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Extended abstract
Introduction
Due to the water crisis, the import of oil and oilseeds,and the outflow of foreign currency, the need to
cultivate oilseeds with low input consumption.is feltz*Camelina’( Camelina sativa L.) is considered as a
superior option as an oilseedicrop with high growth capacity under stress conditions, in infertile soils
and in temperate climate. This'plant, with a short life cycle between 85 and 100 days, is suitable for
cultivation in different agricultural,and environmental conditions.Camelina seeds are rich in oil and
protein. Camelina,oil contains essential fatty, acids such as omega-3 and omega-6, tocopherols,
phytosterols, and phenolic compounds. Tts applications include human nutrition, livestock and poultry
feed, biodiesel production, and use in the biopolymer industry. Zeolites are three-dimensional
aluminosilicate minerals ‘that contain cations necessary to balance the electrostatic charge of the
framework’s tetrahedral aluminum and silicon units. They can effectively combat soil pollution, water
contamination, and heavymetal pollution. Additionally, zeolites can enhance water use efficiency and
prevent food wastage in dryland areas, leading to increased crop yield. Wood vinegar, also known as
pyroligneoushacidyis a raw liquid with a reddish-brown hue produced through the biochar pyrolysis
process. It mainly contains compounds such as acetic acid, butyric acid, catechol, and phenol. Wood
vinegar has properties similar to plant growth regulators and is environmentally friendly. It can also
enhance crop resistance to biological and abiotic stress factors.

Materials and methods

This design was implemented in the form of factorial split plots in the form of a randomized complete
block design in three replications. The investigated factors include irrigation regimes at four levels
(optimum irrigation, mild water deficit, moderate water deficit and severe water deficit) as main plots,
natural zeolite (clinoptilolite) factorial at two levels (zero and eight tons per hectare) and wood vinegar
at four levels (0, 5000, 10000, and 15000 ppm) were as sub-plots.

Results and discussion

The results of the experiment indicate that irrigation regimes, the application of zeolite, and wood
vinegar foliar spray have a significant impact on the morphological, physiological, and yield-related
traits of the Camelina plant. The highest leaf area index was achieved in the treatment combining mild
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water deficit, zeolite application, and wood vinegar foliar spray with a concentration of 5,000 ppm.
Additionally, the treatment involving wood vinegar foliar spray of 15,000 ppm and zeolite under optimal
irrigation conditions resulted in the highest oil yield. The maximum water use efficiency based on seed
and oil yield was observed in the treatment with severe water deficit, no zeolite application, and wood
vinegar foliar spray at a concentration of 10,000 ppm. Furthermore, the photosynthetic rate was also
higher in the treatment with optimal irrigation, zeolite application, and wood vinegar foliar spray of
15,000 ppm compared to other treatments. Based on the findings of this study, the use of zeolite and
wood vinegar foliar spray at 15,000 ppm is recommended as the best treatment due to increased
performance. Additionally, under mild and moderate water deficit conditions, the application of zeolite
and wood vinegar foliar spray of 15,000 ppm is advised, while severe water deficit conditions do not
warrant the use of zeolite and wood vinegar foliar spray of 10,000 ppm.

Conclusion

According to the results of this research, the use of zeolite and foliar sprayingof 15&)0 ppm of wood
vinegar is introduced as the best treatment due to the increase in seed and oilyield. Also, in mild and
medium low water conditions, the use of zeolite and foliar spraying of 15000.ppm of wood vinegar is
recommended, and in severe water deficit stress conditionsyit is recommended not to use zeolite and
foliar spraying of 10000 ppm. \
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Foliar. Application (F) ol Jelxo 3 3864™ 17082.90™ 0.00077"
F*Z 0 ehldslxex culgl 3 264" 5586.01" 0.00021 "™
(74 cdgixe,tel 9 284" 497112 0.00016 ™
I*F sl x ol 3 942 281075 0.00023"
|*Z+E sl xeudgiixs el 9 307" 461646™ 0.00021"
Error (b) Aoy slbs 56 625" 147655 0.00009 ™
CV (%) O s g 929 16.08 1979
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ns, *and ** show not significant and sigficant at 5% and 1% level, respectively
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Fig. 3. Mean Comparisons of oil percent under zeolite
effect
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Table 5. Variance analysis (Mean of squares) of of phoetosynthetic gas exchange traits
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Table 6. Mean comparison of the triple interaction of zeolite, wood vinegar solution and irrigation regimes on
physiological traits, grain yield and water efficiency

-.-J $I905%
Sl gl S92 45 Sy o 23l 4318 5 yShos (4318 5 yShos)

Irrigation Zeolite Wood vingar LAI Grain yield WUE

ton.ha ppm - Kg.ha' Kg.m?®

0 0.23 1021.88 0.146

5000 0.38 1042.15 0.149

0 10000 0.35 1074,13 N 0183

osllan T 15000 0.23 1138.71 0.163

Optimal irrigation 0 0.34 1396.76+, 0.199

5000 0.40 910.24 0.130

8 10000 0.32 4168.37 0.167

15000 0.37 1350.89 0.193

LSDo.s 0.0387 155.98 0.0091

0 0:20 776.04 0.138

5000 024> 850.69 0.151

0 10000 0.2 911.43 0.162

pdlo sltloS A5 15000 0.30 730.02 0.130

Mild water deficit 0 0.28 823.90 0.146

stress

5000 0.26 794.30 0.141

8 10000 0.30 934.68 0.166

15000 0.39 1057.74 0.188

LSDogs 0.0246 313.54 0.0237

0 0.24 711.04 0.167

5000 0.23 673.97 0.158

N 10000 0.20 755.40 0.178

bt s, o5 o S 15000 0.28 860.98 0.202

MG Y 0 0.21 880.38 0.207
defigit stress

N\ 5000 0.25 771.29 0.181

8 10000 0.27 792.82 0.186

15000 0.30 912.77 0.215

LSDoos 0.0994 138.32 0.0133

0 0.18 427.36 0.148

5000 0.18 623.28 0.216

0 10000 0.25 951.36 0.330

Wl (5l o G 15000 0.18 763.04 0.265

Severe water 0 0.23 528.11 0.183
deficit stress

5000 0.18 796.55 0.277

8 10000 0.23 604.34 0.210

15000 0.19 733.10 0.255

LSDo.os 0.0915 206.7 0.0189
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Table 7. Mean comparison of the triple interaction of zeolite, wood vinegar solution and irrigation regimes on oil yield,
water efficiency, photosynthesis rate and stomatal conductance.

odos ol (590,

_ Frhawgid Gt o 1439, colaa
&l cudgi o7 45 of9y  (0f9y9,54ee)  ppotosynthetic  Conductance to
Irrigation Zeolite Wood vingar  oil yield WUE rate H20
ton.ha* ppm kg.ha* kg.m3 umol.CO,.m?2 st mol.H,0.m?s?
0 247.52 0.035 3.89 0.069
. 5000 335.13 0.048 6.28 0.074
) 10000 330.76 0.047 6.11 0.080
wetbo o)l 15000 363.21 0.052 5.10 0.072
|ror?$;rzz:1 0 419.00 0.060 5.45 0.082
: 5000 298.20 0.043 649\ 4 0.091
10000 386.79 0.055 6.12 0.084
15000 450.69 0.064 6.53 0.086
LSDoos 63.68 0.0232 0.9369 0.0175
0 198.62 0.035 4.75 0.066
. 5000 221.19 0.039 N 444 0.062
) 10000 239.95 0.043 5.10 0.062
e )bl 15000 207.78 0.037 5.01 0.085
d“:f'iL‘: t":‘t"‘:eesrs 0 215,39 0.038 5.03 0.082
. 5000 216.479 4 0.056 4.82 0.063
10000 277.79 0'049 5.83 0.083
15000 315.67 0.056 5.63 0.058
LSDoos 88.80 0.0557 1.0427 0.0195
0 178.45 0.042 4.18 0.052
. 5000 17332 0.041 3.65 0.055
el o 10000 187.14 0.044 4.37 0.055
g 15000 228.32 0.054 4.85 0.062
Moderatéwater 0 233.96 0.055 3.87 0.056
deficit stress AN 5000 199.34 0.047 4.75 0.055
R 10000 213.84 0.050 4.52 0.064
15000 261.56 0.061 4.89 0.064
4 LSDoos 56.72 0.0325 0.6768 0.0083
0 88.80 0.031 3.32 0.042
. 5000 148.31 0.052 3.92 0.045
10000 212.07 0.074 3.90 0.047
s ol o5 5 15000 175.74 0.061 3.88 0.057
e 0 11473 0.040 2.91 0.039
. 5000 197.67 0.069 3.88 0.045
10000 135.89 0.047 3.80 0.044
15000 173.63 0.060 3.68 0.047

LSDo.os 54.34 0.0718 0.5228 0.0092
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Table 8. Mean comparison of the main effect of wood vinegar spraying on oil percentages, Intercellular CO2
concentration, Transpiration rate and Vapor pressure deficit based on Leaf temp.

S 45 p O£y we)d sk o2 CO2 Sy Ol N ww’i’%’w 3328
Wood vingar ol percentages Intercellular_COz Transpiration'rate Vapor pressure deficit based on
concentration Leaf temp
ppm % mmol CO,.mol* mmol H,0.m2.s \N kPa
0 25.13 187.11 1.250 22.21
5000 27.35 180.78 1.288 \ 21.84
10000 26.98 171.77 1.350 21.39
15000 28.12 165.94 1.277 20.79
LSDo.os 1.4463 14398 0.1147 0.6911
N\
\
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Table 9. Mean comparison of the main effect of irrigation
regimes on the oil percentages and Transpiration rate.

ol Gms, OB G ol
P ’f oil Transpiration
Irrigation regimes percentages iy
% mmol H,0.m?.s*
o (]
ekl g 06 1.46
Optimal irrigation
w2l (53l eS s
Mild water deficit 27.42 1.35
stress
bwgio (5,bl o s
Moderate water 26.21 1.23
deficit stress
wad 5 bl o i
Severe water deficit 22.90 1.02
stress
LSDo.os 1.7474 0.1767
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Table 10. Correlation coefficient between Camelina traits
Traits 1 2 3 4 5 6 7 8 9 10 11
1 S e a5 L 1.00
SPAD
2 Srebe sty g9+ 100
LAI
3 “bosles 597 065" 1.00 \
Grain yield
4 OEI e 045" 082" 0.77%%  1.00
Qil percent \
5 ©93 %5 0.36" 0.74™ 0.96™ 0.89™ 1.00
Oil yield \
6 FhwsS S 042" 0.86™ 0747 0917 084" 1.00

Photosynthetic rate
l43gy calan

7 0.22 072" 0.68™, 0.83"
Conductance to H,O
Fobw 5w CO;
8 Intercellular CO, -0.40" -0.67" -0.79" -0.77
concentration
9 &% ol 034 073" 0657 087"
Transpiration rate
S 5LLS Sgues
10 Vapor pressure -0.31 -0.62" -0.72" -0.81"
deficit
ol 3 Ol (5304
11 &ls ofloe . 0.25 0.10 043" 0.15
WUE(Grain yield)
ol &l )50 4 }
12 SE95 g]nc\0.0 -0.33 -0.01 -0.39

WUE (Oil Vield)

-0.15 -0.37" -0.51" 0.12

0:76™ 0.85™ 1.00

N\

083" -04472-067" 1.00
076" 0.89" 079% -0.67" 1.00

-0.79” -0.75™ -0.74™ 0.68™ 0.70” 1.00

035" 0.12 -008 -0.27 0.01 -0.08 1.00

-0.46™ 036" 0.79**

o)) 50 mhu )0 b se cud S 9T (gl s pas

No sign, *and ** sﬁbw no correlation and correlation at 5% and 1% level, respectively.
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