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A factorial field experiment was conducted on sunflower (Helianthus
E.mail:solimanreh@yahoo.com annuus L.) grown on a sand soil (98% sand) supplied the different com-

& Alyabsalam@yahoo.com binations of 4 N rates of 0, 105, 140 and 175 kg N ha'i.e. N, N ,N,, and
N, respectively - as (NH,),SO, - and 4 biofertilization inoculation (B)
of none, Azotobacter chroococcum, Azospirillum brasilense and Bacil-

lus megaterium. i.e. B, B, B,, and B, respectively. Labeled ammonium
sulphate with 2% "N atom excess was used for "N assessment. All plots
were supplied with 21 Mg compost+24 kg P+80 kg K ha™'. Non-treated
plants gave 0.534 Mg seeds ha! while the treated ones - especially those
of N or N + biofertilizers - gave increases of up to 403% (N,B)). Main
effect response patterns were: N: N>N >N, for B: B =B, >B,. Seed oil
content in the N B treatment was 222 gkg™' increased reaching as high
as 445 gkg' by N B,; with N main effect of N.>N_>N and B main effect
of B>B,>B,. Seed oil yield was113 kg ha'' by N B, increased to as high
as 1105 kg ha™' by N_B, with main effects of N >N >N and B >B >B,.
Uptake of N (in total plant parts of roots+stems+leaves+discs+seeds) in-
creased by N application; averages for non-N were 18.1 kgha' 18.5,14.7,
17.4by N B, N B, N B,, and N B, respectively; increased considerably
by up to 667% (N,B,) upon N application. Plants recovered a portion
of fertilizer N of 19.6 to 40.9% by N B, and N B, respectively as de-

termined by N technique, but 27.7 to 59.6% respectively as calculated

KEYWORDS by subtraction of non-N from N treatments. The subtraction estimation
Inoculation, Nitrogen rate, considerably exceeded the "N determined ones by + 39.5% to as high
15 ’ 7

N isotope, N recovery, Oil as + 194.6% indicating a non-real estimation of recovered fertilizer-N in
yield, Sunflower.

crops. Thus, in studies using non-tracer techniques, estimation of uptake
of fertilizer N could be erroneous. The reason in the current study could
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most certainly be a greater volume of root system
expansion of N-treated plants, causing more uptake
of non-fertilizer-N than in the no-N-treated ones.

INTRODUCTION

unflower (Helianthus annuus L.) of com-

posite family Asteraceae, belongs to the

genus Helianthus. It is an annual crop,

with a large yellow inflorescence con-

taining small flowers that give rise to
achenes containing a kernel rich in oil (Kamal and
Bano, 2009). It was first cultivated by natives of
Central and North America, and was introduced into
Europe in the 16™ century; and its cultivation ex-
tended worldwide during the 19" and 20" centuries
(becoming the fourth largest vegetable oil crop after
palm, soybean and rapeseed) ,with main production
countries of USA, Ukraine and Argentina (Salas e?
al., 2014). Its oil is edible, rich in oleic (omega-9),
linoleic (omega-6) and linolenic (omega-3) acids
(two of which - oleic and linoleic - are unsaturated
fatty (FA) acids; also contains saturated palmitic and
stearic FAs (Simpson et al., 1989), all of which are
useful to human (Hu ez al., 2001).

World production of sunflower oil is about 36
million Mg and represents about 8% of the total
world oil production (FAO, 2012). Consumption of
edible oil in Egypt is much higher than the produc-
tion; a production of about 40 thousand Mg was far
less than a consumption of about 380 thousand Mg
(FAO, 2006). Increasing the productivity as well as
the cultivated area of this crop would help in narrow-
ing such a gap in Egypt. Some high-oil cultivars con-
taining as high as 470 to 530 g oil kg™ in seeds are
now grown worldwide replacing low-oil cultivars of
380 to 470 g kg (Izquierdo et al., 2008).

Although vegetable oils are used primarily in
human diet, they hold considerable potential for a
wide range of use Vegetable oils could substitute
petroleum-derived materials as fuels, lubricants, and
petro-chemicals (Metzger and Bornsheuer, 2006).
Oil quality and yield depend on plant genotype as
well as other factors (Blum, 1997 and Reddy et al,

Abdel-Salam, A.A et al.

2003). Growth, development, and spatial distribu-
tion of plants are restricted by various environmen-
tal stresses including water deficit (Boyer, 1982) and
low fertility (Bhattacharyya et al., 2008). Biofertil-
izers can increase soil fertility, and N-biofertilizers
can increase the proportion of fatty acids and the
ratio of unsaturated / saturated fatty acids (Choud-
hury and Kennedy, 2004). Soil microorganisms
can increase availability of many nutrients through
increasing their solubility (Bentley and Chasteen,
2002).

The direct N labelling technique (DLT) is most
suitable for following up the pathways of fate of ap-
plied fertilizer-N in the soil plant system (Hood et
al., 2008). Under tropical field conditions, the use of
this method with legume residues is scarce (Vanlau-
we et al., 1998). Total soil N includes different pools
that can deliver mineral N during the growing period
of the crop. They include pools of available soluble
mineral as well as organic N, microbial N and non-
living labile organic N. Usually the part of N derived
from the fertilizer is very low and is diluted within
the pools. Crop N requirement may vary according
to fertilization (Makowski et al., 1999) and addition
of nutrients other than N may affect fertilizer N use
efficiency (de Wit, 1992). The objectives of the cur-
rent study are to assess the response of sunflower to
fertilizer-N application, either singly or in combina-
tion with biofertilizers, and the implications on seed
and oil production. Fertilizer N recovery using the
5N tracer technique versus the subtraction method
will also be assessed.

MATERIALS AND METHODS

A field experiment was conducted on sunflower
plants (cv. Sakha 53) at the experimental farm of
the Nuclear Research Center (NRC), of the Atomic
Energy Authority (AEA), Abou-Zaable, Egypt dur-
ing the 2014 summer growing season under drip
irrigation system on a sand soil (Table 1) using a
randomized complete block design with two fac-
tors. Factor N: inorganic fertilization with 4 treat-
ments: unfertilized (N); 105 kg N ha" (N,); 140
kg N ha' (N)) and 175 kg N ha' (N,). Factor B:
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biofertilization 4 treatments: un-biofertilized (B );
biofertilized through seed inoculation with Azoto-
bacter chroococcum (B)); Azospirillum brasilense
(B,) and Bacillus megaterium (B,), where B and B,
being free-living N -fixers and B, a P-dissolver. In
each plot (10m?), a micro-plot was allocated where
SN ammonium sulphate with 2% N atom excess
“a.e.” was used for >N isotope studies. All plots re-
ceived the recommended rates of 24 kg P (ordinary
Ca-superphosphate) during soil preparations and 80
kg K ha'! (K-sulphate) in two equal splits (4 and 7
weeks after sowing) as recommended by MALR

(2014). Also, a foliar spray was done at 1200 L ha!
of 1300 mg L' for each of Fe, Mn, Zn and Cu as
chelates (10% one week after sowing, 30% 3 weeks,
30% 5 weeks and 30% 6 weeks later). N content in
the commercial ammonium sulphate fertilizer used
in the experiment was 207 g N kg! while P content
in the Ca-superphosphate fertilizer was 68 g P kg,
and K in the K-sulphate fertilizer was 400 g K kg
I. Seeds were sown on April 15", 2014 and growth
lasted 95 days. Compost (Table 2) was applied dur-
ing land preparation (45 days before seeding), as a
basal treatment to the experiment field.

Table (1) Physical and chemical properties of soil of the experiment field.

- EC* caco, ?nrfj‘t‘;c Saturation % (SP)
(dS m™) (gkg") (g kg) (w/w)
7.23 3.14 0.0 0.3 21.47
Soluble ions* (mmolc L)
Na* 6.8 CO”> 0.0
K* 3.6 HCO* 9.3
Ca** 14.6 CrI 8.5
Mg?t 6.4 SO 13.6
Available nutrients **(mg kg™")
N P K Fe Mn Zn Cu
5.0 2.0 0.2 25.8 0.5 1.4 1.4
Total nutrients (g kg"')
N P K Fe Mn Zn Cu
0.30 0.04 1.00 2.20 0.01 0.10 0.20
Particle size distribution (%)
Sand Silt Clay Texture
98.0 2.0 0.0 Sand

* In paste extract.

**Extracts of: KCI for N; Na2HCO3 for P; NH4-acetate for K and DTPA for Fe, Mn, Zn and Cu. Soil pH in soil water suspen

sion 1:2.5 (w/v).

Table (2) Chemical properties of the compost used in the experiment.

Total nutrients (g kg™!) ,pH , EC, C/N ratio and contents of organic matter, ash and moisture
N P K Fe Mn Zn Cu
21.0 10.3 21.1 4.1 0.5 0.3 0.2
rgani rgani
(II');{S) (11::2(_: 5) ?nitterc = (c):a%bonc C/N ratio Ni;)ils(tgu)re
o (dS m™) g kg!
7.4 5.2 332.0 643.0 207.0 9.9 22.6
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Gregorich (2008) and plants were analyzed ac-
cording to methods cited by Estefan ef al. (2013).
Oil in seeds was analyzed using n-hexane as a sol-
vent (Akaranta and Anusiem, 1996).

Analysis of *N/"N ratio:

Plant samples were taken and subjected to "N
analysis using emission spectrometer (Fischer NOI-
6PC). Determination of the portion of nitrogen de-
rived from fertilizer (%Ndff) which represents the
N which is derived from the fertilizer relative to the
total N (i.e. N-uptake) found in the relevant plant
part(s) was carried out. Also determination was done
to calculate fertilizer N recovery (%FNR) which rep-
resents the portion of N derived from the fertilizer,
found in the relevant plant part(s), relative to the rate
of fertilizer N applied to the soil. The equations for
the two parameters are as follows:

%Ndff = (""N% a.e. in sample of the relevant part +~
N% a.e. in fertilizer) x 100

% FNR = {Ndff (kgha') in the relevant part +»rate
«ofadded N (kgha')} x 100

RESULTS AND DISCUSSION
Sunflower seed yield:

Treatments receiving N (either singly or in com-
bination with any of the three biofertilizers) resulted
in high yields ranging from 1.168 (N B)) to as high
as 2.685 (NB,) as compared with the 0.534 kgha™'
given by the non-treated, i.e. increases of 119 to 403
% respectively (Table 3). The treatments not given
N gave very low yields. The low yields given by the
un-biofertilized, non-N-fertilized or the biofertilized
non-N-fertilized plants indicate that soluble N-fertil-
izer is needed for such poor fertile soil. Soleimanza-
deh et al) 2010 (obtained low sunflower seed yield
by solely biofertilization with low-N application
under moisture stress. The high yields obtained in
the current experiment by treatments supplied with
N, particularly in combination of biofertilization, is
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a manifestation of a positive effect of presence of
enough soluble N combined in combination with
biofertilization.

Fertilizer N increased yield with a pattern of N
main effect as follows: N.>N >N >N with consider-
able increases averaging 221.7, 373.8 and 380.0%
due to N, N, and N, respectively indicating a pro-
gressive increase with most positive effect being
caused by the highest N rate followed by the medium
rate then the lowest one. Application of N fertiliz-
ers to seed oil crops is vital for obtaining high seed
yields (El-Habbasha et al., 2013). The progressive
increase obtained with increased N addition oc-
curred, in particular, in presence of the N -fixer (B,:
the Azospirillum biofertilizer) as well as in presence
of the P-dissolver (B,: the B. megaterium bio-fertil-
izer). In absence of biofertilization, however, nearly
all treatments given N were of comparable yields
with no significant differences between them. This is
a manifestation of an interaction caused by biofertil-
ization affecting the response to N. The indication is
as follows: “bio-fertilizers should be present in order
for the response to N becomes progressive with in-
creasing the rate of N-application.

Seed inoculation with the N, -fixers or the P-
dissolvers gave positive response but only in pres-
ence of the mineral fertilizer-N. The biofertilization
main effect showed a pattern of B >B,>B >B with
increases averaging 23.1, 12.2 and 15.0% by B, B,
and B, respectively indicating most positive effect
being caused by the N -fixers of Azotobacter fol-
lowed by the P-dissolvers of B. megaterium, then
by the N, -fixers of Azospirillum.  The interaction
caused by N status in soil affecting the response to
biofertilization, reveals that the positive response to
bio-fertilizers was particularly true only where there
was fertilizer N in the soil. Azotobacter surpassed
the others in presence of the medium N rate whereas
Azospirillum surpassed the others in presence of the
high N rate.
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Table (3) Response of sunflower to bio and inorganic fertilization: seed yield (Mg ha’).

Inorganic N Biofertilization ( B) ean
Fertilization (N) B, B, B, B,
N, 0.534 0.498 0.296 0.352 0.420
N, 1.514 1.168 1.357 1.367 1.351
N, 1.626 2.685 1.685 1.966 1.990
N, 1.443 1.948 2475 2.198 2.016
mean 1.279 1.574 1.435 1.471
LSD: 0.05=N=0.161; B=0.161; NB = 0.321

Notes: B: without biofertilization — B,: inoculation with Azotobacter; B,: inoculation with Azospirillum; B,: inoculation
with Bacillus megaterium ...... N, N, N, and N, =0, 105, 140 and 175 kg N ha™' (as ammonium sulphate) respectively.

Sunflower seed oil content:

All treatment combinations receiving nitrogen
caused increases in oil content (Table 4). Contents
of the N-treated plants gave seeds with oil contents
ranging from 306.1 gkg' (N B)) to as high as 445.4
gkg! (N,B,), as compared with 221.8 g kg for the
non-treated plants (N B,). The lowest increases were
given by the Azospirillum or B. megaterium given
singly. The increases of treatment combinations re-
ceiving N ranged from 38.0% (N,B)) to as high as
100.1% (N,B,). Low oil content where N was not ap-
plied is an indication of the vital need for N addition
to this poorly fertile sandy soil (Table 1). The greater
oil content given by the N-treatments as a result of
combining N with biofertilizers reflects the positive
cumulative effect of N + biofertilizers.

The main effect of N fertilization shows a pat-
tern of N,>N.>N >N . The increases averaged 72.2,
69.1 and 44.4% for N,, N, and N, respectively indi-
cating most positive effect being caused by the me-
dium N rate followed by the highest rate then by the
lowest one. It seems that the highest N rate favored
vegetative growth at the expense of oil accumula-
tion in seeds. Such pattern occurred in presence of
B, or B, but not in presence of B, where the pat-
tern was N>N>N >N  (i.e. progressive increase
with progressive N rate); or in presence of B, where
the pattern was N,>N =N >N (i.e. a near progres-
sive increase with progressive N rate). Oil content in

sunflower seeds in other studies carried out by Ak-
bari et al. (2011) showed increases in response to
application of mineral inorganic N. Therefore in the
current study, the progressive increase obtained with
increased N addition occurred particularly in pres-
ence of the Azotobacter N -fixerand to some extent
in presence of the Azospirillum N -fixeras well. In
presence of B. megaterium (the P- dissolver), how-
ever the highest response was by the medium N rate.
Such was the nature of the interaction caused by bio-
fertilization affecting the response to N application.
It is necessary to bio-fertilize sunflower, particularly
with Azotobacter, in order to benefit from increased
N application.

The main effect of shows that biofertiliz-
ers increased oil content with a main pattern of
B,>B,>B >BThe increases averaged 16.9, 21.2
and 18.8% by B, B, and B, respectively indicating
most positive effect being caused by the Azospiril-
lum followed by the B. megaterium P-dissolver,
then by the Azotobacter. Such a pattern of effect
of positive response to biofertilizers did not occur
under all conditions of N indicating an interaction
caused by N status affecting the response to biofertil-
izers. Only under conditions of the low N rate (N)
that the pattern was in line with that of the main ef-
fect. Under no N application (N ), the pattern was
B>B,>B,>B, exhibiting superiority of the Azoto-
bacter over Azospirillum with both being superior to
B. megaterium. Under conditions of N, the pattern
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was B.>B >B >B| indicating superiority of B. mega-
terium over the two N, fixers. Under conditions of
N, the pattern was B >B,>B_>B, indicating similar
superiorities of Agzotobacter and B. megaterium
over Azospirillum. The superiority of B. megate-
rium over the other two biofertilizers in presence of
medium or high N indicates need for ample available
N for the B. megaterium to cause high oil content in
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seeds.

In the current study, the high oil content obtained
by N, particularly in combination of biofertilization,
is a manifestation of the positive effect of readily
soluble N sources combined with biofertilization.
Zheljazkov et al. (2008) obtained low seed oil con-
tent, but high oil yield upon N application to sun-
flower.

Table (4) Response of sunflower to bio and inorganic fertilization: seed oil content (g kg™).

Inorganic N Biofertilization ( B) e
Fertilization (N) B, B, B, B,
N, 221.8 268.2 251.1 215.3 239.1
N, 306.1 310.5 404.7 359.7 345.2
N, 361.4 414.4 426.1 445.4 411.8
N, 336.6 440.1 403.9 436.3 404.2
mean 306.5 358.3 371.4 364.2
LSD: 0.05=N=5.7; B=5.7; NB =11.4

Notes: B : without biofertilization — B,: inoculation with Azotobacter; B,: inoculation with Azospirillum; B,: inoculation
with Bacillus megaterium ...... N, N;; N, and N, =0, 105, 140 and 175 kg N ha' (as ammonium sulphate) respectively.

Sunflower oil yield:

Of the different treatment combinations, only
the ones receiving N with or without biofertilizers
increased the yield of oil (Table.5). Increases ranged
from 103% (N B,) to 876% (N,B)). The non-treated
plants showed a yield of 113.2 kg ha'. There were
two treatment combinations which caused a de-
crease in oil yield. They were both non-N-fertilized
but biofertilized either with Azospirillum (a de-
crease of 42.0%) or with B. megaterium (a decrease
of 30.8%). The only treatment receiving biofertil-
izer non-combined with N which caused increased
oil yield was that of the Azotobacter causing 23.9%
increase, indicating higher efficiency over the other
two when applied singly.

The main effect of N fertilization showed a
pattern of N >N >N >N  with increases averaging
371.8, 752.9 and 717.0% due to N, N, and N, re-
spectively indicating most positive effect being by
the medium N rate followed by the highest rate then
the lowest one. Only inabsence of biofertilization

or in presence of B, the pattern was in line with the
main effect. However, in presence of either B, or B,
the pattern was N,.>N >N >N . This indicates a pro-
gressive oil yield increase caused by a progressive
N application only in presence of either B. megate-
rium or Azospirillum. Such is the interaction caused
by biofertilization affecting response to N. Li et al.
(2014) stressed the importance of providing adequate
N supply in the later growth stages of sunflower for
obtaining high oil yield.

Biofertilization main effect showed a pattern of
B,>B,>B >B, with increases averaging 38.9, 42.8
and 45.4% by B, B, and B, respectively indicating
rather similar general effects of the three biofertil-
izers. However there was an interaction caused by N
affecting the response to biofertilization. Under no N
application there was an increase by the Azotobacter
biofertilizer only, and decreases by the each of the
other two, probably indicating heavy removal of
available soil N caused by them thus competing with
plant roots. Under N, conditions the only positive re-
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sponse was that of Azospirillum whereas B. mega-
terium caused no effect and B. megaterium caused
a decrease. Under N, conditions the pattern was
B >B,>B,>B, and under N, it was B,>B>B >B,.
Such interaction means that all biofertilizers caused
positive effect only where N was present. Besides,
the Azotobacter biofertilizer was the most superior

followed by B. megaterium in presence of N, where-
as B. megaterium was the most superior followed by
Azospirillum in presence of N,.

Therefore it could conclude that low oil yield in
absence of N reflects low fertility of sandy soils, and
a combination of biofertilization with N application
is most effective.

Table (5) Response of sunflower to bio and inorganic fertilization: oil yield (kg ha™).

Inorganic Biofertilization ( B) e
Fertilization (N) B, B, B, B,
N, 113.2 140.3 65.7 78.3 99.4
N, 465.4 353.9 601.0 455.7 469.0
N, 585.6 1104.7 777.0 923.8 847.8
N, 526.6 750.4 970.3 1001.3 812.1
mean 422.7 587.3 603.5 614.8
LSD: 0.05 =N =28.3; B=28.3; NB =56.7

Notes: B,: without biofertilization — B,: inoculation with Azotobacter; B,: inoculation with Azospirillum; B.: inoculation
with Bacillus megaterium ...... N, N, N, and N, = 0, 105, 140 and 175 kg N ha™' (as ammonium sulphate) respectively.

N uptake by plant:

The N uptake in all plant parts where fertilizer N
was not applied did not exceed an average of about
18 kg N ha! (Table 6). The uptake obtained upon
N application was high and the increase by N-fer-
tilization given an increase averaging about 57 kg
N ha'! (Table 7) indicating an average rise of about

316% upon N application. The higher N uptake of
N by the N-treatments, was particularly marked
where biofertilization was combined with N applica-
tion indicating enhancement due to the biofertiliza-
tion microorganisms (Soleimanzadeh et al., 2010,
Choudhury and Kennedy, 2004 and Bently and
Chasteen, 2002).

Table (6) Uptake of N (kgha™) in sunflower plant parts under no N fertilization.

Biofertilization
Plant part mean
B, B, B, B,

Roots 1.56 2.22 2.74 2.74 2.38
Stems 2.42 2.96 1.52 2.78 2.42
Leaves 4.47 5.14 4.72 5.68 5.00
Discs 4.10 3.60 3.00 2.81 3.38
Seeds 5.52 4.59 2.63 3.42 4.04

Total 18.07 18.51 14.67 17.43

LSD: 0.05 =N = 28.3; B=28.3; NB = 56.7

Notes: B : without biofertilization — B: inoculation with Azotobacter; B,: inoculation with Azospirillum; B,: inoculation

with Bacillus megaterium
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Fertilizer N recovery (FNR) as determined by sub-
traction calculation versus the °N tracer technique:

Fertilizer N recovery (FNR) is the recovery of
fertilizer N obtained in the plant parts. It is “the N
derived from fertilizer found in the fertilized plants
in all plant parts” calculated as a portion of the
amount of fertilizer-N applied to the soil expressed
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as a percentage of fertilizer N. It could be calculated
where no PN tracers are used - by subtracting N up-
take (kg ha') in the non-fertilized plants from that in
the fertilized ones (Tables 7 and 8). Where '°N tracer
is used, the recovery could be obtained directly by
(Tables 9 and 10). The amount of fertilizer N recov-
ered by the two methods varied considerably.

Table (7) Response of sunflower to bio and inorganic N-fertilization: Plant uptake of N derived from fertilizer (kg

ha-1) as calculated by the subtraction method.

Inorganic Biofertilization ( B)
N-Fertilization
) B, B, B, B, Mean B, B, B, B, Mean
Roots Stems
N, 1247 | 492 | 2191 | 20.15 | 14.86 | 5.84 4.12 4.72 6.45 5.28
N, 8.23 18.32 | 13.41 3.78 10.94 | 8.27 13.54 | 6.93 6.59 8.83
N, 12.06 5.9 15.85 | 47.83 | 20.41 5.51 7.1 7.27 7.57 6.86
Mean 10.92 | 9.71 17.06 | 23.92 | 15.40 | 6.54 8.25 6.31 6.87 6.99
Leaves Discs
N, 6.02 | 7.33 | 13.74 | 1445 | 1039 | 3.71 599 | 5.63 5.62 5.24
N, 23.07 | 15.51 | 16.25 | 10.60 | 16.36 6.5 14.16 | 9.02 8.91 9.65
N, 6.27 18.58 104 | 20.68 | 13.98 | 5.09 8.01 9.12 8.75 7.74
Mean 11.79 | 13.81 | 13.46 | 15.24 | 13.58 | 5.10 9.39 7.92 7.76 7.54
Seeds Whole plant
N, 10.73 | 6.76 13.22 12.2 10.73 | 38.77 | 29.12 | 59.22 | 58.87 | 46.50
N, 11.43 | 21.55 | 14.13 | 16.01 | 15.78 | 57.50 | 83.08 | 59.74 | 45.89 | 61.55
N, 7.94 | 18.55 | 22.7 | 17.63 | 16.71 | 36.87 | 58.14 | 65.34 | 87.32 | 61.92
Mean 10.03 | 15.62 | 16.68 | 15.28 | 14.40 | 44.38 | 56.78 | 61.43 | 64.03 | 56.66
Notes: B: without biofertilization — B,: Azotobacter; B,: Azospirillum; B.: Bacillus megaterium ...... N, N, and N, =105,
140 and 175 kg N ha™! (as ammonium sulphate) respectively.(values are means of replicates with no statistical analysis).
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Table (8) Response of sunflower to bio and inorganic N-fertilization: % recovery of fertilizer N as calculated by
the subtraction method.

Inorganic Biofertilization ( B)
N-Fertilization
() B, B, B, B, Mean B, B, B, B, Mean
Roots Stems
N, 11.88 | 4.69 | 20.87 | 19.19 | 14.15 | 5.56 3.92 4.50 6.14 5.03
N, 5.88 | 13.09 | 9.58 2.70 7.81 591 9.67 4.95 471 6.31
N, 6.89 3.37 9.06 | 27.33 | 11.66 | 3.15 4.06 4.15 4.33 3.92
Mean 8.22 7.05 | 13.17 | 16.41 | 11.21 | 4.87 5.88 4.53 5.06 5.09
Leaves Discs
N, 5.73 6.98 | 13.09 | 13.76 | 9.89 3.53 5.70 5.36 5.35 4.99
N, 1648 | 11.08 | 11.61 | 7.57 | 11.68 | 4.64 | 10.11 | 6.44 6.36 6.89
N, 358 | 10.62 | 594 | 11.82 | 7.99 | 291 4.58 5.21 5.00 4.42
Mean 8.60 9.56 | 10.21 | 11.05 | 9.85 3.69 6.80 5.67 5.57 5.43
Seeds Whole plant
N, 10.22 | 6.44 | 12.59 | 11.62 | 10.22 | 36.92 | 27.73 | 56.40 | 56.07 | 44.28
N, 8.16 | 1539 | 10.09 | 11.44 | 11.27 | 41.07 | 59.34 | 42.67 | 32.78 | 43.97
N, 454 | 10.60 | 12.97 | 10.07 | 9.55 | 21.07 | 33.22 | 37.34 | 58.55 | 37.54
Mean 7.64 | 10.81 | 11.88 | 11.04 | 10.34 | 33.02 | 40.10 | 45.47 | 49.13 | 41.93

Notes: B: without biofertilization — B,: Azotobacter; B,: Azospirillum; B.: Bacillus megaterium ... ...
140 and 175 kg N ha' (as ammonium sulphate) respectively.(values are means of replicates with no statistical analysis)

N, N, and N, =105,

Table (9) Response of sunflower to bio and inorganic N-fertilization: Plant uptake of N derived from fertilizer (kg
ha') as determined by the °N tracer method).

Inorganic Biofertilization ( B)
N-Fertilization
N) B, B, B, B, Mean B, B, B, B, Mean
Roots Stems
N, 5.57 1.65 8.07 5.31 5.15 2.35 2.15 1.83 3.69 2.51
N, 6.46 7.43 7.67 3.63 6.30 3.41 5.24 3.37 3.81 3.96
N, 4.05 2.12 3.54 4.89 3.65 3.57 3.19 3.74 4.26 3.69
Mean 5.36 3.73 6.43 4.61 5.03 3.11 3.53 2.98 3.92 3.38
Leaves Discs
N, 7.03 7.23 11.49 | 11.55 | 9.33 2.60 2.16 2.93 2.66 2.59
N, 8.69 7.57 8.06 10.53 | 8.71 4.27 7.23 4.30 3.19 4.75
N, 11.22 | 12.38 | 16.61 | 15.81 | 14.01 | 4.28 4.45 4.66 4.56 4.49
Mean 8.98 9.06 | 12.05 | 12.63 | 10.68 | 3.72 4.601 3.96 3.47 3.94
Seeds Whole plant
N, 10.25 | 7.39 10.79 | 6.03 8.62 | 27.80 | 20.58 | 35.11 | 29.24 | 28.18
N, 7.48 13.24 | 1041 | 6.18 9.33 | 30.31 | 40.71 | 33.81 | 27.34 | 33.04
N, 7.84 9.68 10.31 | 6.28 8.53 | 30.96 | 31.82 | 38.86 | 35.80 | 34.36
Mean 8.52 | 10.10 | 10.50 | 6.16 8.82 | 29.69 | 31.04 | 3593 | 30.79 | 31.86

Notes: B : without biofertilization — B
140 and 175 kg N ha™' (as ammonium

\: Azotobacter; B,: Azospirillum; B.: Bacillus megaterium ......
sulphate) respectively.(values are means of replicates with no statistical analysis)

N, N, and N, =105,
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Table (10) Response of sunflower to bio and inorganic N-fertilization: % recovery of fertilizer N (by N tracer

method).
Inorganic Biofertilization ( B)
N-Fertilization
) B, B, B, B, Mean B, B, B, B, Mean
Roots Stems

N, 5.30 1.57 7.68 5.06 | 490 | 224 | 2.04 1.74 3.52 2.39

N, 8.61 9.90 10.23 | 4.84 8.40 2.43 3.74 2.41 2.72 2.83

N, 6.75 3.54 5.90 8.15 6.09 2.04 1.82 2.14 2.43 2.11

Mean 6.89 5.00 7.94 6.02 6.46 2.24 2.53 2.10 2.89 2.44

Leaves Discs

N, 6.70 6.88 10.94 | 11.00 | 8.88 2.47 2.06 2.79 2.53 2.46

N, 6.21 5.41 5.76 7.52 6.23 3.05 5.16 3.07 2.28 3.39

N, 6.41 7.08 | 9.49 | 9.04 | 8.01 244 | 254 | 2.66 2.61 2.56

Mean 6.44 6.46 8.73 9.19 7.70 2.65 3.25 2.84 2.47 2.81

Seeds Whole plant

N, 9.76 7.04 10.28 | 5.74 821 | 2647 | 19.59 | 33.43 | 27.85 | 26.84
N, 9.98 | 17.65 | 13.88 | 8.24 | 12.44 | 30.28 | 40.86 | 35.35 | 25.60 | 33.02
N, 13.07 | 16.13 | 17.18 | 10.47 | 14.21 | 30.71 | 31.11 | 37.37 | 32.70 | 32.97
Mean 10.94 | 13.61 | 13.78 | 8.15 11.62 | 29.15 | 30.52 | 35.38 | 28.72 | 30.94
Notes: B: without biofertilization — B : Azotobacter; B,: Azospirillum; B.: Bacillus megaterium ...... N, N, and N, =105,
140 and 175 kg N ha™' (as ammonium sulphate) respectively.(values are means of replicates with no statistical analysis)

A comparison assessing the two determinations
shows that the subtraction method values consider-
ably exceeds those determined by the N tracer tech-
nique. Such overestimation ranged from 39.5% to as
high as 194.6% indicating a non-real estimation of
recovered fertilizer-N when calculated by subtrac-
tion. The percent recovery of fertilizer N in plant
ranged from about 20% (N,B,) to 41% (N,B,) with
an overall average of 31% using the "N tracer, and
from 21% (N,B,) to 59% (N,B,) with an overall av-
erage of 42% using the subtraction calculation. Such
variation between the two methods of determination
is most certainly due to the erroneous supposition
behind the adoption of the subtraction method. This
supposition presumes that the amount of non-fertil-
izer-N (the N originated from the soil) present in the
in the plants grown in fertilized soil is equal to the N
uptake in the plants grown on the non-fertilized soil.
However, since plants grown on fertilized soil would
most certainly be of greater growth (including great-
er root system), it follows that more volume of soil

is explored by their roots. Therefore fertilized plants
would have much greater amounts of non-fertilizer-
N originating from soil compared with those of the
non-fertilized. Hence erroneous overestimation of
uptake of fertilizer Noccurs if calculated by subtrac-
tion. These results are similar to those reported by
Harmsen and Garabet (2003) on California.

Nitrogen fertilizer should be applied at rates
enough to allow marked increase in sunflower
growth and seed yield as well as seed oil content and
seed oil yield. A combination of biofertilizers such
as N,-fixers or P-dissolvers along with the soluble
fertilizer N would enhance the positive effect of N
fertilization. The percent recovery of fertilizer N in
plant ranged from an overall average of about 31%
using the N tracer to 42% using the subtraction cal-
culation.
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