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ABSTRACT

Growth expressions of sunflower, supplied with 30, 45, and 60 kg N/ fad, were examined under the treatment of two
tillage practices (conventional tillage and no tillage applications) and three irrigation intervals (12, 18 and 24 days,
between each two successive irrigations) during 2017 and 2018 summer seasons at the Experimental Farm of the Itay-EL-
Baroud Agricultural Research Station. Responses of plant height, leaf area index, flowering date, stem diameter, head
diameter, 1000-seed weight, seed yield/ fad., harvest index and seed oil content in addition to oil yield/ fad. were
significant having the maximum records for sunflower with 12 days interval of irrigation. Also, the highest values of plant
height, leaf area index, harvest index, seed yield/ plant, during the two seasons, and seed yield /fad, oil yield (in 2017) and
1000-seed weight (in 2018) were achieved with conventional tillage compared to no tillage. Meanwhile, no significant
effects were obtained for flowering date, stem diameter and head diameter during the two seasons of study, and 1000-seed
weight (in 2017), seed yield and oil yield/ fad (in 2018) based on tillage practice. Increasing the level of nitrogen
fertilization up to 60 kg/ fad, significantly increased all studied characters except nitrogen use efficiency (NUE) and oil
percent which decreased with increasing nitrogen levels during the two seasons. The interaction of irrigation intervals and
tillage practice significantly affected plant height over the two seasons. This trait had maximum values with the shortest
irrigation interval (every 12 days) and 60 kg N/ fad. The obtained data indicated that 1000-seed weight, seed yield/plant,
leaf area index and harvest index were significantly affected by the irrigation interval and nitrogen levels interaction.
Meanwhile, high seed and oil yields were achieved with short interval (every 12 days) under conventional tillage and
nitrogen levels of 40 and 60 kg N/ fad. It is recommended to grow sunflower under conventional tillage practice, with
applying irrigation every 12 to 18 days and nitrogen fertilizer at the rate of 45 to 60 kg N/ fad, to obtain highest seed and
oil yields.

Key wards: Sunflower, no tillage, irrigation, nitrogen fertilization, nitrogen use efficiency, seed yield.

INTRODUCTION

Sunflower is considered to be Egypt’s future
source of vegetable oil. It can be grown more than
twice a year due to being a crop of short duration
growth with a wide range of adaptation to climatic
conditions. There are different agricultural decisions
affecting sunflower growth and productivity
performance.

Application of no tillage system (zero tillage)
has different advantages, compared to conventional
tillage. These include increased land use (Nawar et
al., 2017), soil structure improvement, coupled with
microbial activity enhancement and improved water
retention (Hobbs et al., 2008) a reduction in
production cost (e.g. saving labor and fuel),
(Erenestein et al., 2012), in addition to flexibility in
planting and harvesting (Khalil et al., 2004).
However, reasons for tillage include reduction in
soil resistance to root penetration and stimulation of
plant growth (Mirleau-Thebaud, 2017), pest control
in short crop rotations or sequences (Nawar et al.,
2017), together with soil fertilizers and plant
residues incorporation and other amendments,
leading to a decrease of N use (Langeroodi, 2015).

Development of irrigated agriculture depends,
not only on sufficient water being available, but also
on the efficient use of that water. Both quantity and

distribution of water has a significant impact on
seed and oil yields of sunflower (Kazemei et al.,
2009). Adequate water for initial plant growth is
important for producing a plant able to respond to
later irrigation. Therefore, there should be a
modification in agriculture plan through and
between each successive irrigation (Boydak et al.,
2007).

Nitrogen controls biomass production through
its effects on the plant leaf number and leaf
generation (Khalil et al., 2008) and assimilates
production. The increase in N uptake, as N level
increases, led to greater vegetative growth, hence,
greater photoassimilates partitioning into seeds
(Nawar et al., 2017). However, other researchers
reported that the increase in N level led to higher
leaf area index (LAI) with a reduction in both light
intensity and net assimilation rate (NAR) due to
between leaves mutual shading, resulting in a yield
decline (Nawar et al., 2017). Nevertheless, the
practice of N application, more than crop
requirements, may be a reason for N transformation
into NO3 followed by N leaching. This study was
conducted to evaluate sunflower response to N
fertilization under the effects of tillage practice and
water irrigation intervals.
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MATERIALS AND METHODS

Two field experiments were conducted at the
Experimental Farm in Itay El- Baroud, Agricultural
Research Station, Agricultural Research Center
(ARC), during 2017 and 2018 summer seasons to
evaluate growth performance of sunflower
(Helianthus annuus L.) Sakha 53 cultivar in
response to tillage practices, water irrigation
intervals and nitrogen fertilization rates. Three
irrigation treatments (irrigation every 12, 18 and 24
days), two tillage practices (conventional tillage
(CT) and no tillage (NT)) and three nitrogen levels
(30, 45 and 60 kg/fad) were used. Treatments were
arranged in a split-split plot design with three
replications, where the main plots were designated
for irrigation treatments, and sub-plots included
tillage practices, while nitrogen fertilization levels
were allocated to the sub-sub plots. Sowing dates
were on 10" and 15" May in the two successive
seasons, respectively. The plants were manually
seeded in ridges spaced at 60 cm apart and 20 cm
between hills. The net size of sub-sub plot area was
7.2m?, Thinning of plants was done at 20 days after
sowing to one plant/ hill to keep 30000 plants/ fad.
Superphosphate (15,5 % P20s) and potassium
sulfate (48% K,0O) were added to experimental soil
at preparation at the rate of 200 and 50 kg/ fad,
respectively. Nitrogen (as ammonium nitrate
33.5 %) was applied in two equal doses (at first and
second irrigations). All other cultural practices were
applied as recommended for sunflower crop
production. Soil chemical analysis of the two
seasons of the experimental site is presented in
(Table 1).

Ten guarded and random plants were harvested
from the 2™ and 3™ ridges in each sub-sub plot to
measure plant height (cm), stem diameter (cm),
head diameter (cm), weight of 1000 seeds (g) and
seed weight/ head (g). Seed and biological yields
per fad. were obtained from the inner two ridges
then transformed to ton/fad. Leaf area was
determined according to the methodology of
Benincasa (1988), with modifications to determine
leaf area index. After separating the leaves of five
plants, 40 leaf disks with a known area (1.77 cm?)
were sampled in each experimental plot, which was
considered as the leaf area of the sample (LA
sample). Then, after drying in a forced-air oven at
65° C until a constant weight (= 24 h), sample dry
mass (DM sample) and leaf dry mass (LDM) were
determined. Leaf area (LA) was obtained through
the equation:

LA=(LA sample x LDM) + DMsample, then
leaf area index was calculated according to the
formula of Hunt (1990): Unit leaf area per plant /
unit ground area occupied by plant. Nitrogen use
efficiency (NUE) was calculated using the formula
suggested by Moll et al. (1982) by dividing seed
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yield (GW) by nitrogen (N) applied to the soil plus
mineral nitrogen in soil before sowing (NS) as
follows: {NUE = GW /N + NS}

The harvest index (HI) was calculated using
the formula:

HI= economic yield / total biomass x 100.

Seed oil percentage was determined according
to (A.O.A.C. 1995). Oil yield (kg/ fad) was
calculated by multiplying seed oil percentage by
seed yield/ fad as follows:-

Oil yield/ fad = Oil % X seed yield/ fad.

The obtained data were analyzed according to
Snedecor and Cochran (1967). The treatment means
were compared using Least significant difference
(LSD) at 5 % level of probability. The analysis of
variance (ANOVA) was computed using CoStat V
6.4 (2005) program.

RESULTS AND DISCUSSION

Effect of irrigation intervals on sunflower traits:

Data in Tables (2, 3 and 4) revealed that all
studied characters were significantly affected by
irrigation intervals. As shown in Table (2),
significant differences were found in plant height as
affected by the irrigation intervals. The tallest plants
were obtained under irrigation every 12 days. On
the opposite, the shortest plants were measured at 24
days interval over the two seasons. Irrigation every
12 days interval increased water availability which
increased sunflower growth vigor in terms of
increasing stem length. Likewise, stem diameter had
the same trend for such trait in both seasons. These
results are in harmony with those reported by
Mohammadi et al. (2013). Besides, data presented
in Table (2) showed that number of days to 50%
flowering gradually decreased as a result of
increasing irrigation interval from 12 to 24 days.
Sunflower leaf area index (LAI) was significantly
influenced by irrigation water interval in both
seasons (Table 3). That trait increased with
decreasing the interval between each two successive
irrigations. Increasing water availability every 12
days interval promoted a rapid leaf expansion to
increase LAI. These results are in agreement with
those reported by Sinclair and Gardner (1998).

Data presented (Table 2) showed the effects of
irrigation intervals on head diameter. Frequent
irrigation interval (irrigation every 12 days)
increased head diameter. This might be due to an
increased growth characters in this treatment. The
lengthening of irrigation interval (24 days) had a
small head diameter. Similar results were obtained
by EL-Naim and Ahmed (2010). This reduction in
head diameter was due to the effect of reduced
moisture supply in vegetative growth.

Ghani et al. (2000) and Bakht et al. (2010)
reported that such increase could be due to higher
net assimilation rate due to better utilization of the
available water which, ultimately, led to better
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development of head. A heavier 1000-seed weight
was obtained with irrigation every 12 days (Table
3). This may be attributed to the availability of
water, especially in early stages of growth, that may
have enhanced growth resulting in higher
photosynthetic capacity (higher LAI values) and
assimilates  production  which  were, later,
translocated to the seeds. On the other hand,
extending irrigation interval to 18 and 24 days
resulted in a significant decrease in 1000-seed
weight. Shortage in water supply, due to extended
irrigation intervals, especially at critical growth
stages, will result in reduced vegetative growth and
lower translocation rate of photoassimlates to the
seeds, hence reducing seed weight (Kaya and
Kolsarici, 2011).

Results presented in Table (3) indicated that
seed weight/ head showed a significant response to
irrigation interval. Data showed that the longer
irrigation interval was associated with the higher
reduction in such trait. This could be explained by
the exposure of plants to drought during flowering
enforcing plants to bloom earlier and produce less
filled seeds due to lower translocation of assimilates
from leaves to seeds. Such findings agreed with
those of Kazemei et al. (2009) and Kaya and
Kolsarici (2011). Data also revealed that irrigation
of sunflower every 12-day intervals enhanced the
plants for higher assimilates production, greater
filled seed which increased 1000-seed weight to
make seed weight/ head higher than at 18 and 24-
days irrigation intervals. EL-Hafez et al. (2002),
Ashoub et al. (2003), Kazemei et al. (2009) and
Kaya and Kolsarici (2011) found similar findings.

Means presented in Table (4) showed the
effect of irrigation intervals on seed yield/ fad. The
treatment of irrigation every 12 days resulted in
increased seed yield since it exhibited a better
performance of growth characters and vyield
components. In contrast, the extending of irrigation
interval from 12 to 24 days resulted in a significant
seed vyield reduction. This refers to the effects of
water stress on sunflower growth performance and
yield. This is in line with Mirleau-Thebaud (2017)
and Langeroodi (2015). Regarding harvest index,
data showed that this trait had the same trend of
seed vyield/ fad over the two seasons (Table 3).
Maximum and minimum records of such trait were
obtained, consequently, from irrigation intervals of
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12 and 24 days. Superiority of HI might be ascribed
to higher seed yield compared to straw yield (data
not presented). Sinclair and Gardner (1998) reported
that increase in plant economic part, relative to
uneconomic, increases plant HI.

Analysis of data (Table 4) showed the
contribution of irrigation intervals on oil percentage
and oil yield /fad. The beneficial effect of the period
of irrigation intervals indicated that the shorter the
irrigation interval, the greater oil % and oil yield.
The highest soil water availability produced the
higher values of such traits which could be
associated with carbohydrates availability for oil
synthesis at the expense of protein production,
finally increasing oil % and oil yield (Mohammadi
etal., 2013).

Effect of tillage practices on sunflower traits:

Significant differences were found for plant
height, 1000-seed weight, seed yield/ plant, leaf area
index, harvest index and seed yield /fad (Tables 2, 3
and 4), while, no significant differences were found
for flowering date, stem diameter, head diameter
and seed oil percent as affected by tillage practices
over the two seasons. As for plant height, data
exhibited that the tallest plants were recorded with
the conventional tillage (CT) treatment compared to
no tillage during the two seasons. This superiority of
CT might be due to reducing soil’s penetration
resistance to roots which allowed the spread of a
large root system that lead to a strong vegetative
growth. The same trend was found for seed yield/
plant and per faddan over the two years. Also,
results for 1000-seed weight in 2017 differed from
that in 2018, where, no significant differences were
found in 2017 season between the two tillage
practices whereas, in the second season 2018,
conventional tillage gave higher value of 1000-seed
weight than no tillage. Besides, significant
differences were observed for harvest index as
affected by tillage practices, where conventional
tillage recorded higher values than no tillage in 2017
season, while the opposite trend was observed in
2018. Concerning oil vyield/ fad, significant
differences were found between CT and NT in 2017
season only. The highest values of oil yield/ fad.
(427.53 kg) were recorded by CT, while, no
significant differences were found in 2018 season.

Table 1: Soil chemical analysis of the two seasons of the experimental site.

N P K
seasons depth pH EC, dS/m ma/kg soi
0-30 8.12 2.22
2017 30-60 847 535 144 1.46 171.12
2018 0-30 8.06 412 149 1.47 168.43
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Table 2: Plant height (cm), days to 50% of flowering, stem diameter (cm) and head diameter (cm) as
influenced by irrigation intervals, tillage practices and nitrogen fertilization during 2017 and 2018

seasons.
Plant height (cm) days to 5(.)% of dii:ﬁgt]er Head diameter
flowering —_—
(cm) (cm)
A-Irrigation intervals 2017 2018 2017 2018 2017 2018 2017 2018
12 days 211.6a® 2045a b5494a b5466a 216a 1.49a 2120a 22.08a
18 days 208.2b 199.1b 54.77a b5455a 212a l1l44a 209la 2141b
24 days 180.1c 1769c 53.77b 5344b 190b 1.22b 19.49b 18.93c
B-Tillage practices
CT 201.2a 1948a 54.00a 54.14a 205a 13%9a 20.69 a 20.89a
NT 198.8b 1922b 5448a 5429a 207 a 137a 2038 a 20.73a
C-Nitrogen levels
N 30 187.3¢c 1776c 53.88b 54.05b 1.90c 1.12c¢ 1950b 19.19c
N 45 206.2b 196.4b 54.61la 51‘33 2.10b 143b 20.75a 21.17b
N 60 211.4a 206.5a 55.61a 54.72a 218a 152a 21.34a 22.06a
Interactions
AxB o o NS NS NS NS NS NS
AxC NS NS NS NS NS NS NS NS
BxC NS NS NS NS NS NS NS NS
AxBxC NS NS NS NS NS NS NS NS

(NS)= Not significant, (*) = Significant at 0.05 and (**) = Significant at 0.01 levels of probability.
(1) Means followed by the same letter(s) are not significant.

CT= conventional tillage

NT= no tillage

Table 3: 1000-seed weight (g), seed yield/ plant (g), leaf area index (LAI) and harvest index (HI) as
influenced by irrigation intervals, tillage practices and nitrogen fertilization during 2017 and 2018

5easons.
1000-seed weight ~ Seed yield/ plant Leaf area Harvest index
(9) (9) index (LAI) (HD
A-Irrigation intervals 2017 2018 2017 2018 2017 2018 2017 2018
12 days 85.16a® 73.90a 7067a 6446a 4.87a 4.8la 37.3la 32.18a
18 days 81.02b 7251b 65.28b 62.88b 4.86a 4.80a 3510b 30.97h
24 days 7091c 6276 c 53.65c 50.23c¢c 4.82c 4.77b 30.29c 24.08¢c
B-Tillage practices
CT 79.15a 70.58a 64.18a 62.03a 4.85a 4.82a 3532a 28.30b
NT 7891a 68.86b 62.22b 56.35b 4.84b 4.77b 33.15b 29.85a
C-Nitrogen levels
N 30 70.29c 62.75¢c 54.62c 5153c 481c 476c 29.84c 2592c
N 45 82.40b 70.07b 6487b 60.73b 4.86b 4.80b 3505b 29.80h
N 60 8441a 76.3ba 70.11a 6530a 488a 4.82a 378la 3150a
Interactions
AxB NS NS NS NS NS NS NS NS
A X C ** ** * ** ** ** ** **
BxC NS NS NS NS NS NS NS NS
AxBxC NS NS NS NS NS NS NS NS

(NS)= Not significant, (*) = Significant at 0.05 and (**) = Significant at 0.01 levels of probability.
(@ Means followed by the same letter are not significant.
CT= conventional tillage
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NT= no tillage
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Table 4: Nitrogen use efficiency (NUE), seed yield/ fad (kg), oil (%) and oil yield/ fad (kg) as influenced
by irrigation intervals, tillage practices and nitrogen fertilization rates during 2017 and 2018

seasons.

Nitrogen use Seed yield/ fad Oil Oil yield/ fad

efficiency (kg) (%) (kg)

A-Irrigation intervals 2017 2018 2017 2018 2017 2018 2017 2018
12days mmemem e 1204.6a® 11274a 38.77a 39.19a 468.1a 4422a
18days  ememmem e 1122.3b 1103.6b 39.00a 39.18a 437.7b 433.0a
24days emememme emeeeeeee 9146c 9016c 37.77a 37.82b 3456c 3409b
B-Tillage practices
CT = mmmmemm e 10989a 10453a 38.74a 38.88a 427.5a 4075a
NT = mmmeeee emeeee 1062.1b 1043.2a 38.29a 38.58a 406.8b 403.3a
C-Nitrogen levels
N 30 31.22a 30.75a 936.7c  9225c 3797b 38.36b 356.4c 354.4h
N 45 2457b 23.87b 1103.9b 10745b 39.69a 39.64a 440.0b 427.3a
N 60 19.98¢ 18.93c  1198.9a 1135.6a 37.88b 38.2b 455.0a 434.3a
Interactions
AxB NS NS NS NS NS NS NS NS
AxC NS NS NS NS NS NS NS NS
BxC NS NS NS NS NS NS NS NS
AxBxC NS NS Hok *x NS NS *x *x

(NS)= Not significant, (*) = Significant at 0.05 and (**) = Significant at 0.01 levels of probability.

(@ Means followed by the same letter are not significant.
CT= conventional tillage
NT= no tillage

Effect of nitrogen levels on sunflower traits:
Analyzed data showed that all studied
characters were significantly affected by nitrogen
levels (Tables 2, 3 and 4). Days to 50% flowering
increased with increasing nitrogen level. This result
was in accordance with those published by Ali
(1998). The same trend was found for plant height,
stem diameter, head diameter, 1000-seed weight,
seed vyield/ plant, leaf area index (LAIl), harvest
index (HI), seed yield/ fad and oil yield/fad. Seed oil
percentage, on the other hand, increased
significantly with increasing N level from 30 to 45
kg N/ fad then decreased significantly with
increasing N level to 60 kg N/ fad. That increase in
studied characters is closely related to the nitrogen
role in plants which includes enhancement of
several biological processes and controlling plant
organs growth. This conclusion has been reported
by several investigators including Fageria (2004),
Blairnelly et al. (2006) and Mohammadi et al.
(2013). Increasing N levels led to significant
increases in photosynthetic ability, hence production
of assimilates and dry matter which led to increase
in yield and yield components and vegetative organs
(Mohammadi et al., 2013). Furthermore, the results
obtained for oil percentage (Table 4) reported
significant differences among the three levels of
nitrogen over the two seasons. Data showed that
increasing N level above 45 kg N/fad decreased oil
percentage. These results might be attributed to the

increased N supply that intensified the synthesis of
protein at the expense of fatty acids synthesis and
thus reducing the oil content of the seeds, and also
the negative relation between protein and oil
(Mohammadi et al., 2013).

In addition, variations in economic return, with
regard to the invested yield/ one kg nitrogen were
recorded. Data showed an inverse relationship
between that trait and nitrogen rates, since
maximum and minimum responses of 30.98 and
19.45 kg/N unit, as an average of the two seasons,
respectively were observed for 30 and 60 kg N / fed,
respectively. Increasing N fertilization level might
decrease nitrogen use efficiency in increasing
sunflower production leading to yield/ one nitrogen
yield decrease. Gutschick (1993) and Khalil (2003)
reported the increase in nitrogen use efficiency
(NUE) at optimum availability of nitrogen, also as
external nutrient concentration in soil decreased.
Two-factor interactions:

The interaction between irrigation intervals
and tillage practices (A x B) was highly significant,
only, for plant height, while no significance was
found for the remaining characters (Tables 2, 3 and
4). Positive and significant changes in plant height,
as affected by conventional tillage under 12 days
irrigation intervals were observed to achieve 216.78
and 213.61 cm, as compared to 206.44 and 195.37
cm with no tillage. Meanwhile, the shortest plants
(184.55 and 188.42cm) were obtained under no
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tillage with irrigation every 24 days intervals
compared to 175.75 and 165.24 cm under
conventional tillage and 24 days interval during the
two seasons, respectively (Table 5). Superiority of
plant height under no tillage with irrigation every 24
days intervals might be due to the effect of no tillage
on weed low germination (Yalcin and Cakir, 2006)
and to the ability of no tillage to improve water use
efficiency of plants under water stress than
conventional tillage. These results are in complete
agreement with those obtained by Samarajeewa et
al. (2006).

As shown in Tables (3 and 4), significant and
highly significant interactions were found between
irrigation intervals and nitrogen fertilization rates in
some characters (1000-seed weight, seed yield/
plant, leaf area index and harvest index), while no
significance was found for other characters. The
highest leaf area index means (4.91 and 4.86) were
obtained when irrigation was applied every 12 days
with 60 kg nitrogen/ fad during the two seasons,
while the lowest values of such trait (4.80 and 4.78)
were obtained when the period between irrigations
was increased to 24 days and decreasing nitrogen
fertilizer to 30 kg N/ fad (Table 8). Increasing leaf
area index, by increasing nitrogen fertilizer under
conventional tillage, represent the role of nitrogen
and tillage practice in enhancement of growth traits
of sunflower crop. These results are in harmony
with those of Massignam et al. (2009) who reported
that nitrogen fertilization significantly affected
growth, physiological and metabolic procedures of
sunflower, and Mohammadi et al. (2013) who
reported that increases in soil moisture availability
(by increasing number of irrigations) increased
sunflower agronomic traits. The same trend of leaf
area index was found for 1000-seed weight, seed
yield/ plant and harvest index (HI), as affected by
interaction between irrigation intervals and nitrogen
fertilizer as shown in Tables (6, 7 and 9). Increasing
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N availability and water uptake (with the shortest
water interval) increased LAI and photoassimilates
production leading to increase in seed weight and
seed yield, hence, increasing harvest index. These
findings are in accordance with those reported by
Paolo and Rinaldi (2008), Tsilalts and Maslaris
(2008), Rafiq et al. (2010) and Nasim et al. (2012).
Interaction between irrigation intervals, tillage
practices and nitrogen fertilization levels:

Significant decreases were observed in seed
yield/ fad with delay in irrigation interval from 12 to
24 days with low level of nitrogen fertilizer (30 kg
N. fad) under conventional tillage (CT), while, the
best values of this trait were obtained with
increasing nitrogen fertilizers to 60 kg N. fad and
shortening irrigation interval to 12 days under
conventional tillage in the first season (Table 10). In
the second season, the highest values (1273.77,
1261.80 and 1248.65 kg) were achieved by CT with
60 and 45 kg N. fad™* under irrigation every 12 days
and 60 kg N. fad? under irrigation every 18 days,
respectively. With respect to oil yield fad?, the
results showed that significant differences were
observed based on the interaction between irrigation
intervals, tillage practice and nitrogen fertilization in
a similar way to seed yield /fad, although no
significant differences were recorded for oil percent
and the other traits. The maximum seed and oil
yields/ fad. were produced from applying 60 kg
N/fad fertilization (Killi, 2004). Seed vyield and its
attributes significantly increased, but oil percentage
was decreased with increasing nitrogen fertilizer
rates (Naseem et al., 2011).

The data showed that to obtain high yields of
edible oil and seeds, it was recommended to apply
60 kg N/ fad to sunflower with water irrigation
every 12 days interval, in addition to the application
of tillage practice under the conditions of the
agricultural region.

Table 5: The interaction between irrigation intervals and tillage practices for plant height in 2017 and

2018 seasons.

2017 2018
Irrigation. 12 Irrigation. 18 Irrigation. 24 Irrigation. 12 Irrigation. 18 Irrigation. 24
CT 216.7a® 211.1b 175.7 ¢ 213.6a 205.4 b 165.4 f
NT 206.4 ¢ 205.3¢ 184.5d 195.3¢ 192.7d 188.4 ¢

(1) Means followed by the same letter are not significantly different at 0.05 level of probability.

Table 6: The interaction between irrigation intervals and nitrogen fertilization for 1000-seed weight in

2017 and 2018 seasons.

2017 2018
Irrigation 12 Irrigation 18  Irrigation 24  Irrigation 12  Irrigation 18 Irrigation 24
N30 76.56 ¢ @ 70.56 e 63.75 f 65.26 ¢ 64.66 e 58.33 ¢
N45 87.86 b 86.08 b 73.26d 74.81c 74.3¢ 61.11f
N60 91.06 a 86.43 b 75.73 ¢ 81.63a 78.56 b 68.85d

(1) Means followed by the same letter are not significantly different at 0.05 level of probability.
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Table 7: The interaction between irrigation intervals and nitrogen fertilization for seed yield / plant in
2017 and 2018 seasons.

2017 2018
Irrigation 12  Irrigation 18  Irrigation 24  Irrigation 12  Irrigation 18 Irrigation 24
N30 60.39d @ 57.99d 45.49 f 57.23d 54.34 ¢ 43.03 g
N45 72.55b 66.68 ¢ 55.36 ¢ 66.21 ¢ 66.07 ¢ 4991 f
N60 79.06 a 71.17b 60.10d 69.94 a 68.22 b 57.73d

(1) Means followed by the same letter are not significantly different at 0.05 level of probability.

Table 8: The interaction between irrigation intervals and nitrogen fertilization for leaf area index in
2017 and 2018 seasons.

2017 2018
Irrigation 12 Irrigation 18 Irrigation 24 Irrigation 12  Irrigation 18 Irrigation 24
N30 483e® 4.82f 4804 4.80e 4.79 ef 478 g
N45 487 c 488D 4.82f 483¢c 4.84 be 4.79 ef
N60 491a 4.88b 4.84d 4.86a 485b 4.81d

(1) Means followed by the same letter(s) are not significantly different at 0.05 level of probability.

Table 9: The interaction between irrigation intervals and nitrogen fertilization for harvest index (HI) in
2017 and 2018 seasons.

2017 2018
Irrigation 12 Irrigation 18 Irrigation 24 Irrigation 12 Irrigation 18 Irrigation 24
N30 31.82e®W 30.20 f 27519 29.62 ¢ 28.71c¢ 1944 ¢
N45 38.70 b 36.54 ¢ 29.90 f 32.71b 31.93b 24.76 d
N60 414 a 38.56 b 33.46d 34.21a 32.26 b 28.03 ¢

(1) Means followed by the same letter are not significantly different at 0.05 level of probability.

Table 10: The interaction between irrigation intervals, tillage practices and nitrogen fertilization for
seed yield/ fad in 2017 and 2018 seasons.

2017 2018
N30 N45 N60 N30 N45 N60
Irri. 12 CT  1084.4efg® 1362.9 b 1537.5a 1054.4 c 1261.8 a 1273.7 a
Irri. 12 NT 981.0 hi 1095.6 efg 1166.2 de 959.9d 1056.3 ¢ 1158.2 b
Irri. 18 CT 1038.6 gh 1186.2d 12975¢c 977.2d 1244.2 a 1248.6 a
Irri. 18 NT 960.1 ij 1113.9 defg 1136.5 def 940.3d 1081.4c 1130.2 b
Irri. 24 CT 656.0 | 818.5 k 908.4 j 710.2 g 755.9 f 862.6 e
Irri. 24 NT 899.7 1057.9 fg 1147.2 de 893.0e 1047.7c 11405hb

(1) Means followed by the same letter(s) are not significantly different at 0.05 level of probability.

Table 11: The interaction between irrigation intervals, tillage practices and nitrogen fertilization for oil
yield / fad in 2017 and 2018 seasons.

2017 2018
N30 N45 N60 N30 N45 N60
Irri. 12 CT 416.7 de ©® 551.9 a 599.6 a 407.2 bc 5135a 501.1a
Irri. 12 NT 3729f 435.3d 435.3d 374.6 cd 420.7b 436.3 b
Irri. 18 CT 398.0e 486.2 ¢ 4929c 376.1 cd 508.9 a 478.7 a
Irri. 18 NT 371.4f 441.8d 435.7d 362.6 de 431.7b 439.9b
Irri. 24 CT 242.7 i 316.4 h 34209 266.3 g 291.0fg 324.4f
Irri. 24 NT 335.4 gh 412.6 de 424.3 de 339.5 ef 398.3 bcd 425.7b

(1) Means followed by the same letter(s) are not significantly different at 0.05 level of probability.
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