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Table 1- Soil physical and chemical characteristics of the experimental site
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) phosphorous X g 0 o Lime o
nitrogen (ppm) potassium matter (%) (%) (%) (%) (ds/m)
(%) (ppm) (%) ’
0.11 4.8 335 1.1 25 31 17 49 1.3
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Table 2- Combined analysis of variance of traits related to enzymatic properties in two years
and two normal and water deficit conditions

<l Gy Colad oy po

i o @ :f:; 5y (i &l 439, afedg s J":)”U S,
S.OV. o3 Lee{f area Relative Stomatgl Chlorop Chlorop Caroten
df index water conducFlon hyll a hyll b oid
content coefficient
Jls  Year 1 0.0009™ 201.74™ 41.58™ 0.17 0.66™ 1.47*
Jlw 4o 41,5 RXY 4 0.46 492.23 27.40 0.17 0.26 1.17
&kl Trrigation 2 7.32%%* 4556.94%* 593.50%* 4.45%* 4.69%* 1.45%*
okl x Jw IXY 3 0.04"™ 80.02™ 10.94™ 0.09"™ 0.15™ 0.07"
Vsls Error 1 16 0.31 258.05 21.76 0.06 0.23 0.38
0595 995 Nitrogen 3 3.17% 652.40* 410.98* 0.54* 3.01%** 1.87*
ey x Jlw NXY 3 0.26™ 27.97™ 33.57™ 0.03™ 0.10™ 0.09™
0395 x 63l NXI 9 0.71* 75.92" 73.74%* 0.04™ 0.85%* 0.98™
ol x el g 0.16™ 105.67 13.51 0.05™ 013" 023"
Y XIXN
Y sls Erorr 2 48 0.32 57.66 25.35 0.03 0.23 0.34
Ol s o b C.V. (%) 24.44 10.59 23.29 8.31 20.55 25.14
TN 90 Jlil mhav (o s se g 0 g il oS Sy i g DS
ns, * and ** nonsignificant and significant at 5 and 1% probability levels, respectively.
Y Jgus aold!
Table 2- Continued
o0 il o 50 8 Sose o Sose Sy g ol
i @il = odan Essential I s ol Ve " O
S.0.V. ‘5(';';‘ Proline oil Dry flower  Essential CAT 2 ;g; ° RSV)
percentage yield oil yield MAD
Jls  Year 1 0.77" 0.018™ 20956 ™ 0.51™ 1.48%* 0.006™ 0.30™
Jlw y0 5,185 RXY 4 1.97 0.020 21751 1.15 0.51 0.94 0.28
&Ll Trrigation 2 36.73%* 0.22%* 357128% 129. 7** 2. 37** 1.83%* 0.63**
okl x Jw IXY 3 1.23"™ 0.028™ 37542 ™ 0.02" 0.29" 0.17" 0.03ns
Vs Error 1 16 0.86 0.005 50197 8.45 0.19 2.33 0.10
03955 058 3 049" 0989° 192518 G0.30%*  124%F  062%*  0.74%
Nitrogen
039553 x Jlo 300048 0091™  2351™ 0019 0.2 002"  0.06"
NxY
°”"§ :I‘s’l’*' 9 009® 051 9845™  886** 007" 012  0.08"
x 5kl xJlw
035959 9 0.32"™ 0.012™ 3761 ™ 0.019™ 0.28" 0.09" 0.09"™
Y XIXN
Y sls Erorr 2 48 0.52 0.06 48842 2.34 0.17 0.10 0.09
Gl s 9 g C.V. (%) 6.44 11.46 13.18 14.36 21.37 20.90 24.51

TN 90 Jlil mhav (o Jls sie g 0 g il (o3 Sy i g DS
ns, * and ** nonsignificant and significant at 5 and 1% probability levels, respectively.
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Table 3- Mean comparison for simple effects of irrigation regimes and nitrogen levels on
studied traits of pot marigold

T e S ySlos odlle
R - W WONT P Py oo ey VBl STy
- JJ; (s -1 P . $°
Gs) Golw! yge e mgg ) 55 sl pmol)  mg) B gomwe sl
Irrigation Intervals (M{a) FW Ke/hy mgg') g’ g’ mgg') T
(day) Relative Chlorophy D FW FW FW FW mg g)
water ry . . ¢ FW
content lla flower Carotenoid Proline  CAT SOD
. MAD
yield
5 86.48a 2.92a 581.18a 2.18a 11.69d 1.54c 1.18¢ 1.10b
10 78.37b 2.35b 586.31a 1.76b 12.94¢c  1.89b 1.47b 1.07b
15 67.15¢ 2.19¢ 453.21c 1.66b 13.78b 2.02b 1.63b 1.34a
20 54.79d 1.89d 315.15d 1.65b 14.58a 2.30a 1.83a 1.39a
LS 50 0,55LS) (33955 95
Nitrogen levels (kg.ha™)
0 64.07b 2.36b 423.46b 1.52b 12.8 2.14a 1.77a 1.37a
80 72.72a 2.34ab 553.10a 1.84ab 13.01 1.61b 1.46b 1.10b
160 74.44a 2.37a 543.15a 1.88a 13.51 1.65b 1.46b 1.16b
240 75.55a 2.41a 431.17b 2.02a 13.12  2.04a 1.42b 1.27ab

il oo doys gy Jleisl o ;8 (5)ls gae pac saiaslis gt ja )8 il By >
Means with the same letter are not significantly different at p-value 5%.
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Table 4- Mean comparison for interaction effects of irrigation regimes and nitrogen levels on
studied traits of pot marigold

Lo 439y culad cu po b Judg,ls

] sl 490 SLwl o
()51)1;;;1;1:0: u”}w > S gl StomaFa Chlorophyll ol .M)f ;E’:sentijti-;

movals NS Ll o b el i
(day) & Jrea Mmolndsy  me&FW P £ (kg.ha™")

0 2.53bed 24.27bed 2.09d-g 0.19° 10.23%

80 2.70bc 25.81bc 2.73b-e 0.20%% 12.15%

> 160 3.37a 32.77a 3.04ab 0.22° 12.52%
240 2.94ab 31.89a 3.43a 0.20°% 12.66°

0 1.93d-g 18.87d-h 2.13d-g 0.19°% 10.34%

0 80 1.87d-g 18.40e-h 2.09d-g 0.24° 15.08°
160 2.41b-¢ 23.26b-f 2.57d-g 0.24° 15.59°

240 3.47a 27.99ab 3.52a 0.21° 10.88°%

0 1.52fg 15.18h 1.76g 0.21% 7.23¢

s 80 2.17c-f 21.07c-g 2.16d-g 0.25° 11.39%

160 1.96d-g 24.04b-¢ 2.65bcd 0.25° 12.43%

240 2.50bcd 19.15d-h 2.35¢c-f 0.21° 9.20°f

0 1.38g 13.95h 1.78¢ 0.20% 6.95¢

80 1.54fg 16.09gh 1.64¢g 0.19% 8.33f2

20 160 1.62fg 15.36gh 1.85fg 0.19° 7.94
240 1.81efg 17.86fgh 2.03efg 0.19% 7.44f¢

a3l oo o8 gy Jlois! mla 18 (55l e pac saims Ll ete o )0 alie By >
Means with the same letter are not significantly different at p-value 5%.
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Abstract

To study the effects of nitrogen levels on morphophysiological and antioxidants
properties of calendula under deferent irrigation regimes a split plot experiment
based on a randomized complete block design with three replications was conducted
at the Urmia Agricultural Station of Saat Lo for two cropping seasons 2016-17.
Treatments were four levels of irrigation (irrigation after 5, 10, 15 and 20 days)
assigned to main plots, and application of 0, 80, 160 and 240 kg.ha™' nitrogen to
subplots. Results showed that the effects of irrigation intervals on all studied traits
waer significant. There were significant differences among nitrogen levels on all
traits except proline content. Interaction of two treatments was significant on leaf
area index, stomatal conduction coefficient, chlorophyll b, essential oil percentage,
and essential oil yield. Resulats also indicated that, with increasing irrigation
intervals from 5 to 20 days, relative water content, chlorophyll, carotenoid, and dry
flower yield were reduced by 36.64, 35.27, 24.31 and 45.77 percent respectively.
Proline content, catalase superoxide dismutase, and malondialdehyde activities were
increased by 24.72, 33.04, 35.51 and 20.86 percent, respectively. Among the
nitrogen fertilizer levels, 160 kg ha-1 increased, relative water content, chlorophyll
a, carotenoid and dry flower yield by 16.18, 4.24, 23.68 and 28.26 percent,
respectively, while it reduced the activity of catalase, superoxide dismutase, and
malondialdehyde by 18.10, 21.23 and 29.69 percent respectively as compared to
control. The highest leaf area index, stomatal conduction coefficient, chlorophyll b
were increased by the use of 160 kg.ha™ nitrogen fertilizer and irrigation intervals of
5 days. The highest percentage of essential oil of the flower and essential oil yield
were also belonged to the application of 160 kg.ha™ nitrogen and irrigation interval
of 10 days. To obtain better quality and higher essential oil yield from calendula,
irrigation interval of 10 days and application of 160 kgha' nitrogen fertilizer is
recommended.
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