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Abstract

Introduction

The agricultural sector plays a critical role in ensuring food security through while conserving natural
resources. Oilseed crops require substantial water inputs, making it necessary to identify alternative
crops with lower water and nutrient demands. Camelina sativa has emerged as a promising oilseed
crop due to its adaptability to unfavorable environmental conditions. Promoting camelina cultivation
could help diversify agricultural production and reduce dependence on traditional oilseed crops.

Materials and Methods

This study aimed to investigate the yield and yield components of camelina under water deficit stress
with the application of zeolite and wood vinegar. The experiment was conducted in 2023 at the
Agricultural Faculty Farm of Tarbiat Modares University as a split-plot factorial in a randomized
complete block design with three replications. The main factor was irrigation regimes at four levels:
optimal irrigation, mild water deficit stress, moderate water deficit stress, and severe water deficit
stress, corresponding to 20%, 40%, 60%, and 80% depletion of available water capacity, respectively,
followed by irrigation to field capacity. Sub-plots included two levels of zeolite application (0 and 8
tons ha™) and four levels of wood vinegar foliar application (0, 5000, 10,000, 15,000 ppm) in a
factorial arrangement. The Time-Domain Reflectometry (TDR) device was used to determine the
irrigation timing and volume, as well as the amount of deep water infiltration. After performing the
plowing operation, zeolite was evenly spread over the soil surface in the experimental area and mixed
with the soil for the plots designated to have zeolite according to the experimental design.
Additionally, foliar application of wood vinegar was carried out at four different stages of plant
growth (10 days before flowering, inflorescence emergence, full flowering, and fruiting) to achieve
optimal effectiveness.
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Results and Discussion

The results indicate that zeolite application and wood vinegar foliar spraying significantly improved
all measured traits under optimal irrigation conditions. The highest grain yield was obtained in the
treatment with zeolite application and no wood vinegar application, which showed no statistically
significant difference from the treatment with zeolite application and foliar spraying of wood vinegar
at a concentration of 15,000 ppm (1,350 kg.ha™). Under severe water deficit conditions, the highest
grain yield (951 kg.ha™) was recorded in the treatment without zeolite application and foliar spraying
of wood vinegar at a concentration of 10,000 ppm. Other irrigation regimes did not show statistically
significant differences. The highest harvest index (33.86%) was achieved under optimal irrigation in
the treatment with zeolite application and no foliar spraying of wood vinegar. Under severe water
deficit, the highest harvest index (30.31%) was recorded in the treatment without zeolite application
and foliar spraying of wood vinegar at a concentration of 10,000 ppm. These beneficial effects were
more pronounced under moderate and severe water stress. However, under severe drought stress,
zeolite application did not yield significant improvements, whereas wood vinegar at 10,000 ppm
significantly enhanced grain yield and harvest index. These findings suggest that zeolite and wood
vinegar can serve as effective strategies to enhance plant performance, particularly in water-limited
environments.

Conclusion
For maximizing seed and biological yield, moderate water stress combined with zeolite application is
recommended as the most cost-effective treatment. Under severe water stress, foliar application of

wood vinegar foliar application at 10,000 ppm is recommended to enhance seed and biological yield.
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0-30 ond 104 187 414 005 795 075 055 725 160 115

0-60 'ggrr]';y 197 147 412 002 8 074 021 770 14.0 9.0

Table 2. Analysis of variance of morphological traits, number of silique per plant and number of seed per

silique
Mean squares

SOV Number of Number of

Leafarea Rootlength  Height silique per seed per

plant Silique

Block 2 1.10 4.14 5.95 111083.23 0.88
Irrigation regimes (1) 3 88311" 434 125.01  157657.93" 1.54
Error (a) 6 10.71 2.24 41.31 3608.58 0.81
Zeolite(Z) 1 481557 7.71" 75.26" 4822.76 9.28"
Foliar application (F) 3 62.50" 0.41 15.00 29274.92” 1.10
FxZ 3 49.22™ 2.82 8.14 533.48 0.05
IxZ 9 31.46" 6.65 5.09 10507.49 0.54
IxF 3 99.32" 1.17 88.73" 9756.49 2.49
IxZxF 9 31.477 0.88 18.28 10574.54 2.85
Error (b) 56 7.12 1.60 1457 4289.63 1.17
CV (%) 7.30 13.67 7.16 17.79 8.19

no sign, * and ** show not significant and sigficant at 5% and 1% level, respectively
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Table 3. Analysis of variance of camelina yield components

Mean squares

S.0.V Stemn weight Weight of silique ~ Weight of silique 1000- seeds
g with seeds without seeds weight
Block 2 35071.45 150062.34 5x10™ 0.0268"
Irrigation regimes (1) 3 909311.83" 1722417.90” 85x10™*" 0.0262"
Error (a) 6 16119.37 34639.58 2x10™ 0.0031
Zeolite(Z) 1 1211326.28™ 964072.31" 163x10*" 0.0098
Foliar application (F) 3 191733.107 162153.23" 18x10*" 0.0346™
FxZ 3 22152.99 109763.80 6x10™ 0.0255"
IxZ 9 70825.76 149336.69" 15x10™" 0.0145
IxF 3 89715.69" 132755.30" 15x10™" 0.0078
IxZxF 9 23895.62 90726.09" 8x10™* 0.0096
Error (b) 56 33931.09 40122.82 3x10™ 0.0060
CV (%) 9.37 15.97 0.83 6.61

no sign, * and ** show not significant and sigficant at 5% and 1% level, respectively

Table 4. Analysis of variance of biological yield, straw yield , grain yield and harvest index

Mean squares

S0V af Biological yield Straw yield Seed yield Harvest index
Block 2 329675.95 127256.82 48239.88" 7.14
Irrigation regimes (1) 3 507010557 1747599.60" 913690.17" 132.29”
Error (a) 6 49557.04 34966.80 5095.49 5.25
Zeolite(Z) 1 4336593.90" 2999588.92" 122864.94" 49.12"
Foliar application (F) 3 706251.40" 298389.96" 100102.75™ 13.11
FxZ 3 20477357 65773.73 63956.43" 16.34
IxZ 9 397402.21" 250708.23™ 28587.56 9.63
IxF 3 292392.39™ 167390.76" 48769.01" 27.69”
IxZxF 9 47260.16 7893.49 43663.96" 25.21"
Error (b) 56 707.14 48783.85 15040.18 8.82
CV (%) 8.21 9.39 14.13 11.13

no sign, * and ** show not significant and sigficant at 5% and 1% level, respectively
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Table 5. Mean comparison for the triple interaction of irrigation regimes, zeolite and wood vinegar
solution on camelina traits (slicing based on irrigation regimes)

Weight of Weight of

Leaf Number  Numberof silique silique Harvest

_— .. Wood of silique  seed per q .q Seed yield .
Irrigation  Zeolite vingar perplant  silique with without index

seeds seeds

- tonhat ppm  (cm? - - (Kg.ha®y  (Kg. ha') (Kg. ha) (%)
0  3358° 457567 1250° 1402.16“ 380.29%  1021.88™  31.20%
5000 46.95° 41257%  13.72%  1404.91%  362.76°  1042.15" 32.18%
0 10000 52.21* 456.29%  13.40°  1454.61°  380.48%  1074.13°  30.59®
Optimal 15000 34.44° 438.04%  1255%  1561.06™ 422.35%  1138.71°  29.21%
irrigation 0  48.76® 205097 13.75° 2002.99° 606.23®  1396.76°  33.68°
8 5000 49.29%® 44933%  1351% 134819  437.94° 910.24° 25.28°
10000 50.10® 46851%  14.70*°  173050°  562.13° 1168.37°  29.06™
15000 46.59° 407.54%  13.890%°  2000.84*°  649.95° 1350.89%  28.72"
0 31.27° 35091% 14.77° 1074.85° 298.81° 776.04%  28.82°
0 5000 32.18% 396.14%  11.73%®  1173.96°  323.26° 850.69%°  26.69°
Mild water 10000 31.00% 364.38%  12.35°  1231.64%  320.21° 911.43%  28.20%
deﬁcitae 15000 36.01% 410.99%  12.45%  968.22%  238.21°% 730.02%  25.20%
tress 0 38027 433417 13.44° 1211.29%* 387.39° 823.90°  23.63%
8 5000 34.36% 413.05%  13.89°  1622.16*  827.86° 794.30%  21.39°2
10000 36.44% 403.96%  13.09°  1374.15%  439.47°% 934.68%  26.292
15000 39.79% 519.60%  14.09°  1555.08°  497.33%  1057.74%  27.42°
0 28557 242.14° 1253%® 005467  284.42° 711.04% 24522
Moderate 0 5000 31.17% 32272  12.33%  094356%  269.59° 673.97% 25682
water 10000 35.78% 416.73*°  13.78°  1057.56°  302.16° 755.40%  26.38°2
deficit 15000 41.22% 514.22*  13.75% 1232.82%  371.83% 860.98%  27.85°%
tress 0  31.04% 388.31° 1294° 1285.07%  404.69° 880.38%  27.63%
8 5000 33.93% 408.23*°¢ 13.82°  1125.84%  354.55°% 771.29% 25402
10000 36.30% 357.16°¢  14.39°  1157.27%  364.45°% 792.82% 25992
15000 41.03® 464.07*  13.37°  1332.35%°  419.58° 912.77%  26.932
0 2807% 22887% 1187 606.85° 179.49° 427.36° 18.71°
5000 29.69% 238.47%  12.67*  885.05"Y  261.78%  623.28°¢  24.07*
Severe 0 10000 28.467% 261.91% 1250  1378.24°  426.88° 951.36®  30.31°
water 15000 28.15% 263.42%  14.13%  1083.51%¢  320.48° 763.04%  28.69%
deficit 0 37.84% 25335%  14.33° 770.83%  242.72° 528.11°  20.59
stress 8 5000 30.32% 179.62%  12.00° 1162.64*  366.09° 796.55%  27.19%®
10000 37.26% 276.42%  12.25°  882.10"¢  277.75°% 604.34>¢ 2151
15000 29.32% 28451%  13.54®  1099.94®  366.84° 733.10"°  24.81"

Means with the same letters in each column from each level of water deficit stress, do not have a significant

difference at %5 probability level in the LSD test.
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Table 6. Mean comparison for the interaction of irrigation regimes and zeolite on root length, biological

yield and straw yield (slicing based on irrigation regimes)

Irrigation Zeolite Root length Biological yield Straw yield
- (ton. ha™) (cm) (Kg. ha™) (Kg. ha™)
Ontimal irriation 0 9.35° 3485.44° 2416.22°
P g 8 8.08" 4125.99° 2919.43°
) . 0 8.69° 3003.04° 2185.99°
Mild water deficit stress 8 9.68° 3642.94° 9740.28°
Moderate water deficit stress 0 0.84° 2870.45° 2120.10°
8 9.01"™ 3162.68° 2323.36°
Severe water deficit stress 0 10.29° 2667.60° 1976.35"
8 9.15° 2795.24° 2129.71°

Means with same letters in each column from each level of water deficit stress, do not have a significant

difference at %5 probability level in the LSD test.
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Table 7. Mean comparison for the interaction of irrigation regimes and wood vinegar solution on plant
height, stem weight, biological yield and straw yield (Slicing based on irrigation regimes)

. . Biological .
Irrigation Wood vingar Plant height Stem weight yield Straw yield
- ppm (cm) (Kg. ha™) (Kg. ha™) (Kg. ha™)
0 59.00° 2002.46° 3705.04° 2495.72°
Ontimal irrigati 5000 53.75° 2053.85° 3430.40° 2454.20°
pimat irngation 10000 56.83° 2187.91° 3780.47" 2659.22°
15000 52.83° 2526.01° 4306.96° 3062.16°
0 52.96° 1882.61 3025.68° 2225.71°
Mild water deficit 5000 53.26° 2091.40 3489.46° 2666.96°
stress 10000 54.63° 2090.00 3392.89° 2469.84°
15000 54.32°2 2122.27 3383.92° 2490.04
Moderate water 0 45.44; 1901.28 3041.55® 2245.84a:
deficit stress 5000 54.77b 1793.85 2828.55: 2105.92
10000 55.38 1849.04 2956.45" 2182.34°
15000 58.93% 1957.13 3239.71° 2352.84°
0 52.75° 1709.21° 2398.05° 1920.31°
Severe water deficit 5000 49.33°2 1733.07°2 2756.92° 2047.002
stress 10000 47502 1843.43° 2973.60° 2195.752
15000 51.00° 1705.39° 2797.11° 2049.042

Means with the same letters in each column fom each level of water deficit stress, do not have a significant
difference at 5% probability level in the LSD test.
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Figure 1. Mean comparisons for the effect of zeolite treatment on plant height of camelina

EWV 0 WYV 5000
1/3
)
5 a
'S 1/25 ab
> b
0~ 1/2 a-c c
22 c c c
(3]
P 1/15
o
8 d
S 11
1/05
1
whitout application 8 ton.ha-1

Zeolite treatment

Figure 2. Mean comparison for the interaction between zeolite and wood vinegar treatments on 1000-
seeds weight of camelina
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Figure 3. Mean comparison for the main effect of irrigation regimes on 1000- seeds weight of camelina
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Figure 4. Mean comparison for the effect of zeolite treatment on stem weight of camelina
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Figure 5. Mean comparison for the interaction between zeolite and wood vinegar treatments on biological yield

of camelina
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