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SULPHUR DEFICIENCY IN RAPESEED -- DIAGNOSTIC PLANT ANALYSTIS

D.G. Maynard and J.W.B. Stewart
Department of Soil Science
University of Saskatchewan

Saskatoon, Sask.

Introduction

For any given nutrient in a particular crop, two analytical
approaches are available for assessing the adequacy of plant
nutrition. These are soil analysis and plant analysis. For most
elements one approach or the other is clearly to be preferred but
this does not apply to sulphur (Metson, 1979). Considerable
effort and research has gone into the development of diagnostic
methods for estimating the sulphur status of soils and for predicting
sulphur fertilizer requirements using both soil and plant analysis
(Fox et al., 1964; Ensminger and Freney, 1966; Beaton et al.,
1968; Tisdale, 1971; Hamm et al., 1973; Bettany et al., 1974; Metson,
1979).

A wide variety of extractants have been used for measuring
available soil sulphur. The use of these soil extractants have
been reviewed elsewhere (Reisenauer, 1975; Metson, 1979). While it
is known that soluble (sulphate) sulphur is the main source of plant
available sulphur, the nature and the amount of the organic soil
sulphur that mineralizes over a growing season is not completely
known. Despite this, good correlation with many of these soil
extracts and plant growth has been observed. ’

The basic weakness of the methods used to extract available
sulphur is that they are only correlated with sulphur uptake on
sulphur deficient soils (Biederbeck, 1978). Rehm and Caldwell (1968)
found in Minnesota that in sulphur deficient soils, the plant uptake
of sulphur was directly related to the measured sulphur extracted.
However in soils with medium to high sulphur supplying capacity,
sulphur uptake was not found to be related to the soil sulphur
extracted. This could be the result of changes in the size and
composition of the various soil sulphur pools over short periods of
time. Recent work by Bettany et al. (1979, 1980) has provided an
indication of the relative importance of the various organic matter
sulphur fractions from a standpoint of both short term and long term
fertility status of soils. They indicate that the conventional
fulvic acid fraction and clay-associated humic acid fraction are of
importance in Canadian prairie soils as medium term storehouses of
organically bound sulphur. Further work directed at the short term
effects of these labile and potentially labile sulphur pools should
lead to a greater understanding of plant available soil sulphur.

Plant analysis for diagnosing sulphur requirements is likewise
not without its problems. It is complicated by several considerations
which include; diagnostic criteria to be applied, plant part to be
analyzed, stage of growth sampled, and the method of analysis (Blair
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et al., 1978; Metson, 1979). These are all problems that can be
overcome. Plant analysis has however the major disadvantage of
giving information too late in some cases to be of value during
the current crop year though this information can be used for
fertilizer recommendations in future vyears.

Despite these drawbacks if soil and plant analysis are used
together they can be of great value in determining the sulphur status
of the soil in relation to plant availability.

The objectives of this work are: (i) to review the use of
plant analysis in the diagnosis of sulphur deficiencies in various
crops, and (ii) to examine the usefulness of plant analysis in the
diagnosis of sulphur deficiencies in rapeseed grown in Northern
Saskatchewan during 1979.

Plant Analysis

Critical Percentages

Diagnosing sulphur deficiencies in soil using plant analysis
is based on the concept of a "critical percentage'. The critical
percentage being the concentration present in the plant which is
just sufficient for unrestricted plant growth (Ensminger and Freney,
1966). The critical percentage of one or more forms of sulphur in
a plant provides an indirect measure of just adequate nutrition.
Critical values are only useful for differentiating between
deficiency and sufficiency and do not describe the degree of
deficiency (Freney et al., 1978). The sulphur fractions commonly
measured are total sulphur and hydriodic acid reducible sulphur
(HI-reducible or reducible S). In addition total nitrogen:total
sulphur (N/S) ratios and biochemical assays have been used to
characterize the sulphur status of plants. Some published critical
values of agricultural crops are presented (Table 1).

In some cases, plant and environmental conditions can affect
the critical values. Plant parts and maturity are the main concerns
regarding growing conditions (Spencer, 1975). Other conditions,
such as temperature and nutrient supply, particularly nitrogen, have
also been shown to influence sulphur uptake in certain crops (McKell
and Wilson, 1965; Herath and Ormrod, 1971; Goh and Kee, 1978).

An often overlooked factor influencing the consistency of crit-
ical values is the method of analysis for sulphur (Blair, 1979).
Part of the discrepancy in the critical total sulphur percentages
for corn leaves (Table 1 - 0.13 and 0.26%, Grant and Roswell, 1978
and Daigger and Fox, 1971, respectively) could be due to differences
in method of analysis of plant material. It has been demonstrated
that total sulphur recoveries are lower using dry combustion methods
compared to wet ashing (Sansum and Robinson, 1974). Since the lower
total sulphur value was obtained using a dry combustion method (ashed
in NaHCO3 with AgO catalyst), the differences in the critical
values presented could be an artifact of methodology.


Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan


- 157 -

Table 1. Sulphur - critical values or ratios.

Growth stage Total S HI-reducible N/S ratio

or time from o 1 Reference
seeding (%) St (ppm) (total)
Alfalfa
Top Early bloom 0.22 - 11:1 28
Blade 3 Early bloom - 150 - 46
Tops Early bloom 0.14 5002 17-18:1 47
Corn

Cob leaf 10 weeks 0.13 60-70 - 18
Upper 10 weeks 0.05-0.04 60-70 20-25:1 18
stalk
Ear leaf Silking 0.24 - 12:1 10

stage

Wheat

Tops 26 days 0.23-0.25 230-250 15-18:1 16

55 days 0.11-0.12 110-120 15-20:1 16

97 days 0.06-0.08 60-80 17-21:1 16
Tops Mature 0.09 , - 16:1 29
Tops 30 days = : - - 17:1 40

Rapeseed

Tops Mature 0.10 2003 - 1
Tops Flowering 0.25 - - 19
Tops 4 weeks - - 12:1 19

1Hydriodic acid (HI) - reducible S mainly free S04-S and ester
bonded S

2
2% acetic acid soluble S04-S
3Water soluble S0,-S

Total Sulphur

Total sulphur is the obvious choice as a measure of the sulphur
status as it is directly related to the sulphur supply. The critical
concentration required must be determined for individual species,
plant parts and growing conditions.

The leaf or blade of most crops exceeds the sulphur concen-
trations in the roots or stems. Total sulphur concentrations of
roots are comparatively smaller than those found in the above ground
portion of plants. In perennial ryegrass, total sulphur concentra-
tions of the roots was found to be less than 407 of the sulphur level
in tops, regardless of treatment (Goh and Kee, 1978). This suggests
that sulphur levels in roots are less affected by changes in the
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sulphur nutrition of the plant than the leaf. However the greatest
and most consistent differences between normal and deficient plants
are not always found in the leaf. Total sulphur concentrations in
the leaves of maize were not as reliable an indicator of sulphur
status as the upper stalk (Grant and Roswell, 1978). Variations

in the total sulphur percentages, according to age and position in
the plant were greater than differences due to the sulphur levels.

The portion of the plant which shows the greatest and most
consistent differences in total sulphur between sufficient and non-
sufficient plants should be used. When the critical value for
different plant parts are variable, parts should not be mixed for
analysis. A specific plant part may provide a better and early
indicator of a sulphur deficiency than a bulk plant sample "diluted"
by a less sensitive portion of the plant.

Age of the plant also markedly affects the level of total
sulphur. In cereals, there is a general decline in the sulphur
content of the tops with age. Rasmussen et al. (1977) found for
both summer and winter wheat, sulphur concentrations declined
sharply with the initiation of rapid dry matter accumulation (Fig. 1).
This can be attributed to a dilution effect and to a declining
sulphur supply in soil with time. Total sulphur concentrations in
rape grown with added sulphur increased with time on a soil highly
responsive to sulphur (Hamm, -1969) (Fig. 2). -

In forage crops because the exact age of the plant is not
always known, total sulphur is not a good index of sulphur status.
In sown crops such as wheat, when the age of the plant is known
and the relationships between sulphur levels and age have been
determined, it would be feasible to use total sulphur concentrations
allowing for the age of the plant at sampling (Freney et al., 1978).

Total sulphur has been shown to be less sensitive to changes
in sulphur supply than other criteria (Grant and Roswell, 1978;
Spencer et al., 1977). Similarly, Rasmussen et al. (1977) found total
sulphur concentrations in winter wheat between sulphur sufficient
and sulphur deficient wheat was often less than year to year varia-
tions of the sulphur concentration of plants sampled at the same
growth stage. Thus total sulphur is only a relatively crude indica-
tor of the sulphur status of plants. However, considered in con-
junction with (or as a supplement to) nitrogen-sulphur ratios and
reducible sulphur, total sulphur can be a useful index.

Total Nitrogen:Total Sulphur (N/S) Ratios

The positive nitrogen-sulphur interaction within plants makes
the N:S ratio a useful index in evaluating the sulphur status of a
crop. Total nitrogen:total sulphur ratios have been widely used
with varying results (Dijkshoormn et al., 1960; Pumphrey and Moore,
1965; Stewart and Porter, 1969; Metson, 1972; Terman et al., 1973;
Rendig et al., 1976; Goh and Kee, 1978; Spencer, 1978).
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FIGURE 1. Changes with time in dry matter production and sulphur concentration
in S-sufficient and S-deficient spring wheat.
(Source: Rasmussen et al., 1977).
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One method proposed by Dijkshoorn et al. (1960) is based on
the concept of a constant protein nitrogen:protein sulphur (N/S)
ratio. The method assumes that (N/S) remains constant since the
components of a given protein is controlled by the genetics of the
plant species. Environmental factors and nutrient supply should
not change the (N/S)p ratio significantly. When sulphur is adequate
sulphate or non-protein sulphur accumulates in the plant tissue and
the (N/S); will be smaller than the (N/S) ratio. Conversely, when
sulphur is deficient non-protein nltrogen accumulates and (N/S)¢
ratio will increase relative to the (N/S) Dijkshoorn and van Wijk
(1967), from a review of published data indicated that the nitrogen
to sulphur ratio in proteins is relatively constant at about 17.5
in legumes and 13.6 in graminous plants. Further data has shown
that the (N/S), was close to 15 parts of N to one part of S for
several plant species (Stewart, 1966; Stewart and Porter, 1969).
This concept cannot be applied to some plant species such as the
Brassica because they contain large amounts of organic sulphur in
compounds other than proteins (Stewart and Porter, 1969).

The (N/S)t ratio have been shown to vary less with age and
plant part than other diagnostic criteria. Pumphrey and Moore
(1965) found that alfalfa at early bloom with a (N/S) greater than
11:1 was sulphur deficient and the critical (N/S) remained rela-
tively constant at different growth stages. In subterranean clover
pastures critical (N/S); ratios between 16 and 19:1 provided satis-
factory discrimination between deficient and non-deficient plants
(Spencer, 1978). 1In earlier greenhouse trials with subterranean
clover (N/S)¢ ratios changed less with age, plant part and nitrogen
supply than total sulphur or reducible sulphur (Spencer et al., 1977).
Other evidence suggested that varying (N/S)¢ ratio due to plant age
could be reduced by sampling a particular plant part.

Similar responses were found with wheat. The effect of age
on (N/S)¢ ratios for diagnosis was relatively smaller than the
effect on the critical total sulphur and reducible sulphur values
(Freney et al., 1978). Rasmussen et al. (1977) suggest that the
(N/S) ¢+ ratio is the logical choice to correctly identify sulphur
deficiency symptoms in wheat as it is much less variable than
sulphur concentrations with time. In earlier work (Rasmussen et al.,
1975), they found a (N/S)t ratio of 16:1 for mature wheat tissue
was considered critical. In plant tissue with the (N/S), above 16,
grain yields were generally below maximum (Fig. 3).

Although (N/S)¢ ratios have been shown to correlate well
with yields others have had little success (Daigger and Fox, 1971).
Because a ratio is the quotient of a numerator and denominator, it
is merely a statement of their relative proportions and does not
give any information about the actual magnitudes of either (Sumner,
1978) . When the (N/S)t ratio is in its optimal range three possi-
bilities exist; both nitrogen and sulphur are optimal, both nitrogen
and sulphur are in excess or both nitrogen and sulphur are deficient.
From the ratio alone it is not possible to determine the nitrogen
and sulphur status in the plant. All that can be said is they are
in relative balance. Terman et al. (1973) indicated if total
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concentrations are known the (N/S){ can be used to assess the
nitrogen and sulphur status of the crop. If the concentrations
equal or exceed established critical levels and the resulting (N/S)¢
for young corn (6-8 weeks) approximates 16, the nutrients are in
proper balance.

Nitrogen:sulphur ratios as a diagnostic criteria for sulphur
are limited when used as the single index of the sulphur status.
But when the (N/S)t ratio is used in a multiple criteria approach
as suggested by Blair and Crofts (1970) the deficiencies inherent
in single nutrient ratios can be overcome.

Hydriodic Acid Reducible (HI-reducible) Sulphur

The term hydriodic acid reducible sulphur refers to that por-
tion of plant sulphur reducible by hydriodic acid. The reducible
fraction contains mainly the free sulphates and the ester bound
sulphate (Freney, 1961). There are theoretical reasons for using
reducible sulphur in diagnosis (Jones, 1975). Plants absorb
sulphur as sulphate, which is reduced to and incorporated into
amino acids as a precusor for protein synthesis. Any excess sul-
phate which is not metabolized accumulates unchanged in the tissue.
When sulphur is in short supply most of the sulphur is incorporated
into protein and little sulphate remains free in the tissue. When
sulphur is in excess, the sulphate concentration accumulates.
Westermann (1975) found that increases in totdl sulphur above 0.14%
in alfalfa were due to accumulation of sulphate (Fig. 4).

The HI-reducible sulphur fraction has been cited as a better
indicator of the sulphur status of plants than the total sulphur
concentrations as it is more sensitive to changes in available
sulphur (Grant and Roswell, 1978). The reducible sulphur fraction
also fluctuates more with plant part, age and nitrogen supply.
Therefore, it is often difficult to obtain a single critical value
for reducible sulphur.

Freney et al. (1978) found when reducible sulphur was expressed
as a percentage of the total sulphur there was a very strong relation-
ship between reducible sulphur and sulphur status. A similar rela-
tionship was shown for green panic grass (Smith and Dolby, 1977).

In sulphur deficient maize plants reducible sulphur constituted 4

to 7.5% of the total sulphur in the leaves. In sulphur fertilized
plants reducible sulphur ranged from 16 to 197 of the total sulphur
in the maize leaves (Grant and Roswell, 1978). The reducible sulphur
percentages of rapeseed grown in nutrient culture is given in Table 2
(adapted from Herath and Ormrod, 1971). There were significant
differences for the dry weight of rapeseed between no sulphur and
sulphur treatments which corresponded to differences in the reducible
sulphur levels. At the zero sulphur treatments, the total sulphur
present as reducible sulphur was less than 157 but ranged from 58-
78% in the sulphur treated plants.

With wheat, grown in glasshouses, the critical percentage (10%
of the total sulphur as reducible sulphur) was unaffected by the age
or part of the plant sampled or nitrogen level (Fig. 5) (Freney et al.,
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The relationship between total S and SO4-S concentration
in whole alfalfa plants at the early bloom growth stage.
(Source: Westermann, 1975).
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Table 2. HI-reducible sulphur as a percentage of total sulphur
in the shoots of four week old rape plants-.

Temperature Sulphur Percent of dry matter HI-reducible
day/night level sulphur
oC ppm Total S HI-reducible S (% total S)
18/10 0 0.068 0.006 8.8
64 0.799 0.495 62.0
24/16 0 0.068 0.005 5.7
64 0.877 0.506 57.7
29/21 0 0.053 0.008 15.1
64 0.737 0.577 78.3

lAdapted from Herath and Ormrod, 1971.

1978). These authors also indicate that reducible sulphur percent-
ages may be useful in forecasting the sulphur status of wheat. The
limited data suggests the nitrogen status does nct affect the criti-
cal levels for prognosis. Thus 26 day old wheat should contain
approximately 257 of its total sulphur as reducible sulphur for
optimal growth to 97 days (Fig. 6) (Freney et-al., 1978).

Reducible sulphur as a percentage of the total sulphur has
been shown to be a better indicator of sulphur status than reducible
sulphur concentrations because it is less affected by plant growth
and nutrient supply (Freney et al., 1978). However in all but one
study (Grant and Roswell, 1978), the relationship of the percentage
of total sulphur as reducible sulphur to sulphur status has been
confirmed in greenhouse trials. Further work is required under
field conditions to confirm the usefulness of this index.

Results of Diagnostic Plant Analysis for Rapeseed Carried
Qut in 1979

Study sties were established at three locations in Northern
Saskatchewan. From the results of soil chemical analysis of the
soils at each location (Table 3) it can be seen that these soils
were possibly deficient in both nitrogen and sulphur. '

Details of the experimental design are similar to those
presented by Nuttall (1980 Soils and Crops Workshop). The plants
were sampled at the rosette and the flowering stages on all four
replications of selected treatments. An additional sampling at the
filling stage was taken at the Gronlid site.

Total sulphur was determined by the methylthymol blue method
on a AATIT (Technicon, 1972) after wet ashing with nitric, perchloric
and hydrochloric acids (Beaton et al., 1968). Total nitrogen was
extracted by sulphuric and hydrogen peroxide and determined colouri-
metrically by an AAII.
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Table 3. Site descriptions and available soil sulphur.

0.01 M CaClp

Séll. 3 extractable S04 N P K
. association Soil
Site and textural zone -1 -1 -1
tvpe kg ha 60 cm kg ha
yP 15 em™L
Gronlid Sylvania Gray 12 36 21 317
fine sandy Wooded
loam
Valparasio Waitville Gray 12 37 16 212
loam Wooded
Glaslyn Whitewood Dark 15 94 19 325
loam Gray

Hydriodic acid reducible sulphur was determined without pre-
treatment of plant material by the method of Johnson and Nishita
(1952).

\ Yields are expressed on a percent relative yield basis and
critical values correspond to 90% of the maximum yield. Actual
yields were below normal due to poor germination and a weed con-
trol problem. The yield-composition curves were fitted by eye
and are not expressed statistically. The critical values
presented are based on only one crop year.

Effect of Plant Age

The total nitrogen concentration varied with plant age
depending on the fertilizer treatment (Fig. 7b). For plants
receiving sufficient nitrogen and sulphur, the total sulphur
concentration increased from rosette to filling. When nitrogen
and/or sulphur was not added, the sulphur concentration remained
constant or decreased slightly. In general HI-reducible sulphur
concentrations followed a similar pattern but varied more with the
age of the plant than total sulphur concentrations.

Total sulphur-nitrogen concentrations of the rapessed leaves
showed a steady decline with increasing age regardless of the
fertilizer treatment (Fig. 7a).

The effect of age on the (N/S)t ratio were relatively much
smaller than the effect on total sulphur and HI-reducible sulphur
concentrations (Fig. 7c). The (N/S)¢ in the control and no nitro-
gen plants remained constant from rosette to flowering. In all
other fertilizer treatments sampled (N/S); decreased slightly with
increasing age of the plant.
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(Source: Freney et al., 1978).
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Critical Values

The relationship between total nitrogen:total sulphur ratios
and sulphur status is the same for all three sites at both the
rosette and flowering growth stage (Fig. 8). The data plotted are
for treatments at a constant NPK level (100, 20 and 50 kg/ha,
respectively). Rapeseed leaves with an (N/S)¢ less than 11:1
were adequately supplied with sulphur.

Total sulphur concentrations showed a greater change with age
and nitrogen level than with sulphur supply. If total sulphur (and
total nitrogen) are included with (N/S); ratios in classifying the
sulphur status of rapeseed, a more meaningful guide to diagnosing
sulphur deficiencies can be determined. A preliminary classification
system for rapeseed which include total nitrogen, total sulphur and
(N/S) ¢ was determined (Table 4) using the multiple criteria approach
of Blair et al. (1978).

When HI-reducible sulphur was expressed as a percentage of
the total sulphur a fairly strong relationship was found (Fig. 9).
The relationship was more sensitive to the sulphur status of the
rapeseed but showed a greater variability to plant age than did
(N/S)¢. Because of the limited data available for the % total
sulphur as HI-reducible sulphur, the critical value can not be set
with the same reliability as for (N/S)t. Percentages of total
sulphur as HI-reducible sulphur below a critic¢al range of 28-30% in
rapeseed leaves at rosette indicated a sulphur deficiency.

The (N/S)t and HI-reducible sulphur (percent total sulphur)
were found to be the best indices for diagnosing the sulphur status
of rapeseed. The main weakness of the (N/S)t ratio, as indicated
by Sumner (1978), is that it is mainly a statement of the relative
portion of nitrogen and sulphur and does not give any information
about the actual magnitudes of either. This can be partially
overcome by using a multiple criteria approach as in Table 4.

Table 4. N and S status of rapeseed (var. Regent) leaves sampled
at rosette and flowering growth stages.

Z N %S N:S ratio N status S status
I >3.00 <0.25 >12 Adequate Deficient
II >3.00 0.25 >10 Adequate Marginal
-0.30
ITT >3.,00 >0.30 <10 Adequate Adequate
v <3.00 >0.30 <10 Deficient Adequate

v <3.00 <0.30 Variable Deficient Deficient
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of the total S, and the relative yield of rapeseed plant
grown in northern Saskatchewan in 1979.
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Although (N/S); showed less variability to age and nitrogen
level than HI-reducible sulphur (percent total sulphur), it was less
sensitive to the sulphur status of rapeseed. Thus if the HI-
reducible sulphur (% of total sulphur) is determined at the rosette
growth stage only, it is likely a more sensitive index of the
sulphur status than (N/S)¢.

It must be emphasized that the critical values and relation-
ships presented are based on only one year's field data. Thus
before these relationships can be used as techniques in determining
the sulphur status of rapeseed, reconfirmation in a second year's
field study is required.
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