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Table 1- Analysis of variance (mean squares) of morphological traits, irrigation water

productivity, yield and seed nitrogen of sunflower (Helianthus annuus L.) in different plant
density and levels of nitrogen.

oy L B ey 03 Sl 6FW e , <L
SR ~J H| sy s Slos T
Jave It S T ag & ails OiarE e, , o
SOV ] B 100- ) ; o9 .
V. Green- Sy Plant Seed 4y Oil o 3
dt ness height Seed ield content Oil yield
LAI et \weight Y SNC WP
Replication)l,ﬁ‘ 2 127.1ns  0.27ns 1315.1* 0'2867 8577 ns 18.6 ns 24.3 ** 30337 ns 0'0,?54
oS3 3 446.6 **  1.81**  4833.2%* 334 ** 1700903 ** 722 * 7.33 %% 427413*%* (.40 **
Plant density (D)
[ s
ke U; i 6 29.1 0.096 252.8 0.28 31697 77.9 0.54 7082 0.00057
Main error
039 Jlade 4 129.8%*  1.41** 1036.7* 0.48 * 1576014**  338.6%*  13.1 **  366232** (.13 **
Nitrogen rate (N)
D xN 12 3.16 ns 0.17* 340.1 ns 0.11 ns 112887 ** 32.7ns 0.59 ns 19216 **  0.014**
Error U 32 322 0.069 338.07 0.13 14478 26.29 0.29 3283 0.0037
s caps CV. (%) 112 13.9 12.7 7.06 4.03 102 1.24 439 751

ns: not significant; **: significant at p<0.01 level; *: significant at p<0.05 level

el 0o SO g Jleizl gl 10 g s S g (05 IS pixe pas (godies lis s i 4 ¥ ¥ ns
LAL leaf area index; SNC: seed nitrogen productivity; IWP: irrigation water productivity; CV: coefficient variance.
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05955 Olie g CudilS 05155 ool il 5 ﬁbm

Table 2- Mean comparison of leaf green ness, plant height, 100-seed weight, seen nitrogen

content and oil content affected by plant density and nitrogen levels

Plant density Green-ness Plant height 100-Seed Weight SNC Oil content
(Plant per m?) (cm) (g) (kgha™ (%)
4 54.01 a 166.4 a 584a 56.3a 43.2Dbc
6 544 a 1444b 5.03b 50.8a 435b
8 504 a 1409b 4.72b 529a 445 a
10 _426b  1227¢ 520b 402b  428c
Nitrogen rate
(kg.ha™)
0 453b 1282b 491b 414c¢ 424d
50 49.2 ab 142.2 ab 5.1ab 48.7b 437 ¢
100 512a 1514 a 5.22 ab 52.9 ab 44.7 a
150 527a 1493 a 54a 547 a 4420b
200 53.5a 147.1 a 5.36a 52.7 ab 42.5d

Means having similar letters in each column have no significant difference at 5% probability level by duncan test.

SNC: Seed nitrogen content
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Table 3- Two way interaction of applied treatments on LAI, seed yield, oil yield and IWP

of sunflower
Plant density ~ Nitrogen rate Seed yield Oil yield IwWP
(Plant per m%) (kg.ha™) LAl (kg.ha™) (kg.ha™ (kg.m®.ha™)

0 1.34 gh 20161 861 j 0.69 gh

50 2.29 abed 26411ij 1160 h 1.005 be

4 100 2.57 ab 2826 ghi 1254 efgh 1.08 b

150 2.67a 3020 efg 1312 def 1.06 b

200 2.78 a 3047 defg 1279 defg 1.18a

0 1.26 h 2460 kj 1048 i 0.68 gh

50 1.62 efgh 2760 hi 1222 fgh 0.81 ef

6 100 1.92 cdef 3043 defg 1365 cde 0.79 ef
150 2.12 bede 3270 cd 1438 ¢ 0.94 cd

200 2.38 abc 3290 ¢ 1390 cd 0.92 cd

0 1.35gh 2718 hi 1179 gh 0.68 gh

50 1.92 cdef 3216 cde 1435 ¢ 0.77 fg

8 100 2.1 bede 3690 b 1675b 0.88 de
150 2.12 bede 4016 a 1827 a 0.87 def

200 1.83 defg 3680 b 1605 b 0.81 ef

0 1.27h 2340 k 966 i 0.509 j

50 1.47 fgh 3098 cdef 1314 def 0.56 ij

10 100 1.66 efgh 2893 fgh 1284 defg 0.63 hi
150 1.55 fgh 2906 fgh 1283 defg 0.69 gh

200 1.44 fgh 2753 hi 1161 h 0.63 hi

il e Sl O905] el 2 70 Jlezs! w58 ls pixe BB 08B« Sheo (gm0 ailie By >
Means having similar letters in each column have no significant difference at 5% probability level by duncan
test.
LALI: Leaf are index; IWP: Irrigation water productivity.
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Figure 1- Two-way interaction of plant density and nitrogen levels on nitrogen use
efficiency of sunflower
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Abstract

In order to investigate the effect of planting densities and different amounts of
nitrogen on leaf greenness index and leaf area index, seed yield and oil yield, irrigation
water productivity and nitrogen use efficiency in sunflower, an experiment was
conducted as a split plot in the form of randomized complete blocks design with three
replications in the research farm of Agriculture Institute in Semnan province in the
spring of 2019. Plant density in four levels (4, 6, 8 and 10 plants per m”) as a main plot
and the amount of nitrogen levels (0. 50, 100, 150 and 200 kg urea ha™) as sub plot was
considered. Leaf greenness index, plant height, 100-seed weight, seed nitrogen content
and seed oil content were significantly affected by the simple effect of planting density,
which decreased with increasing density of the above traits. Also, the nitrogen levels
significantly affected the studied traits, so that with increasing the amount of nitrogen
consumption, from control (0 kg urea ha'l) to 200 kg urea ha™', the leaf greenness index
increased by 15.3%. The highest amount of plant height, 100-seed weight and grain
nitrogen were obtained in the treatment of 150 kg urea ha™' and 14.13, 9.07 and 24.3%
more than no application, respectively. Mean comparing the results of water use
efficiency showed that at a density of four plants per m” and an increase in nitrogen
levels, along with increasing height and leaf area index, water use efficiency also
increased, but higher levels of density led to smaller plant yield, less plant biomass and
water efficiency were reduced. The highest nitrogen use efficiency was obtained in the
density of 8 plants per m”> and no application of nitrogen fertilizer. Finally, maximum
grain yield (4016 kg.ha™") and oil yield (1827 kg.ha™) were obtained by consuming 150
kg urea per ha' and density of 8 plants per m’.
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