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INTRODUCTION

Sunflower has rapidly extended into pro-
duction due to its multiple uses as human food
and animal feeding, as well as a melliferous
plant and row material in numerous industrial
branches. Its well developed root system pro-
vides a high ability of using the water and
nutrients supply of the soil. This physiological
trait enables sunflower, although a great con-
sumer of nutrients, to react moderately to fer-
tilizer application. Very different results were
obtained by mineral nitrogen application. Thus
the yield increases achieved after nitrogen fer-
tilization were either very high (Bamdad,
1972 : Sari¢ 1972; Joc¢i¢ and Sarié,
1978) or nonsignificant (Horodyski, 1974
Kovadcik et al, 1981) or even negative (Co-
culescu et al, 1969). As regards sunflower
reaction to the main elements of the fertili-
zation system : dose, chemical form and ferti-
lizer type, numerous specialized studies pointed
out the high efficiency of moderate nitrogen
doses (Coculescu et al, 1969 ; Rollier,
1979 : Toncea and Poparlan, 1985) and
the nonsignificant effect of the chemical form
(Avram, 1970 ; Hera, 1968).

Under the present circumstances when the
fertilizer production and application are more
and more expensive, the development of the
research regarding nitrogen nutrition in sun-
flower has become a stringent necessity.

The N labelled fertilizers have been used
for the first time in the field experiments at
the Research Institute for Cereals and Indus-
trial Crops of Fundulea (Hera 1974).

The present paper presents the experimen-
tal results regarding sunflower reaction to the
nitrogen dose and to the main chemical forms
or nitrogen fertilizer types.

MATERIALS AND METHODS

The investigations were conducted for 3
years (1982—1984) in.a bifactorial field expe-
riment (N fertilizer types ) doses), placed on

a cambic chernozem at Fundulea, under irri-
gation, in a subdivided plot design. Three fer-
tilizer types (ammonium nitrate, urea and am-
monium sulphate) and 3 nitrogen levels (0, 100
and 200 kg N/ha) were applied.

In order to enhance the accuracy of the
experimental results the ammonium nitrate
used as fertilizer was labelled by the stable
isotope PN to each ion separately ("NH; and
1."}NO:;).

In placing the experiment as well as in
working out the experimental data, the me-
thodology concerning the organization and
evaluation of field experiments with labelled
fertilizers has been used *. The other technolo-
gical elements such as : crop rotation, the cul-
tivated hybrid (Sorem 82), phosphorous fertili-
zation (concentrated superfosphate — 80 kg
P,0s/ha), soil tillage, seeding, cultivation, crop
protection and harvesting works were the same
during the whole experimental cycle.

The effect of the factors under study has
been considered after several measurement
performed during the full maturity stage of
plants, on each plant component (seeds, heads,
stalks and leaves) as follows :

— seed yield, heads and stalks (dry matter,
kg/ha) ;

— oil content in seeds (%), the method of
nuclear magnetic resonance (N.M.R.) ;

— mineral nitrogen content in seeds, heads,
stalks and leaves (%, N), by Kjeldahl method ;

— isotopic concentration (%, atoms N) by
the mass spectrometry method.

Based on the results of these measurements,
we calculated :

— nitrogen quantity exported with the yield
(Nt, kg/ha)

= yl@ld. i U_.'"l(] N
100

Nt

* «A guide to the use of Nitrogen-15 and radio-
isotopes in studies of plant nutrition : calculations
and interpretation of data®. A technical document
issued by the International Atomic Energy Agency,
Vienna, 1983.
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Table 1

The “F” values and their significance corresponding to the variation sources experimented for the main
yield elements in sunflower, which can be modified by nitrogen fertilization (Fundulea, 1982—1984)

Seeds Heads Stalks Leaves
Resultant Fert. x Fert. . Fert. _ Fert,
= - Ferti- Ferti-
varighlen TeRt I;iezr;:‘ Dose ty)? = Fl::zré;:' ‘Dose ty}? ? liezre:‘ Dose ty}}{) e I‘ia:ée:‘ Dose t};?e
type dose type dose’ | type dose type dose
Sisid 1982 | 2.09 |14.15**| 0.77 5.80* |12.44**| 1.41
e
l{dr}, matter) | 1983 | 0.54 [15.27**| 0.77 |10.58** | 24.23**| 1.05 | 4.90* [118.01%*|1.62
1984 | 9.61* |22.39**| 6.80* | 212 |19.36%*| 0.49 | 14.33%*| 27.64%*|5.99**
Oil content 1983 | 051 7.19%*| 0.34
I
/o) 1984 | 7.80* |70.95**| 4.96*
Total content 1982 | 0.83 |36.55**| 0.51
6 el 65.23** | 0.64 8 |23.06%*| 052 | 0290 [158.73**|1.79 | 211 [103.29%*| 0.97
nitrogen 1983 | 0.65 2 ! 0.8 3 . | ; : : ; X
(%) 1984 | 1.79 |10.75**| 0.31
Nitrogencontent| 1982 | 248 |95.66**|23.48**
absorbed fl"?_m 1983 [17.33*% |42.23%*| 4.74* [19.19** | 32.04** | 4.60* | 16.44**| 13.13**(0.86 | 19.69%* | 54.48%*| 578+
fertili /
ertilizer (/o) | 194 | 24.35%+ | 62.85%+| .97+

Nitrogen derived from fertilizer (NAfF, ")
X —Xn
Ex

0,-"(] NdAfF = 100

where X is the isotopic concentration, Xn =
natural isotopic concentration (o 0.365), Ex =
excess of PN from fertilizer (7).

— N quantity absorbed from fertilizer (NT)
and soil (Ns)

Nf — Nt NdfF
100
Ns = Nt — Nf
— fertilizer utilization efficiency (%, F.U.E.).
0 B.U.E, =D NAE
DN

where DN is the notrogen rate (N, kg/ha).

The significance of the experimental results
was established by means of variance and re-
gression analysis.

RESULTS AND DISCUSSION

The most important factor in sunflower nu-
trition with mineral nitrogen is the fertilization
system, due to the direct action of its elements
on absorbtion and on the majority of bioche-
mical processes of crop formation.

As shown by the experimental results with
chemical forms and nitrogen rates, obtained at
Fundulea during 1982—1984, sunflower yield,
regardless of the cropping year and the plant
organ under study, was quantitatively and
qualitatively influenced by the dose. ‘Thus the
calculated value of the ratio between variance
of the dose and the corresponding error (F)
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was in all cases higher than the theoretical one
(Table 1), which indicates a very significant
influence of the dose on all variables — yield,
oil content, mineral nitrogen (total and from
the fertilizer).

The type of nitrogen fertilizer has systema-
tically modified the head and stalk production,
as well as the nitrogen content absorbed from
fertilizer. From the quantitative point of view,
the effect of the investigated factors resulted,
as illustrated by the graphs of Figure 1, in the
following :

— a significant decrease of the seed yield
proportional to the nitrogen rate in the treat-
ments with ammonium sulphate (1.69 kg/kg N)
and urea (1.78 kg/kgN) ;

— a significant change of the head yield
and the increase of stalk yield corresponding
to the nitrogen rate in the treatments with am-
monium sulphate (3.18 kg/kg N) and especially
urea (8.14 kg/kg N) ;

— various contents of mineral nitrogen de-
pending on the analyzed plant organ (2.70—
2.74%, N in seeds; 1.44—1.46",, N in heads ;
0.41—0.49°, N in stalks and 1.81—1.929, in
leaves), as well as nitrogen accumulations pro-
portional to the dose and specific to each plant
part (2.7 X 10—2—3.1 X 1030, N/kg N in
seeds ; 1.1 X 1077 —1.8 X 10=? in heads ;
3.6 X 107% —5.6 > 10—% in stalks and 2.0 X
X 107%— 35X 10~ in leaves) and fertilizer
type (1.1X10—%—35X 103 to NH;NO;;
1.6 X 107%—3.6 X 10 to (NH,),SO; and
1.8 X 103 —5.6 )X 10~3 to (NH),CO) ;

— Ppositive correlations between nitrogen de-
rived from fertilizer and the two investigated
variables, as well as an approximate equal
distribution of the nitrogen absorbed from each
fertilizer type in all analysed organs. This fact
resulted to the treatments with ammonium ni-
trate in an increase of the nitrogen content
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Fig. 1 — Sunflower seed, head and stalk yield and mineral nitrogen content cor-

responding to the nitrogen fertilization system (Fundulea, 1982—1984)




Table 2

Influence of dose and {ype of mineral nitrogen fertilizer on the nitrogen export from soil and fertilizer

by sunflower crop

(Fundulea, 1982—1984)

N al:{sl\?lx_'lb:eN% :rom N a&sg}rrﬂb:?g: g‘om N a&sﬁ;ﬁ;::icgnm N a(‘;)ish?lr“{?;ads ct)‘i'om ]
kgllg} g (ka/ns) F‘“UI’lE \(Kgiha) F.E‘:;',E \(kg/ha) F .E_—,LE (kg/ha) F }1‘3
Nt ] Nt I Ns Nt ‘ Ni I Ns Nt | Nf I Ns Nt ’ NI I Ns
Seeds
0 66.9 0.0 | 66.9 0.0 66.9 0.0 | 66.9 0.0 66.9 0.0 | 66.9 0.0 66.9 0.0 | 66.9 0.0
100 72.9 6.0 | 66.9 6.0 76.1 7.1 | 69.0 71 73.3 9.9 | 63.4 9.9 73.1 | 10.2 | 629 | 10.2
200 72.0 | 10.9 | 61.1 5.5 70.5 | 10.6 | 59.9 5.3 69.3 | 15.2 | 54.1 7.6 71.1 | 19.7 | 51.4 9.9
Heads
0 308 | 00 ] 308 ]| 00 | 308 00]308) 00 |308]| 00][308] 00 |308] 00] 308/ 00
100 432 | 43 (389 | 43 | 415 | 54 | 361 | 54 | 464 | 66 | 398 | 66 | 424 | 86 | 338 | 86
200 42.0 6.5 | 35.5 3.3 39.6 6.4 | 33.2 3.2 45.6 | 129 | 32.7 6.4 41.4 | 129 | 285 6.4
Stalks
0 12.7 0.0 | 127 0.0 12.7 0.0 | 12.7 0.0 12.7 0.0 | 127 0.0 12.7 0.0 | 12.7 0.0
100 26.0 24 | 236 24 28.0 34 | 246 3.4 35.3 59 | 294 5.9 27.0 56 | 214 5.6
200 49.7 | 73 | 424 | 36 | 430 | 8.0 | 350 | 40 | 688 | 188 | 500 | 94 | 398 | 135 | 263 | 68
o : N 1503 gen from the nitric fraction as well as in an
| N increase of the nitrogen absorbed from urea

“ 50 by 10.9 X 102—14.2 > 1072 %, N/kg N and

o especially from ammonium sulphate, by 13.9 <
X102 —17.0 X 102 9, N/kg N.

4 3 The calculations regarding the nitrogen ex-
port (Table 2) point out also other traits of
sunflower referring to mineral nitrogen nutri-

1 0 tion and a certain export differentiation de-
pending on the nitrogen source and the plant

190 8 L7 R organ under study.
— a8 ONSI-05 i il i Among the nitrogen sources, the highest
........ wotein | 169 | 0917 | 099 o protein | 110 | 0017 099 quanti_ty is .supplied by soil (over 75“;'0‘}, a
_— e quantity which, as compared to the-total nitro-
o A ;‘“ " & @ gen export, increases in seeds and heads up to
LA v a dose of 100 kg/N, while a certain decrease is
i 15 et 1050, registered at the maximum dose. The stimula-
% R iy - tion of the nitrogen export from the soil, as a
& 50 result of the mineral nitrogen fertilizer appli-
& cation, is correlated with the rate in the case

of stalks.

0 30 The nitrogen export from fertilizers

' (Nf) — calculated on the basis of isotopic ana-

................ lyses — is generally lower as compared to that

gl T 10 calculated by the classical method of difference

- . and increases proportionally with the nitrogen

Y R B - e LB R rate. The chemical form or the nitrogen ferti-
—al | kb [-00m e T ) Sl ] lizer type didn’t modify significantly the ni-
________ ,m,»,e; 1 E, 098 <----«TmtainT16_9Jj,0]9 0% trogen export in any of the analysed sources.
— — 3 i = The low utilization of nitrogen from fertili-
5 &% ;(:%_ &l w00 700 zers ‘by sunﬂc‘fwfer is expressed also by the uti_—

lization coefficient which reaches the maxi-

Fig. 2 — Accumulation of useful substances in sun- mum value (oo 25%,) at a dose of 100 kg N/ha.

flower seeds, depending on the mineral nitrogen
fertilization (Fundulea, 1980—1984)

coming from the ammoniacal fraction by
71 X102 —17.7X102 9%, N/kg N and by
7.5 X 1072 —9.3 X 1072 9, N/kg N of the nitro-

50

Although the nitrogen coming from fertili-
zer has been found in the same percentage in
all analysed plant parts, the nitrogen utiliza-
tion coefficient is different : the seeds use ma-
Ximum 6—10%, from the nitrogen quantity




applied as- fertilizer, the head 4—8,69/, and the
stalk 3,6—9,4”;':(]. ’

Sunflower nutrition with mineral nitrogen
is thus a very complex process, involved espe-
cially in the accumulation of useful substances
(oil and proteins) in the seeds (Fig. 2).

The mineral nitrogen from fertilizer has ne-
gatively influenced the oil content, an effect
proportional with the rate and accentuated es-
pecially in the treatments with urea.

The contribution of the mineral nitrogen to
the increase of protein content is also evident
but it depends in a lower degree on the che-
mical form or the fertilizer type due to the
fact that the coefficient of the respective re-
gression varies very little (1.7 X 107> —1.9 X
X 1072 0f).

CONCLUSIONS

Sunflower fertilization with nitrogen repre-
sents a more complex process, as compared 1o
other crops. Among the elements belonging to
the nitrogen fertilization system, the dose is
the most important one. Sunflower crop reacts
favourably to doses up to 100 kg N/ha.

The efficiency of nitrogen fertilizers depends
on the characteristics of the mineral fertilizer
and less on the chemical form of nitrogen.
Sunflower makes a good use of the nitrogen
existing in the soil and less of that from the
fertilizer. The absorbtion of the nitrogen from
the supplies existing in the soil is however sti-
mulated by the mineral fertilization, but only
when all the elements of the fertilization sys-
tem are present in optimum.

The nitrogen absorbed from fertilizer is used
primarily by seeds, but its presence leads to a
decrease of the oil content.

The protein seed content increases constantly
in accordance with the applied rate, regardless
of the fertilizer type.
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ETUDE DES PRINCIPAUX ELEMENTS
DU SYSTEME DE FERTILISATION
DU TOURNESOL (HELIANTHUS ANNUUS L)
PAR L'UTILISATION DE L'ISOTOPE MARQUE ¥N

Résume

La réaction du tournesol aux différentes doses
d’azote, ainsi qu'aux types variés d'engrais a l'azote,
?_ été étudiée par l'application d'engrais marqués a
IN.

Cette espéece répond favorablement seulement a
des doses allant jusqua 100 kg N/ha. L'efficacité de
la fertilisation & l'azote dépends des caractéristiques
de l'engrais minéral et dans une moindre mesure de
la forme chimique de l'azote. Le tournesol utilise
mieux l'azote existant au sol et moins intensément
celui des engrais. L’absorption d’azote des réserves du
sol est, toutefois, stimulée par la fertilisation miné-
rale. mais seulement si tous les éléments du systeme
de fertilisation sont & l'optimum.

L'azote absorbé des engrais est utilisé premiére-
ment par les graines, le coefficient d’utilisation étant
de 6 & 107, néanmoins sa présence est accompagnée
par une diminution proportionnelle de la teneur en
huile. Le taux de protéines des graines augmente
presque constamment, par rapport 4 la dose d’azote
appliquée et indépendamment du type d’engrais.

Les relations entre les rendements en graines, ca-
pitules et tiges, correspondant aux systémes de ferti-
lisation & l'azote sont présentées graphiquement, ainsi
que l'accumulation des matiéres utiles dans les grai-
nes de tournesol, en dépendance de la fertilisation a
I'azote minéral.

ESTUDIO DE LOS PRINCIPALES ELEMENTOS
DEL SISTEMA DE FERTILIZACION DEL GIRASOL
(HELIANTHUS ANNUUS L) POR EL EMPLEO
DEL ISOTOPO MARCADO N

Restimen

La reacciéon del girasol a diferentes dosis de nitro-
geno, asi como a diferentes tipos de abonos con nitro-
geno fue estudiada por la aplicacion de abonos mar-
cados con N,
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Esta especie reacciona favorablemente sélo a una
dosis de hasta 100 kg N/ha. La eficacia de la ferti-
lizacién con nitrégeno depende de los caracteristicos
del abono mineral y menos de la forma quimica del
nitréogeno. El girasol utiliza mejor el nitrogeno exis-
tente en el suelo y menos intensamente, él de los
abonos. La absorcién del nitrégeno de las reservas del
suelo estd sin embargo estimulada por la fertilizacién
mineral, pero solo cuando todos los elementos del
sistema de fertilizacion se encuentran en o6ptimo.

El nitrégeno absorto de los abonos estd empleado
primeramente por las semillas, el coeficiente de uti-

lizacion siendo de 6—10 por ciento, pero su presen-
cia estd acompanada por una reduccién proporcional
del contenido de aceite. El contenido de proteinas de
las semillas aumenta casi constantemente en concor-
dancia con la dosis de nitrogeno aplicado e indepen-
dientemente del tipo de abono.

Estan presentados graficamente las relaciones entre
las producciones de semillas, capitulos y tallos cor-
respondientes a los sistemas de fertilizacién con ni-
trogeno, asi como la acumulacion de las sustancias
utiles de las semillas de girasol en funcién de la fer-
tilizacién con nitrégeno mineral.



