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SULPHUR EMISSTONS IN RELATION TO SULPHUR I[N SOILS AMND CROPS
B.W. Bache and dM.M. Scott

The Macaulay Institute for Soil Research
Aberdeen ABY9 20J
United Kingdom

Sulphur inputs from the atmosphere to soils and crops can best be con-
stdered 1n the context of the sulphur cycle in soil, and the sulphur reqguire-
ment of crops. A general view of the field was given by Whitehead (1964},

and in the beck edited by McLachlan (1975) .

I SULPHUR I SOIL

1) The soil sulphur cycle

The main features of the sulphur cycle are shown in Figure 1. The
small amounts of sulphur in un-fertilized soils have presumably been derived
from rock weathering, although natural aerial input must also have made an
important contribution (Goldschmidt, 1958) . Inputs to the system, whether
from precipitation or from fertilizers, are normally in the form of water-
soluble sulphates. Plant roots absorb SO; from soil solution. High S0, con-
centrations are rapidly lowered by adsorption onto clay, hydrous oxide or
carbonate surfaces, by the formation of gypsum (Ca30,2H,0) and/or leaching.
Decompositior of plant and animal residues may release SO in excess of
microbial requirements directly to the solution, but much of the sulphur is
incorporated into soil organic matter. Slow mineralization of humus by hetero-
trophic microbial degradation releases SO, or S depending on the oxygen supply.
Anaerobic environments encourage reduction to $° and fermation of hydrated
iron sulphide with some volatilization of H2S, while some soil parent materials
may contain pyrite, FeS;. These sulphides are readily oxidised on exposure to
air.
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Fig. 1. The soil sulphur cycle (simplified)
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ii) Nature and estimation of soil sulphur fractions

Total sulphur in soils may be estimated directly by X-ray fluor-
escence, or after converting it to inorganic sulphate by ignitiocn, carbonate
fusion or wet oxidation. The forms in which it occurs can be estimated
approximately by selective extraction and reduction procedures (Beaton et al,
1968) .

The inorganic fraction, mainly SO; adsorbed by clay materials, can be
extracted with phosphate solutions, and will include any water soluble SOj.
Sulphide can be estimated from the H;S produced on treating soils with dilute
acid but it is normally absent in agricultural soils. The total organic S
component is then obtained by difference, although the presence of inorganic
sulphates insoluble in the phosphate extractant may cause errors. This organic
fraction is thought to contain two main groups of compounds, organic sulphates
and carbon-bonded sulphur (Freney et al, 1971: Anderson, 1975).

The organic sulphate fraction is estimated by subtracting phosphate-
extractable (inorganic) SO, from the total sulphate, which is determined by
reduction to HyS by hydriodic acid. It consists of sulphate esters which are
currently unidentified, but may be compounds such as choline sulphate, phenolic
sulphates or sulphated polysaccharides. Organic S which is not reducible by
hydriodic acid is assumed to be carbon-bonded sulphur. About half of this
can be estimated directly by reduction to H3;S with alkaline Raney-nickel.
Failure to account gquantitatively for all the apparent carbon-bonded S may
be because of interferences in the method or to some of the carbon-bonded S
being resistant to this reduction. The carbon-bonded sulphur appears to be a
stable and integral part of humus, consisting mainly of the amino acids meth-
ionine and cysteine and their derivatives.

iii} Amounts in socils

The total S in soils can be very variable, even within a small
geographical area. The figures gquoted by Whitehead (1964} vary from 22 to
about 8,800 pug/g soil, but marine clays and tidal marsh soils may contain up
to 3.5% 5. Figures from some more recent papers are given in Table 1, which
also indicates the approximate distribution between organic and inorganic
forms. As a major part is in organic combination, there is a general increase
in total S as organic matter increases {(McLaren and Swift, 1977). High pro-
portions of inorganic SO, are found in calcareous soils and in volcanic ash
soils. Subscils usually contain less total § than topsoils, but a higher
proportion is inorganic (Probert, 1977).

iv) Microbial transformations

The decomposition of organic matter by the general heterotrophic
microflora releases inorganic sulphate into solution. The main source is
carbon-bonded S, and although intermediates have been identified the detailed
pathways are complex (Freney, 1967). Microbial hydrolysis of sulphate esters
is a further component in sulphate producticn (Fitzgerald, 1976). McLaren
and Swift (1977) claim that protein S may pass through an ester form prior to
its release as inorganic SOL, but the intermediates were not isolated.

Several autotrophic bacteria are inveolved in soil sulphur transformations
{Kelly, 1970). When a scil in a chemically-reducing environment is exposed to
air, the oxidation of inorganic sulphides to elemental sulphur may occur by




{(ZL6T) T1® 18 ssuop

(026T)
313025 pu® SWETTTTM

(9L61) sueTtiim

UOSI2pUY pu®R 11005
{9.67) 23028

{9£6T)
ooselg pue oueqing

(9L6T) IozBMUT
(CL61) pPI@TIwooxg

{(£L6T) 338q0Id
(0461} 1v 38 Asuaag
(k. 6T} A2Uwaxg

ue 1z
(gogiy = |- EIRARL

[{®MPTRD pU® WYay

(526T) 8moT

15

96

g6
F9 - 1t
F2 - ¢t

£19)
19 - 8§71

08
Z8

65 - 9f

£9 - T¢
56

zL - 1€

SO¥L
SS6 - Bf1

3ead uaz
ST1*%%s Teasutw
puv1bug

STICS sSnoagedTed

ST10S ploe
ysTiioog

STTOS yse olueslon
BTy P350D

0qummwz
pue suasnd
ellerasny
¥sn ‘emol
¥SnN ‘e3jo0sauu I

epeued

saousaxajay

Ispulewa

oTURBIG

"og-18359

hos otuebiour

{se § Te101 JO jus0iad

B/b6r
S T=30lL

uo11e207

STI0S "I¥OIdAL 3IWOS NI ¥OHJATINS

40 ‘NOILVYNOJIOVYI FIWWIXOHddY ONV ‘' SLNOOWY

T 37Tg9YL




BWB /4 245

spontaneous chemical reactions (Breeman, 1972). The further oxidation of 5 to
H350, proceeds via thicsulphate and tetrathionate (Nor and Tabatabia, 1977)
and is accomplished by bacteria of the genus Thiobacillus at lower p# values,
but heterotrophic bacteria may alsc be inwolved at pH “6.5. The reduction of
507 to Hy»S in waterlogged soils is algso mediated by bacteria, the genus
Deosulphovibrio being dominant. The H,S produced may react with iron compounds
to form hydrotroilite, FeS.nH.o0.

v} Retention of inorganic sulphate by soils

Sulphate is adsorbed by soils much less strongly than is phosphate
so that there is little SO, accumulation in most soils, in contrast to phos-
phate where there is much and to nitrate where there is none. In calcareous
soils, SOy is adsorbed by CaCO; and presumably micro-crystals of gypsum are
formed. 1n non-calcareous soils, FeOH and RlOH groups associated with the
surfaces of minerals in the clay fraction provide the main sites for adsorption.
Thus SO sorption tends to increase with clay content, but more specifically
with contents of amorphous Al and Fe hydroxides. The role of haematite was
shown by Sanders and Tinker {1975), and the formation of basaluminite, Al,
(OH) 1 ¢SO0y, and alunite, KAl (OB)(SOL) 2, was suggested by Adams and Rawajfih
{1977). Sorption maxima occur between pH 3 and 4 where positive charges on
Al and Fe surface sites are greatest, and sorption reduces as pH rises until
it is zero at pH 7, in the absence of CaC0O; (Chac et al, 1962; Harward and
Reisenauer, 1966; Scott, 1976); this corresponds approximately to the effect
of pH on sulphur availability to crops (Elkins and Ensminger, 1971).

As with any chemisorption reaction, the amounts sorbed vary with con-
centration, so that sorption capacities determined with high solution
concentrations may not be a reliable indication of field behaviour., Reported
solil solution concentrations of sulphate fall within the range O.2mM to 10mM
(Bache, 1979) but 1 to 2mM are probably more typical values. These would
correspond to 10 - 30ug/g of adsorbed 50y for the sulphate-retentive soils
examined by Chao et al (1962) but to almost zero for most of their soils. High
adsorption of inorganic sulphate by natural subscils was repcrted by Probert
(1977), and by subsoils on cultivated land following fertilization by Brom-
field (1972).

II CROP SULPHUR REQUIREMENTS

i) Sulphur in plant nutrition : deficiency conditicns

Sulphur is a major nutrient element and is needed in plants for the
synthesis of the essential amino acids methionine and cysteine and thus for V//
the formation of protein. 1t is also a component of some enzymes, vitamins
and oils.

Sulphur is absorbed by roots from the soil sclution SO%, and in the main
is translocated as such to sites of synthesis or organic S5 compounds. The
latter seem to be relatively rmmobile in plants so that the typical chlorotic
signs of 5 deficiency indicating a shortage of chloroplast protein occur in
younger leaves,

1t follows from the role of § in proteins that the ratioc of N to S in
plant tissuvs 1s one indicator of the sulphur status of the plant.

Threshold N : 8§ ratios between 15 and 20 have been reported for various crops,




& highee vatic inducating salphur deficiency, bat the stage of growth and the
type cf tissue sampied may well affect the apparent threshold N : S ratio
(Spencer, 1975), Tarman er at (1973) consider that N : S ratios are of limited
value fcr the maiLze crop.

Sulphur deficiency has been associatad with the high levels of amides in
plants (Bol+ocn et al, 1976) and this has been suggested as a more reliable
diagnostic technique than N : § ratics. Responses cof maize to added § were
obtained when tissue amide N exceeded 500 ppm (Rendig et al, 1976).

Total S contents of crops genecally vary between 0.05% and 0.3% by weight
of dry matter, depending on the stage of growth and the portion of the crop
sampled. The higher values are typical ¢f seeds where protein is concentrated,
and lower values of striuctural and carbohydrate storage material. Threshold
values for manhy crops, particulacly grass and pasture legumes, have been
reported (Spencer, 1975; Bolton et al, 1976; Fox, 1976; Eppendorfer, 1977; Scott
and Munrto, 1978) .

The rather pcor mcbility of 5 in plants indica'es that the time of sampling
and the part of rhe plant sampled is likely to be aven mcre critical for S than
for other nutrients. The sulphate content of the younger leavegs may therefore
provide the most sensitive indication of internal S supply (Bouma, 1975).

Eppendorfer (1%77) fcund that sulphur additions increased yields of ryegrass when

total SO concentrations wers less than 0.03% S. For maize growing in Rhodesia,
S50, concentrations in the leaves gave the most consistent differences between
normal and deficient plancs (Grant and Powell, 1978).

il Amcunte of sulphur needed by crops

As with other nutrients, the amounts of 5§ taken up by crops depend
mainly on the type of ¢rop and its yield, while smaller variatiens occur between
cultivars and with environmental conditions. Table 2 therefore lists only
approximate S removal by a variety ¢f crops giving the yields indicared. These
yirlds wers rypical of 1ntensiva agriculture in deve,oped countries in the early
1970s5. Tha anaual upteke of 5 of abcut 20 - 40 kgs/ha iz roughly double what
il was 20 years agu with lower crop yields (Jordan and Ensminger, 1958 and 1s
murh grearor than for subsistence agriculture 1n developing countries which re-

move L - 5 kg/ha. 20 kg/ha 1s equivalent to about B8 Hg/g in the cuvltivared
topscil.

iiti)  Available suipbur 3 soils

Tne ‘mmedicse courre of § for exop netrition is SOY in the 501l
sciuticn. Depiztriaon of rhe solutien ccaventration by crop nptake inirtiates
desorpt ion wr dissoluticon of surface-adscebed S0Y . Ttherafcre the ivnorgenic
SOL fracticn estrecrted by phosphate or NaHCO, sclurions 1s =he most approprrate
indicator of the abiltity of scils re supply 8§ 5¢ crops (Reigenaver, 197%) . In
a comparison of o number of exftractants for predicting the vesponse of slfalis
in field pints to applied S cn 49 souie, Hoeft o sl (1972 fouand that 2N HOAc

contatning %00 mg/l P oaz Cafl.PO !+ 2H,0 wan most wffectiva.  This extractaot
may remove a small portion of ocganis § as well gs sdscrbed SOZ. Prcbert, (1975)

showed that phogphate-estracrable SO. came from the same labile pocl, measured
. P4

with S. that plants use, but thar NaHCO. removed some S that was not. avail-

able +o plants.

—'-\

*
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TABLE 2
APPROXIMATE AMOUNTS OF SULPHUR REMOVED BY SOME TYPICAL CROPS, PER ANNUM

Crop tTield Approx. Sulphur Content 41
tonne/ha kg/ha kg/tonne

Timber 5 1 0.2
Sugar cane 100 50 0.5
Potatoes 40 20 0.5
Turnips 55 40 0.7
Cabbage 50 50 l.0
Grass forage 9 20 2.2
Maize 11 30 2.7
Legume forage 14 40 2.9
Cereal grains ' 5 20 4.0
Groundnuts 4 30 7.5
Rapeseed 2 40 20

Source: Beaton and Fox (1971); Terman (1978}

The depletion in the phosphate-extractable fraction of soils has corres-
ponded closely with the amounts of S taken up by plants in glasshouse
experiments, although a small amount of the crop uptake appears to be derived
from mineralization of S from the organic fraction {Barrow, 1967; Jones et al,
1972) . Soil levels of inorganic SO7 that are adequate for crop production vary
considerably. Jones et al (1972) found that 25 pgS/qg was needed for maximum
production of ryegrass in pots at low N levels and 45 pg/g at high N levels.
These workers took care to exclude atmospheric S supplies, but one would still
expect much less than this to be needed in the field. Thus McLaren (1975)
suggests 12 pg S/g for herbage in S.E. Scotland, and Reisenauer (1975) suggests
4 - B ug/qg for pasture grasses and 10 - 13 for alfalfa. Hoeft et al (1973)
found 6 - 10 ug/g was an adeguate scil level for alfalfa. Fox (1976} found
that. sugar cane 1n pots, supplied with adequate N, required 9 ug S/g initially,
but 5 pg/g at later stages in growth; again field requirements can be expected
te be lower. For maize in the field, 5 ug/g was suggested by Rehm (1976) and
8 ug/g by Kang and Osinawe (1976).

Inorganic SO adsorbed by subscils can be an important component for crop
nutrition, and the amounts may not necessarily be correlated with those in sur-
face soils. Thus Probert and Jones (1977) studying the establishment of
pasture legumes 1n Australia found that some sites containing less than 10 ugS/g
in the surface soils gave responses to applied § while others did not, but a
weeighted profile mean of 4 ﬁb/g based on three layers of the profile to a depth
of 60 cm distinguished responsive soils much more effectively.
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III [NPUTS AND LO33E5 TQ THE SOIL-CROP SYSTEM

il Relzase rrom soll organic matter

Organic marter iLs the main S reserve in solils. it rontains 1.0 to
1.5 parts by weight of 5 for every lO of N, so that decomposition might be
expected to reiease mineral 5 and N in approximately this ratio, but in practice
less S is released than expected (Stewart, 1967). This slow decomposition is a
sufficient scurce of § when crops alsc rely on natural reserves for their N
supply. The annual decomposition of 1% of the organic matter in a topsoil con-
taining 5% organic matter would release about 10 kg/ha of S, and proportional
amounts fcor different rates of decomposition and soil organic matter contents.
Many arable scils in continuous cultivation contain less than 5% organic matrer.
While the factors affecting S release are known (Williams, 1967, accurate
estimates of reiease rdc not appear to have been made in the field, partly because
of the difficuity of separating the atmospheric component.

il) Ferrilizers and manure

The main scurce of sulphur for crops in developed agriculture has
been that added incidentzily in NPK fertilizers. In the immediate post-war era
most of tha nitrocgen was added as ammonium sulphate, most of the phosphorus as
single suparphosphate fa mixtura of mondCAlcium pPhosphate and gypsum' . and a
little of the potassium as potassium sulphate. Fertilizer usage in the United
Kingdom in the m1d-1950s would have added an average of BO kg S per annum to
every hectare of arable and grassland (about 35 ug/g cf topsoil), little more
than a tenth of which would have been removed in crops. By the mid-1970s, S in
high-N fertilizers was reduced ro practically zero because scur-es of N and P
cortaining oniy rrace impurities of S were used. Hewever, locw-N fertilizers of
the 'arge manufacturers, and ail mixtures of the small companies, ¢til) contain
ammonium sulphate. Some single superphosphate and a little potassium sulphate
is still vsed. Over this pericd, the estimated total sulphur contenr in ferti-
lizers has dropped from 380 rtc 100 thousand tonnes § 'perscnal ccmmunicatioo.
Rrit:sh Su'phur Covrpavarina Ltd.v . We therefure estimaste that abkcut 20 kg/ha §
pet arnum s 37,00 b2uong added to agreocultural land )n ths United Kangdom, al-
theoogh s distr.baricn wiil be uneven,

bn 2, v 0f S8 is appiied to farmland in animal menvure, either mixed with
straw 10 the t.adi-ional farmyard manure (FYM) or, mcre recently, applied
dvrectly a5 slurry. From the use of these materials i1n England and Wales
{Cocke, 1967 and 1n Sccoilland, we estimate a mean input to the arable and grass-
land cf the Unxred Kingdem of about 2 kg/bha S per annum from thi:s source. Most
of khigz would bs aneralized within a few years.

Lil)  Lzorhing ‘csses
The messive S inputs from fertilizers and manure berween "945 and
1960 cculd be oxpeiied te supply crop needs for many years to come. hot thisn
graumnrg that the added S vreméains within the root zone Tn fact. thiv 15 9n-
tikaly te b s o3nd mach of the added €07 has probably alresdy besn loarhed onk.
Thuz dratnag- woters fyoem nhe wall-agtabl (gshed Creibstone lysim=atersz ‘Heordr ek

and Welsh, 19:8' frr rhe !0 year period 1927 - 1936 showed an averags loss of
14 kg/ha ¢t 5 froem p'ots that had been unmanured since 1914, but o less of 54
kg/ha from plot's recsiving a4 mesn of 70 kg/ha § in fertilizers and FYM. More
recent results ¢f rtha compesition of drainage waters from Sawmandham and Weburn
experimental farms ‘Williams, 1975) over a 5 year pericd are very variablae
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pecause of contrasting patterns of rainfall and uncertainty over the area of

land drained, but they indicate a similar continuing loss of sulphate by leaching.
Sulphate applied to grassland in the spring on a sandy soil had leached out of
the topsoil by the end of the growing season (McLaren, 1976) . Leaching losses

of 110 kg/ha were reported from lysimeters in Germany (Kuhn and Weller, 1977},

and between 4 and B4 kg/ha from fresh lysimeters in Australia (Till and McCabe,
1976} .

Where leaching losses occur, sulphur inputs have little permanent effect
on the available sulphur status because this is determined mainly by the SO¥
retention ability of the soil (Jones et al, 1972); Rowell and Grant, 1977 .

ivy Losses to the atmosphere

—Siman and Jansgon_j;976)_jyfaggﬁgfalobal estimate b¥ E;%kﬁggp‘for S ){
lost from land areas by direct exchange to the atmosphere, which is eguivalent b
to about 7.5 kg/ha per annum. Losses occur as hydrogen sulphide, methyl mer- 97 5

captan and dimethyl sulphide, and the latter has been shown to form even under Ty
aerobic conditions (lLovelock et al, 1972). Losses of 2 - 3 kg/ha were reported \gizﬂ(}
from soil growing crops that had received S fertilizer, but very little from

unfertilized soil (Siman and Jansson, 1976). Gasecus losses on reduction are ////
much greater if an energy source is added to encourage microbial growth (Bloom- )&
field, 1%969). The sulphur lost in this way depends very much on local conditions,

and will eventually be returned to the land surface in precipitation.

v} Inputs from the atmosphere

Many estimates have recently been made of 5 in the atmosphere and in
deposition. These values and the factors affecting them are reviewed elsewhere
in this symposium. Figures collected by Whitehead (1964} showed that the annual
inputs of S from precipitation varied from 1 kg/ha in rural inland areas of
Australia to about 100 kg/ha in industrialized areas of the west. Recent
estimates of 14 - 16 kg/ha S in bulk deposition from six forested sites (Miller
and Miller, 1979} and 8 - 14 kg/ha from four agricultural sites (Scott, 1979),
have been made for Scotland.

Iv SULPHUR AND AGRICULTURE - THE PRESENT POSITION

1) Current soil-crop sulphur levels

Recent reports from England and Wales {(Jones et al 1972} and from
Scotland (McLaren, 1976; Scott and Munro, 1978) show that while soils have very
variable available SO, contents, in general they are reasocnably well supplied
with this nutrient. Fertilizer experiments with oilseed rape (an S-demanding
crop} on a number of sites in the United Kingdom gave no indication of S def-
iciency, although unspecified butsignificant increases in yield were cobtained
on two sites {Holmes and Ainsley, 1977,1978}. Nevertheless it seems that sen-
sitive crops on British soils with low humus contents and low sulphate retention
ability may be at risk from sulphur deficiency (McLaren, 1975; Bolton, 1975},
Recent work at the Macaulay Institute (Scott, 1979} on such soils in Scotland
has shown considerable response of cats to added S at high N levels under the
relatively intensive conditions of pot experiments, particularly if protected
from S additions in rainfall. The results in Table 3 illustrate these effects.
Forage crops growing on low-$S soils in the field are probably heavily dependent
on the atmosphere to meet their S needs if fertilizers containing only traces
of 5§ are used.




TABLE 3

OVEN-DRY YLELDS (g/pot:; OF OATS GROWN {a) EXPQSED TO NATURAL RAINFALL AND 'h;
PROTECTED FROM NATURAL RAIN BUT OPEN TO THE ATMOSPHERE (From Scoctt, 1979)

{a) (b}
. .RaLn exposad "~ Rain protectad
Sovrl Extractable S S addition Grauwn Straw Grain Straw
ug/g mg/pot mg/pot
Loamy sand 0 32.9 32.6 12.6 24.2
Fluvic-glacial
gravel 4.4 29.1 Lo 41 .3 40.3 21.3 3l1.4
Boyndie series 50 60 .9 54.6 46.2 47.9
Loam o] 47.4 48.4 28.6 36.6
Till from lower
ORS marl 7.9 43.2 1o 46 .4 51.2 37.5 42.2
Laurencekirk
serlies S50 53.9 62.8 48.7 49 .8
Loam 0 49 .9 46 .7 38.6 44 .0
Till from lcwer
ORS marl 12.5 61.8 10 53.1 48.0 45.2 45.9
Laurencekirk
series 50 50.7 54 .8 48.5 52.1
Basal nutrients added per pot: L.2 g N as NO»
0.5 g P and 0.7 g K as KH,PO,
0.2 g Mg and 0.2 g Na as chloride

Estimatad 3 .- bulk deposition
over growlng seascon: 26 mg S/pot

Salphur deficiencies 1n the field have bean reported from mest orther coun-
tries, particularly in areas where atmospheric S supplies are low, such as
Australia, Western Canada, many parts of the USA, and 1n tropical countries
(Beaton and Fox. 197); McLachlan, 1975; Termaa, 19781 . In many of these areas
S-containing fertilizers are i1n regular use.

ii! Balanting the sci!-rrop sulphur budget.

If the trend towards low-S fertilizers centinues, a reduction in §
emissions to the atmosphere must eventually put stress on crop sulphur supplies
in Western Eurcpe, similar to that experienced in other parts of the world
where improved agriculture is practised under low atmospheric § inputs.

The largs number of ways ¢f i1ncorporating $ i1nte fertilizer mixtures are
discussed by Bixby and Beaton (1970, and Beaton and Fox (l97l). The following
materrals seem fo be most widely used 1n different parts of the world:
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Elemental sulphur
ammonium sulphate (24%8) 4{
Ammonium sulphate-nitrate (6 - 1245)

Single superphosphate (13%5)

The extra cost of adding S to high analysis fertilizers may not be very
high. For instance, in Britain the nitrogen in ammonium sulphate costs about
35% more than it does in urea, but this material has an §/N ratio of 1.15.
Relatively little of it is required in a mixture to provide the §/N ratio of
0.2 - 0.3 needed by crops, so that the extra sulphur should cost below 10% of
the cost of the nitrogen., Sulphur-coated urea (12 - 20%) is a slow-release
source of nitrogen as well as a source of S, and thus combines two features
lacking in many fertilizer mixtures, Beaton and Fox (1971} estimate that the
N it contains is only 20 - 25% more expensive than in urea or ammonium nitrate,
and again the small amount required would not cost much extra.

iii}) Conclusions

The great variability in sulphur contents, sorption properties and
organic matter turnover in soils, combined with differences in crop uptake and
the vagaries of the atmospheric supply, mean that it is impossible to generalize
about soil-crop sulphur requirements in relation to atmospheric emissions. It
is clear that only broad trends can be predicted, and that each soil-crop-
environment situation must be assessed on its own merits.
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