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Foreword

This project was Funded through the l;.'(f.
Department of Agricullure's Bemonstration of
Agriculiural Technology and Economics Programme,
The study was recommended by the B.C, Soil
Fartility Subcommittee and approeved by the B,C,
So0il Sciconeo bead Committec., Ap advisory commitioen
to this projeet, representing Canada Rescarch
Stations, Universily of B.C, and B.C. Department
of Agriculture was furmed,  This commitiee,
composed of By, Mason and Me, Chapman, Summerland
Rescarch Station; Dre. van Ryswyk, Kamloops Rescarch
Statioen; . lowe, University of British Columbia
and Mr. Nelson and Me, Neufeld, Field Crops Branch,
B.C, Department of Agriculturc, met on June 11,
1973, and formulated the ebjective and details of
the project, Mr, Gordon Neale, a recent graduate
from Soil Beience, U.D.C,, was engaged to carry
out the project, Dr. Lowe has helped Mer., Neale
evalizate Lhe data and advise on the compilation
of this report.

The report indicates the extensive U'ield and
laboratory work that was done as well as indicating
thef neced and dircection or further studies relatoed

to sulfur,

In addition te this reporl, Gordon Neale
has collected and compiled some 3¢ rescarch papers
related Lo suifur in crops and soils, to Torm

comprchensive referonce material on Lhis subject,

J.H. Neufeld, B.S.A. P.Ag,

Project Supervisor
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Although sulloe bas been Lnown Lo be an esseptial
clement since tha Lime ol Juslus Yon Licbipg (1803-1873),
it is only recently that Lhis olement has received the
attention it cdesoryes, with Lhe major scason Ior this
ineredzed attepbion being an bnercased otourrencs of
sulrur deficieney.

This dncy

se can be atlributed to bolh an increased

yinld and therelors an

increased demaml on sol) sulfure
levels amd Le 2 redoetion in the amount of sullur beiog

addad anmeally, -

This peduction in added sulfur is coused by an
inereased whe of higher analysis Certilizers which
contain little or no sulfur

amd the doescosed use ol

Tossil fusls, empecially in purel a

cus resultiong in
a reduction in sulfur levels atdad $ooeain,

Sulfur deficioncy manifests itsell in many Corms
tacluding crop yileld ceduclions, proteins qualily
redvctions snd veduction in ddgestibilivy by rumen
microbesy,

Sullur is requived by plants for:

"l. The synthesis of the amine acids, cysteine,
vystine, and methionine, amd hoewge lor proteln
alaberstion, Although o sulfu Jetficiency may

pot reduee erude protein lovels it will reduce

micremganiams, M., Jones et al, (1972) cbhsepvod
that below a vritical }jevel off 0,100 P or 9.05% 35,
digestibitity of pgrass s redueal,

Reudig and Welr (2957) found that sulfur defdclent

alfalfa contained less than 0,15% 5, nod K

ratios
above 2301 and had lower digestibility and lowey rate
of gain per pound o feed than suitur Fertilized
alfalla grown on the same swil,

As rumen miceubes can ulilize elemental sulfur
as well as simple nitrugen componnds (urea), deficient
diets could be supplemented by eleavptal suldfup.

One of the mpjor sreas of contention whea Salfure
is discussed is the effect of suil'ur v 'nilrogen nptake
by the plaot. Varward et al, {196?) Found that
",e.sulfur application Increased Lhe N contant in ail

cases cxeept For a few s0ils where sulfur tpeatments

41d not significantly inercase the yield (of alfaifalS
Bentley et al, (19$5) had simikar observations,

faker et al, (1973), white working with o-chard-
gross, Found bowever that there wasx o 507 o grestes
decreane in both nitrate N and wouprotein ammendncal K
in tissue grown on seil receiving sullfue applicstions,
Niteogen had been applied nt 113 kg/ha. Inereasing
nitrogen to 450 ky/ha did not vhange results,

/
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the protein quality,

2. The activation ot certain proteolytlce
tozymtt i such as papainases,

3. The wynthesis of coetain vitaming, ot
glutathione, aud of coenzyme A. .

4. The formution of the glucoside oils
found in oniens, garlic and cruciferous plants.

5. The formation ol cortain disullide
Jinkapes Llrat have beoen associated wilh Lhe
struetural characteristios of proteplasm,

G, In sunc spocics Lhe concentration of

sulfliydeil (-80) groups 1n plant Uiksue has

alse buen Bhown to bu wvelated to dnereased
H

enld resistanee, "
Ad can be seen {'rom Lhe above ilsting of sulfur
functions in planty, o deficienty could seriously upset
the preper development of the plaut; but even more
important, &nimal (including man} intske of plants
deficient in sultur, amd therefore del iciont in,
omong other thiogs, sulfur amlno acids and sulfur
contalalng vitaming would be facing serious malnutsi-
tien unless there deficienclos Wera avercome by other
food gources,
Oae of the prime concerng of growers and Ueeders

af forage is the digestibility of the Corage Ly rumen

Jones and Yuagliate (1070} ubserved no change

in total tissue sitropen Cor the First hatvest of

alfalfa fullowlng sulfur applicatfons, Increased

mitrogen was observed howevern

for the second and
third harvent.

Calrns and Carson (19461) concloded from theis
vbservations that the effect of plded sulfus on total

nltrogen tovels in the plant is probably npol as

dmportant as the cffect Lthe sulfur bas on the nivrogen

utilization in the plant.
It ds generally conceded that=ubile there may

bo #n incresye in totgl nitvegen 1n Lissue fullowing

a sulfur application on a defleient noll, thepe will

vruplly B¢ a mere signiCicant change in the Corms in

which it is present in the plaut.

While sulfur may dneresse growth of the cash
erep, ic, like any other nutrient also has Lhe some
eflfect on weedy spocies,

M Junes {19720) Cound ihat oun a coertain sajl

type, sulfur applications liad Httle or no effect on
the growth of establishes alfalla. Iowsver an aimwual

weed (Medic) increased from almoat 0 h/bn to 112 kg/ha,
An 1|ﬂ13tigation of the soil sulfur tevels revealod
that the © « 40 inch depth contudned less than 1,0 AT
sulfate - sulfue (56

y - 3) but ot depibs greater thap



STeaal Jro bl g ¢
TISEHJUR = PLIOYLIY 19407 OUN @ 03 Gofiai])yon v
Fl o aeqmasyg e APl AL ET0G RILMITY BNOS§ Vot

LB EPT
O AT
FRULO JUL

tuury pargreads o pagssadmyg sy

quenyd ge qaed pargs

JT OWOAIDRG GG ued swaygoad
SR 00l Jo DWEY we S0 [yoa w0 yiso.nt Jo afegs uo
PUMEDD SLDAJY BYRJINR [EOTILLD J0yq ST HIVARRIP FIYFOUY
Taoyqoue o3 Querd oy o aded ane Wity Lans spoany
arerpns ‘duryy oo doy ‘{on] aTIEcoudUTD © g H{OADT
g - Yom Muen ungm paany{inoeses agv swargoal {eraans
‘doanmoy "SIGANT 210ubipe HIfatacas ayerd up PUNDC Toaar
LY JER-AUa g sua g sufeqron 42300 quepd auarorgap
¥ oosurd oy ng sgeaar g - 905 J0 URTHRLTWINIOp oyl
st Jrinded grow ayy Ajqeqead pue qsun PATUY) Y
THIMAWIED 0AT OYT 0T SUBTANUTWINIAL juAdd)yYp pUe
SHOTHIREIND a2 J1p o3tnboa Loyl fsaomsne jood oAyl
Lo yineyae pus ‘je poseot UQBG OFIT vavy RO g
TTMFTNG MY WDTHYIAP OROIL Y angpns d3enbape Hutapaoad
Fuetd 10 g Tedad 03 uspryag BBV TIIP A[IVET UDIFO
ST MJ0I) Jeqd by Chrpwasydans aof mw v wavy o1 puno}

MDA BUDTRRUTIANGSR ANSTRS onesTY querd [ele]

FHITIUREOT JUp
(ELfgz're’greLn'en'yy P
Jugphy HpaTwep Sdop subtugaog arqsouderp 2Fqr

oS T payooT uady o

T BIRDY GNSSTY snoTan,
TEezg AIOITIGET g nay £g pasn Jureq
ATIMDLIND OR[E inty sraADT Swag) '“ﬂxaﬂwJuJug asgq0t
30 g oy

0 rudssRad piy sureaR g0 aausdsad

Suow pue asaadss . usanian ourr Jutprap aqy su pasn

AOTRRUTIMIIIIN F0F{AN TUIOT CHUOFICH T D EURE .F
Fruviin apapany sysiroue TEGE JO Gpoylow o8 p
THIA0NT doss wnwixew g0y sTyos JurauITp Jo
FruBwWALInbad wnjrns a5y Juyuiuaniap jo wagoad ayy
03 UDEq a0 Dany s jacoddde AUIDTIFP Kuupy
fayidnes
sem Lountoyjap HRJIng GnTiarpaad Jo poiyjaw Toatydruue
uT ‘snoyaqo &[ﬂu;suuaau; VWD NHYTI I TowTUER
pie uerd gyeq uy angrng o POUETIOUNT DY) ay
'lu/squc[d SL 30 Lywunp puess B opey g
Ruraysaad qou yyou WY ATTEN funFEns Sutapaond Trow uo

?m‘fsnun{d $OT PUT [T w

¥4 30 LIrsuap ptvls ® punay
(6061} "Te v myag  segregpe Huned o w3rd Ay pendou
QY o anging parpdde oy H 33030 oy s dsuodsat
EFTHS e BUTHaNT nags wargedaprducs NNITRTHTIY
ST'unﬁuaqgn J7 S[aAa
YIEY 30 wopyuaprdde furno({o] amjpns o s#aTodds sgead
JO osuodrod pakgsdauf PIALIRAO Y Lq pousyPuoaye
WAL FO Horapde |4y crworIydg ayy Ag peppacdd
Uailoangu jo Spddag vInbape A o) 1ias] asgodso.d
4y H;hq FIRALIIY SINEIATIES )0 Faqunnz S gewaadu
Wy doaasmoy fowozygs Suarrgs WSROIITH B0t quis My Joe
UAWD L nbag anTpns Uty v ooy paqugsayje HIAG BOWEY W
B Wawnarnbog ypyp  syuswaapnbaa angphs gy aaey

SUIMIEed Ur o egTeTe pue Todausd uy sowndor

- -

QL

Burag sy wdl 0'F drrgm ‘sdoas SATYBRAJUL pue eIre)pe

e vepympoad Myl ur pasy s{TOR 009Gy ue punay uzag

g Fitg ey e ey wld {79 Jo EBAIL TEITICAY Y

0L 6 BATIMTIOQET BuTIEAY [108
TIWRATY PEE TOMH Y 10 o) pasn eyoq s§ogejeatpuT
UB ST DPC)TH URTG Hupsn oanpasosd UOTIC[TEIET]
~OIRTH WITYSIR PUC MOFUYOC PATITRON T fsqoTalxs Yo%
PUR MY QuBSINE STOADE anjing may i3 jo auntasg
rAseqwanqoy Suggsay [roy TRADQTY
Mgy A pagu Juray osyr sy AT ST BYQUNTON HEIFT a5
WY DY Jog UdKens ses wovjavaixe Zygen ayy
CETFOM TR UL STOAD[ 3wy
TI08 pue tmodll Juuyd UIAING BOTRTTiIdD 3saq oyl
SATE priaa UunTIICATED z'[:)e;) W T'¢ (0 udem B joud
Apns aaquegs ﬁ\unaﬁ WAL pIpNTIU0D AL  'Srfos
TG MO TEn 0T A)TTTHEITNN JpU4T pUE SUQE3IQ04xa
ayedgogd snorsus e poyvwoy Kayy sBUpyy wej0 Suouy
THORW PIE ARO Py BA0F puE )aeg £g 300 paTdded

aem Apnas Srgy 203 Mo Aqrurmryaat auy yo yany

Cpash
[C3E0 CRNDAS TAT'S SRS S R VAN

Mitog e BUDRRIUDI TG PUIIDIJLP 6 SHOTINTOS

ppeydsayd puc Ty

FANTTIR “asite Hurpn(sut sjucy

SARIPND SNOTIEA PUT uefIua31n o ayq [IERSEUV LN R ]
RiE TUFuagad asou oy useys sey voTIIRA YD HIETTR

TUSTYRHLILIIZRR |He UOTII2LIXD SNTYNS DITIINE pub

TPUNGT UADG KUY ARITNS- w30 TIOW
argnyes Jo wdd £-7 jo Jaany TEATITAD ¥y CsTHY po1aaddod
uotjrorpdde njpuy v paos qen 03 pPaTYER) HaBosyfu
HATH PITYTTIERT UL STTOR JUSTITINP 2nj[ng uo uaoai

adey  CsuyRail pRLprygao)-y jo A3raninw piRuD IGE as[e
Angrng Cuadodpiu o asul g parrRqo sopard uresd ayy

paTdT.63 udAL Jo parqnop sopea L

ur usfoayru gnrd
ARJRF N Cspeid uTRaR aseEdsauy 09 parreg C31asir Aq
fangpns ey penef Loy, UGBTIV UY An)ins o3 urgdd

o asuodsag qe B3RO {(TLOT) Avriuag pue Shaoqdy
£y OTEUTMOP PInoys pue ssvad oy

i

IO TEEs ouniiop gy fqured st punsoy cSurgrery

AU R

gy Y DpqepTear usHoayiyw DU TN
fpodsad [Tta numitog put ssead Ay geq fset Juoseaanug
A pappe Y oangrng Sy tawnditay sy saadwenita (1.
sjromnrrubout s oMot 831 43T fsseoid g faproy
FUDTDTEID ADGINS HO HHoal SHaag¥ra dwedoy-ssead ug
TURLRIUCS DAWM DY pow puv eipeile
SH G o daand asuedsad ang fyadap v e gaagasog
nrns ssdgsad poa prp o gorgs sad&y (Tow 2oyl uy
fanies panpe qiopita ayadues o apqeun wes

ATPI PIEYOoE M0 |

DU ALTHM fanjpns Quagarggns oY
1 FTE ST vy pagoed doop sy ey swaas )

‘uwtbed gt e yiog v ooy (rRedady ¢ - 'Ug fEaounr o



Analysis of sulfie in plant Uissue is nol,

at the pre

nt time, a routine procedure in the

BoCo Foed Testing Laboratory.

LT, ubaeernyy SHLEIR_Col ON PRSAUCT { st Pre
"Ficld correlation antd calibration of sultur
5031 test wilh crop vesponse For Lhe major agricul -
tural arcas of Weitish Columbia, o
TII, LARIH ARD HARVISTING MITII00S
Soll samples were taken 1o aid in site svlection
and consisted of: v
6. A composite surfacon 00 o o Hump e
be Bite O - 6" sample
o, Site 6% - fau sampl
d. Site 13m - 240 samp ke
Selaction was based on previous fertilizor
wractice, age amd condition of stang and suil sullup
test Jevels,
Hincteen (19} plots, on second yoar altalta,
on sites ranging PFrom Croeston In Lhe south-gast to
Vanderhool in the Cuentral Interior, were established,
Each plot cousisted of ten (10) replications
of two {2) treatmants which were as follows,
.
DIAGRAM 1.
Plot Desiyn
e 40 e
A i) A El) A ] A 3 A 13
ot
2 JE LR ] | 4 45 {3 (3]
1 +F
4 |
at

S —

65 [ 108 10

A

77

- e -
K PZ"S KZ“ I} 5
Wfac, 1bfac, fee,  Infac,  ihfac.
Treatmpent -A 2 (3 14) 0 4 i
Traatment 27 110 o 4 100 o

Ammoniom phosphate (11-55-0}, berax and gypsum
were used Lo supply Che nutplents.

tach replicotion was 4' X 200 and way Iaid eut
as in diggram I,  Each replication was ther numbercd
1, 18, 2, 29 ete,, with tho numeral followed by the
S indicating the replicatlou receiving sullue treat.
mant (Treatmenl B},

Following the staking of Lhe site and Just
pricr to fertilzation, composite soil samples were
taken from every other replication. Then tho plot
was fertdlined Ly hand with bags of pre-weiphed
fertilizer,

The Fivst thirteen {no.'s 1-13} sites were
fertilized in Lhe tall or 1973, while the remaining
3ix {no.7s 14-19) were fesrtilized dn the apring,
The plats were harvested in Lthe spring and oarly
sumsier of 1474 with b Swift Cuprent linrvester boing
used to take a stelp 2' X 207 rom epch replication,
These e¢lipplngs were then weighed and a sampie takon
Tor modsture determinations and chemicad eznolysis,

-1yl

A second somple of pure alf

h

all's wos obtalned by
and cubting approximately 20 stems trom each slde
of the cut, These tou, were later subjecled to
chemical analysis,

IV CHEMICAL ANALYSIS

The soil samples wepe analysed for sulfate~

s#ulfur as described by Carson et al. {1ly7z},

Dther analyses wope carvied cut by the soill

testing lab in Ketowna with Pl and conductivity

plus mitrate, phosphicrous, potssslum, calclum and

magnesium Jovels being determined , (Bee appendix

table 2),

The plant tissue colleeted wos dried and

sroumt in oa Wiley mil:, Suliate-sulfuy determing .~

tiony woere thien carpicyg ul. The procuviure o

sulfata determlnotions un s0il extracts way motliffed

85 follows, 0,1 g of plant material wos added

directly Lo the odling Clask along with 2 ml or

distitled water. 4 ml of reducing Solution was

added ag usual, the nitregen Eas wey bubbiled Inta

10 mi of NaOll, § ml of Liesmuth nitrate was added,

antl read at 440 LN

The ‘Eecd lab cappied aut cryde protein

determinat ions on all pupe altalfa samples, am

Gh some sclected yicld samples,  Some selocted



pure alfalls spaploes were &lsa i

Iysod Tor B,

Cu, Pe, Mn, {Svu nppendix table

1, Mg, K, Ce, P.

wn
—

GEAERYATIONS AND_ K]

uf

vtoen plols Lhat w

established,
three were accidentally eliminated Ly Ghe PrOWERE .

These were si

9, Lo and 12,

The Vanderbool sites (no.'s 2, 3 and 4) has

lite Lo

growth, as can be seen by the f

eld weights

{Table T). Although there was a significant jnepease

in yield on the replications r

civing sullfur, most
ol this growlh can be atiributed to stimalated woed
arovwlh.  fecause of the abnormally low growth,
probably caused by a cold snd wet spring, Lhe pesults
from these sites will not be used,

Site no. 14 {Thomas Kanches) was the Cirse

plot harvested a

several Lhings happened to mask

possible response.  Upon arrciving at the plot, it

vas found that the plot had been inadequately marked

amd that the grower had harvested a portion of Lhe

plot (5 of the 20 replientions). After the rest of

the plot had been harvested, and while looking at

th

data it was observed that the direcetion of cut
aflfects abserved yield. Replications Uwil bad been

harvested in Lhe 'weong' dircction suftered yield
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reductions of approximately 104, with the higher
yielding repilealions suffering the highost percent-

age loss.  On the basis of the difference ip S0, « 5

4

ievels in the tissue, as well as visual obscrvations

of growth differences, a yield responsce was probably

obtal

, although this did not show up ip harvest
weights.

Sites no. 14 to 19 dnclusive were Certilizod
in the spring of 3974, Fertilizer burn on the

Tplus 81

vreplications was ohserved on site no, 15
and the grower (Ray Imbean) observed o mild burn
on gite pe, 27, 1t is pot known if a burn oeccurrad
on any of {he other sites, or how, if any, reduction
in yileld resulted, However the low mOa - 3 levels

of plant tissuwe from sites no, 1§ and ne. 18 indlcate

a possible response zituation,

The So0il Testing Laboratory is

NnLiy using
6.0 ppm % am the critical response level for alfalfa,
Tabie I1 shows that 5 of 7 plots wilh soil mc.“ -5
levels rawcL 0.0 ppm S gave cither significant or
possibie yield response to a sulfur application.
c:.:\ 1 plot of the 6 with 80y - 8 levels above

6.0 ppm 5 had &

pnificant yield roespor ile
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by additiens of sullur containing i'n-l-Lilivvl'."z7

EoCe Seln et ale (1969), white working 4n
Minnesota with slfaila, Fouml preater respense to
sulfur in the third year following establishment
than in the sccend year, but thig may bave Loon
related to weathes conditlons,

Possibly because ol a build up in the soil
of 504 - 5 from bacterial breakdown of organi

22 it has beon

matter during the winter monthe
abserved that there is limited response Lo sulfup
epplication For the First harvcxt.g’ﬁ’17'21

M.B. Jones {1063) feund thot the yicld response
of Tive (5} pgrasses to sullur, increased as the
season advanced, but tho concentratjon of 504 -5
in the plaut decpessed,

M.B, Jones and Joae L, Uungllate {1973), while
worklng with troplcal legumes and alfalta, loumd
increasced response Lo Sulfur as the season advanced,

Bakar et al. {4973) did some work with vrchard -
grass in Washingten State, and (ownd oo responsa in
first cut, hut found responscs of Crom 50 o 1007
in the 3rd and Sth harvest.

One aspeet that Umited the possibiiitics
of this study is the fact that on 6 of ihu 13 sites,

seils were sampled in the spring, while the other 7

Vi1,

179

plant {alfalfa) 50

This increase is probsbly

indicate (hat we

critical leyel

cant increases o yield,
relatively small.
{site 6} woy

200 1bs, o

Seicnee at Bretan, 75 mites
¥lelds of alfatfa and grass

increased fram about 0.5 tops to o

-~ 18 .

anether had a pousible respopae,

Looking at Table 1Y we Cind thst 211 plota

with plant {alralra) 804 =~ 5 lavels helow 700 ppm
5 eithep gave sluyiticant ricld response to a sulluy
application er GaYe reason Lo boelieve that they

would have undapr HIElerant conditiony, ALL plous
with plant (alfalfa) so . 8 Ievels above 700

ppm
5 did Bt respsid Lo nn oadditien of sullur with
the possihlce treeption of ylve ne, 13,

Mest plots had o significant increnme in

4 Leveks repardless vl yield pesponse,

luxuryt consumpt.Lon,
White

this study ban et found any!blng (¢

stould Lo using a diffepent

(or the soil tust, it does_pnpluslize

the need fop more .wopk ,

While seven out of slxteen sites hag signifi-

these dncrvssoes wore
The largest responsc observed
14 result in an lnereans of lews ihan
I' dey motterp Per aere for Lhe (ipst cul,
"On plots operated by the Department of Betl
southhesl of Hdmonlun,
“elegume hay have buoen

245 tons per acpe

- 20 .

were sampied dn the fall,  There bas beon a genvral

observation by others, that the extractable sullinte-

snlfue level dncressed durdng the wintpy mont s,

althouph the size of this inerease vurios Trom soil

to soll and In some soils, may cven decresse,
Wolker aml Banrncnbal (1972) recomrended sampling
in the spring which would meun that lest plets should

aleo be sampled in the spring.

Hewover, as Lhe B,C. Loburatery gels o larpe
percentage of thelr samples in the Lall, especislly
with the present shoet supply of fertdllzer, Fall
aampling is probably pore practical,

The 504 =~ 5 tissuo test, while appearing tu
glve goad resuits, is not prociical f'or figld crops
bocause off chenging critical levais wilh each harvest
and the present rellance on soil test valuey For

other nutrient requirements. However ns o tost Cor

the sullup Fequirements of othep eropy, such as

frult trees, it may have poLcﬂtini.s

CORSTINDERATIONS FUR FURTHER

Y

A study of pesslhle sullur deficiencies In
the Lower Iraser Valley and Vancouver Tsland, using
€ropi such as grass-clover mixtures op possibly

finkd corn 28 the test erop, showld be considered,



Because of a different elimatic regime and

differeat soil types, Lbe use of the critical level

established in the areas of this pre
be justificd in these constal regions.

Hosed on this study, the continued nse of
6.0 ppm sullur as the oritical s0il sulfate level
for plfalla and intensive crops can by continued,
however, ipelusion of sulfur in tertitizer sludies
of varieons crops is indicatad,

Allalfa in terms of ils acreasge, yicld apd
valne is certainly worthy ef a feptilizer require—
ment study slong the lincs of the potate fertilizer
trials. Regardiess ol whether a comprehensive
putrient reoquirement study is undertaken, any
Fulkre considerations of critical sulfur soll
test levels for alfalfa should have the Following

puidetines.

1. Plot gites chosen prior to spring scedings.

2. Fstablishmept of plot on pure ailnlfa stand

patber than allalfa-grass mixtdre.

3. 8ail! sampled in early spring and Call of
vach ycar.

4. At least Lwo barvests taken per season

for twi or more Years.

Can. Jd, Seil S¢i, 2127E-28¢
&, Cairns, KRB, aud Carsen, B., 106)
Cftect of Sulfur Treotments on Yiceld amd Ritrogen
gud Sulfur Content of Alfalfa Grown on Suilur-
deficient and Sulfur-suflTicient Groy hooded Soils
Can, J, 30l Sei. 41:709-715
9. Carsen, J.A., Crepin, J,M. and Nenunig-

Singedinis, P, 1972 A Sulfate-Sulfor Method Usod
to Delincate the Sulfur Seatus of Boily Lan. J.
Soil Sed,  §57:2738-281

10, Coleman, R, 1966 The Importance of
Sulfur as a Plant Butplent in World Crop Produc-
tion Soil Sc. 101:230-230

11, Cowling, bW, ard Jones, L H.PF, 070
A Deficiency in Soil Salfur Supplies lor Perennial
Ryegrass in England Soil Se. 110:340-354

12, Cowling, P.W, nud Jeunes, L.M,I,  jo7p
Sulfur bBeficiency of Twe Forage Plants in Eaglund
Suifur Tostitute J.  Winter 1970-7]1

13. Eusainger, 1L.E. and Freney, J.R. 1966
Diagnostic Teclhmiques For Determining Solfue
Delficiopcies in Crops and Soils  Seil e,
101:283-26¢Q

14, Srava, J, 1971 The Sullue Picluee in

Minnesota  Sulfur Institute J. Spriug 1971

ent study cannel

1. Allaway, W.H. and Thompsen, J.F, 1466
Sulfup in the Nulrition of Plants and Animals
Spil Sc. 107:240-247

2, Apon, 1970 Sulfur Shows Residuai Elffeet
en AlFalfa in Saskatehewan  The Sullur Institute

3. Daker, A.5., Mortensen, W.I'., oand
Dermanis, [, 1973 The Effcct of K and 5 Fertiliza-
tion on the Yield amd Quality of Orchardgrass

Sulfur Institute J, Wipler/Spring "1973 pp 14-16.

4. Bart, L.E, and Lowe, L.E, 1572
The Inflnence of pll and Phosphate Concentration
on the Extraction of Sullate from Sclectod Soils
off British Columbia Unpublishoed

5. Hehscu, N,R., Degman, B.8., Chmelir, L.C,
and Chennault, W. 1073 Sulfuor Pefloiency in
Peciduous Tree Trilts. Proc. An, Soc, Hert. Sei.
B3155-62

6, Bentley, C.F,, Hoff, D,3,, and Secott, DI,
1955 Fertilizer Studies with Radicactive Sulfur I1
Can, J. Agr, Sei, 35:204-281

7. Bettany, J.R., Stewsst, J.W. 8., and
Halatead, E.H, 1974 Assessment of Available Sgil

Suifur in an 3%5 Srowth Chamber Expuriment

15, larward, M.£,, Chao, T.7, amd rQna, 5.6,
1962 The Sulfur Status and Sulfur Supplying Power
ol Oregon Soils Agron. J.  54:101-106

16, Joues, L.LE,, Dowling, D.W., and
Lockyer, DR, 1972 Plant Available and Extractable
Sulfur in Some Soils of Fngland and Wales Seil Sc.
114:104-213

17. Jones, M.B, 1963 Effect of Sulfur Applicd
and Date of Narvest on Yield, Sullate Sulfur Concen—
tration, and Total Sulfur Upttke of Flve Anpual
Grassland Species.  Agron. J. §5:251-254 (1963}

38, Jenes, M.B, and Martin, W.E, 1964
Sulfate-Sullur Concentration as an Lxlicator of
Sulifur Status in Variocus Califernia frylawl
Pagture Species S0il Se. Soe. Am, Proc, 28:539-541

13, Jones, M.B., Martin, W.E,, and Ruckman, J.EG.
1670 Sulfur Fertilizer Evaluation on California
Grasslands  Sulfur Institute J.  Summer 1870 pp 2-4

20, Jones, MN.B., Oh, J.U, and Ruckman, J.B,
1972 Effect of Sulfur and Phosphorus on Yutritive
Yalue of Clover Sulphur Institute J. Winter/Spring
1972 pp -4

Jones, M,B,, apd Quagliato, J.L. 1073
Response of Poee Tropical Legumes ond Alfslfa to

Varying levels of Sulfur Sulfur Institute J,

180



AlRY

INDPLN TABSE 2,

- 33 -

Leant 'd}

Yield Pala

Yield (et We ¥ 1us740 ne, [t.

Site aml Rep, No.

without added 5

with added 3

1 -3
1 9 -
1l -3
11 - g
i1 -3
il - &
-7
£l - §
11 -~ ¢
11 -1¢

averane {site #11)

¥ 013 - 1
#0033 o~ 2
+ 13 .3
+ 13-4
o 13 -5
13 - 6
13 -7
12 -8
13 -0
13 -1¢

average (site ¥13)

* only 10 ft. long

23.6
26,8
28,7
27.8
24,6
25.4
0.1
35.6
21.7
25.8

.8
12.7
11.8
12,0

12.2

11.6 miyl 1R.6

28.8
29.6
28,8
19.4
26,6
3.2
26,0
29.4
30,6

26,8

12,0
11,3
10,9
1z.3
17.8
16.4
21.3
19,0
23.1
11,7 and 19,5

Yiekd PHats

¥ield (Wet We. ¥ 1

738 S T
with added S|

Bite and Rep, ¥o. I Tithont added §
6 -1 18,6
16 - 2 22.6
16 ~ 3 22.7
16 - 4 24.3
16 - ¢ 23.4
i6 - 6 22,9
16 - 7 8.7
16 - 8 18.8 !
14 - ¢ -
16 -10 1.0

average (sitec f106) 21.5
7 -1 3.4
17 -2 2.9
17 - 3 22,0
17 - 4 4,1
7 - 3 5.7
17 -6 23.6
17 - 7 23.4
17 - 8§ 23.0
17 -0 6.8
17 10 1.0

average {site §17)

e 1

.4
22,3

a1

19.9
6.8
23.8
5.8
9.4
23.2
21.1
25.8
24,5
2.1

- 34 -

APPENBIX TANLE 3. (cont'd}

Yield Pata

Site anm) Kep, Na.

e YLV (Wet” WO 3 T80 5y

APPLNDYIY TABLE 7

[ite and Nep, Ha.

witheut pdded 5 with s
M- - .
14 - 2 19.% 22,8
14 -3 - 21,0
4 -4 17.3 20,0
14 -5 19.1 24.0
14 -~ 6 -~ -
4 -7 19,13 19,6
14 - 8§ 17.7 - 17.0
14 -9 21,3 9,7
14 -10 23.7
average {site #14) 208
15 -1 18.5 21y
15 - 2 21.4 22.3
s - 2 17.5% 20,7
15 - 4 17.6 19.1
15 ~ 5 21.7 18.0
15 -~ 6 21.3 i8.2
i5 - 7 23.3 20.7
15 - 8 23,90 10,2
15 - 6 20.9 18,3
15 -10 8.5 0.1
average (site §15) 20,2 gg&:
; — ..

18 ~ 1
18 - 2
18 - 3
18 - 4
18 -
18 - 6
18 - 7

wa

18 - 8
18 - ¢
18 10

19 -1
19 - 2
19 - 3
19 -y
19 - 5
1% ~ 6
% - 7
19 - 8
19 - 9
19 -io

183

avernge (site #13§)

average (sits 719)




site and Rep, N

I -1
i~z
-3
1 -4
bo-5
1 -6
1~ 7
i-~38
1 -9
1 -1

average (site £1)

2 -1
Z o~ 2
2 -3
2 -4
2.
2 -6
T -3
t-§
g
2 -l

averapge (site §2F

- 31 .

APPERDIY TARLE 3. {cont'd)

Yield bata

without ndde

Y APR7AT S

with added &

e and_Rep. No,
§ -1
5 -2
5 -3
5 -4
5-3
S8
5§ -7
5 -8
5§ -9
g -10
average {site #35)
G -1
6 -2
6 -3
6 . 4
L
[
b - 7
6 - 8
6 -9
6 -10
averape {site #6)

17,1
15.4
ig.z2
16,2
16,0
16,2
1%,0
6.2
17.0
181

16,6

1z.0
22,5

7.3
12,2
14.5
20.6

9.1

1=

15,

17.4
20.1

112

- 30 -

APPENDIX TADLE 3, (cont'd)

Yield Data
- feeYicTd (et Ve, 3 Tou/d0 sq, FL

Site and Rep, M without added & 1 withy add
3 -1 7.1 9.9
-2 4.7 6:0
3 -1 3.8 7.4
3 -4 5.8 10.4
3~ 5 5.9 8.5
3 -0 6.3 9.4
3 -7 4.0 4,8
3-8 3.5 8.9
I -9 5.7 6.4
3 10 b0 Las
averoge (site #9) 5.4 T B

4 -1 5.1 5.7
4 -2 6.4 6.6
4 -3 7.0 7.0
4 -4 7.0 [
i -5 6.3 7.0
4 -0 T.4 5.0
4§ -7 6,0 7.7
§ -8 6.5 7.8
4 -4 6.8 .o
4 =10 el REK]

average {gite #4) 5.8

R

APEENRIX AL 3. (eont'd)

Yicld Data

TS I T

vithout edded S

pite and Rep, ko,

7 -
7 -2
7 -3
7 -4
T
?2 -0
7 -7
"7_

-9
7 =10

average {uite

#7)

x W ® = @
'
= T S-S Y

L - )
i i
~3

=10

average (site #8}

182

28,9
zb.4
0.8
21,5
27.7
28,9
32,4
2004
30.7
1.9
22:8

15,7
16,7
15.9
8.7
L6.2
6.4
8.5
24.5
20,6

i8.0

34,2
28,4
35.2
28.%
27.2
24.0
29.0
33.0
LI

a0.4

t1.8
20.8
19.6
21,

19.6

15.4
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22, Jones, WM., 1970 Sulfer Beliciency of

frylend lucerne in the Eastern Barting Downs of

Quecnsland Australisn J. Uxp. Age. aud An. tlus,
10:749-753
23. Kowalunko, U.G. and lowe, 1.3, oz

(hservations on the Bismuth Sulfide Colerimeleic
Procedure for Sulfate Apnlysis in Soils
Comm. in Eoil Sei. and Plant Analysis  2{1)79.87

4. Lowe, 1.0, amd Fatoen, G4, 1971-72
Comparisen of Soil Lxtractants for Predloting
Sulfur Uptake of Barley in a Srowth Chamber Study
Unpublished

25, Martin, W.¥, aml Walker, T.W, 1966
Sulfur Requirements and Fortillzation ol Pastupe
Boil Ne.

and Forage Crops 10L:2458-257

6. Metson, J.A. 1971 uelfup in lorage
Crops Sulfur Institute Tech. Bull, 20:24 pp
27. Nyborg, M, and Bentley, C,1, 1971

Sulfur Veficiency in Bapesersd and Coreal Grains

Sulfur Institute J. ¥all 1971

u. o Sein, .U, Taldwekl, ALC,, and Rebm, ¢.W,

18969 Sulfur Response by Alfalfa {Medicayo Sativa L.}

on a Sulfur-Deficicut Sejl Agronuey J,  613368-371

39, Walleer, DLR, 1972 Sail Sulflate 1,

txtraction and Messurement Can. J. Soil Se,
521253260
3.

Boil Sulfate

Walker, DR, and Bavenenbal, G, 1972

1. As an Index on Lhe Sulfupe Available

to Legumes  Can, J, Soil Se, 52:2061-266

3. Willjams, C.1, 1992 Sulfue Beliciency

in Anstralia Suifur lustitute J o Hummep

1972

Evaluation by Lamh Feeding

Grown on a low Sulfur Soi) J, Animal Se.
10:451-261
- .
APPENDIX TANLE 1,

28,

Rendig, V.V, am

Weir, W.O,

Site Locations

1957

Tests of Alvalfa lpy

Site No. Grower's Name  Aprlceulivral Bistricl  District DSfice
1 Ray Rampune Kelowna VYernen
T John Bambauer Vanderhoof Vaunderbool
K Jack lelton Vanderhool Vanderhoof
4 Thivssen Yanderhoot Yanderhoot'
5 Jim Tingle Trince Georga Peince Goorge
b George Kellet Prince George rince George
? Miller Guegnel Quosnel
k] Frad Magnuson Juesnel Guesnel
o Rudy Johnsen Williamps Lalar Wililams Lake
10 Dale MeColl Clinton Willlams Lake
11 Andrc Beaubien Westwold Kamloops
12 Hayne lverette Monte Creek Kamloovpa
13 Albert Piva Helure Komloops
14 Thomas Ranches Ukanagan Fally Olivep
13 Nell Smith Rock Creck Oliver
14 Rick Barpur Ruch Creck Oliver
17 Ray Imbeau Eaderdy ~Grinrod Salmen Arm
18 Rogers Creston Flats Creston
19 Ted Pincoutt Buffalo Creck Wikiiams loke

3% Beatou, J.0,, Burns, G.R., and Platon, J,
1968 Determination of Sultur in Soils and Plant
Materfod  Toch, Bull. 14:56 pp,
g ——
APLERDIX TABIL 2.,
—Lomplet: Analysis of Site Soil Sampie
Site | Tex- | . Ei;tun " K Ca | Mrls |1}
No. ;tura [o.x. lon dsates) ab/a |in/a| 1u/a Ab/alin/A lnpm pon
1 4 2.0 |7.0 0,78 9 41 124 (3200| 310 304 1.0
2 5 4.005.0/0,16 1 268 1 271|2300] 420| 3.5) 0.40
3 5 4.2 6.0]0,7 8 250 | 380]a600] 490 8.1f 1.60
4 4 6.4 |6, s,z 12 34 [ 20:{q000| 880( 3.3 0,40
5 3 5.6{6,2]0,36 1 20 | 13004300) 360 7,8] 0,33
6 3 3.345.0]0,16 1 25§ 32511400 180 2.9] 0,64
H Pl 4.716.510.26 | 10 333 | toolatoo| 20l 4.0 0.52
3 5.4 [6.5|0.42 4 ies 3 z90l41ve| sd0] 2,10 0.60
9 3 2,7 [6.9]0,34 z 128 \200 34001 030§ 3.6{0.50
10 2 2.537.410.46 4 56 3 6010|4550 {xoood ,0f 0,40
11 3 4.0676.9]0.54 17 160 | 605| 762010004 4.1l 0,88
12 4 3.5]6.0j0,42 4 135 | 630[4350% yz0§ 3.0[0.48
13 3 3.8]7.1{2.5¢ 1 G | 350i7000] 660 6.5i0,24
14 z 2.3|7.4{0.66 4 ize | 22515900 125 3,50 0,40
13 2 3.3{6.4]0.50 4 190 | 28012400 250§ 4.6{0.45
16 2 3.607.3 0032 6 83 | ar0{z600 | 6701 6,3 .44
17 4 3.6)6.7[0.34 | 40 250 | 42013300 | 720§ 6,610,654
18 5 3.7)8.210.30 | 10 17 9017700 | 240§ 4.2{0,22
19 1 10,0[6.0]0,48 9 ___|500 |s800 | 3800 | 750 lz.4j1.00

181




- 37 -

ADFENDIY TABLE 4.

Protein Levels of Plant Samplues

29 -

i ¥a [i [ T Te [ Ma T Fa [ hg R
Site and per por per
Repe Ro. b cent | cent ippm tppm dppw |ope lppe ]
[ 1.g9 | o221 64 1 12 st tuig io29] 027 | 1.50
6 - 9s 1.50 0198 61 | Lo 54 72 7 20{0.20 | 2,09
7o~ 18 1.07 Q19 20 7 85 tq 17 : 0,18 .11
7.2 i.23 .16 20 & 67 14 153 0,20 1. 94|
P -7 1.20 1 0,21 | 32 2073 1s | i630,221 2,04
7o 7S 3019 f 0.20 33 100 17 b loas | o2
LI 07 {029 F oz | dr b 97 | o2: | 2djo.a7 | 1.9
& - 45 1.22 ) 0,18 18 | 10| 72 21§ 204 0,20 2.1
6 -5 1.17 ;1 0.19 [ 23 [ 12 | 92 ) 20 [ 20{c.22 | 0.4
-7 1.30 | 0.1 | 28 [ k1 | g2 | 20 [ w9 {o.10 ]| 2.0
1 -1 1.27 0,26 &7 [BFE) 5 12 10,39 10,58
1L - 18 1.18 0,2 45 10 {150 235 121 0.34 | 0,58
1o~ 4y 1.06 } 0.25 | 41 4 {149 | 25 12 10.34 {0.58
1 - & 1,19 4 0,32 F 48 9 2is4 | 28 | 14§ 0.40 [0.65
13 - 2 1,30 | 0,22 | 34 7860 ] 14 | 11]o.2z0]0.55
13 -~ 48 L5 b oo,24 24 71 58 17§ 13]0.28 0,47
13 - BS 1,37 | 0.26 | 30 6 63 ] 18 { 1410.28 0,58
13 -0 1.57 | 0.23 § 37 7 2016 | 1oto.27 0,52
14 - 28 1.62 | 0,26 | 43 61 8% 1 23| w8622 1002
-7 1.64 | 0,28 137 | s | 62 |27 | 17| 0,24 | 182
-9 .38 0.32 1 3y S5 158 28] 19joznie.on
15~ i8 J 1.i3 | 0,26 | 57 81 5% 2371 291 0,28 ] 0,45

; yirage ¥
Bite Na. . o
] withon Mith
1 20,6 19,3
2 13.2 2.4 - -
3 10.9 11.1 - -
4 17.2 16,y 7.0 16,2
5 17.2 10,9 9.9 4.5
[ 15,0 15.3 4.7 9.1
H 14,0 14.9 2.9 13.4
8 15.3 5.7 9.2 8.9
11 6.0 16.2 10,9 G0
12 16,2 16,5 11,5 111
14 19,3 iy,0 19.4 17.9
15 21.4 23,2 i7.5 4.2
16 18.2 18,1 15.0 13.5
17 20,7 0.6 15.6 15,7
18 0.0 19.1 3.3 14,1
__{2‘ _ 17.5§ 16,4 16.4 15,7

Site and
Rep, Mo, §
1 -2
LI+
1w 68

1 10

2 ~1

2 - 15

2 - Bs

2z -0

3 -2

3 - 48

3 - 75

3 -10

4 -1

4 - 18

4 -10

4 -108

5 -1

5 - 28

5 -3
5~ 98
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APPERBLX FABLE 5.

Tissue Aunlysis of Selected Alfalfa

per
fung

1.32

B
per

0.2

0.21

Dy
36
5
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APPENDIX XIV

NEW SOIL SULFUR INTERPRETATIONS

by W, van Lierop
News circular from Soil and Tissue Testing Laboratory

British Cohunbia Ministry of Agrculture, Kelowna
17 September 1985
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Province of Ministry of District Office
British Columbia Agriculture 1873 Spall Road
Kelowna
British Columb.a
V1Y aR2

Sept. 17, 19835

=B D3ismtr—dict DF LA cCcecs

Staff dealing with soil test reports

Research at the lab has permitted us to successfully convert the
earlier calcium—chloride extractable soil test interpretive
values to new norms using the "Kelowna extractant.” This implies
that we will be able to offer a sulfur test as part of the
routine package at no additional charge as the arnalysis will be
performed as part of the usual ICRAP run for P, K, Ca, Mg, and Na.
R copy of the rnew norms and comments are enclosed for your infor—
mation. The ‘"Kelowna" solution is a more efficient sulfate
extractant amd the ICAP generally finds more sulfur; accordingly,
the new norms have been adjusted to reflect this reality. The
correlation coefficients obtained between the old and new values

range from o©.95%% to O.99%%,

Regards,

Wb/
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Nerwro s> d 1 Sl F gy armter-pretat i oaorns

o

August 21, 1985.

Usino the HMelowria extractant:

Test * Rating Recom. Ccram.
ug/mL

{10 VL 30 Suil
>10, (20 L 20 Sul
Y20, 25 M 10 Suz
> 25, (33 H 0 Sul3
Y35 VH 4] Su4

Sul- Your soil is considered to have a sulfur deficiency. Please
fertilize at the recommended rate with a sulfate (i.e., 21-0-

O, etc.) containing fertilizer. If the sulfur is applied as
part of your regular fertilizer you may bg adding larger
amounts than recommended above. These higher applications
will generally cause no harm and may help ensure an adequate
sulfur supply from year—to-year. For small areas divide the

recommendation in hg/ha by 100 to obtain the rate in kg/100mE.
Consult "How to Interpret Your Soil Test Report, Leaflet #1°
for futher information.

Sui2- Your s0il is low in sulfur, though not considered to have a
deficiency, you may wish to add the recommended rate of
sulfate—sul fur contained in a fertilizer in the near future to
avoid a deficiency. If growing canola, rapeseed, nust ard,
etc. or vegetable craops which have a high N and 5 require-
ment, it is recommended that an additional 10 kg/ha sulfur be
applied above the recommended level. For small areas or far
additional information consult "How to Interpret Your Soil
Test Report, Leaflet #1."

Su3- Your so0il is gererally well supplied with sulfur, however,
if growing canola, rapeseed, mustard or vegetable crops which
have a high N & S requirement you may wish to add an additio-
nal 10 kg/ha sulfate—-sulfur to ensure its adequacy for crop
growt h.

/

Su4- The sulfur level is sufficiently high to meet the crop's
needs.
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