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INTRODUCTION

Chemical ferlilizer remains as one of the
most important input to improve crop produc-
tivity. Nitrogenous and phosphatic fertilizers
are the most needed nutrients for optimum
yields of oilseed crops on most Pakistàn soils.
These arid to semiarid region soils are com-
monly high in free CaCOr ând are generally
characterized by pH 7.5 to 8.3. Under such
conditions P is readily precipitated to insoluble
tricalcium phosphate and hence rendered una-
vailable. Moreover soil moisture stress is a
common production constraint for better yields.
The nature of phosphorus x moisture inte-
raction prompted a study on selected Pakistan
soils planted to sunflorver.

Sunflower is habitable to a wide variety of
edaphic and climatic conditions but little is
knoq'n of sunflower growth and development
in Pakistan. The present investigation was car-
ried out to study the growth response and P
utilization by sunflower under applied P and
varied soil môisture.

MA.TERIAI,S AND METHODS

A bulk surface soil of Shujabad loam (typic
camorthids), collected from experimental farms
of National Agricultural Research Centre, IsIa-
mabad, \vas air dried and ground to pass
through a 2 mm sieve. The soil was characte-
rized for physico-chemical properties (Table 1)

Table 7

Physico-chemical properties of the soil used
for pot culture study

Mechanical composition
Sand (%)
silt (%)
Clay (%)

Textural class
pH
ECe (ds/m)
CaCOr equivalent (%)
NaHCO3-P (me/ke)
Organic matter (olo)

32.2
46.6
21.2

Loam.
8.01
0.?B
1.56
3.68
o.92

according to procedures described by R i -
c h a r d (1954). Seven kg soil was filled in a
total of 18 plastic pots which received P O,
37.5 and 75 mg kg-l as NHzrH2POz.. A uni-
form level of 37.5 mg N kg-1 was made up
by adding additional N as urea. All pots were
irrigated with distilled water and equilibrated
for trvo weeks before sowing sunflower (Heli,-
unthus annLLus L., Cv. Cargili 204). Six plants
were grown in each pot. The pots were main-
tained initially at field capacity for two weeks
and then subjected to stressed and non-stres-
sed moisture regimes. Pots under non-stressed
moisture reqime were maintained at t40lo
(V/W) * moisture level throughout the growth
period ..vhile stressed pots were maintained at
70lo (V/W) \ moisture level. The experiment
was run in triplicate. Three plants were har-
vested four ureeks after sowing while the rest
of the three plants v/ere harvested seven days
later. The harvested plants were washed with
distilled water and blotted before measuring
their height and fresh weight. The plant sam-
ples were dried at 65oC to a constant weight
and weighed. At the conclusion, soil from each
pot was mixed and sampled for the estimation
of available P content (O I s e n et al., 7954).

The dried plant samples were fine-ground
and digested with HNO3 : HCIOa diacid mix-
ture for P determination by yellow colour met-
hod (Kitson and Mellon, 1944). The ex-
perimental data were statistically analyzed
(Little and Hills, 1978) aceording to split
plot design with moisture regimes in main
plots.

RESULTS

The soil was found low in P (NaHCO3 
- ex-

tractable P, < 5 ppm, Table 1). Application of
37.5 and 75 mg P kg-t resulted in increase in
biomass production of sunflower (Table 2). A
biomass increase of f 330/s and 300/0 over con-

* V^V: ml of distilled water added per 100 g of
soil.
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Plant fresh wt. Plant dry wt.
regimes

Growth response (s/pot) of sunflower to P application at two nroisture regimes

Harvest II
P applied

(mg/kg) Plant fresh

Table 2

dry wt.

Water
stressed

Non-
stressed

0

3?.5

0

5.00 + 0.46
8.15 + 0.67
8.45 + 0.53

6.85 + 0.52
17.20 + 1.16

1?.?5 -l- 1.08

0.70 + 0.06
1.03 + 0.09
1.11 + 0.10

0.75 + 0.05
2.08 + 0.18
2.18 t 0.r7

?.?7 + 0.68
10.45 + 1.01

12.37 + 1.13

11.85 -F 0.95
21.60 + 1.89

24.05 +2.01

1.00 + 0.08
1.30 + 0.11

1.6? t 0.12

1.35 -l- 0.10
3.15 + 0.27
3.20 + 0.28

0
37.5
.I'

troL was observed with the application of
37.5 mg P kg-t of soil under non-stressed mois-
ture regimes, respectively. A significantly posi-
tive P x moisture interaction was noted both
at 3?.5 and 75 mg kg-l rates of applied P
(FiS. 1). Neither P application nor soil mois-
ture stress alone affected P concentration in
plant shoots. However, application of P yiel-
ded in higher P accumulation in plant shoots

3?.5 ?5.0 3?.5 ?5.0 3?.5 75.0 37.5 ?5.0

P opptted, mg,zkg

Fig. 1 - Dry weights of sunflower (as percent of

Concentration and uptake

at both moisture regimes (Table 3). Phosphorus
accumulation in plant tops was markedly hi-
gher under optimal moisture regime. The hi-
gher P uptake observed in harvest II plants
(Table 3) was likely associated with a longer
growing period. A highly significant correla-
tion (r: 0.99) rvas obtained between dry mat-
ter production and P concentration in plants
(Fie. 2).

o Non-stressed
o Stressed

= 0,21+ + 0,011x
= 0,986

100 200

P uptoke (mglpotl
Fig. 2 - Relationship between P uptake and

control) dry weights of sunflower

Table 3

sunflower supplierl with different F levels
moisture regimes
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P eoncentration
(o/o)

,.st If

P uptake
(mg/pot)

Water
stressed

0

37.5
75.0

0.05 + 0.003
0.06 + 0.005
0.07 + 0.005

35.0 t
6r.8 +
a a.t --r

2.8

RO

0.08 + 0.006
0.09 + 0.008
0.08 t 0.007

80.0 t
117.0 +
133.6 +

7.2

10.1

L2.5

Non-
stressed

0

37.5

?5.0

0.06 + 0.00?
0.08 + 0.006
0.07 l: 0.008

45.0 + 4.1

166.4 + 1t.B
152.6 + 13.3

0.08 + 0.008
0.09 + 0.01

0.08 t 0.007

108.0 + 9.8

283.5 t25.4
256.0 + 26.2
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The extractable P obtained from soil sam-
pled at the end of the experiment was signi-
ficantly higher from the soil kept under opti-
mum moisture condition than the soil main-
tained at sub-optimai soii moisture level
(Table 4).

Table 4

Status of NaHCO3 extractable F in soil
at the conclusion of the experiment

DISCUSSION

Serreral researchers (B arb er et al., 1963;
Olsen and Kemper, 1968) have reported
diffusion along a concentration gradient from
surrounding soil to root surface as the princi-
pal mode of P transport. Moisture status of
the soil rvould affect P diffusion. At a higher
moisture content the increase in cross sectional
area of the diffusion path and reduced tor-
tuousity (Olsen and Kemper, 1968) would
accelerate P diffusion. The higher P availabi-
lity recorded at higher soil moisture (Table 4)
supports the above hypothesis. Moreover, res-
tricted availability of water to roots induces
increased hydraulic root resistance (Ramos
and Kauf mann, 1979) in plants while hy-
draulic conductance to shoots tras been repor-
ted to decrease in P deficient plants (R a d i n
and Eidenbock, 1984). This would suggest
a similar phvsiological response to both water
stress and low P availability. The decreased
plant grou'th at water stressed condition
appeared to be partially ameliorated with the
application of P (Table 2) which would sug-
gest improved plant utilization of added P. Al-
ternatively changes in the ionic balance of the
root zone may have been affected by soil mois-
ture (Viets, 1967, 1972) and applied phos-
phate (V i e t s, 1962). The magnitude of in-
crease in plant growth with applied phosphate
was much higher for non-stressed treatments
as compared to that for water-stressed plants.
This was most pronounced in the second har-
vest. While moisture availability was a fac-
tor limiting plant growth, interaction with ap-
plied phosphate suggests soil moisture status
as important to the efficient P utilizatio,n by
plants. For non-stressed plants, application of
37.5 mg P kg-t of soil resulted in more than
200010 increase in plant weight over check.
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LES EFT'ETS RÉCIPROQUES DE L'APPLICATION
DU PI{OSPHORE ET DE I,'}IUMIDITE DU SOL SUR

LA CROISSANCE DU TOURNESOL
(HEI-TANTHUS,A^/I{UUS L.)

Résu,mé

Le tonrnesol a eté récemment introduit en Pakis-
tan comme culture oléagineuse. La réaction du tour-
nesoL à I'application du phosphore en doses de 37,5
et ?5 mg kg-1 a été étudiée dans une expérience
effectuée en serre, avec des régimes d'humidité du sol.

L'application du phosphore à un sol argileux - cal-
carifère a augmenté significativement le rendernent
en biomasse du tournesol. On a observé une interac-
tion significative du phosphore avec I'humidité du
sol. A la différence de I'accumulation du phosphore
au sommet des plantes, ni le phosphore appliqué ni
les régimes d'humidité du sol n'ont pas affecté la
concentration du phosphore dans les racines des
plântes.

EFECTOS INTERACTIVOS DEL FÔSFORO
APLICADO Y DE LA HUMEDAD DEL SUELO

SOBRE EL CRECIMIENTO DEL GIRASOL
(TIELTANTHUS A]V]VUUS L.)

Res{trnen

El girasol fue recientemente introducido en Pakis-
tân como cultura oleaginosa. La reacci6n del girasol
a la aplicaciôn en dosis cle 0, 37,5 y 75 mg kg-1 se
estudiô en una experiencia efectuada en invernadero,
en dos regfmenes de humedad del suelo.

La aplicaciôn del fôsf6ro a un suelo arcillo * ca-
lizoso aumentô significativemente la producci6n de
biomasa del girasol. Se ha notado una interacciôn
significa te del fôsforo con la humedad del suelo. A
diferenciir de la acumuiac6 del fdsforo en la planta
de las plantas, ni el f6sforo aplicado ni los regimenes
de humedad del suelo afectaron la concentraci6n del
f6sforo en las raices de las plantas.
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llloisture regimes

4.?1 + 0.36

14.65 + 1.27

15.37 + 1.21

4.52 + 0.41

23.67 + 1.93

24.03 + 2.04




