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Interaction of nitrogen and density on yield, nutrients content and nitrogen use
efficiency in linseed (Linum usitatisimum L.)
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ABSTRACT

It is important to determine the optimum nitrogen and plant density to increase linseed guantitative and
qualitative yields, nutrients uptake and nitrogen use efficiency. Therefore, this experiment was conducted
to achieve the best nitrogen and plant density combination in linseed. The experiment was conducted in
Yasouj University, Iran, as a split plot based on a randomized complete block design with three replications
in 2016. Treatments were nitrogen as main factor in five levels (0, 25, 50, 75 and 100 kg N ha %) and density
as sub factor in three levels (50, 100 and 150 plant m2). Maximum seed oil yield (982 Kg ha?), seed yield
(2525 Kg ha), grain protein (33.5 %), seed mucilage (7.4%), seed phosphorus (0.41% ) and potassium
(2.85%) were obtained from 100 kg N ha? at the density of 100 plants m2. Maximum nitrogen use
efficiency (79.5 kg kgt) was obtained in 25 kg N ha* and 150 plants m2 treatment, however the minimum
(20.4 kg kg'*) obtained from minimum plant density and maximum nitrogen. Generally it is suggested the
100 plant m density and 100 Kg ha'* nitrogen to produce high linseed yield quantity and also quality in
Yasouj region.
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Table 1. Variance analysis (mean squares) of the effects of nitrogen and density on yield, yield
components and qualitative traits of linseed

Sources DF Plant Number  Number 1000 Seed Biological harvest Seed Seed Seed oil Seed Seed Seed
of height of of seed seeds yield yield index protein oil yield mucilage  phosphorus  potassium
variations capsules per weight content  content content content content
per capsule
plant
Rep 2 2.62 0.68 0.65 0.27 9181 14381 25.08 0.04 2.67 46914 0.12 0.00006 0.003
Nitrogen 4 821"  79.83" 35.33" 0.19™  1151870" 5539533"  118.81"" 99.19**  18.33"  117828™ 7.74" 0.03" 1.30™
Error a 8 171 0.96 0.96 0.13 3283 8396 8.63 0.13 18.85 14605 0.07 0.00006 0.004
Density 2 15.1™  24.15™ 9.22" 25507 2621459  776974™ 1717 30.50 2.39™ 284769 9.33™ 0.01™ 0.53"
Kk
Nitrogen 8  4.90™ 5.26™ 3.46™ 5.16™ 177307 63976™ 187.57" 516 ** 2.47m 10822™ 1.33" 0.001™ 0.06™
x Density
Rep x 4 - 2.75™ 0.83"™ 0.2" 16258™ 7017" 14.28™ 0.00002 0.006
Density
Error b 16 141 0.70 0.48 0.1 2838 6729 3.89 0.10 451 7252 0.06 0.00005 0.003
C.V. (%) 7.34 12.48 15.52 8.55 3.87 3.87 5.14 1.27 5.34 11.66 4.08 2.68 2.97
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ns, * and **: non significant and significant at 5% and 1% of probability levels, respectively .
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Figure 1. Mean comparison and changes of the effects of nitrogen on Linum usitatisimum (L.) plant

height (A) and number of seed per capsule (B). Means followed by non-similar letter(s) are significantly
different at 5% of probability Level, using least significant difference (LSD) test.
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Figure 2. Mean comparison and changes of the interaction effects of nitrogen and density on the Linum
usitatisimum (L.) number of capsule in plants (A) and 1000 seed weight (B) . Means followed by non-
similar letter(s) are significantly different at 5% of probability Level, using least significant difference

(LSD) test. Bars represent the standard error.
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Figure 3. Mean comparison and changes of the interaction effects of nitrogen and density on the Linum
usitatisimum (L.) seed yield (A) and Biological yield (B). Means followed by non-similar letter(s) are

significantly different at 5% of probability Level, using least significant difference (LSD) test. Bars
represent the standard error.
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Figure 4. Mean comparison and changes of the interaction effects of nitrogen and density on Linum

usitatisimum (L.) harvest index (A) and seed protein (B) Means followed by non-similar letter(s) are

significantly different at 5% of probability Level, using least significant difference (LSD) test. Bars
represent the standard errors.
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Figure 5. Mean comparison and changes of the interaction effects of nitrogen and density on Linum
usitatisimum (L.) oil yield (A) and seed mucilage content (B) of. Means followed by non-similar letter(s)

are significantly different at 5% of probability Level, using least significant difference (LSD) test. Bars
represent the standard errors.
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Figure 6. Mean comparison and changes of the interaction effects of nitrogen and density on Linum
usitatisimum (L.) seed phosphorus (A) and seed potassium (B) contents. Means followed by non-similar
letter(s) are significantly different at 5% of probability Level, using least significant difference (LSD)
test. Bars represent the standard error.
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Figure 7. Mean comparison and changes of the interaction effects of nitrogen and density on Linum
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