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Abstract
Introduction

Oilseeds are rich in fatty acids, hence they are of paramount importance. Fats and oils are
recognized as primary sources of energy in human nutrition. Additionally, fat-soluble vitamins,
which play a crucial role in maintaining human health, are supplied through the consumption of
oilseeds in the body. Therefore, studying and researching oilseeds and their importance in today's
nutrition is crucial. Camelina is an oilseed product belonging to the Brassicaceae family, which
can adapt well to various environments and produce suitable oil for biological purposes. Due to
its appropriate composition of unsaturated fatty acids such as oleic acid (omega-9), linoleic acid
(omega-6), alpha-linolenic acid (omega-3), and low levels of saturated fatty acids, it is considered
one of the highest quality edible oils.

Materials and Methods

This research aimed to investigate the performance and composition of camelina oil under the
influence of urea foliar application and irrigation regimes in a split plot arrangement in
randomized complete block design with three replications during 2021 growing season at the
research farm of the Faculty of Agriculture, Tarbiat Modares University. In this study, the
examined factors included different irrigation regimes at the flowering stage at four levels
defined as the main factor. These levels included optimal irrigation (no stress), mild water deficit
stress, moderate water deficit stress, and severe water deficit stress. Irrigation continued until the
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plant's available moisture in the root zone reached 20, 40, 60, and 80 percent, respectively, and
then irrigation continued to the field capacity. The secondary factor included the application of
nitrogen fertilizer from urea source as foliar spray at six levels (0% (distilled water spray), 1%,
2%, 3%, 4%, and no foliar spray (control)).

Results and Discussion

Under optimal irrigation conditions, seed yield and oil content showed the highest values, with
the optimal irrigation treatment exhibiting the highest yield. In mild water deficit stress
conditions, seed yield decreased by 12.83% compared to the control (optimal irrigation), while
foliar application of nitrogen at concentrations of 1%, 2%, 3%, and 4% increased seed yield by
18.23%, 27.95%, 16.30%, and 11.74%, respectively, compared to the control (no foliar spray). In
mild water deficit stress conditions, the use of nitrogen foliar spray at a concentration of 3%
resulted in a greater increase in grain yield and oil content compared to other concentrations. Oil
yield decreased by 4.42% and 21.23% in mild and moderate water deficit stress conditions,
respectively, compared to the control (optimal irrigation). Additionally, foliar application of urea
at concentrations of 1%, 2%, and 3% increased oil yield by 23.85%, 35.37%, and 23.81%,
respectively, compared to the control (no foliar spray). Under severe water deficit stress
conditions, the treatment with 2% nitrogen concentration led to the highest amount of seed oil,
chlorophyll a, and chlorophyll b. Regarding the anthocyanin content, under severe water deficit
stress conditions, foliar application of nitrogen at a concentration of 1% resulted in a greater
increase in anthocyanin content compared to other treatments.

Conclusion

In optimal irrigation conditions, grain yield and oil content showed the highest values. In mild
water deficit stress conditions, the use of foliar spraying of urea fertilizer with a concentration of
3% nitrogen led to a greater increase in grain yield and oil content than other concentrations. In
severe water deficit stress conditions, urea fertilizer treatment with 2% nitrogen concentration
resulted in the highest amount of oil content and chlorophyll a and b.

Keywords: Anthocyanin, Chlorophyll, Fatty acids, Grain yield, Oil yield.
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Figure 1. Monthly maximum and minimum air temperatures (°C), and precipitation (mm) recorded

during the March-June, 2022

Table 1. Soil characteristics of the experimental site

Soil depth Texture oM K P N H EC ocC Sand Silt Clay
(cm) (%) (ppm)  (ppm) (%) P (dS/m) (%) (%) (%) (%)
i
0-30 Z;ij 099 187 414 005 795 075 055 73 16 11
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Table 2. Variance analysis of Grain yield, Oil percent and Oil yield

Mean of squares

0oV i
S0 Grain yield Ol Oil yield Chiorophyll Chlorophyll Anthocyanin
percent a b
Block 2 5428/74 0.76 319.03 2.00 0.05 0.00000272
r'eré'.gnii'?ﬂ 3 208321/20%*%  AL167**  9673.75%*  50.21%* 1.18%%  0.00539672**
Error (a) 6  8241/22 4.65 748.76 1.16 0.01 0.00002698
UreaFoliar o jeepe7qx 575+ 105830%* 543 0.42%*  0.00077111**
Application (F)
I*F 15 1582/37 7.58%* 351.86 1.05 0.07#*  0.00015037**
Error (b) 40  5571/98 1.46 426.97 0.78 0.01 0.000049
CV(%) 17/63 456 1851 16.85 11.41 11.83
no sign, * and ** show not significant and sigficant at 5% and 1% level, respectively
600 b

600 a a
ab
500
o
£ a0 b
Z c
~ 300
ko]
2
> 200
£
< 100
O
0
Optimal Mild water ~ Moderate Severe water
irrigation  deficit stress water deficit deficit stress

stress
Irrigation regimes

Grain yield (Kg.ha'l)

a
500
ab
bc
a0 | C
300
200
100
0
No foliar Distilled 1% 2%
spraying  water

i b-c

3% 4%

Foliar Application

figure 2. Mean comparison of the main effects of irrigation regimes (a) and urea foliar application

(b) on grain yield.
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Table 3. Mean comparison of the interaction of irrigation regimes and urea foliar application on oil

percent, chlorophyll b and anthocyanin

— . Nitrogen foliar Oil percent Chlorophyll b Anthocyanin
Irrigation regimes application
% mg g~ FW mg g~ FW
No foliar spraying 22.02+0.00b 1.14+0.02cd 0.03+0.00c
Distilled water 22.32+2.94b 1.14+0.01cd 0.04+0.00c
Optimal irrigation 1% 28.78+1.56a 1.2040.00c 0.04+0.00c
2% 25.35+0.00a 1.72+0.05a 0.05£0.00b
3% 25.37+0.86a 1.06+0.02d 0.06+0.00a
4% 26.50+1.01a 1.34+0.02b 0.04+0.00c
LSD 2.1692 0.0887 0.0069
No foliar spraying 26.10+4.46bc 0.98+0.05bc 0.04+0.00d
Distilled water 24.95+1.12¢ 0.81+0.02c 0.05+0.00cd
Mild water deficit 1% 26.64+1.61a-c 0.85+0.08¢ 0.06+0.00ab
stress 2% 25.44+1.40bc 1.2840.14a 0.06+0.00a
3% 29.02+3.67a 1.14+0.01ab 0.05+0.00bc
4% 27.72+0.94ab 1.13+0.04ab 0.04+0.00d
LSD 2.4287 0.2169 0.0103
No foliar spraying 28.00+0.14a 0.45+0.00d 0.05+0.00c
Moderate water Distilled water 26.87+1.70ab 0.65+0.11cd 0.05+0.00c
deficit stress 1% 27.90+1.61a 0.85+0.08bc 0.07+0.00a
2% 27.10+1.40ab 1.2240.10a 0.07+0.00ab
3% 29.02+1.47ab 0.89+0.06bc 0.06+0.00b
4% 25.10+2.04b 0.96+0.12ab 0.05+0.00c
LSD 2.3353 0.2701 0.0099
No foliar spraying 26.01+2.14b 0.25+0.02d 0.08+0.00ab
Distilled water 28.0+1.57b 0.63+0.01c 0.08+0.00 ab
Severe water deficit 1% 28.29+1.34b 0.73+0.01a-c 0.09+0.00a
stress 2% 30.00+2.08a 0.70+0.08b-c 0.08+0.00 ab
3% 26.00+2.47b 0.88+0.09a 0.09+0.00 ab
4% 26.72+2.74b 0.84+0.11ab 0.07+0.00b
LSD 1.8223 0.1668 0.02

Optimal irrigation: irrigation (up to field capacity) after depletion of 20% soil available water, Mild water
deficit stress: irrigation (up to field capacity) after depletion of 40% soil available water, Moderate water
deficit stress: irrigation (up to field capacity) after depletion of 60% soil available water, severe water
deficit stress: irrigation (up to field capacity) after depletion of 80% soil available water.

The means with same letters in each column from each level of irrigation regimes, do not have a significant

difference.
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Table 4. Mean comparison of the main effect of irrigation regimes on Qil yield and Chlorophyll a

N . Oil yield Chlorophyll a

Irrigation regimes o I

Kg ha mg g~ FW

Optimal irrigation 130.66+8.72a 7.22+0.60a

Mild water deficit stress 124.89+11.21a 5 8340.20b

Moderate water deficit stress 102.9247 164 4.3240.37¢

S ter deficit st
evere water detiCit Stress 78.88+8.64b 3.34+0.50d

Optimal irrigation: irrigation (up to field capacity) after depletion of 20% soil available water, Mild water
deficit stress: irrigation (up to field capacity) after depletion of 40% soil available water, Moderate water
deficit stress: irrigation (up to field capacity) after depletion of 60% soil available water, severe water
deficit stress: irrigation (up to field capacity) after depletion of 80% soil available water.

The means with same letters in each column do not have a significant difference.

Table 5. Mean comparison of the main effect of Urea foliar Application on Oil yield and Chlorophyll a

Nitrogen foliar application Oil yield Chiorophyll a
Kgha' mg g’ FW
No foliar spraying 92.25+1.55¢ 4.61+0.29b
Distilled water 98.65+8.96¢ 4.52+0.52b
1% 117.97+4.42ab 5.06+0.57b
2% 128.94+25.14a 6.14+0.43a
3% 117.93+8.57ab 5.93+0.30a
4% 111.08+6.38hbc 5.1240.42b

The means with same letters in each column do not have a significant difference.
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Table 6. Fatty acid profile of camelina under the influence of irrigation regimes and urea foliar

application
Nitrogen Palmitic  Stearic  Oleic Linoleic linolenic  eicosanoic  eicosanoic eicosanoic  erucic
Irrigation foliar acid acid acid acid acid acid 1 acid 2 acid 3 acid
application
%
Nofoliar 667 250 1589 2125 2938 2.04 13.66 180  3.79
spraying
< Distiled 734 253 1614 2322 2735 224 1404 177 364
= water
[+
2 1% 746 254 1667 2268 2824 1.99 13.59 172 412
E 2% 720 241 1610 2268  29.08 2.00 13.42 174 345
S 3% 724 250 1598 2298  28.60 2.09 13.55 174 354
4% 727 252 1683 2329  27.27 2.15 13.80 169 351
Nofoliar 219 254 1603 2226 2832 213 14.36 176 372
spraying
= Distilled 710 255 1568 2250 28.98 2.07 14.02 180 354
'S water
s 1% 745 261 1644 2240 2835 2.04 13.90 171  3.39
g 3
g 3 2% 715 252 1604 2201  29.26 2.02 13.96 171 352
=]
s 3% 682 247 1556 2146  29.49 2.09 14.68 179  3.79
4% 865 301 1771 2620  30.29 2.38 14.42 188  3.71
« No foliar 694 241 1557 21.06 30.59 2.08 14.13 180  3.63
a spraying
7 Distilled 695 247 1630 2148 3005  1.96 1386 175 357
‘S water
3 1% 700 250 1608 2152  29.96 2.04 13.79 175 361
5
g 2% 707 252 1592 2151 2971 2.06 14.06 170 365
I 3.41
g 3% 711 256 1644 2180 2965 1.92 13.65 1.79 :
o
o
= 4% 690 245 1544 2159  30.73 2.02 13.85 177 352
Nofoliar 216 244 1562 2151 3047 2.04 13.66 179 355
@ spraying
<4 Distilled
5 ter 676 235 1582 2129 3150 1.91 13.43 174  3.46
E _
5 S 1% 684 250 1578 2144  30.72 1.95 13.65 173 350
N
5
% O 2% 734 240 1570 2196  31.18 1.85 13.69 168  3.07
%; 3% 700 242 1512 2102 3152 1.95 13.79 181 353
[<5)
@ 4% 694 238 1552 2133  30.34 2.03 13.56 174 377

Optimal irrigation: irrigation (up to field capacity) after depletion of 20% soil available water, Mild water
deficit stress: irrigation (up to field capacity) after depletion of 40% soil available water, Moderate water
deficit stress: irrigation (up to field capacity) after depletion of 60% soil available water, severe water
deficit stress: irrigation (up to field capacity) after depletion of 80% soil available water. All numbers in
the table are expressed as percentages.
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Table 7. Correlation coefficient between Camelina traits

No Traits 1) 2) 3) 4 (5) (6)
1 Grain yield 1.00

2 Oil percent -0.41* 1.00

3 Oil yield 0.94** -0.09 1.00

4 Chlorophyll a 0.90** -0.39 0.84** 1.00

5 Chlorophyll b 0.83** -0.40 0.77** 0.79** 1.00

6 Anthocyanin -0.69** 0.59** -0.56** -0.58** -0.49* 1.00

*and ** indicate significance at 5% and 1% levels, respectively, and n.s of non-significance.
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