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Extended abstract

Introduction

Oilseed crops play a vital role in human life by supplying a substantial portion of nutritional
requirements and serving as raw materials for various industries. Camelina (Camelina sativa L.) is an
oilseed crop with high cultivation potential compared with other oilseed species, owing to its relatively
short growth period, moderate to low nutrient requirements, and high tolerance to a wide range of biotic
and abiotic stresses. Developing drought-resistant crops such as camelina, along with strategies to
conserve water and enhance water use efficiency under drought stress conditions, can contribute to
increasing total oilseed production. In this context, the application of soil amendment materials such as
zeolite can improve plant growth under drought stress conditions. Zeolite is an environmentally friendly
material that has been widely used to improve soil physical and chemical properties due to its unique
characteristics. Accordingly, the present study aimed to investigate the effects of different zeolite
application rates on seed yield, oil content, and fatty acid composition of camelina under optimal
irrigation and drought stress conditions in Karaj, Iran.

Materials and methods

A factorial experiment was conducted during two growing seasons (2018—2019 and 2019—2020) with
three replications to investigate the effects of zeolite application rates (0, 5, 10, and 15t ha 1) on camelina
under three irrigation regimes (full irrigation, restricted irrigation from the silique formation stage, and
restricted irrigation from the beginning of flowering). A 2-m separation distance was maintained
between experimental plots to minimize lateral water movement and prevent inter-plot water
penetration. Each experimental plot consisted of six rows, each 6 m long, with a row spacing of 30 cm
and a plant spacing of 5 cm within rows. Camelina seeds (Soheil cultivar) were sown on 277 September
in both growing seasons. Irrigation was applied using a surface (flood) irrigation system, and irrigation
intervals across treatments were determined based on 80 mm of cumulative evaporation measured with
a Class A evaporation pan. The volume of irrigation water applied to each main plot was measured using
water meters installed separately for each main plot across all three replications. Accordingly, total
irrigation volumes of 5120, 3840, and 2560 m3 ha ! were applied under full irrigation, restricted
irrigation from the silique formation stage, and restricted irrigation from the beginning of flowering,
respectively.
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Results and discussion

The results indicated that drought stress significantly reduced relative water content (RWC), chlorophyll
content (a, b, and total), oil content, and seed yield of camelina, whereas stomatal resistance and
carbohydrate and proline contents in camelina leaves increased under conditions of irrigation
withholding from the silique formation and flowering stages compared with full irrigation. Zeolite
application under three irrigation regimes resulted in decreased stomatal resistance and carbohydrate
and proline contents in camelina, whereas relative water content (RWC), chlorophyll content (a, b, and
total), oil content, and seed yield increased in response to zeolite application under different irrigation
regimes. The highest seed yield (2209 kg ha1) was obtained under full irrigation with zeolite application
at a rate of 15t ha1, whereas the highest camelina oil content (31%) was obtained under full irrigation
with zeolite application at a rate of 10 t ha™1.

Conclusion

Overall, the findings demonstrated that applying zeolite, particularly under irrigation withholding
during the silique formation and flowering stages, reduced the adverse effects of drought stress,
improved camelina plant growth, and ultimately increased total production. Therefore, the application
of 10 t ha™! of zeolite under full irrigation conditions and 15 t ha-! under irrigation withholding from the
silique formation and flowering stages is recommended for achieving the highest seed and oil yields.
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Table 1. Average monthly minimum and maximum air temperatures and rainfall during the camelina growth
period in two crop years (2018-2019 and 2019-2020) in Karaj.
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Table 2. Physical and chemical characteristics of the soil at the experiment site.
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Table 3. Results of Bartlett’s test for studied traits of camelina in 2018-2019 and 2019-2020 growing seasons.
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Table 4. Combined analysis of variance measured camelina traits as affected by irrigation regimes and application of
zeolite.
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I x ;ﬁ%x sl g 28.2" 203" 3.88" 16.8" 18.8™
sl g 2.85" 0.04" 0.03" 0.02" 0.13
YxIxZ
! 1.82 1.7 2.16 1.63 2.7
Error
it iaadhatad 1.53 8.32 4.07 7.55 4.85
CV (%)
Table 4. Continued wldlf Jguo
e T RN N BN N ORI .
k- Nt U] Chlorophyll  Chlorophyll Total Oe9) 1o 3 ylos
S.0.vV df a b chlorophyll Qil content Seed yield
Jwo 0.28" 0.008" 0.19" 142" 914628.12™
Year (Y)
(S dl g 0.003 0.001 0.002 0.35 3551.19
Year (Block)
e 2 1.9 0.63™ 0.45™ 79.27%  11007583.68™
Irrigation (1)
_ Sl 3 0.23" 0.13" 0.02% 15.33”  1081986.98™
Zeolit (2)
gy S 0.03" 0.0009" 0.04" 097 10994.54™
Yy I s 0.002" 0.0002" 0.001" 0.14% 1153.46"™
I x zw’%x‘”ﬁ' 6 0.04" 0.02" 0.08™ 178" 63465.81°
CadgiixgrleIx Jlw 6 0.004" 0.0004" 0.005™ 0.05" 9227.04"™
YxIxZ
1798
44 0.01 0.003 0.02 0.49 21019.5
Error
Oy’ g o6 10.01 13.31 7.90 2.45 12.23
CV (%)

By S gl Jlisl mhaw o lo pme i o0 1ty sl Jlais| o (o jlo e 1 () xe pas NS
ns not significant, * significant at the 0.05 probability level, ** significant at the 0.01 probability level.
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Table 5. Main effect of year on some measured camelina traits.

O o (5lgsixo eoglito R 3 ;5o
Sy 14395 a Jsdg,ls b Jdgyls U Jdols (f,) ails
Jl Relative water Stomatal Chlorophyll  Chlorophyll Total Oil Seed
Year content resistance b chlorophyll content yield
% scmt e mg gt FW--mmmmmmme e % kg hat
IFAV-ITAA 89.69? 15.41° 1.202 0.44° 1.642 29.05* 1298.14°
2018-2019
ITAASITAR 83.82° 15.82° 1.07° 0.46° 153  28.16° 1072.72°
2019-2020
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Table 6. Mean comparison of interaction of irrigation x zeolite on measured traits of camelina.

Gl gy SRS em sl 14559, Cuoglio Sl lgaz
Irrication  Zeolit Relative water Stomatal olan lgime Carbohydrate
g content resistance Proline content content
% scmt umol gt FW mg g* FW
ZL1 93.2° 10.132 12.65% 29.46°
IR1 ZL2 93.85° 8.85" 11.96%® 27.41°
ZL3 96.45% 6.48¢ 10.73° 23.01¢
ZL4 95.03® 7.51° 11.51%® 25.5°
ZL1 81.96°¢ 22.43? 22.18° 41.13?
IR2 ZL2 89.25° 16.45° 16.66° 33.33°
ZL3 91.26%® 13.95° 15.56%¢ 32.13%
ZL4 92.43? 11.45¢ 14.13° 31.2¢
ZL1 76.8° 26.25? 24.58° 44.76°
IR3 ZL2 79.45° 24.68? 23.83° 42.01°
ZL3 83.652 20.56° 20.53° 38.53°
ZL4 86.08% 18.85° 18.96° 35.881
Table 6. Continued alol .f Jgas
- ' . IS Jedgrls ‘
sk gl a Judg,ls b Judg s Total G alime o Sles
Irrigation Zeolit  Chlorophylla  Chlorophyll b chlorophyll Qil content  Seed vyield
-------------------- mg gt FW----mmmmmmemmemmeee % kg ha*
ZL1 1.25¢ 0.322 1.58° 29.97° 1623.3¢
IR1 ZL2 1.34%¢ 0.3%® 1.65° 30.33%® 1852h°
ZL3 1.712 0.24° 1.96° 318 22092
ZL4 1.51® 0.27°¢ 1.79% 30.55%® 2057
ZL1 0.91° 0.59* 1.51° 26.95¢ 616°
IR2 ZL2 1.03? 0.44° 1.482 28.54° 925.3°
ZL3 1.072 0.4 1.482 28.96% 1105.2°
ZL4 1.132 0.35° 1.49° 29.61° 1361.3?
ZL1 0.83° 0.762 1.6° 25.22¢ 390.67¢
IR3 ZL2 0.88v¢ 0.682 1.56% 26.38° 542.17°¢
ZL3 0.95® 0.52° 1.47° 27.622 696.17%
ZL4 0.99* 0.48° 1.47° 28.1° 846.332
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Means followed by similar letters for each treatment in columns are not significantly different at the 5% probability

level. IRL1: Full irrigation, IR2: Restricted irrigation from silicle formation, IR3: Restricted irrigation from
flowering; ZL1: Non-application of zeolite (control), ZL2: 5 ton ha* zeolite, ZL3: 10 ton ha* zeolite, and ZL4: 15

ton ha! zeolite.
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Fig. 1. Mean comparison of main effects of irrigation regimes (a) and zeolite application (b) on camelina canopy
temperature. Means followed by similar letters in columns are not significantly different at the 5% probability
level. Note: IR1: Fullirrigation, IR2: Restricted irrigation from silicle formation, IR3: Restricted irrigation from
flowering; ZL1: Non-application of zeolite (control), ZL2: 5 ton ha zeolite, ZL3: 10 ton ha™ zeolite, and ZL4:

15 ton ha zeolite.
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