COs” SO~ Cd Fe Cu Mn Zn NOy Year

(meg/lit)  (meg/lit)  (meqg/lit)  (meg/lit)  (meg/lit)  (meg/lit)  (meg/lit) (meq/lit)
0.21 0.001 0 0.009 0.001 0.001 0.001 23.67 2023
0.24 0.002 0 0.002 0.001 0 0 24.01 2024

Yo
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Table 4. Grow-more fertilizers properties.

jjs . r..:.«l:ﬂ sl J;Gj.w 5)‘9| nSL\.:},al Q‘fw: d;‘}jg-ﬁJS
f Nty K.0 .0 Nitrogen Nitrogen Nitrogen Total
Nameof . . 2 275 (urea) (NH3) (NO3) nitrogen
fertilizer
(%)
20-20-20 1 20 20 10.2 3.9 5.9 20
30-5-15 2 30 5 3.9 2 9.1 15
36-12-12 3 36 12 4.2 4 3.8 12
—£ Jgde aalsl
Continue Table 4.

Rt P Ol 30 o S J ol
Name of Mo Cu Zn Mn Fe
fertilizer Code (%)

20-20-20 1 0.0005 0.05 0.05 0.1 0.1
30-5-15 2 0.0005 0.05 0.05 0.05 0.2
36-12-12 3 0.0005 0.05 0.05 0.1 0.2

S N 5 s A Ol ) Jee Ve L osl S
b el LI 03503 25 Gl eSOl S
S e (Js 5y 5 5 cmiles 5 S5k 0550
SIS 05 Sopen B A elole o Osle
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Table 5. Complex analysis of variance of mean of squares of morpho-physiological and phytochemical
properties in L. angustifolia.

-
= BT

- _ — o N = e 9 %

b » he .83 2B 3F w§ % i

3 v w8 2& 2E2 322 wvs Ys Y3

i Q 0 % = 3 = ] o ~ £ v B 3 1]

A5 . 3£ = = 3 o s 35 I3

) ) ] 5 2 5 o og 3y = = T

) a = Y = Yy N = £ 4

= v 0

Y) Ju 1 8.4" 15537 12257 12.1™ 16™ 1.4™ 385™

R(Y) b o3 1SS 4 0.06 1.14 1.6 14.2 1.3 5.12 45.6
(A) Sz 2 455" 54327 1567.2" 145627 5157 54117  201.17"

YxA 2 33" 23357 112317 999.2™ 1™ 10.4™ 0.55™

@) ol sz 5 lax 8 0.09 12.4 10.1 12.3 0.99 12.2 1.99
(B) w3l s ok 1 2.88" 66.27  17.127 14237 24127 22147 19147
YxB 1 177" 32.2" 14.2" 12.2" 15.2" 10.2" 14.2"

AxB 2 1.22" 2227 12627 10317 8.3" 8.3" 8.3"
AXBxY 2 0.003™  0.24" 0.66" 0.045™  0.077™ 0.033™ 0.11™

b) o sl s sl 12 0.003 0.073 0.12 0.033 0.044 0.029 0.09
(C) iLJsks 14 41" 8.77" 4.42" 41" 311" 2.88" 6.1
YxC 14 1.22” 8.23" 3.23" 1.5" 2.99" 2.34" 5.56"

CxB 14 211" 6.88" 177" 1.2" 2.02" 0.88" 426"
CxBxY 14 0.77" 5.99" 1.14™ 077" 0.88" 0.98" 3.02"

CxA 28 0.88" 311" 2.88" 1117 277" 177" 2.62"
CxAXY 28 0.007" 1.8" 022" 0.011™  0.066™ 0.033™  0.055™
CxBxA 28 0.006" 177" 0.26" 0.44" 077" 047" 0.39”
CxBxAXY 28 0.001™  0.99™ 0.11™  0.002™ 0.024™ 0.012™ 0.011™

©) o b s S gl 336 0.003 1.11 0.11 0.032 0.055 0.027 0.077
(CV1) &l ois oy o 10.1 14.2 11.4 8.89 145 14.4 16.1

R

)‘J&Afv\.@j(’.:'/"L(X:'/'ochw).})‘.)w%)@ns} ¢
? SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and
P=0.01 levels of probability respectively, ns: not significant
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Table 6. Means comparisons of morpho-physiological and phytochemical properties in L. angustifolia plants
affected by fertilizers, superabsorbent nano-polymer and drought stress.

ol s JS s s oS el o
s Prolin g s : ) ) " < ilss el
e content lsn pll silss el Total Height of
T N Total phenol chl il I Dry shoot
reatments  (ug.KgFW")  (mg.KgFw?)  Iron of shoot  Zinc of shoot orophy plant e
(Hg/grDW)  (ug/grD.W)  (MYGrEW) - (Cm) (g;',e;?a,ft)

DISIF1  714.9+0.32°  1.14+0.01° 66.24+0.95° 49.87+1.4% 2.11+0.01¢ 31.11+0.8° 40.34+1.6 ¢
D1S1F2 11.78+0.55"  1.15+#0.03°  71.55+0.78°  47.44+1.1° 2.23+0.03%  33.55x0.8° 40.98+1.2¢
D1S1IF3  14.45+0.19°  1.18+0.02°  67.84+0.91°  46.55+1.5° 2.2240.02¢  34.33+0.3° 41.01+1.8°
D1S1F4 11.55+0.14"  1.2240.01°  71.99+0.88"  50.99+1.4¢ 2.27+0.01¢  30.24+0.8° 43.89+1.9¢
D1S1F5 11.09+0.327  1.21+0.03®  70.74+0.81°  62.98+2.4° 2.45+0.03° 33.4+0.3° 46.99+1.6°
D1S1IF6  14.78+055°  1.24+0.02®  72.11+0.95°  51.55+1.7¢ 2.41+0.02°  35.23+0.8™ 45.99+1.2°
D1S1IF7  1455+0.27°  1.26+0.03*  70.66x0.71°  63.67+1.5"° 2.37+0.03°  33.110.2° 43.98+1.5¢
D1S1IF8  12.34+0.327  1.28+0.01*  74.13+0.86°  54.33+1.4“ 2.47+0.01°  40.99+0.5° 44.83+1.9%
D1S1F9 13.99+0.55°  1.25+0.02°  70.11+0.77*°  64.88+1.2% 2.44+0.02°  38.34+0.8° 47.44+1.8°
D1S1F10  14.45+0.14°  1.29+0.03°  76.15+0.88°  65.33+15% 2.56+0.03°  42.67+0.6° 48.11+1.6°
D1S1F11  15.47+0.32°  1.33+0.02° 73.85+1.1° 65.98+1.1° 2.64+0.02°  41.67+0.8° 51.11+1.9°
D1S1F12 10.80.27° 1.39+0.03*  79.01+0.88%  68.99+2.4% 2.92+40.01*  38.33+0.56" 61.55+1.72
D1S1F13  11.45+0.147  1.31+0.03°  82.85+0.91°  68.33+1.3% 2.88+0.03°  41.32+0.3° 58.66+1.2°
D1S1F14  11.56+0.557  1.32+0.01°  81.22+0.88° 69.55+1.5°% 2.89+0.01%  44.34+0.8° 59.44+1.5°
D1S1F15  16.41+0.14°  1.07+0.03" 60.15+0.89¢ 53.77+1.4¢ 2.27+0.02¢  31.65+0.2°¢ 40.01+1.9%
D1S2F1  17.89+0.27¢  1.22+0.02®  61.21+0.91° 50.55+1.1¢ 2.39+0.01°  32.47+0.8° 49.04+1.6™
D1S2F2  16.43+0.32°  1.05+0.01°  62.55+0.78¢  59.81+1.1™ 2.36+0.03°  31.43%0.1° 47.99+2.5°¢
D1S2F3  18.88+055¢  1.06+0.03°  60.81+0.91¢  50.59+1.5¢ 2.33+0.03°  32.45+0.1°¢ 47.99+1.8°
D1S2F4  18.89+0.32¢  1.08+0.02° 63.15+1.1¢ 52.99+1.4¢ 2.42+0.02°  34.65+0.8" 48.99+2.2°¢
D1S2F5 17.99+0.27¢ 1.09+0.01° 62.72+0.81¢ 55.37+1.7° 2.31+0.01%  35.11+0.2 48.78+1.9°
D1S2F6  16.58+0.14°  1.11+0.03°  64.11+0.95°  51.12+1.1° 2.24+0.039  33.88+0.3° 50.88+1.6"
D1S2F7  16.67+0.32¢  1.13+0.02°  64.66+0.71°  56.66+1.5° 2.33+0.03°  35.65+0.2 51.99+2.5°
D1S2F8 17.77+0.27¢  1.160.03° 66.15+0.86° 50.11+1.4¢ 2.44+0.02°  36.43+0.8° 53.44+15°
D1S2F9 18.44+0.55"  1.18+0.01®  63.11+0.94¢ 57.88+1.2° 2.58+0.02°  37.87+0.2° 51.99+1.9°
D1S2F10  19.43+0.32%  1.21+0.03®  66.15+0.88°  50.81+1.7¢ 2.56+0.03°  36.88+0.8° 52.66+1.6°
D1S2F11  18.99+0.27¢  1.16+0.03°  62.82+0.66° 58.22+1.1° 2.63+0.01°  37.11+0.8"° 54.99+1.2°
D1S2F12  18.99+0.14°  1.24+0.02%  64.11+0.88*  59.99+1.2" 2.74+0.02°  39.33+0.1° 55.77+¢1.9%
D1S2F13  19.4240.32%  1.22+0.01°  65.88+0.91®  59.15+1.4° 2.49+0.03°  39.44+0.2% 56.01+1.5%
D1S2F14  18.39+0.27¢  1.21+0.03®  68.22+0.88° 59.49+1.5°¢ 2.42+0.01°  38.77+0.8"° 55.78+1.6®
D1S2F15  17.81+055%  0.91+0.02°  59.11+0.81%  42.12+1.1F 2.25+0.02¢  30.77+0.8°¢ 38.11+1.8°
D2SIF1  22.24+0.77°  0.84+0.01° 50.24+0.91f 38.55+1.3¢ 2.27+0.039  34.88+0.4°¢ 41.72+1.9¢
D2S1F2  27.09+0.75°  0.77+0.03°  48.55+0.789  37.81+1.4° 2.33+0.01°  33.92+05°¢ 40.99+1.2%
D2S1IF3  26.01+0.64°  0.81+0.02%  47.84+0.929  38.59+1.19 2.15+0.02¢  34.99+0.4° 41.44+1.6°
D2S1F4 25.56+0.75°  0.83+0.01° 53.15+1.1° 40.99+1.5° 2.29+0.03%  32.88+0.8° 41.14+1.8°
D2S1F5  22.19+0.77°  0.91+0.01° 52.74+0.85' 43.37+1.2° 2.41+0.01°  33.77+0.8°¢ 40.11+1.9¢
D2S1F6  27.77+#0.75®  0.95+0.03° 54.15+0.93f 41.12+1.4° 2.44+0.01°  32.82+0.8° 41.17+1.2°
D2S1F7 25.55+0.64°  0.98+0.02*°  52.64+0.74' 44.66+1.1° 2.53+0.02°  31.81+0.4° 40.16+1.6¢
D2S1F8  28.78+0.77°  0.99+0.03*  5515+0.86°  42.11+1.2F 2.41+0.03°  33.32+0.1° 49.99+1 5%
D2S1IF9  26.67+0.64°  1.12+0.01°  54.04+0.92°  45.88+1.5° 2.48+0.03°  34.93+0.4° 48.12+1.1°
D2S1F10  28.88+0.75°  1.11+0.02° 56.14+1.1° 42.81+1.4° 2.41+0.02°  35.83+0.5° 4559+1.5°¢
D2S1F11  26.22+0.93°  1.05+0.01°  54.85+0.66°  46.22+1.1° 2.55+0.01°  33.88+0.8° 46.77+1.6°
D2S1F12  26.88+0.77°  1.12+0.03®  56.25+0.81° 47.18+1.2°¢ 2.57+0.01°  31.44+0.8° 48.99+1.2°
D2S1F13  25.22+40.75°  1.22+40.02®  56.85+0.97°  47.15+1.7° 2.46+0.02°  33.660.2° 47.66+1.2°
D2S1F14  21.77+0.64°  1.39+0.05°  56.15+0.78°  47.49+1.1° 2.33+0.03°  34.54+0.3°¢ 45.76+1.8°
D2S1F15  28.09+0.93*  0.99+0.01"  46.75+0.85° 40.11+1.4° 2.16+0.01¢  28.21+0.1¢ 42.14+1.6¢
D2S2F1  21.88+0.75°  0.65+0.03¢  49.27+0.95%  37.58+1.5¢ 2.03+0.02°  30.99+0.3° 44.98+1.2%
D2S2F2  22.99+0.77°  0.61+0.02¢  47.55+0.719  36.79+1.7° 2.11+0.01¢  31.77+0.8° 45.99+1.1°
D2S2F3  25.01+0.64°  0.59+0.01%  46.88+0.959  37.59+1.19 2.17+0.039  30.66+0.8°¢ 46.66+2.1°
D2S2F4  24.11+0.75°  0.71+0.02° 49.15+1.1% 39.19+1.2°¢ 2.15+0.01¢  29.99+0.3% 47.88+1.5°¢
D2S2F3  25.01+0.64°  0.59+0.01%  46.88+0.959  37.59+1.19 2.17+0.03¢  30.66+0.8° 46.66+2.1°
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Continue Table 6.

&A] S JS J..é}jls LS ol KEE 05
el Prolin Jo e sl ol ) - O s ol
* content sl el : Total Height of f
Treatments (. 1y Total phenol Zinc of Chlorophyll lant Dry shoot
HO.-KgFW™)  (mg.kgFw™) Iron of shoot shoot phy p weight
(hg/gr D.W) (ug/gr D.W) (mafor F.W) (cm) (gr/p?ant)
D2S2F4  24.11+0.75°  0.71+0.02° 49.15+1.1"%  39.19+1.29 2.15+0.01¢ 29.99+0.3% 47.88+1.5°¢
D2S2F5  22.78+0.77°  0.72+0.03¢  48.72+0.859  42.38+1.4f 2.19+0.03¢ 31.44+0.8° 48.87+1.6°
D2S2F6  24.14+0.64°  0.68+0.01¢  47.15+0.95%  40.18+1.1™ 2.15+0.02¢ 32.77+0.2° 49.33+1.2
D2S2F7 24.34+0.75°  0.66+0.02°  47.66+0.74°  43.99+1.5f 2.08+0.01°¢ 33.66+0.8° 49.12+1.8"
D2S2F8  21.88+0.93°  0.64+0.03¢  48.15+0.869  41.11+1.7f 2.11+0.02¢ 32.6620.1° 48.12+1.6°
D2S2F9  21.78+0.77°  0.69+0.01¢  49.04+0.949  44.88+1.1° 2.21+0.03¢ 33.880.1° 47.77+1.2°
D2S2F10  22.16+0.75°  0.73+0.02¢ 50.15+1.1  41.88+1.4F 2.18+0.01¢ 34.77+0.3° 48.33+1.3°
D2S2F11  24.33+0.64°  0.83+0.03° 47.82+0.66°  45.29+1.2° 2.17+0.01¢ 35.77+0.2° 40.12+1.6¢
D2S2F12  27.77+0.93°  0.85+0.01°  48.25+0.88°  46.11+1.7° 2.21+0.02¢ 36.660.8" 49.98+1.5™
D2S2F13  25.43+0.77°  0.81+0.02°  47.88+0.97°  46.18+1.5° 2.16+0.03¢ 37.760.8" 40.01+1.8%
D2S2F14  25.12+0.64°  0.79+0.03% 49.15+1.1°  46.42+1.1° 2.12+0.01¢ 38.99+0.5" 40.12+1.6%
D2S2F15  26.01+0.75°  0.41+0.01°  40.77+0.85"  34.35+1.4¢ 2.02+0.02° 25.12+0.5¢ 33.15+1.91
D3SIF1  29.67+0.93°  0.56+0.02°  46.27+0.91°%  36.55+1.6¢ 2.14+0.03¢ 28.88+0.4% 35.98+1.2°
D3S1F2  29.05+0.82°  0.55+0.01°  48.52+0.789  36.71+1.5°¢ 2.11+0.03¢ 29.12+0.2¢ 37.77+1.6°
D3S1IF3  28.92+0.93°  0.54+0.03°  45.88+0.99¢  35.50+1.4%" 2.11+0.01¢ 28.99+0.8¢ 38.22+1.5¢
D3S1F4  29.98+0.55°  0.53+0.02°¢ 51.11+1.17  37.11+1.1°9 2.08+0.02° 27.88+0.3¢ 40.11+1.9¢
D3S1F5 29.11+0.82°  0.52+0.01°  50.72+0.88"  40.37+1.6° 2.08+0.01° 29.66+0.2% 39.99+1.6¢
D3S1F6  28.09+0.73®  0.51+0.03° 52.1240.95"  39.12+1.5% 2.16+0.02¢ 32.44+0.8° 38.93+1.5¢
D3S1F7 27.77+0.93°  0.59+0.02®  50.66+0.75%  45.99+1.7¢ 2.13+0.03¢ 36.77+0.8" 40.91+1.8°
D3S1F8 29.9+0.73° 0.58+0.01%  53.12+0.86"  39.11+1.1° 2.12+0.03¢ 31.44+05° 41.88+1.6°
D3S1IF9  28.11+0.82®  0.56+0.03®  52.04+0.99"  43.88+1.4f 2.11+0.01¢ 29.66+0.3% 42.88+1.5%
D3S1F10  27.43+0.55®  0.61+0.01¢ 54.11+#1.1%F  39.88+15" 2.14+0.02¢ 33.66+0.3¢ 40.22+1.5¢
D3S1F11 29.9+0.93° 0.63+0.02¢ 52.82+1.1' 44.22+1.6° 2.21+0.03¢ 32.77+0.3° 41.11+1.6¢
D3S1F12  30.11+0.73®  0.66+0.03¢  54.22+0.88°  45.11+1.1% 2.23+0.01¢ 33.34+0.3° 42.12+1.9¢
D3S1F13  27.99+0.55®  0.64+0.01°¢ 54.88+1.2°"  46.18+1.4° 2.16+0.03¢ 30.88+0.8° 40.88+2.2¢
D3S1F14  28.01+0.93%  0.61+0.02% 54.11+1.1%F  47.49+1.7°¢ 2.13+0.02¢ 32.56+0.2° 41.12+1.8¢
D3S1F15  28.12+0.82%  0.34+0.01"  44.99+0.859  35.99+1.5 2.01+0.03° 24.34+0.8° 34.66+1.6°
D3S2F1 29.1+0.55° 0.45+0.02°  47.77+0.99¢  3555+1.1¢ 2.02+0.01° 28.330.1¢ 25.12+1.49
D3S2F2  29.33+0.73°  0.44+0.01°  4555+0.78%" 34.77+1.4%" 2.01+0.03° 29.98+0.8% 24.23+1.9"
D3S2F3  28.66+0.93°  0.43+0.03°  44.88+1.2¢9  3559+1.7%" 2.02+0.02° 30.55+0.5° 25.33+1.2¢
D3S2F4  29.33+0.82°  0.46+0.01° 46.11+1.1°  37.11+1.5¢ 2.06+0.01° 31.55+0.8°¢ 25.12+0.5°
D3S2F5 29.98+0.55°  0.47+0.02°  49.77+1.2%  37.37+1.19 2.15+0.03¢ 28.77+0.8¢ 26.88+0.5°
D3S2F6  28.99+0.73°  0.49+0.01°  45.12+0.959  34.12+1.4% 2.17+0.03¢ 29.45+0.3¢ 27.13+0.6¢
D3S2F7  29.12+0.55°  0.51+0.01°  49.66+0.75%  41.99+1.5 2.07+0.01% 25.55+0.8¢ 26.88+0.9¢
D3S2F8  28.44+0.82°  0.49+0.03°  45.16+0.86% 39.11+1.7%" 2.15+0.02¢ 26.92+0.5¢ 26.99+0.8¢
D3S2F9 29.14+0.93*  0.50+0.01° 48.04+1.3° 42.88+1.1° 2.12+0.03¢ 27.62+0.4° 24.88+0.6"
D3S2F10  29.88+0.55%  0.51+0.03° 46.11+1.2°  39.88+1.49 2.21+0.03¢ 26.88+0.1¢ 28.55+0.2¢
D3S2F11  29.18+0.82°  0.55+0.02° 4488+1.1"  43.22+0.98 2.12+0.01¢ 27.66+0.2¢ 29.77+0.5
D3S2F12  32.01+0.73°  0.56+0.02° 49.22+1.4°  44.11+1.7° 2.23+0.03¢ 28.67+0.8¢ 32.6620.5'
D3S2F13  31.33+0.77°  0.54+0.01° 48.88+1.1¢ 44.15+1.4° 2.19+0.02¢ 29.44+0.9% 31.12+0.9f
D3S2F14  30.08+0.97%  0.53+0.01° 49.11+1.2%  44.42+1.1° 2.12+0.01¢ 28.81+0.1¢ 30.13+0.8"
D3S2F15  29.24+0.93%  0.29+0.01° 40.7740.99"  28.34+1.02° 1.95+0.01° 18.54+0.8" 22.12+0.3"

ey sl S = [(D3) by ados doy3 VO 5 (D2) doys 00 (D) s 30 b b mlaws 53 i o 5l i Olgea] (K2 (25 5k D
Al i (F Y5505 8 (F2) Y 55058 (F1) V5058 slasS] bt slassS Sl oslial Fo[(S2) eslizal pis 5 (S1) sslizul] Cilr i 5w
Al Y ges S WFD) 55y Y 55058 (FB) Al it pes S WFT) (555 i) 53058 «(FB) al Ladt) 505 S «(F5) (555 Lind (F4)
Sy bt Al i as 8 WF13) oy ikt ol i +Y 55058 (F12) o5y Lakroal Lihe) 55e5,8 (FLL) (g5, i 5058 (F10)

[consumption (S1), no consumption (S2)], F: fertilizer application [grow-more 1 (F1), grow-more 2 (F2), grow-more 3 (F3), iron
chelate (F4), zinc chelate (F5), grow-more 1+iron chelate (F6), grow-more 1+zinc chelate (F7), grow-more 2+iron chelate (F8),
grow-more 2+zinc chelate (F9), grow-more 3+iron chelate (F10), grow-more 3+zinc chelate (F11), grow-more 1+iron chelate+zinc

[(F15- cdas sla s 3l oslizul ple) el L «(F14)

.,\j)\:)l)éé)\ga))fuﬁ)s.n;”a&);iﬁ e 61;‘3“50)—1“;"’J><5>U-"1M
* D: drought stress [field capacity (D1), 50% evaporation (D2), 75% evaporation (D3)], S: superabsorbent nano-polymer

chelate (F12), grow-more 2+iron chelate+zinc chelate (F13), grow-more 3+iron chelate+zinc chelate (F14), control (F15)]
“ Numbers in each column that have same word, have same group
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1- Glutamyl Kinase
2- Aminolevulinic Acid
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Table 7. Complex analysis of variance of mean of squares of essential oil content and the main constituents of
essential oil of L. angustifolia.

8 5]

IS} (<5 o

k=! 3 = 3 % 2 5 < By = )

= % & 5 - e L, 88 35 0 » _ 5 I -2 — =
bE $5 323838 4135 18328 58 28 »3 9%
hs 28 0% SE 33 1f 32 SE pf 32 13 35 Y
= 2 = « E !
g vg &8 T 9E TE PE 2 2 g YA °

3 < &
) Ju 1 1.11™ 5297  73™  222™  34™ 388" 3357 045" 13® 825"  0.35%
28

4 1.14 5.32 8.52 3.44 2.44 0.15 0.37 0.77 0.88 0.93 0.14

R(Y) Jl
A) iz 2 7247 3347 15547 6697 5597 2757 2527 25617 3347 4357 3057
AxY 2 18™ 55777 6.87™ 21.2™ 142™ 20547 22447 411™ 09™ 6187 055™

sl
sbo s 8 5.16 5.17 124 15.7 12.7 0.88 0.92 2.01 114 2.6 2.01

@) ol
NSLAE W 1 862" 7147 8127 23767 1176 9767 956 1027 927 14127 1457
B)
BxY 1 9.2" 47" 92" 2227 1527 112" 727 9.2" 727 1227 627
AxB 2 103" 53" 83" 203" 183" 93" 844" 83" 637 143" 73"

AxBxY 2 322° 0012 421" 0011® 0011™ 049" 0.12™ 052" 0.022® 088  0.019™
sl

sbo s 12 0.81 0.021 0.82 0.012 0.012 0.14 0.11 011 0.014 0.14 0.015

b) 5
P sl - " - - - " " - " - "
© 14 211 2.22 5.37 8.64 5.64 6.22 2.22 455" 2233”7 511 2.22
CxY 14 1447 088" 2617 404" 3047 5117 288" 3447 899" 4117 1997
CxB 14 1227 099" 4217 2117 1997 621" 288" 166" 488" 2217 188"
CxBxY 14 118" 211" 411" 443" 233" 533" 019" 188" 4157 208" 1357
CxA 28 299" 094" 18" 219" 188" 498" 089" 2777 399" 398" 101"

CxAXY 28 092" 066" 072" 2557 1557 38" 0797 0997 2447 098" 0957
CxBxA 28 037" 073" 029" 0001 0002° 026 0697 019° 245" 059" 082"
CxBxAxY 28 039" 0001 027" 0001 0001® 023" 0002® 021" 0002° 021" 0.002"
sl
g 33 025 0001 021 0001 0001 013 0008 012 0049 0.5 0.02
© st

Do
O s 7.55 8.12 7.12 9.43 9.11 7.44 8.77 8.44 6.44 1.77 8.99
(CV%)

EE

)‘J‘);MCJ&}UF'/'\ O=+/+0 CLJJ)‘J&A%JJA{”S} ¢
? SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and
P=0.01 levels of probability respectively, ns: not significant
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