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POT experiment was carried out during the summer season of

2001 in the green house of National Research Centre, Dokki, Giza
Egypt. This work aimed to study the interaction effect of different
rates of phosphorus (fetilization (32, 48 and 64 P,0; kg/fad) and foliar
spraying with zinc (without spray, spray oncc after 30 days from
sowing and twice after 30 and 45 days from sowing) on growth and
vield of sunflower plants grown under salinity conditions. Increasing
level of phosphorus fertilization from 32 to 48 or 64 P,Os kg/fad
greatly increased vartous growth parameters (i e, leaves number, dry
weight of leaves, stem and head) as well as yield components (head
diameter and weight and seed yield). Moreover, foltar spraying with
Zn either once or twice significantly increased most growth and vieid
parameters. The highest dry matter accumnulation in leaves |, stem and
head and the highest yield and yield components tecorded by
sunflower plants fertilized with P,0Os 48 kg/fad and foliar sprayed with
zing after 30 days from sowing .

Keywords: Sunflower, Salinity, Phosphorus fertilizers, Foliar spraying
with zin¢, Growth yield.

Sunflower { Helienthus annuus L.) crop occupied the second place after soybeans
as an important source for food oils in the world. The expansion in cuitivating
sunflower crops is of great necessity for many substantial reasons. Among these
oil percentage {40-50%) in seeds that characterized with good properiies
Moreover this crops thrives in all soil types and can be grown well in the new
reclaimed lands where saline sotls are prevalent for the obligation 1o irngate wiih
water contamning soluble salts.

Plant growih 1s Hmited with different envitonmental conditions. Onie of those
conditions is salt stress. Among various factors contnibuting o plant growih.
nuirient availability plays a vital role .The relatively low availabiiity of most
macro and micro - ciements 11 most sahine soils affect plant growth o a great
extent (Carboneli- Barrachina ef af., 1998 and Tripathi & Shaima, 1999). In thss
connecilon, salinily reduces phosphate uptake and accumulation m crops grown
in soil a primarily by reducing phosphate availability (Amer,1989). Zinc uptake
was also significantly reduced under salinity treatments (Mohammad et 7 7003}
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The antagonistic effect of P on Zn uptake has been reported by many
investigators (Gunes ef al., 1999 and Singh & Ramakala, 2003). In this respect,
Shahrokhnia (1998) reported that accumulation of phosphorus fertilizer in the soil
can prevent uptake of micro nutrient especially Zn and Fe. Kadar {(2001) also
reported that there was evidence of P-Zn antagonism , and such P-Zn antagonism
induced latent Zn deficiency,

The concentration of Zn in leaf and stem of sunflower plant greatly affected
by stage of growth. In this respect, Sfredo & Sarruge {1990) reported that leaf and
stem Zn concentration decreased to minitmum values coinciding with the period
of maximum DM production and then increased slightly towards maturity. Thus
the possibility of supplying Zn as foliar spray at 30 and 45 days from sowing is
undoubtedly of great importance.

Therefore, the objective of the present study was to investigate the effect of
foliar spraying with Zn applied with different rates of phosphorus and their
interaction on growth and yield of sunflower plants grown under saline conditions .

Material and Methods

Pot experiment was conducted in the green house of Nauonal Research
Centre, Giza Dokki Egypt in the sunumer season of 2001 to mvestigate the effect
of foliar spraying with Zn and different rates of phosphorus fertilizers and their
mteraction on growth and yield of sunflower plants grown under saline
conditions. The experiment include nine treatments which were the combination
of three levels of phosphorus (P, =32, P,= 48 and P;= 64 P,0; ke/fad.) and three
zin¢ treatments (without zinc spray , spraying once after 30 days from sowing
and spraying twice after 30 and 45 days from sowing}. The pots were arranged in
a completely randormmized design.

The seeds of sunflower (Helianthus anruus) cv. Eroflower were planted in
18 April (2001) in 72 pots. The plants were grown in pots 30 cm in diameter
filled with dried clay loam soil . The physical and chemical propertice of the used
soil are presented in Table 1 using the standard method described by Klute
{1986). The pots were divided to three groups 6,9 and 12 g of calchirn super
phosphate {15.5% P,0s) at a relevaat rate of 32, 48 and 64 P.0s kg /fad were
added per pot before sowing to the first | second and the third eroup. respectively,
1.5 g potassium sulphate (48% K,0) was added per pot at a relevant rate of 24 kg
K,O/fad. Ammonium sulphate (20.6% N) 4.38 g per pot at a rate of 30 kg Nf fad
was divided into two equal portions and added after 3 wecks from sowmg and
two weeks later. Sunflower plants were thinned to ote plant per pot after three
weeks from sowing. All pots were irrigated regularly with saline solution at the
level of 3000 ppm which is prepared by dissolving the salt mixture (NaCl and
CaCl; 1:1/ weight).
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TABLE I. Mechanical and chemical analysis of the seil .

Mechanical and chemical analysis

Sand% 22.48
Silt % 3097
Clay % 46.55
Texture clay
Organic matter 2.10
ph 6.49
Ec (millimose/em) 0.62
- CaCOy % 1.84

Macro elements:

Solubte N mg/l 00 g soil 21.00
P (p.p.m) 19.20
K (mg/ 100 g soil) 2437
Mgz (mg/ 100 g soil) 189.00

Micro elements:

Fe {ppm; 2.01
Zn (ppt) 12.67
Mn {ppim)} 1421
Cu {ppm} 129

After 30 deys from sowing , each group s divided to three subgrour  fh2 tus:
one unspraved with Zn sojution and the second spraved with 0.5 g/llice chet
zing (12 %} in the furm of EDTA and containing organic and amino nweids, ¥

third onc is sprayed with the chelated zice after 30 and 45 days from sovwing.

Representative plant samples from four repiicates were taken after 60 dayg
from sowing and their growth critena were recerded, e, plant height | noat
ieaves, head dimmeter and drv weighs of leaves stem as well 2¢ bie
The photosynthetic pigmets, ie,chiorophiyll a, cidorophyll b apd oo
were extracted by aceton 85 % and calouleted using Von Wetteting
(1975) as mg / 47 The conceniration of total seluble solids (T.5.9 ¢ u ri
sap was recorded usiag refractometer and vhe comresponding vaines ~f
potential {Atm.) were then obtaimed from ables given by Cusey (1960} 1
acid content was determined aceording to the mothod deseribed by Dages & 7
{1973).

Denpt . Jodgren. Vel 27 Noo 1 (2002)
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At harvest time the following data were recorded from four replicates : plant
height (cm), head drameter {cm) , head weight {g/ plant) , seed weight (gm/plant)
and weight of 100 seeds (seed index). Seed oi! content (%) was estimated on dry
weight basis according to the method described by A.O.A.C. (1975} using
Soxhlet apparatus and petroleumn ether as a solvent.

The obtained results were subjected to statistical analysis of variance of
factorial experiment in completely randomized design according to Snedcor &
Cochran (1980).

Results and Discussion

Effect on vegetative growth

Regarding the effect of P fertilization on the growth of sunflower grown under
saline condition, data in Table 2 indicate that regardless of zinc treatment ,
increasing the level of P application from 32 kg PO /fad t0 48 or 64 resulted in a
corresponding increase in various growth parameters, i.e., plant height, leaves
number as well as the dry weight of leaves, stem and head. These findings were
in agreement with the results obtained by Aulakh et al. (1980) who recorded that
application of P increased dry weight and height of plants grown under saline
conditions. In addition, Malik er @/ (1999b) added that increasing P rate
increased growth at all salinity levels.

As for the effect of foliar spraying of Zn on growth parameters of sunflower plant
grown under saline condition, the same table revealed that in general, foliar spraying
with zinc either once or twice significantly increased most growth parameter as plant
height , leaves number as well as stem and head dry weight as compared with
unsprayed plants. These findings coincide with those obtained by Thalooth & Kabesh
{1988) on soybean and Trehan & Sharma (2000) on sunflower who reported that
relative shoot dry matter-yield without zinc expressed as percentage of vield with
adequate zinc was 64, 57 % and 130 % for potato, maize and sunflower , respectively,
indicating that sunflower was most zinc efficient plant . Such simulative effect of Zn
on growth parameters under satine condition may be atiributed 1o the effect of Zn on
producing growth substances, i.e, auxin , which i turn encourage the meristematic
activity of the piants which resulted irn more cell divisions and enlargement (Devlin &
Withan, 1983). The simulative effect of Zn on growth may also be attributed to the
effect of Zn on protein synthesis. In this concern, Obata & Umebayashi {1988}
reported that Za deficiency depressed the nibosomal content followed by reduction in
protein synthesis.

The interaction effect of level of phosphorus and foliar spraying of Zn show a
positive effect on all growth parameters, i.e., plant height, leaves number and the
dry weight of leaves, stem and head. The highest dry mater accumulation in
leaves, stem and head was obtained by sunflower plants fertilized by the
moderate level of phosphate fertilizer (48 kg P,0s/fad) and foliar sprayed with Zn
after 30 days then followed by plants sprayed twice after 30 and 45 days from
sowing except dry weight of head . These results added more support to those
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obtained by Trehan & Sharma (2000} who reported that application of Zn in
combination of phosphorus significantly increased the growth of plants. These
results may be attributed to the effect of Zn in increasing the uptake of the three
major nutrients (NPK} (Latha et al, 2002). These results may be attributed also to
the indirect contact of the foliar sprays to the higher parts of the plant. In this
connection {Zhang et al.,1991) reported that, it is well known that the mobihizing
forces seem to be strongest in the higher parts of the plant than in root. These
results proved the fact that the success of foliar mode of application is governed
by the availability of nutrients in soil where nutrient absorption is restricted.

Effecr on photosynthetic pigment contents

Data presented in Table 2 indicate that increasing rate of phosphorus fertilization
from 32kg P,O; /fad. o 48kg P,Oy/fad sigmficantly increased either chlorophyll “a” or
chlorophyil “b”. Phosphorus fertilization with 48 kg P;O; /fad slightly increased these
pigments, Carotenoids content followed the same trend. The positive effect of increasing
P-levels on chiorophyil content in the leaves was reported by Ibrahim er af. (1983},

Data presented in the same table also show that foliar spraying with Zn
significantly increased photosynthetic pigments, i.e., chlorophyll “a”, chlorophyll “b”
and carotenoids. Similar results obtained by Khurana & Chatteqee {2001} whe
reported that concentration of chlorophyll a and b, and soluble proteins were
maximum at 065 mg Zn 1 (adequate) and were lowered significantly in both
deficiency and excess of Ziv (Losanka ef al., 2002) Aiso reported that Zn deficiency
caused a strong reduction in chlorophyll content in maize plants.

Regarding ihe inieraction effect of phosphorus and zine on photosynthetic
pigments content the sarae table shows that the highest chiorophyli a aid b
contenis was obtained by sunflower plants fertilized by 48 kg P,0s/fad and foliar
spraved with Zn onz: after 30 days from sowing.

Effect on cell sap concentraiion, asmotic pressure and proline conlen:

Data presented in Table 2 show that cell sap conceniration as well as asmedic
pressure mcicased by eriber increasing the level of phosphorus fertilizer frons 37 ke
P2Os/tad o 4% or o4 or by folim application of Zn, Such effect may be asinbuaied m
the effect of phosk,,mn,s 1 increasimg cation exchange capacity of roots (Trins
Gehlot, 1996y and 10 the promoting effect of phosphoms in increasing  transporiailon
of K+ in the plant { Lbeng et ¢, 2002 ), in turn increasing cell sap coprcentration and
the osmohic pressure, The highest celi sap concentration and conscquently o5
pressure was obiainec by suntleawver planis fertilized with the bagh lavel of phosp
fertilizer (64 kg P20 1.d) and folar sprayed ence with Zn.

the level of ph.osphouv; fertilization 'shgxltly wcreased the proline asid conic
Foliar application of Zn alsc increased this criterion and the highest &
content was recordsd by the leaves of sunflowur plants fertilized -
P;Oy’fad and foliar Sgra\f"‘(l twice wiih 2.

Egvpr 4 Agiron. Vol 27, Mo 1 {7008



TABLE 2. Effect of foliar spraying with Zn and different levels of phoshorus fertillzer on the growth of sunflower plants grown under
salinity conditions.

(5002) 1 "ON ‘LT "TOA 4048y 1 1diSg

(rowth parameters
P 7n Plant Leaves. Dry weight g/plant Photosynthetic Proline Cell Osmotic
Pigments mg/dc arid
Treatments | Treatments | height No Leaves Stem Head Chl.a Chl.b Cart, {mg/g | sapconc. | Pressure

(cm.) |{No./ plant) fresh wt) (%) (atm.)

Znd 66.00 16.75 348 3.53 228 1.59 0.63 4.09 274 7.33 5.84

Pi Znl 90.75 19.75 4.75 4.99 167 229 0.85 524 2.08 7.67 6.13

Zu2 82.00 17.50 4.01 4,38 363 1.83 0.70 4.50 2.64 7.67 6.02

Znl 82.25 19.25 4.40 4.60 281 1.76 0.71 4.44 2.88 833 6.71

P2 Znl 96.25 21.75 6.10 5.37 445 247 0.94 47 279 9.17 748
Znl 89.75 21.00 5.66 5.35 370 24 0.91 5.68 2.38 9.60 732

Znl 84.25 19.00 4.26 4.33 288 1.61 0.58 459 2.69 8.50 6.87

B3 Zal 95.00 19.75 4.78 5.28 4.21 2.28 0.87 5.17 294 9.67 7.94

Zn2 86.50 20.00 4.78 3.27 391 1.98 0.71 3.90 3.01 9.50 7.79

Means of rt 79.58 18.00 4.08 4.30 3.19 1.9G 0.73 4.61 2.49 7.56 6.00
P (4 89.42 20,67 539 511 3.65 221 0.85 4.94 2.68 8.83 7.17

P3 84.58 16.58 4.01 496 167 1.96 072 455 2.88 9.22 7.53

Means of Zno 77.50 18.33 405 4.15 2.66 1.65 0.64 4.37 277 B.05 6.47
In Znt o400 20.42 521 521 ER 2.35 89 504 2.60¢ 8.84 7.18

Zul 85.08 19.50 432 5.00 175 2.07 0.74 4.70 2.68 8.72 7.04

LSD LSD P 4.78 1.09 0.32 0.70 N.S 023 0.08 0.37 0.33 0.53 0.64
(P=0.05) LSD Zin 4.78 1L.09 0.52 0.70 0.57 0.23 0.08 0.37 0.33 0.53 0.64
LSD P&Zn | 828 1.88 09 1.21 (.98 (.40 0.13 0.64 0.58 0.92 0.80

WP HLOOTVHL L'V
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Effect on Yield

It is obviously indicated from Table 3 that plant height significantly increased
by increasing level of phosphorus . Similar results were obtained by Aulakh ef al.
{1980). As for the effect of Zn, it was found that plant height significantly
increased with foliar application of Zn .

It was also observed from the same table {Table 3) that head diameter, head
weight, seed yield as well as seed index increased by increasing level of
phosphorus fertilizer from 32 to 48 or 64 kg PO fad. These results were
supported with the findings obtained Ujjinaiah, er al., (1989) who reported that
increasing P rate increased the 1000 seed wi. of the resulting seeds. Naphade &
Naphade (1991} and Malik et al (19992 ) also added that increasing P rate
generally increased yield components and seed yield at all salinity levels. Such
promoting effect of phosphorus on seed yield of sunflower plants under saline
condition may be attributed to the suggestion that phosphorus has a role in
increasing water use efficiency and withstanding problems of water stress and
salinity in crops, it is suggested that P fertilizer placement may help to maximize
water use efficiency (Tripathi & Gehlot,1999).

It is worthy to note also that there is not significant difference between the
high two levels of phosphorus 48 to 64 kg P»Os/ fad. on seed yield and most
yield parameters (Table 3). These results coincide with those obtained by
Chaniara et al, (1989) who reported that yields were similar with 40, 60 and 80
kg P»0s/ ha . The same table also shows that significant increment in most yield
parameters, ie, head diameter., head weight, seed yield and seed index wers
found due to foliar spray with Zn either once or twice . The data also shows thai
there is no significant effect on head diameter, head weight and seed index
between plants foliar spraved with zinc one time (after 30 days from sowing) or
two times (after 30 and 45 days from sowing). The superiority of Zn in increasing
sunflower yield may be attributed to the important role of Zn element in the
biochemical function in plants, since zinc deficiency depressed the ribosomal
content followed by reduction m protein synthesis (Obata & Umebayashi, 1988) .
The superiority of Zn may be also attributed to the effect of zinc in increasing the
uptake of all the major nutrients (NPK) (Latha er al, 2002).

As for the effect of P on oil percentage the data in Table 3 indicate that
increasing the level of phosphorus fertilizer from 32 to 48 or 64 significantly
increased oil percentage . The same table also shows that foliar spraying with Zn
once or twice has positive eficct on ncreasing oil content. Similar resulis
obtained by Khurapa & Chatterjee (2001) who reporied that oil content was
highest (23.4%) at 065 mg Zn ' .

Egypt . J. Agron. Vol. 27, No. 1 {2005)
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TABLE 3. Effect of foliar spraying with Zn and different levels of phosphorus
fertillzer on the yield of sunflower plants grown under salinity conditions.

Yield parameters
P Zn Plant Head Head Seed Seed Oil
Treatmenis | Treatments  height diameter | weight yield index content
fem.) cm. g/plant g/plant (%)
Znd 69.88 645 83 495 1.70 31.27
Pl Znl §9.38 7.78 11.09 7.45 1.92 32.37
Zn2 86.13 7.20 11.4 7.37 i.83 32.20
Zn0 71.75 7.10 11.53 7.08 1.73 R2
Pz Znl 90.00 8.30 14.53 10,33 1.84 35.90
Zn2 86.63 8.G8 14.07 9.89 1.97 3397
Zn 74.88 7.45 10.36 6.67 1.79 3013
P3 Zni 39.88 8.25 14.84 9.89 2.08 3553
Zn2 94.13 7.60 14.7 9.38 202 3287
Means of Pl 81.80 7.14 1026 6.59 1.82 31.95
P P2 82.79 7.83 13.38 9,10 i85 3402 |
p3 86.30 137 13.30 8.65 1.96 32.84
Means of | Zn0 7217 7.00 1006 623 74 3128
Zn Znl 89.75 811 13.49 9.22 1.93 34.60
Zn2 88.96 7.63 13.39 8.38 1.94 33,04
15D 1LSD P 396 35 1.75 122 N5 072
{(P=0.03} jLSD Zn 196 0.35 1.75 122 0.1s5 0.72
LSO P&Zn 0.60 303 211 0.26 1.24

There is a positive interaction effect between different levels of phosphorus
fertilizer and foliar spray of zinc on most yicld parameters. The highest seed yield
and the meost promising interaction was obtained by sunflower plants fertilized
with 48 kg P,O/fad and foliar sprayed with zinc once at 30 days after sowing
followed by plants sprayed twice at the same level of phosphorus fertitizer. These
results were supported by the findings of Germa & Minhas (1987} and
Glushcenko er al. (1991) who reported that in the presence of P, application of Za
results in significant increasing in yield.

From the above mentioned results, it can be concluded that increasing the

level of phosphorus fertilization to 48 kg P,O4/fad and toliar spraying with Zn
had a favorable effect on enhancing growth and yield of sunflower plants grown

Egypt . J. Agron. Vol. 27, No. 1 (2005)
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under salinity condition . Such promoting effect of phosphorus may be attributed
to the effect of phosphorus in increasing cation exchange capacity (CEC) of roots
under saline- sodic condition {Tripathi & Gehlot,1999), and to the effect of
superphosphate in increasing the selective transportation of K™ in the plant and
significantly enhancing SRy, (selective ratio) ,thus alleviating salt injury (Deng
ef al,2002). The simulative effect of Zn on growth and vield of sunflower plants
may be also atwributed to the effect of Zn in increasing protein synthesis (Obata &
Umebayashi ,1988) and the uptake of all the major nutrients (NPX) (Latha ef af,,
2002). From these results , it can be concluded that foliar nutrition of sunflower
plants with Zn may increase the efficiency of phosphorus utilization in enhancing
the vegetative growth and the yield under saline condition.
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