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ABSTRACT

A two-year experiment (2017-2019) was conducted at Karaj, Iran, to investigate the effect of ammonium
and potassium sulfates on the physiological traits and seed and oil yields of camelina under late-season
deficit irrigation conditions. The experiment was carried out as a split plot-factorial in a randomized
complete block design with three replicates and irrigation regimes (full irrigation, restricted irrigation
from flowering and siliqueformation stages) as the main plots and a combination of ammonium sulfate (0,
25, 50, and 75 kg ha*) and potassium sulfate (0, 25, 50, and 75 kg ha') fertilizers as the subplots. Leaf
relative water content, canopy temperature, stomata resistance, proline, carbohydrate, chlorophyll and
seed and oil yields were affected by the three-way interaction between irrigation regime, ammonium and
potassium sulfates. Camelina seed and oil yields were 2470 and 833 kg ha* in full irrigation, 613 and 118
kg hal in restricted irrigation from the flowering stage, and 1320 and 407 kg ha in restricted irrigation
from the silique formation stages, respectively. Application of ammonium and potassium sulfates
increased seed and oil yields in all irrigation treatments. The maximum seed and oil yields were obtained
from 75 kg hal ammonium + 75 kg ha? potassium sulfates with the averages of 1950 and 643 kg ha,
respectively. The results of this study suggest that the application of 75 kg ha* ammonium + 75 kg ha*
potassium sulfates can improve the camelina seed and oil yields under full irrigation and late-season
drought stress treatments.
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Table. 1. Rainfall and mean temperature during growing period of camelina in Karaj, Iran.

2017-2018 2018-2019

Month Mean temperature (°C) Rainfall (mm) Mean temperature ("C) Rainfall (mm)
October 17 0 18.8 6.7
November 14.9 48 10.9 22.6
December 5.2 0.6 8.4 57.5
January 6.8 47 4.7 47.1
February 3.9 37 5.7 28
March 10.7 21 1.7 19.9
April 14.6 32 14 104
May 17.1 33 18.3 10.1
Jun 23.6 10 25.1 2.1
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Table 2. Physiochemical properties of experimental site soil

Year Depth EC pH ocC N P K S Sand Silt Clay
(cm) (ds m™) (%) (%) (ppm)  (ppm)  (ppm) (%) (%) (%)
2017-18 0-30 3.97 7.3 0.54 0.07 11.7 255 14.7 24 45 31
30-60 122 7.6 0.58 0.08 8.9 189 155 25 47 28
2018-19 0-30 3.81 7.1 0.61 0.08 125 236 12.8 23 47 30
30-60 1.75 7.4 0.72 0.09 10.1 212 13.6 24 48 28
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Table 3. Variance analysis of the effect of irrigation regimes and potassium and ammonium sulfates on
different traits of camelina in 2017-18 and 2018-19 growing periods.

Sov DF  Relative Canopy Stomata Proline  Carbohydrate  Chlorophyll  Chlorophyll Total Seed yield Oil yield
water temperature  resistance  content content a b Chlorophyll

content
Y 1 374 38.1 3.94 18.97 34.18™ 0.022 0.002 0.041 375194 64470
RxY 23.2 9.51 3.66 0.059 0.726 0.028 0.0009 0.032 147195 16413
IR 2 18092** 6898** 561" 24577 7336™ 4.25™ 1.13" 1.00™ 81884495™ 10617007
YxIR 2 0.341 0.947 0.235 0.521 0.990" 0.0002 0.0004 0.0001 48790 10645
Ea 421 0.934 0.268 0.336 0.134 0.016 0.002 0.012 91446 10373
PS 3 1100™ 731** 679" 57.3" 193" 0.012 0.035™ 0.006 430836 77593
AS 3 12.77 10.7** 3.58™ 2.857 14.16™ 0.199" 0.002 0.157" 5973762™ 708184™
Y*PS 3 0.021 0.105 0.029 0.012 0.025 0.0000007 0.00001 0.00002 249 74
YxAS 3 0.0006 0.002 0.002 0.0004 0.001 0.00001 0.000002 0.00005 3570 713
IRxPS 6 41.8™ 37.5%* 1517 2.28" 5.81" 0.0008 0.0004 0.002 59771 101000
IRXAS 6 0.485 0.446 0.010 0.145 0.740™ 0.014 0.00004 0.013 697371 100750™
PSxAS 9 0.468 0.216 0.048 0.051 0.055 0.0004 0.00003 0.0005 16339 2735
YXIRXPS 6 0.0009 0.007 0.002 0.0005 0.0007 0.0000005 0.0000002 0.00002 34 12
YXIRXAS 6 0.0001 0.0008 0.002 0.00002 0.0001 0.00001 0.0000005 0.00003 416 102
Y*PSxAS 9 0.00004 0.0006 0.001 0.00003 0.00002 0.0000001 0.000001 0.00002 10 3
IRXPSxAS 18 0.287** 0.060™ 0.010™ 0.051" 0.920™ 0.0002** 0.00002** 0.0003™ 8647 1092
YxIRXPSxAS 18 0.0003 0.001 0.001 0.00003 0.00002 0.0000002 0.0000006 0.00002 5 1
Eb 0.699 1.06 0.594 0.200 0.238 0.033 0.001 0.036 164321 17267
CV (%) 1.02 3.31 4.44 2.54 1.65 7.25 16.03 11.97 27.43 27.76

# NS

ns, * and **: not significant and Significant at the 0.05 and 0.01 of probability levels, respectively. DF: Degree of freedom, Y: Year,
R: Replication, IR: Irrigation regimes, PS: Potassium sulfate, AS: Ammonium sulfate.
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Table 4. Mean comparison of the interaction effects of potassium and ammonium sulfates and irrigation
on some physiological traits of camelina in 2017-18 and 2018-19 growing periods in Karaj, Iran.

Irrigation Potassium Ammonium Relative water Canopy Stomata Proline content
regime sulfate sulfate content temperature resistance (uM/g FW)
(kg ha) (kg ha!) (%) O (scm?)
0 91.8a 26.2a 13.0a 13.55a
0 25 92.0a 26.0a 12.7a 13.52a
50 92.3a 25.9a 12.7a 13.38a
75 92.5a 25.8a 12.6a 13.35a
0 93.7a 23.8a 11.2a 13.14a
25 25 94.3a 23.5ab 10.9b 13.03a
50 94.5a 23.0ab 10.8b 12.92a
IR1 75 94.7a 22.7b 10.6b 12.85a
0 96.2a 22.5a 8.9a 12.78a
50 25 96.6a 22.3a 8.7a 12.73ab
50 96.7a 22.1a 8.5a 12.54ab
75 97.0a 21.8a 8.4a 12.35b
0 97.5a 21.6a 7.9a 12.20a
75 25 97.6a 21.5a 7.7a 12.14ab
50 97.6a 21.5a 7.6a 11.99ab
75 97.9a 21.3a 7.5a 11.88b
0 75.7a 34.7a 20.6a 18.77a
0 25 75.8a 34.5a 20.4a 18.75a
50 76.1a 34.1a 20.3a 18.57a
75 76.5a 33.9a 20.2a 18.55a
0 80.1b 31.5a 18.4a 17.70a
25 25 81.0ab 30.9ab 18.2a 17.51a
IR2 50 81.6a 30.5b 18.0a 17.29ab
75 81.7a 30.4b 17.9a 17.03b
0 84.2c 28.7a 15.4a 16.90a
50 25 84.8bc 28.4a 15.2ab 16.78ab
50 85.2ab 28.1a 15.0ab 16.53ab
75 85.6a 27.8a 14.8b 16.42b
0 86.7b 26.8a 13.7a 16.05a
75 25 87.1b 26.6a 13.5a 15.88a
50 88.3a 26.5a 13.3a 15.80a
75 87.0b 26.4a 13.1a 15.78a
Aalol-F Jgu
Table 4- Continued.
Irrigation Potassium Ammonium Relative water Canopy Stomata Proline content
regime sulfate sulfate content temperature resistance (uM/g FW)
(kg ha) (kg ha'") (%) () (scm™)
0 61.9b 45.7a 30.0a 24.50a
0 25 62.3ab 45.3ab 29.8a 23.89%
50 62.5a 44.7b 29.7a 23.73a
75 62.6a 44.6b 29.6a 23.60a
0 65.8b 42.6a 27.3a 23.54a
25 25 66.4ab 42.2ab 27.0ab 23.40ab
IR3 50 66.8b 41.7bc 26.8ab 23.14ab
75 67.1a 41.3c 26.6b 22.81b
0 69.0b 38.5a 23.6a 22.72a
50 25 69.5ab 38.1ab 23.3a 22.56a
50 69.8ab 37.6b 23.0a 22.36a
75 70.1a 37.3b 22.9a 22.19a
0 71.8b 36.0a 21.3a 22.13a
75 25 72.5ab 35.6ab 21.2a 21.82a
50 72.8ab 35.1b 21.1a 21.70a
75 73.0a 34.9b 20.9a 21.6%a
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Means with the same letters in the same columns are not significantly different at 5% of probability level. IR1: Full irrigation, IR2:
Restricted irrigation from flowering IR3: Restricted irrigation from silique formation.



ar VB s oF 8yl Y 558 ool el; LS psle

9 LelS G590 508 Slio (S0 0 paigel Sldlgw g peliy Slidges 5 (5 kel (2iSon ke anslio -0 Jgon
ol @, 59 VWAY-ITAA 5 \TAFITAY wd, (sloe,s0

Table 5. Mean comparison of the interaction effects of irrigation and potassium and ammonium sulfate on
some physiological traits in 2017-18 and 2018-19 growing periods in Karaj, Iran.

Irrigation Potassium Ammonium Carbohydrate content Chlorophyll a Chlorophyll b Total Chlorophyll
regime sulfate sulfate (mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
(kg ha®) (kg ha®)
0 23.4a 1.280b 0.373a 1.655b
0 25 23.0ab 1.324ab 0.372a 1.697ab
50 22.7bc 1.364ab 0.359a 1.724ab
75 22.3¢c 1.460a 0.354a 1.815a
0 22.0a 1.285a 0.349a 1.634a
25 25 21.7a 1.344a 0.349a 1.693a
50 21.2b 1.372a 0.343a 1.716a
IR1 75 21.0b 1.464a 0.340a 1.805a
0 20.7a 1.311a 0.338a 1.651a
50 25 20.3b 1.347a 0.330a 1.678a
50 19.9c 1.380a 0.328a 1.708a
75 19.8¢ 1471a 0.319a 1.791a
0 19.7a 1.316a 0.315a 1.630a
75 25 19.5ab 1.352a 0.310ab 1.662a
50 19.3ab 1.386a 0.307ab 1.693a
75 19.2b 1.477a 0.229b 1.776a
0 3l.1a 1.013b 0.485a 1.499b
0 25 30.7ab 1.093ab 0.483a 1.577ab
50 30.4bc 1.113ab 0.478a 1.591ab
75 30.2c 1.166a 0.472a 1.639%
0 29.8a 1.046d 0.469a 1.517c
25 25 29.4ab 1.097c 0.468a 1.565hc
IR2 50 29.1b 1.127b 0.464a 1.591ab
75 28.8b 1.176a 0.461a 1.639%
0 28.6a 1.066b 0.460a 1.526b
50 25 28.4a 1.102b 0.458a 1.561b
50 28.3a 1.146ab 0.452a 1.584ab
75 28.2a 1.211a 0.449a 1.661a
0 28.0a 1.081b 0.445a 1.527a
75 25 27.7a 1.108ab 0.441a 1.549a
50 27.4a 1.156ab 0.435a 1.592a
75 27.3a 1.215a 0.432a 1.647a
Aolol -0 Jgum
Table 5- Continued.
Irrigation Potassium Ammonium Carbohydrate content Chlorophyll a Chlorophyll b Total Chlorophyll
regime sulfate sulfate (mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
(kg ha™) (kg ha™)
0 41.4a 0.896b 0.589% 1.485b
0 25 41.2a 0.933ab 0.583a 1.516ab
50 40.8ab 0.957a 0.578a 1.535a
75 40.2b 0.975a 0.573a 1.550a
0 40.04a 0.920b 0.572a 1.494a
25 25 39.68ab 0.944ab 0.569a 1.513a
IR3 50 39.13bc 0.963ab 0.562a 1.526a
75 38.62c 0.979% 0.560a 1.53%
0 38.47a 0.926a 0.552a 1.477a
50 25 38.16a 0.950a 0.547a 1.498a
50 37.69ab 0.966a 0.538a 1.505a
75 37.04b 0.986a 0.537a 1.524a
0 36.64a 0.929¢c 0.531a 1.461b
75 25 36.20a 0.953bc 0.524a 1.478ab
50 35.77ab 0.969ab 0.523a 1.492ab
75 34.92b 0.989% 0.522a 1.511a

S gsll alad dR2 .05 las (g lo cme WS ao po gty Jlotisl mlaws 5o (g5lel Bl i coygin j2 50 S ie Gy gl slop Silo

P nz 555 5l 5,Ll adad R3¢ 2ulS
Means with the same letters in the same columns are not significantly different at 5% of probability level. IR1: Full irrigation, IR2:
Restricted irrigation from flowering IR3: Restricted irrigation from silique formation.
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Figure 1. Mean comparison of the interaction effects of ammonium sulfate (a:0 kg ha*, b: 25 kg ha?, c:
50 kg hal, d: 75 kg ha'), potassium sulfate (e:0 kg ha?, f: 25 kg ha't, g: 50 kg ha?, h: 75 kg ha*), and
irrigation (IR1: Full irrigation, IR2: Restricted irrigation from flowering, IR3: Restricted irrigation from
silique formation) on seed yield of camelina in 2017-18 and 2018-19 growing periods in Karaj, Iran.
Means followed with the same letters in the same treatment are not significantly different at 5% of
probability level.
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Figure 2. Mean comparison of the interaction effects of ammonium sulfate (a:0 kg hat, b: 25 kg ha?, c:
50 kg hal, d: 75 kg ha') potassium sulfate (e:0 kg ha*, f: 25 kg ha?, g: 25 kg hal, h: 75 kg ha'), and
irrigation (IR1: Full irrigation, IR2: Restricted irrigation from flowering, IR3: Restricted irrigation from

silique formation) on oil yield of camelina in 2017-18 and 2018-19 growing periods in Karaj, Iran. Means
with the same letters in t he same treatment are not significantly different at 5% of probability level.
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