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Growth and sulphur relations of corn, sunflower and rapesced were studied in
greenhouse in.solution culture containing 0 and 1 mM S. Growth of the three plant
species was affected with characteristic $ deficiency symptoms when grown without
S supply. However, with the addition of 1 mM § in the root medium, corn produced
maximum biomass in three weeks of growth period followed by sunflower and
rapeseed. With S deficiency, tissue water (shoot and root) decreased drastically.
Growth of shoot in the three plant species was more compared with root with 1 mM
S in the rooting medium. Higher concentration in plant tissues as well as higher
rates of § transport from root to shoot and specific S absorption rates were observed

in sunflower and corn,
INTRODUCTION

Sulphur (S) has been recognised as an
important secondary nutrient for plants. Its
requirements for several crops is as high as
of phosphorus (Dixit and Shukla, 1984; Ba-
pat et al., 1986; Ucexkull, 1988). Widespread
S deficiencics have been reported in many
parts of the world (Morris, 1987).
Favourable plant responses to applied S on
some typical agricultural soils of Pakistan
have been obscrved in some preliminary
studies (Rahmatullah and Salim, 1987; Salim
and Rahmatullah, 1988). Average S, ex-
tracted from 27 benchmark soils of Pakistan
by three different electrolyte solutions sepa-
ratcly was approximately 1 mM (Nabi ef al,,
1990).

Ample information on the differential
utilisation of sulphur by different crop
species is available (Kunwar and Mudahar,
1986; Islam, 1987). Qilseed crops generally
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require higher amounts of S for their growth
as comparcd to the others (Singh and Singh,
1978; Aulakh and Pasricha, 1988). In a soil
with a limited level of available S the farm-
ers, therefore, may have the choice of a crop
specices or a crop variety with relatively low S
requirements. This approach is also very vi-
tal for concept of sustainability of resources
(CGIAR, 1988). To generate the informa-
tion on the comparative S needs and the
efliciency of its utilisation from a uniform $
concentration of the root medium, a green-
housc study was conducted on most popular
cultivars of corn, sunflower and rapeseed.

MATERIALS AND METHODS

Secds of corn (Zea mays L. cv. Gohar),
sunflower  (Helianthus annuus cv. C-206)
and rapeseed (Brassie napus cv. Westar
Robot) were germinated on a polyester
screen suspended  over  saturated CaCO,



solution for better root development of the
seedlings. Ten days old, four uniform
seedlings of corn and sunflower and 12
seedlings of rapesced were transferred to
greenhouse in 4 | plastic containers having
continuously acrated solution. Separate pots
were kept for each crop species. The nutri-
ent solution contained 10 mM N (NH,NQ;),
05 mM P (KHPO,), 3 mM K
(KHPO,/KCl), 2 mM Ca (Ca(NO,),.4H;0,
0.5 mM Mg (Mg(NO,);.6H;0), 1 mM §
((NH,);SO;) (for +S treatment and no S in
S-treatment, 25 uM Fe (as EDDHA), 2 uM
Zn (Zn0), 2 uM Mn (MnCl;).4H,00), 0.5
UM (H,MoQy,), 25 uM B (H;BO;) and 100
4M Cl. The solution pH was maintained at
5.7 £ 0.2. The experiment was laid out ac-
cording to completely randomised design
with three replications. Twelve days after
transplanting in treatment solutions, two
seedlings of each of corn and sunflower and
6 seedlings of rapesced were harvested from
each pot (T,), separated into root and shoot,
dried at 70°C for 48 hours and weighed.
Nutrient solutions were changed weekly.
Remaining seedlings were harvested after 21
days (T,) and processed as earlier. Relative
growth rate (RGR) of shoot and root was
calculated (Hunt, 1978) as:

In Wz -In W‘
RGR (gg! day!) = M
T,-T,

where

W, and W, were total dry weight of
plants at harvest times T, and T, respec-
tively.

Dried shoot and root samples were
digested in nitric and perchloric acid mixture
(4:1). Sulphur in the digest was measured
turbidimetrically (Verma et al.,, 1977). Spe-
cific absorption rate of sulphur (Is) unit! of
root dry weight (umol g! day!) was cal-
culated as Hunt (1978):
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where S, and S, were total § content of
plants and Rw; and Rw,; were root dry
weight at harvest times T, and T,. Efficiency
of S utilisation by crop species (g dry matter
produced g! S day’!) was dctermined by
calculating specific utilisation rate (U, of S
according to Hunt (1987):

Wy-W,
U; = X
Ty-T,

lnSz-ln81

$:-8,

where W, S and T were the same pa-
rameters as above. Standard error of means
was calculated based on three observation
for each treatment for comparison of treat-
ment means.

RESULTS AND DISCUSSION

Plant growth: Growth of corn, sunflower
and rapeseed was separately affected be-
cause of S supply in the root medium (Table
1). After three weeks of growth, shoot dry
weights of the three corn plants grown in 1
mM S concentration were 8 to 10 times
higher than with no S. However, in the case
of roots, increase in dry weights were only 3
to 5 times. Comparatively higher reduction
in shoot growth than root growth is a typical
response of plants with S deficiency (Mengel
and Kirkby, 1987). Data on root/shoot ra-
tios elaborate it further as higher root/shoot
ratios were observed when plants were
grown without S. In general, root growth
(relative to shoot growth) was better in the
case of corn and sunflower as compared to
rapeseed.



Takle 1.  The effect of sulphur on the growth of corn, sunflower and rapeseed
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Sulphur Crop Dry matter yicld Fresh/dry Relative growth  Root/Shoot
appli- species (g plant’!) weight ratio rate (g g! day™) ratio
cation
Shoot Root Shoot Shoaot Root
Corn 0330 £ 014 0195 +0.102 7790 £ 0.58 - 0.570 £ 0.078
-S Sunflower 0,180 £ 0.02 0.125 £ 0.025 (1.890 % 0.61 - 0.890 + 0.13
Rapesced 0070 £ 0.02 0.014 T 0005 8300 0.14 - 0.190 £ 0.003
Corn 23702039 080009 11570016 01540027 0179F004 0380 + 0.005
+S Sunflower 1780 £ 0.19 0445+ 004 15820+ 024 01830017 0155+ 0024 0250 + 0.015
Rapesced 0380 £ 0.04 0.045 £ 0008 14610 2073 0230 0015 0189 * 0017 0.120 £ 0005

+S = With sulphur; -§ = Without sulphur.
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Fig. 1. Biomass accumulation by corn sunflower and

Rapeseed

Sunflower

Corn

rapeseed (mmol-') sulphur absorbed day".
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Table 2.  Sulphur relations of corn, sunflower and rapeseed

Crop S concentration Total § uptake Specitic

species (mmol kg') (M mol plant) absorption

(imol g dry

Shoot Root Shoot Root weight day™!)

Corn 500 * 0.00 93.75 * 14.31 118.50 £ 19.30 82.80 + 8.23 300 £ 1125

Sunflower  131.30 X 0.00 12084 + 10.97 23047 £ 2558 54.22 X 9.60 98.81 ¥ 1858

Rapesced  334.50 * 9.40 296.87 * 15.73 12849 * 0.14 1324 £ 1.09 660.28 T 4281

Data on fresh weight to dry weight
(FW/DW) ratios of shoots showed in-
teresting trend (Table 1). Shoot had lower
tissue water contents when the root medium
was without S. The dehydration of shoot tis-
sue due to $ deficiency was consistently ob-
served in all the three plant species. Thus, S
deficiency like N and P deficiency may affect
hydraulic conductance of plant roots result-
ing in lower tissue water of plants (Salim,
1991). Although, maximum biomass was ac-
cumulated by corn and sunflower, the rela-
tive growth rate of rapeseed was remarkably
higher than those of corn and sunflower at 1
mM § in the rooting medium (Table 1). As
plants died in (-S) treatment after the first
harvest, RGR could not be calculated. The
RGR of shoot and root were almost similar
in the case of all plant species.

Sulphur deficiency symptoms in the
three plant species were different from one
another. Deficiency in corn resembled N
deficiency except that younger leaves turned
first yellow and finally necrotic. However, no
necrosis was evident in rapeseed. Different S
deficiency symptoms in sunflower were
marked by elongated internodes on spindly
stems. Stem below cotyledonous leaves in S
deficient sunflower plants turned purplish.
Sulphur relations: The three crop species
had widely different S concentration in plant
tissues. Sulphur concentration estimated in
the three plant tissues was normal and
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agreed with earlier reports (Reuter and
Robinson, 1986). Both oilseed crops, sun-
flower and rapeseed had higher S concon-
tration than corn. Sulphur concentration in
sunflower and rapesced was 2- and 7-fold
higher, respectively than that in corn (Table
2). Concentration of $ in the shoot of sun-
flower and rapeseed was higher than their
respective roots but the corn roots had much
higher $ as compared to its shoots. It indi-
cates the ability of corn roots to retain S in
the tissues for transport to shoot at a lower
rate than in sunflower and rapeseed.

Total S uptake (4mol plant'!) in sun-
flower was about twice in corn and rapesced
crops with 21 days of growth period (Table
2). Specilic absorption rates of § were highly
variable among the crops studied. It was
maximum in rapeseed (660.3 umol g'! day
1) and minimum in corn (31 gmol gl dayl).
Considerably higher influx of S in rapesced
despite of its lower root/shoot ratio than
corn and sunflower suggests a scavenging
nature of the crop for S. An efficiency pa-
rameter ie. specific utilisation rate (dry
matter produced unit-! of nutrient absorbed)
was also evaluated. The lowest utilisation
rate of § was observed in rapeseed, followed
by sunflower and corn (Fig. 1). From the
data, it may be concluded that § require-
ment for producing a unit dry matter in
rapeseed was two and four times higher than
that for sunflower and corn, respectively.
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