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I "SULPHUR DETERMINET10N3 IN BRITISH COLUMBIA WHEATS" 
I I "SELENIUM DETERMINATIONS AND THEIR IMPORTANCE, WITH 

SPECIAL R E F E R E N C E TO SELENIUM IN BRITISH COLUMBIA 
WHEATS" 

by George Edward Rush 
ABSTRACT 

I Sulphur and p r o t e i n were determined on the g r a i n 
of two v a r i e t i e s of s p r i n g wheat, grown at twelve 
s t a t i o n s i n the province of B r i t i s h Columbia. The 
s t a t i o n s , i n representing the p r i n c i p a l a g r i c u l t u r a l 
areas of the Province, a l s o presented a broad l a t i t u 
d i n a l array of s o i l and c l i m a t i c types. The average 
sulphur, ranged from a high of .226% at one s t a t i o n to 
a low of .151% at another s t a t i o n ; the p r o t e i n content 
ranged from 17.6% to 9.4%. Nowhere were the l e v e l s of 
sulphur so low that support was obtained f o r the b e l i e f 
that wheat production might be l i m i t e d by i t s d e f i c i e n c y . 
The p r o t e i n content followed expected trends i n response 
to changes i n s o i l and climate. A h i g h l y s i g n i f i c a n t 
c o r r e l a t i o n , + . 7 6 , was found to e x i s t between t o t a l 
sulphur and p r o t e i n of the wheat. 

I I The selenium problem i s i n review, and a method 
i s o u t l i n e d f o r the selenium assay of B r i t i s h Columbia 
wheat. 
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INTRODUOTION: 

The a g r i c u l t u r a l areas i n the province of B r i t i s h 
Columbia, s c a t t e r e d as they are between mountain ranges and 
loc a t e d at d i v e r s e a l t i t u d e s , present a broad spectrum of 
c l i m a t i c and s o i l c o n d i t i o n s . The a g r i c u l t u r i s t , t h e r e f o r e , 
confronted w i t h the problem of determining and recommending 
crops adapted to the many l o c a t i o n s i s possessed of a task 
which i s d i f f i c u l t i n the extreme. A p r o f i t a b l e approach to 
the problem would seem to l i e i n studying the responses of 
g e n e t i c a l l y s i m i l a r m a t e r i a l of s e v e r a l t y p i c a l orops grown 
under widely d i f f e r i n g c o n d i t i o n s of s o i l and cli m a t e . 

Accordingly i n 1934, Dr. G.G. Moe, 0-8) of the De
partment of Agronomy, of the U n i v e r s i t y of B r i t i s h Columbia, 
i n i t i a t e d a study w i t h wheat. This orop seemed p a r t i c u l a r l y 
d e s i r a b l e f o r the purpose of the study i n as much as i t was 
grown to some extent n e a r l y everywhere i n the Pro v i n c e , from 
the extreme north to the American border, i n semi^-arid areas, 
and i n l o c a t i o n s of moderate r a i n f a l l . To insure genetic 
u n i f o r m i t y of the stock, a l l s t r a i n s were grown f i r s t w i t h 
e a r e f u l s u p e r v i s i o n and s e l e c t i o n i n the U n i v e r s i t y p l o t s . 
Seed from these p l o t s was then d i s t r i b u t e d to s e l e c t e d areas. 

The present study a r i s e s from the general e x p e r i 
ment as a s p e c i a l f e a t u r e . Information on the d i s t r i b u t i o n 
i n B r i t i s h Columbia of sulphur and selenium, both of whioh 
are important i n p l a n t and animal n u t r i t i o n , i s e n t i r e l y 
l a c k i n g . A s u s p i c i o n e x i s t s that sulphur may be d e f i c i e n t 
i n some of the grey wooded s o i l s of the Province and that 
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t h l s d e f i c i e n c y i s expressed i n the crops which these s o i l s 
support. Further, selenium occurs widely i n the country . 
rook over extensive areas of the P r o v i n c e , and since i t has 
been reported elsewhere i n t o x i o q u a n t i t i e s i t s d i s t r i b u t i o n 
i n the crops and forages of the P r o v i n c e may be of s i g n i f i 
cance* The wheat samples, grown as they were i n a l l p a r t s 
of the P r o v i n c e , under d i v e r s e s o i l and c l i m a t i c c o n d i t i o n s 
o f f e r s i d e a l m a t e r i a l f o r a p r e l i m i n a r y study of the d i s 
t r i b u t i o n of these two elements. 

A d d i t i o n a l i n f o r m a t i o n of s c i e n t i f i c value may be 
obtained from such a study. Since sulphur and selenium 
ocour i n the same o r b i t of the p e r i o d i c t a b l e , a c o r r e l a t i v e 
d i s t r i b u t i o n of these two elements would be of i n t e r e s t . 
Secondly, p r o t e i n assays were a v a i l a b l e whioh made p o s s i b l e 
c o r r e l a t i o n s t u d i e s between the sulphur, selenium, and 
p r o t e i n content of the samples. 

REVIEW OP LITERATURE: 
For more than a. century sulphur has been recog

n i z e d as an indispensable p l a n t n u t r i e n t , and f o r a s t i l l 
l onger p e r i o d f e r t i l i z e r s c o n t a i n i n g sulphur, f o r example 
gypsum (calcium sulphate),' have been used both i n America 
and i n Europe. Crop responses to these f e r t i l i z e r s however, 
were a t t r i b u t e d to n u t r i e n t s , other than sulphur contained 
i n them; the e a r l y a g r i c u l t u r i s t s , assumed that the n a t u r a l 
supply of sulphur was adequate f o r a l l crops. I t was the 
Russian chemist Bogdanov (8) who f i r s t queried t h i s 
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assumption i n 1899. S e v e r a l years l a t e r three E n g l i s h ag
ronomists put the question to p r a c t i c a l f i e l d t e s t s fro). 

F o l l o w i n g the work of these pioneers, v a r i o u s l o c a l i t i e s 
have been i d e n t i f i e d i n which sulphur i s d e f i c i e n t . 

C e r t a i n American s o i l s , p a r t i c u l a r l y i n the n o r t h 
western States of Oregon and Washington^ are d e f i c i e n t i n 
sulphur (23) (24). When sulphur was a p p l i e d , marked increa s e s 
i n y i e l d s of a l f a l f a , w i t h s l i g h t l y l e s s increases f o r other 
crops, were evident (23). Newton (20) has shown that the 
leached, grey wooded s o i l s , or podsols, of A l b e r t a are de
f i c i e n t i n sulphur. S p r i n g a p p l i c a t i o n s of sulphur or gyp
sum to c l o v e r s at the r a t e of 100 l b s . per acre produced 
s i g n i f i c a n t increases i n growth. A d d i t i o n a l experiments (30) 
conducted by the S o i l s Department of the U n i v e r s i t y of 
A l b e r t a , at F a l l i s , and at Breton, showed s i m i l a r r e s u l t s . 
Unpublished r e s u l t s of experiments conducted by the Depart
ment of Agronomy, of the U n i v e r s i t y of B r i t i s h Columbia, on 
the upland s o i l s of the U n i v e r s i t y farm, showed no in c r e a s e s 
i n y i e l d f o r red c l o v e r , Potatoes, mangels and oats showed 
approximately a 10% inorease. Responses to sulphur have 
been reported, at l e a s t f o r c e r t a i n year?, i n t r i a l s w i t h 
legumes at the Beaverlodge Experimental S t a t i o n i n the Peaoe 
R i v e r area, and at the P r i n c e George S t a t i o n i n North Cen
t r a l B r i t i s h Columbia ( a u t h o r i t y v e r b a l ) . 

U s u a l l y sulphur i s found i n the upper l a y e r s of a 
s o i l and i s a s s o c i a t e d w i t h the organic matter. S o i l micro-
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organisims transform the organic sulphur to sulphates. 
These are moderately s o l u b l e , and are t h e r e f o r e , subject to 
movement through the s o i l . Thus the sulphate content of 
s o i l s tends to vary i n v e r s e l y w i t h the amount of l e a c h i n g 
to which the s o i l has been subjected. 

Sulphur may be added to the s o i l from the atmos
phere by means of rainwater and snow. Amounts of sulphur 
thus added to the s o i l varys from a few pounds to f i f t y 
or more pounds per acre per year ( l ) . On the other hand, 
the amount of sulphur l o s t from the s o i l due to l e a c h i n g 
v a r i e s i n accordance w i t h the r a i n f a l l , but i s g e n e r a l l y 
much g r e a t e r than the amounts added by r a i n f a l l and snow 
(20). The excess of sulphates leached from the s o i l over 
the amount added from the atmosphere, and other sources, 
would continue u n t i l a f t e r an approximate e q u i l i b r i u m i s 
reached. The s o i l i s l e f t i n a c o n d i t i o n of r e l a t i v e l y 
low a v a i l a b l e sulphur. 

Owing to the r e l a t i v e l y high s o l u b i l i t y of most 
sulphur compounds, i t i s common to f i n d them leached to 
depths corresponding to the depth of the p e r c o l a t i o n water. 
Areas of concentration of s o l u b l e s a l t w i l l , t h e r e f o r e , 
often be l o c a t e d at depths equivalent to the extent of the 
p e n e t r a t i o n of s o i l moisture. In humid areas, the sulphur 
s a l t s g e n e r a l l y leach to depths greater than that .to which 
the p l a n t r o o t s penetrate. Whereas i n sub-humid and semi-
a r i d regions the concentration zone of s o l u b l e s a l t s may 



w e l l remain w i t h i n the f e e d i n g range of the p l a n t roots (a©)* 

This inverse r e l a t i o n s h i p between l e a c h i n g and r a i n f a l l , t o ^ 
gether w i t h v a r i a t i o n s i n the sulphur content of parent rook 
m a t e r i a l , and .the amount and d i s t r i b u t i o n of organic m a t e r i a l 
i n the s o i l , accounts f o r the v a r i a t i o n of sulphur i n s o i l s * 

L i t t l e work touching on the fundamental aspects of 
ab s o r p t i o n of n u t r i e n t elements from the s o i l has been suc
c e s s f u l . There i s , n e v e r t h e l e s s , a l a r g e l i t e r a t u r e d e a l i n g 
w i t h the general aspects, from n u t r i e n t s o l u t i o n and f e r t i l i 
zer experiments ( 6 ) . L i t t l e then can be s a i d regarding the 
uptake of sulphur from the s o i l other than most p h y s i o l o g i s t s 
agree that p l a n t s absorb sulphur from the s o i l i n the form 
of sulphates. I t i s s i g n i f i c a n t to note, however, that w h i l e 
sulphur i s absorbed i n the form of sulphates, sulphates are 
not normally found to any appreciable extent i n p l a n t t i s s u e s , 
exoept i n the t i s s u e s of halophytes. M i l l a r (17) r e p o r t s 
that a considerable amount of sulphur, found i n p l a n t s i n the 
form of sulphates r e s u l t s from an excess of the element. 
This r e l a t e s to the f a c t that sulphur taken up by the p l a n t 
i s used l a r g e l y i n the s y n t h e s i s of p r o t e i n . 

The sulphur compounds found i n p l a n t s are broadly 
c l a s s i f i e d as; (a) s u l f o p r o t e i n s , (b) sulphur c o n t a i n i n g 
e s s e n t i a l o i l s and other v o l a t i l e sulphur compounds, (c) 

mineral compounds. Cy s t i n e , c y s t e i n e , and methionine are the 
major sulphur c o n t a i n i n g amino a c i d s , and l a r g e l y account 
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f o r the sulphur of p r o t e i n . C y s t i n e i s reported to c o n t a i n 
one h a l f of the t o t a l sulphur of p r o t e i n (4). G l u t a t h i o n e , 
on the other hand, i s an important sulphur c o n t a i n i n g t r i -
peptide probably a c t i n g l a r g e l y as a hydrogen acoeptor and 
ta k i n g an a c t i v e p a r t i n c e l l o x i d a t i o n s and reductions Ol) • 
Some of the v o l a t i l e compounds of sulphur found i n p l a n t s 
are mustard o i l , a l l y l s u l p h i d e , v i n y l s ulphide and mercap-
tans. M i n e r a l forms of sulphur found i n p l a n t s are g e n e r a l l y 
s m a l l and appear to be p r i n c i p a l l y sulphates* B a i l e y (4) 
report s the sulphate content of mature wheat p l a n t s to be 
4-5 percent of the t o t a l sulphur* 

A few in v e s t i g a t o r s ' h a v e sought to account f o r 
sulphur i n intermediary metabolism (28}. Most s t u d i e s , how
ever, d e a l only w i t h t o t a l sulphur (12) and show l i t t l e attempt 
to e x p l a i n i t s r o l e i n the p l a n t c e l l . 

Sulphur d e f i c i e n c y symptoms have been found to be 
morphologically s i m i l a r to those of n i t r o g e n d e f i c i e n c y (17). 
The usual y e l l o w i n g , or c h l o r o s i s , i s the most d i s t i n c t i v e 
f e a t u r e i n d i c a t e d by a d e f i c i e n c y of the element (and n i t 
rogen), and demonstrates the importance of sulphur i n c h l o r o 
p h y l l formation. P l a n t s d e f i c i e n t i n sulphur are a l s o high 
i n carbohydrates and contain more n i t r a t e n i t r o g e n than 
p l a n t s r e c e i v i n g a s u f f i c i e n t supply of sulphur (17). I n ad
d i t i o n , i t has been reported (26) that sulphur d e f i c i e n t p l a n t s 
have longer stems and gre a t e r distances between nodes than 
p l a n t s w i t h adequate s u p p l i e s of sulphur. 
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An extensive l i t e r a t u r e r e l a t i n g to sulphur, e x i s t s 

a s s o c i a t e d w i t h experiments w i t h f e r t i l i z e r and n u t r i e n t 
s o l u t i o n s . A l s o , r e l a t i n g c h i e f l y to the lower organisms, a 
good dea l of informa t i o n e x i s t s i n respect to sulphur c y c l e s 
i n nature. The sulphur metabolism of the higher animals, too, 
has been the subject of extensive p u b l i s h e d i n v e s t i g a t i o n . 
T o t a l sulphur determinations have been made on many higher 
p l a n t s i n many pl a c e s i n the world. Beyond, however, demon
s t r a t i n g i t s wide d i s t r i b u t i o n and i t s e s s e n t i a l i t y f o r 
growth, science provides only a s m a l l fundamental l i t e r a t u r e 
r e l a t i n g to the sulphur compounds and sulphur metabolism i n 
the higher .plants. 

• 

EXPERIMENTAL METHODS: 
SAMPLES: 

A l l of the main a g r i c u l t u r a l areas of B r i t i s h Colum
b i a , w i t h the exception of the Peace R i v e r Area, were r e 
presented i n the wheat t r i a l s i n i t i a t e d by Dr* Moe ( i b i d ) . 
V a r i e t i e s of a l l the main types of wheat were inoluded i n 
the t e s t s . F i e l d experiments were commenced i n 1933 and ex
tended to the end of the 1936 season. 

In order to secure g e n e t i c a l l y uniform seed, the 
seed f o r a l l s t a t i o n s was grown at the U n i v e r s i t y farm under 
a system which maintained p u r i t y of v a r i e t i e s * Each s p r i n g 
or autumn the seed, together w i t h a p l a n of p l a n t i n g , was 
sent from the U n i v e r s i t y to the v a r i o u s oo-operators. Each 
v a r i e t y was grown i n t r i p l i c a t e at eaoh s t a t i o n . 
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F r i o r to h a r v e s t i n g , p r o p e r l y l a b e l l e d bags were 

sent out and heads s u f f i c i e n t f o r p r o t e i n determinations 
were gathered by the co-operators from each of the v a r i e t a l 
rows. These samples were forwarded to the U n i v e r s i t y where 
each v a r i e t y was checked against the o r i g i n a l sample of 
heads preserved from the previous year* F o l l o w i n g t h r e s h 
i n g and c l e a n i n g the samples were sent to the Dominion Grain 
Research Laboratory at Winnipeg, f o r p r o t e i n determinations* 

Although both s p r i n g and f a l l v a r i e t i e s were i n 
cluded i n the experiment, only s p r i n g v a r i e t i e s were used 
i n the sulphur and selenium assays. Two v a r i e t i e s , Marauis 
and Garnet, were s e l e c t e d as best r e p r e s e n t i n g the s p r i n g 
wheats. Both v a r i e t i e s were found to be s a t i s f a c t o r y , es
p e c i a l l y i n being f r e e of f r o s t damage at the m a j o r i t y . o f 
l o c a t i o n s t e s t e d . I n a d d i t i o n , both Marquis and Garnet 
were popular v a r i e t i e s at the time the wheat s t u d i e s were i n i 
t i a t e d , and were widely grown throughout the s p r i n g wheat 
areas of Canada. 

STATIONS-. 
The twelve s t a t i o n s chosen f o r the study embrace 

many types of s o i l and cli m a t e * The wheat grown at these 
s t a t i o n s becomes an expression of almost as d i v e r s e environ
mental c o n d i t i o n s as can be obtained w i t h i n the geographical 
l a t i t u d e s of the Pr o v i n c e . The climates vary from m i l d , 
c o a s t a l types w i t h warm wint e r s and comparatively c o o l sum
mers at Vancouver, to c o l d w i n t e r s and comparatively warm . 



a r i d summers at Rook Creek and Kamloops. Colder climates 
w i t h minimum growing seasons are experienced a t s t a t i o n s i n 
north c e n t r a l B r i t i s h Columbia* 

S o i l types at the s t a t i o n s are represented i n 
a z o r i a l s o i l s , h i g h l y p o d s o l i z e d g l a c i a l t i l l s of the coast, 
b l a c k and brown pedooals of the dry i n t e r i o r , and grey wooded 
s o i l s of the north c e n t r a l I n t e r i o r * 

The l o c a t i o n and c h a r a c t e r i s t i c s of eaoh s t a t i o n 
are given, i n the b r i e f d e s c r i p t i o n that f o l l o w s , i n the map 
( f i g u r e 1 ) , and i n Table 7. 
A. CENTRAL INTERIOR STATIONS  

QUESNEL: 

Quesnel, i s s i t u a t e d on the 53rd p a r a l l e l , and has 
a climate more favourable to wheat production than any other 
northern s t a t i o n t e s t e d * The a l t i t u d e i s 1570', w i t h an 
average f r o s t - f r e e p e r i o d of 102 days* The s i l t s o i l s of the 
a l l u v i a l r i v e r f l a t s a t t h i s s t a t i o n are probably to be 
cla s s e d as grey wooded and somewhat leached* The n a t i v e 
v e g e t a t i o n i s parkland* 

NORTH NEWLANDS AND DEWEY: 
These two s t a t i o n are loc a t e d north-east "of P r i n c e 

George near the northern bend of the F r a s e r R i v e r ; The s o i l s 
are a l l u v i a l s i l t s s i m i l a r to those at Quesnel* P r e c i p i t a 
t i o n i s r e l a t i v e l y h i g h , averaging over 30 inches per year* 
Coniferous trees predominate throughout the area* 
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VMDERHOOff-: 
Vanderhoof i s lo c a t e d j u s t north of the 54th 

p a r a l l e l on the south bank of the Nechako R i v e r . The s o i l s 
i n t h i s area are grey i n colour but extremely heavy. C u l 
t i v a t i o n and p r e p a r a t i o n of the s o i l i n s p r i n g i s d i f f i o u l t . 
The e l e v a t i o n i s s l i g h t l y h i g h e r than 2.000 f e e t . Since the 
f r o s t - f r e e p e r i o d i s only 33 days, damage due to f r o s t i s 
experienoed each season* P r e c i p i t a t i o n i s l i g h t , suppor
t i n g a somewhat open mixed f o r e s t * 

SMITHERS AND QUICK STATION: 
Both s t a t i o n s are l o c a t e d i n the B u l k l e y V a l l e y 

at l a t i t u d e s 54*50" and 54"45" r e s p e c t i v e l y . The s o i l s i n 
the v i c i n i t y of the s t a t i o n s vary considerably but are 
c l a s s i f i e d as degraded, black, t r a n s i t i o n loams. R a i n f a l l 
i s somewhat l i m i t e d . Winter temperatures are low w i t h an 
average f r o s t - f r e e p e r i o d of 54 days. Occurance of f r o s t 
throughout the region i s i r r e g u l a r . Vegetation i s pre
dominantly parkland and t a l l grass* 

STREATHAM: 
Streatham i s l o c a t e d j u s t north of Ootsa Lake at 

an e l e v a t i o n of 2900*. The s o i l s and v e g e t a t i o n of t h i s 
area are somewhat s i m i l a r to those at Smithers and Quick 
S t a t i o n . The f r o s t - f r e e p e r i o d i s short because of the 
high e l e v a t i o n , probably about 80 days* 



- l l r 
B. SOUTHERN INTERIOR STATIONS  

KAMIOOPS: 
Kamloops i s s i t u a t e d at the j u n c t i o n of the Thomp

son and North Thompson r i v e r s , at an e l e v a t i o n of 1159'• The 
predominating n a t i v e v e g e t a t i o n i s open grassland* The 
f r o s t - f r e e p e r i o d f o r t h i s area i s 176 days. I n 1934 the 
p l o t s were l o c a t e d a t the base of a h i l l whioh subjected the 
s o i l to seepage from the adjaoent h i l l s i d e . 

The r e s u l t s f o r 1934 show an u n u s a l l y low p r o t e i n 
content which does not r e f l e c t the general behaviour of com
m e r c i a l wheats i n the d i s t r i c t * The f o l l o w i n g year the 
wheat was grown i n a place more r e p r e s e n t a t i v e of the d i s 
t r i c t and consequently, the change r e s u l t e d i n a higher 
p r o t e i n content i n the wheat* 

ROOK CREEK: 
Rook Creek i s l o c a t e d south-east of P e n t l c t o n , and 

j u s t north of the I n t e r n a t i o n a l Boundary, on low open grass
land. The experimental p l o t s were s i t u a t e d at an e l e v a t i o n 
of 3000', on l i g h t , brown s o i l s . The f r o s t - f r e e p e r i o d f o r 
t h i s area i s 101 days, the r a i n f a l l i s l i m i t e d , and the 
summer temperatures are high* 

C. KOOTENAY  
CRESTON: 

Oreston, i s l o c a t e d j u s t north of the I n t e r n a t i o n a l 
Boundary, on the east s i d e of the Kootenay R i v e r . The 
wheat p l o t s were l o c a t e d at an e l e v a t i o n of 1900', where the 



FIGURE 1 
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f r o s t - f r e e p e r i o d i s 118 days. The s o i l has been classed 
as a f i n e , s i l t y , a l l u v i u m s o i l . The v e g e t a t i o n of t h i s 
area i s l i g h t f o r e s t . 

CRANBROOK: 
Cranbrook i s s i t u a t e d north-east of Creston, at 

l a t i t u d e 49*31"* The wheat p l o t s were l o c a t e d i n the d i s 
t r i c t l o c a l l y r e f e r r e d to as St. Mary's P r a i r i e . The e l e 
v a t i o n i s s l i g h t l y over 3000'. The f r o s t - f r e e p e r i o d i s 82 
days. P r e c i p i t a t i o n i s somewhat l i m i t e d , but i n average 
seasons i t i s s u f f i c i e n t f o r wheat production. The s o i l s 
of t h i s area are l i g h t brown, f i n e loams, and support an 
open n a t i v e grassland. 

ID. COAST: 
THE U3HVERSITY OP BRITISH COLOMBIA: 

The U n i v e r s i t y farm i s s i t u a t e d at Vancouver, 
adjacent to the U n i v e r s i t y campus, on g l a c i a l upland s o i l . 
C l i m a t i o c o n d i t i o n s are t y p i c a l of the P a c i f i c Northwest 
Coast area. The r a i n f a l l i s c o n s i d e r a b l y more than any of 
the I n t e r i o r s t a t i o n s w i t h a lower summer temperature,. The 
v i r g i n v e g e t a t i o n i n t h i s area was predominantly heavy, 
ooniferous, f o r e s t . 

VARIETIES: 
MARQUIS: 

Marquis, whioh i s a hard, red, s p r i n g wheat, was 
developed at the Dominion Experimental Farms, a t Ottawa, and 
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A g a z z i z , by Dr. C.E. Saunders. I t i s a cross between Hard 
Red C a l c u t t a , and Red.Fife v a r i e t i e s * Marquis wheat i s an 
e a r l y maturing and r e l a t i v e l y h i g h y i e l d i n g v a r i e t y , and i t 
i s s t i l l an important s p r i n g wheat i n the Canadian northwest. 

GARNET: 
Garnet, i s s i m i l a r to Marquis, i n that i t i s a 

hard, red, s p r i n g wheat, and was developed at the C e n t r a l 
Experimental Farm, Ottawa. I t i s a cross between two 
Ottawa v a r i e t i e s namely, Preston A and Rega M. Garnet 
e x h i b i t s somewhat d i f f e r e n t m i l l i n g q u a l i t i e s from Marquis. 
I t i s not to be compared to Marquis i n regard to baking 
q u a l i t y * However, Garnet has come to occupy an important 
place among wheat v a r i e t i e s i n those Canadian areas where 
f r o s t i s most feared* 

I t was f e l t that the present study would have 
greater value i f these v a r i e t i e s , w e l l adapted to the extreme 
ranges of c l i m a t e , and widespread i n t h e i r use, were chosen 
f o r sulphur and selenium determinations* 

In some areas damage due to f r o s t , drought, or 
disease, made i t impossible to harvest many of the p l o t s * 
For these reasons, completely uniform r e s u l t s are not ob
tained even f o r Garnet and Marquis, f o r a l l y ears. For 
sulphur and selenium determinations, t r i p l i c a t e g r a i n samples 
were bulked and a composite sample drawn f o r each s t a t i o n and 
each year i n which wheat had been harvested i n a normal 
c o n d i t i o n * 
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MALYTIOAL METHODS: 

SULPHUR: 

The composite samples were ground i n a Wiley m i l l 
to pass a 60 mm, mesh, and oven d r i e d a t 105OC* f o r ei g h t 
hours. A l a r g e number of p r e l i m i n a r y determinations were 
made u s i n g both the NaCOg f u s i o n method and the MgHOg d i 
g e s t i o n method as o u t l i n e d i n the 1945 e d i t i o n of A.O.A.C. 
Methods of A n a l y s i s . The l a t t e r method was. s e l e c t e d a f t e r 
d e t a i l s of the method had been mastered and c o n s i s t a n t r e 
s u l t s had been obtained. The s p e c i f i c procedure adopted con
s i s t e d of p l a c i n g approximately 2 grams of oven dry m a t e r i a l 
i n a number f o u r p o r c e l a i n c r u c i b l e , to which 7.5 ml. of 
concentrated #MgN03 w a s added. The sample was thoroughly 
mixed and placed on an e l e c t r i c hot p l a t e f o r f i v e hours. 
Some d i f f i c u l t y was encountered i n p r e l i m i n a r y determinations 
at t h i s stage when i t was found that any s h o r t e r p e r i o d of 
h e a t i n g f a i l e d to complete the d i g e s t i o n . The c r u c i b l e was 
then t r a n s f e r r e d to a muffle furnace, where i t was found de
s i r a b l e to r a i s e the temperature g r a d u a l l y to 450°C i n order 
to prevent f r o t h i n g over of the m a t e r i a l . During i g n i t i o n 
very voluminous s w e l l i n g takes place accompanied by c r u s t 
formation. Great care i s r e q u i r e d at t h i s stage of the pro
cedure. The temperature was maintained a t 4500(3. from s i x 

# - 37.5 grams of MgN03 i n 250 ml. of HgO. 
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to eight hours, depending upon how lo n g i t took to d r i v e 
o f f the carbon. The dige s t e d m a t e r i a l was then taken w i t h 
a 1:1 s o l u t i o n of HC1, f i l t e r e d , and made up to 850 ml. A 
100 ml. a l i q u o t was drawn o f f and a 10% s o l u t i o n of BaClg 
was used to p r e c i p i t a t e the sulphur as BaSO^. Sulphur was 
determined as o/o of oven dry weight. 

EXPERIMENTAL RESULTS: 
A. P r e s e n t a t i o n of data f o r p r o t e i n and sulphur. 

(1) P r o t e i n and sulphur averages f o r a l l s t a t i o n s by 
years and v a r i e t y expressed as percent dry weight. 
Tables I , I I and I I I . 

(2) P r o t e i n and sulphur averages f o r a l l s t a t i o n s by 
geographical areas* Table 17.. 

(3) P r o t e i n and sulphur averages by years only. 
Table V. ' 

B* A n a l y s i s of r e s u l t s f o r p r o t e i n and sulphur, 
( l ) A n a l y s i s of variance by years f o r sulphur. 

Tables VI, V I I and V I I I , 
(a) A n a l y s i s of varianoe by years f o r p r o t e i n . 

Tables IX, X, and X I . 
(3) C o r r e l a t i o n analyses: P r o t e i n and Sulphur 

Table X I I . 

a 
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TABLE I 
SULPHUR AND PROTEIN MEANS FOR 1934 BY  

VARIETIES AT 7 STATIONS. 

MARQUIS GARNET  

STATION % SULPHUR^ g PROTEIN SULPHUR $ PROTEIN 

QUESNEL: ,186 + .001 14,0 ,177 i ,000 13,0 
NORTH NEWLANDS: .178 ,003 11.6 '.166 ,001 10,6 

SMITHERS: .190 .099 11,0 .201 .000 12.6 

KAMLOOPS: .158 .016 9.4 .151 * .001 9,8 

ROOK CREEK: .161 £ .002 17,3 • 162 .005 16,4 

CRANBROOK: .213 .005 16.9 .216 .019 16,5 
U.B.C. .196 ± .098 13.1 .168 + mm ,065 12.4 

# - Averages acoompanied by t h e i r standard e r r o r s . 
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TABLE I I 
SULPHUR AND PROTEIN MEANS FOR 1935 BY  

VARIETIES AT 10 STATIONS. 

MARQUIS GARNET 
STATION % SULPRURf % PROTEIN % SULPHUR % PROTEIN 
QUESNEL: .173 ± .000 11.6 ,163 ± .000 11,6 

DEWEY: .177 .012 13.7 .185 t .000 12,9 
VANDERHOOF: .208 + .000 16*5 .183 ,000 15.6 
STREATHAM: .215 .001 11,3 .198 .013 11.4 
SMITHERS: .200 ± .000 11.6 .177 i .000 10*9 
QUICK STATION; .177 .002 10,5 .167 , 022 10.9 
KAMLOOPS: .178 ± ,000 12.3 .171 .011 11,8 
ROCK CREEK: .167 •t ,002 17,5 .172 .009 16,6 

CRESTON: .184 .008 13.9 .190 1 ,013 13*2 
CRANBROOK: .213 + .011 16.1 .226 .000 16.2 

# - Averages acoompanied by t h e i r standard e r r o r s * 
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TABLE I I I 
SULPHUR AND PROTEIN MEANS FOR 1936 BY  

VARIETIES AT 6 STATIONS. 

MARQUIS 
• 

GARNET 

STATION # SULPHUR# £ PROTEIN <b SULPHUR $ PROTEIN 
NORTH NEWLANDS: .159 i .000 10.3 .161 ± .002 10,0 
DEWEY: ,157 £ .000 9i 5 ,153 t .002 11,7 
VANDERHOOF: .188 - .023 15,4 ,205 i .000 14.8 
QUICK STATION: .180 * .016 10,6 .187 1 .071 10,8 
CRESTON: .180 * .000 10.8 ,186 .039 11.0 
U.B.C. .161 t ,002 12.2 _ .» 11.2 

# ~ Averages accompanied by t h e i r standard e r r o r s . 
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TABLE 17  
PROTEIN AND SULPHUR MEANS FOR  

ALL STATIONS BY GEOGRAPHICAL AREAS 

MARQUIS GARNET  
STATION YEAR $ SULPHUR# $ PROTEIN % SULPHUR % PROTEIN 
NORTHERN INTERIOR 
QUESNEL: 1934 .188 t .001 14,0 .177 i .000 13.0 

1935 .167 .000 11,6 .163 t .000 11.6 
N. NEWLANDS: 1934 .178 Jt .003 11.6 .166 t .001 10.6 

1936 *159 .000 10*3 .161 £ .002 10.0 
DEWEY: 1935 .177 * ,012 13.7 .185 £ .000 12*9 

1936 .157 • 000 9.5 *153 .002 11*7 
VANDERHOOF-: 1935 .208 .000 16.5 .183 £ .000 15*6 

1936 .188 £ .023 15.4 • 205 ± .000 14.8 
STREATHAM: 1935 .215 £ .001 11.3 • 198 £. .013 11.4 

1936 .188 £ .002 .168 Jt .001 
SMITHERS: 1934 • 190 X .099 11.0 *201 > .000 12*6 

1935 ,200 •f 
mm- .000 11.6 *177 £ .000 10.9 

QUICK STATION: 1935 .176 £ .002 10.5 *167 + .022 10.9 
1936 ,180 £ .016 10.6 *187 £ .071 10*8 

SOUTHERN INTERIOR 

KAMLOOPS: 1934 .158 t .016 9,4 .151 ± .001 9.8 
1935 .178 .000 12.3 .171 £ .011 11.8 

ROCK CREEK: 1934 .161 £ .002 17*3 .162 .005 16.4 
1935 ,167 .002 17.5 .172 ,009 16.6 

KOOTENAY 
ORESTON: 1935 .184 .008 13*9 .190 £ • 013 13*2 

1936 .186 £ .000 10*8 • 186 .039 11.0 
CRANBROOK: 1934 .213 .005 16*9 .216 1 • 019 16.5 

1935 ,213 £ • O i l 16.1 • 226 .000 16.2 
COAST 
U.B.C. 1934 .197 ± .098 13.1 .168 t .065 12*4 

1936 .161 • 002 12.2 11.2 

# - Averages accompanied by t h e i r standard e r r o r s . 
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TABLE V 
PROTEIN AND SULPHUR AVERAGES 

BY YEARS ONLY. 

YEAR VARIETY 1 1 SULPHUR# % PROTEIN 
Mean Range Mean Range 

1934 
1934 

Marquis 
Garnet 

.184 

.177 
t .007 
± ,008 

.055 
,065 

13.33 
13.04 

7.9 
6.7 

1935 
1935 

Marquis 
Garnet 

.189 

.183 
* .008 
± .006 

.048 

.063 
13.5 
13.1 

7.0 
5,7 

1936 
1936 

Marquis 
Garnet 

.172 

.178 
* .052 
i ,071 

.031 

.052 
11.5 
11.7 

5,9 
4.8 

# - Averages aoeompanied by t h e i r standard e r r o r s . 
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TABLE VI 

AVERAGE SULPHUR AT 7 STATIONS - 1934. 
(VARIETIES TWO; DUPLICATE DETERMINATIONS;) 

STATIONS' 

KAMLOOPS 

ROCK CREEK 
NORTH NEWLANDS 
QUESNEL 
U.B.C. 
3MITHERS 
CRANBROOK 

Average sulphur 
over two v a r i e t i e s 

io dry wt. 

.1548 

.1615 

.1718 

.1823 

.1830 

.1975 

.2148 

ANALYSIS OP VARIANCE: 

Source of Sum of Mean Ca l c u l a t e d Tabled "P" 
V a r i a t i o n Squares D.P. Squares @ p = 

T o t a l .01276 27 
S t a t i o n s .00995 6 .00166 1 6 # 2.92 
V a r i e t i e s .00030 1 •00030 mm 4,6 
S t a t i o n s and 

V a r i e t i e s .00105 6 .00017 mm 2.92 
E r r o r .00146 14 .00010 

- Minimum d i f f e r e n c e between sulphur means r e q u i r e d 
f o r s i g n i f i c a n c e ±" .015$ 



TABLE V I I 
AVERAGE SULPHUR AT 10 STATIONS - 1935 
(VARIETIES TWO; DUPLICATE DETERMINATIONS;) 

Average Sulphur 
over two v a r i e t i e s 

STATIONS $ dry wt. 

ROCK CREEK * 1694 
QUESNEL .1716 
QUICK STATION .1714 
KAMLOOPS .1749 
DEWEY .1824 
GRESTON .1865 
SMITHERS .1888 
VANDERHOOF .1951 
STREATHAM .2065 
'CRANBROOK . 22:01 

ANALYSIS OF VARIANCE 

Source of 
V a r i a t i o n 

Sum of 
Squares D.F. 

, Mean 
Squares 

C a l c u l a t e d Tabled "F" 
«F" 0 p = .05-

T o t a l .01315 39 ... : 

* 

S t a t i o n s .00992 9 .00110 7.* 2.35 
V a r i e t i e s .00001 1 .00001 -
S t a t i o n s and 
V a r i e t i e s ,000207 9 .000023 mm 

E r r o r .00301 20 .00015 

- Minimum d i f f e r e n c e between sulphur means required 
f o r s i g n i f i c a n c e 2" .016 



TABLE V I I I  
AVERAGE SULPHUR AT 6 STATIONS - 1956 

(VARIETIES TWO; DUPLICATE DETERMINATIONS) 

STATIONS 
Average Sulphur 
over two v a r i e t i e s 

% dry wt.  

DEWEY .1549 
NORTH NEWLANDS .1601 
STREATHAM ' .1749 
QUICK STATION .1851 
CRESTON .1862 
VANDERHOOF .1964 

ANALYSIS OF VARIANCE 

Source of 
V a r i a t i o n 

Sum of 
Squares D.F. 

Mean 
Sauares 

C a l c u l a t e d Tabled'^" 
"F" m p = .05. 

T o t a l .00971 23 
-

S t a t i o n s .00505 5 .00101 3,3^ 3*11 
V a r i e t i e s ,00001 1 .00001 mm 

S t a t i o n s and 
V a r i e t i e s .00052 5 . .00010 -
E r r o r .00410 12 .0003 

..• - Minimum d i f f e r e n c e between sulphur means req u i r e d 
f o r s i g n i f i c a n c e ^".024 
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ANALYSIS OF VARIANCE BY YEARS FOR SULPHUR: 
Prom an a n a l y s i s of va r i a n c e by years f o r sulphur, 

the f o l l o w i n g statements can be made: 
(1) The sulphur determinations made i n the l a b o r a t o r y 
have been made with acceptable " r e p e a t a b i l i t y " . Substan
t i a t i o n of t h i s statement i s found i n the low values f o r 
experimental e r r o r given i n the s e v e r a l analyses of varianoe 
l i s t e d i n Tables VI, VII andVIII. 

(2) The averages are, t h e r e f o r e , a c c e p t a b l y r e p r e 
s e n t a t i v e of the sulphur content of the given wheat v a r i e t i e s , 
at given s t a t i o n s , and i n given years. 
(3) Thus, i t f o l l o w s that d i f f e r e n t s t a t i o n s may be 
c h a r a c t e r i z e d a c c o r d i n g to the sulphur content of the wheats 
grown there. Some s t a t i o n s may be c h a r a c t e r i z e d , e.g. Rock 
Creek, as a "low sulphur" s t a t i o n i n 1934, w h i l e Cranbrook 
may be c h a r a c t e r i z e d as a "high sulphur" s t a t i o n i n the same 
year* The s t a t i s t i c a l s i g n i f i c a n c e of these observations i s 
e s t a b l i s h e d i n the h i g h l y s i g n i f i c a n t F valu e s " f o r s t a t i o n s " . 
(4) Garnet and Marquis wheats do not d i f f e r a p p r e c i a b l y 
i n sulphur content i n any given year* Small d i f f e r e n c e s 
observed cannot be e s t a b l i s h e d as s t a t i s t i c a l l y s i g n i f i c a n t 
( v i z , the low P values " f o r v a r i e t i e s " ) • One can, t h e r e f o r e , 
conclude that the p r o v i n c i a l average f o r sulphur f o r Garnet 
i s not ap p r e c i a b l y d i f f e r e n t from that f o r Marquis. 

(5) Furthermore, Marquis and Garnet, p o s s i b l y because 
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of s i m i l a r h e r e d i t y , behave w i t h remarkable u n i f o r m i t y i r 
r e s p e c t i v e of s t a t i o n , i n regard to t h e i r sulphur content. 
When at i n d i v i d u a l s t a t i o n s , Marquis tends to be h i g h i n 
sulphur, so does Garnet ( v i z , the low f i r s t order i n t e r a c t i o n 
of s t a t i o n s and v a r i e t i e s ) . 
(6) While the data by y e a r s l a c k s a c e r t a i n homogeneity 
d e s i r a b l e f o r p r e c i s e s t a t i s t i c a l i n t e r p r e t a t i o n i t can be 
s a i d i n a p p r a i s a l of a l l data f o r a l l years: t h a t , i n s p i t e 
of marked f l u c t u a t i o n s i n sulphur i n response to season, the 
r e l a t i v e performance at a l l s t a t i o n s i s remarkably constant. 
C e r t a i n , stations,, over a l l seasons, appear to be char
a c t e r i s t i c a l l y "low" i n sulphur and c e r t a i n s t a t i o n s "high" 
i n sulphur* 
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TABLE IX 

AVERA&E PROTEIN AT 7 STATIONS - 1954 
(TWO VARIETIES; TRIPLICATE SAMPLES) 

Average p r o t e i n 
over two v a r i e t i e s 

STATIONS % dry wt.  
KAML003PS 9.6 
NORTH NEWLANDS 11.1 
QUESNEL 11.6 
SMITHERS - 11.6 
U.B.C* • 12.8 
CRANBROOK 16.7 
ROCK CREEK 16.8 

ANALYSIS OP VARIANCE: 

Source of Sum of Mean C a l c u l a t e d Tabled "F" 
V a r i a t i o n Squares D.F. Squares "F" ® p s .05 

T o t a l 401*2 41 
S t a t i o n s 280.62 1 46.77 11.6# 2.44 
V a r i e t i e s .19 6 1,54 
V a r i e t i e s . 
and S t a t i o n s 8*09 6 1.54 -
E r r o r 112.50 28 4.01 

Minimum d i f f e r e n c e between s t a t i o n means to e s t a b l i s h 
s i g n i f i c a n c e ̂ 2.' 
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11 ABLE X 

.AVERAGE PROTEIN AT 10 STATIONS - 1935 
(TWO VARIETIES; TRIPLICATE SAMPLES) 

STATIONS 
Average p r o t e i n 

over, two v a r i e t i e s 
% dry wt. 

QUICK STATION 10.7 
SMITHERS 11.2 

1 STREATRAM 11*3 
QUESNEL 11.6 
KAMLOOPS 12.0 
DEWEY" 13*3 
CRESTON 13*5 
VANDERHOOF 16*0 
GRANBROOK 16.1 
ROCK CREEK 17*0 

ANALYSIS OF VARIANCE: 
Source of 
V a r i a t i o n 

Sum of 
Squares D.F. 

Mean 
Squares 

C a l c u l a t e d 
HJjlt t 

T o t a l 315,66 59 
-

S t a t i o n s 294,52 9 32.72 80.1^ 
V a r i e t i e s 2,4 1 2,4 6.0 
V a r i e t i e s 
and S t a t i o n s 3.03 9 • 33 ,8 
E r r o r 15.71 40 • 4 

P r .05 

3.23 
4*07 

3*23 

Minimum d i f f e r e n c e between s t a t i o n means to e s t a b l i s h 
s i g n i f i c a n c e t . 7 6 % 



TABLE £1, 
AVERAGE PROTEIN AT 5 STATIONS - 1956 
(TWO VARIETIES; TRIPLICATE SAMPLES) 

Average p r o t e i n 
over two v a r i e t i e s 

STATIONS % dry wt. 
NORTH NEWLANDS . 10*0 
DEWEY 10*6 
.QUICK STATION 10*7 
CRESTON 10.9 
VANDERHOOF 15.1 

ANALYSIS OF VARIANCE: 

Source of Sum of Mean C a l c u l a t e d Tabled "F" 
V a r i a t i o n Squares D.F. Squares "F" @ p = .05-
T o t a l 115*65 29 
S t a t i o n s 78*95 4 19.75 15*88 4.94 
V a r i e t i e s .83 1 .85 
V a r i e t i e s 
and S t a t i o n s 7.46 4 1.86 
E r r o r 28.45 20 1.42 

Minimum d i f f e r e n c e between s t a t i o n means to e s t a b l i s h 
s i g n i f i o a n o e * 1.4% 
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ANILYSIS OF ¥ARIANCE FOR PROTEIN BY YEARS: 

From an a n a l y s i s of v a r i a n c e by years f o r p r o t e i n * 
the f o l l o w i n g statements can be made: 
(1) V a r i a t i o n between r e p l i c a t e s f o r any given v a r i e t y 
at a given s t a t i o n , as expressed i n p r o t e i n v a r i a b i l i t y , i s 
s m a l l . I t can be s a i d , t h e r e f o r e , that the average p r o t e i n 
values c h a r a c t e r i z e acceptably both s t a t i o n and v a r i e t y . 
(2) Garnet, and Marquis wheat do not d i f f e r from one 
another a p p r e c i a b l y i n t h e i r p r o t e i n content under c o n d i t i o n s 
of the experiment ( v i z . low F values f o r v a r i e t i e s , Tables 
IX, X and X I ) ; 
(3) S t a t i o n d i f f e r e n c e s are marked. Some s t a t i o n s , 
such as North Newlands and Quick, may be c h a r a c t e r i z e d as 
"low p r o t e i n " s t a t i o n s ; other s t a t i o n s , such as Rock Creek 
and Cranbrook, may be c h a r a c t e r i z e d as "high p r o t e i n " s t a t i o n s . 
The s t a t i s t i c a l s i g n i f i c a n c e of t h i s i s e s t a b l i s h e d i n the 
h i g h l y s i g n i f i c a n t "F" values f o r " s t a t i o n s " . 
(4) The i n t e r a c t i o n "between s t a t i o n s and v a r i e t i e s " 
i s not s i g n i f i c a n t . A c c o r d i n g l y , i t can be s t a t e d that 
Garnet and Marquis, i n respect to p r o t e i n content, tend to 
behave i n a " p a r a l l e l " manner at a l l s t a t i o n s . When Garnet 
i s high i n p r o t e i n at a given s t a t i o n , Marquis a l s o tends 
to be high. 



TABLE X I I 

CORRELATION COEFFICIENTS; PROTEIN AND SULPHUR 

Year V a r i a b l e s * r 

1934 Sulphur to P r o t e i n (Marquis) + .32 
1934 Sulphur to P r o t e i n (Garnet) + .40 
1935 Sulphur to P r o t e i n (Marquis) +•.08 
1935 Sulphur to P r o t e i n (Garnet) + .46 
1936 Sulphur to P r o t e i n (Marquis) + *55 
1936 Sulphur to P r o t e i n (Garnet) + .48 

1934- •36 Sulphur to P r o t e i n (Marquis & Garnet) + .76 
1934- •36 Marquis P r o t e i n to Garnet P r o t e i n -f-,.60 
1934- •36 Marquis Sulphur to Garnet Sulphur' + .82 
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FIGURE 3 
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CORRELATION ANALYSES; PROTEIN AND 3ULPHUR: 

C o r r e l a t i v e s t u d i e s , based' on the data presented 
i n Tables I , I I , I I I , and IV r e v e a l the f o l l o w i n g p o s i t i v e 
c o r r e l a t i o n c o e f f i c i e n t s : 
(1) Between p r o t e i n and sulphur f o r each v a r i e t y 
each year. 
(2) Between p r o t e i n and sulphur over a l l years and 
f o r both v a r i e t i e s . 
(3) Between the sulphur content of the Marquis, and 
the sulphur content of the Garnet wheats. 
(4) Between the p r o t e i n content of the Marquis wheats 
and the p r o t e i n content of the Garnet wheats. 

In a d d i t i o n to c o r r e l a t i o n s t u d i e s , r e g r e s s i o n 
l i n e s have been constructed wherein p r o t e i n content i s 
taken as the independent v a r i a b l e , and the sulphur oontent 
as the dependent v a r i a b l e . Regression l i n e s are drawn f o r 
each v a r i e y each year (Figures 2 and 3) and f o r a l l v a r i e 
t i e s , i r r e s p e c t i v e of seasons (Figure 4 ) . 

From the above information one may conclude: 
(1) In wheat grown i n B r i t i s h Columbia, there i s i n  
general a close r e l a t i o n s h i p between p r o t e i n and sulphur; 
as the p r o t e i n content increases, or decreases, so also 
does the sulphur content. 
(2) The r e g r e s s i o n l i n e s , however, p o i n t to the f a c t 
that the above r e l a t i o n s h i p i s a g e n e r a l i z a t i o n and that 
the r a t i o of sulphur to p r o t e i n may vary widely and s i g -
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n i f i o a n t l y . Henoe, at Cranbrook, both sulphur and p r o t e i n 
are "high", w h i l e at Rock Creek, p r o t e i n i s " h i g h " but 
sulphur i s "low". 

DISCUSSION; 
Beeson ( 6 ) , a p p r a i s i n g a v a i l a b l e assays, g i v e s a 

maximum value of sulphur f o r wheat g r a i n of .29%, a minimum 
value of .10%, and an average value of .18%. The sulphur 
values f o r the twelve s t a t i o n s i n B r i t i s h Columbia f a l l w e l l 
w i t h i n the l i m i t s given by Beeson, the B r i t i s h Columbia 
maximum being .226%, and the minimum .151%. Rock Creek, 
i n the Southern I n t e r i o r , i s r e l a t i v e l y low i n sulphur, and 
i t i s i n t e r e s t i n g to note that g e o g r a p h i c a l l y and. c l i m a t i 
c a l l y t h i s s m a ll area i s r e l a t e d to areas i n the i n t e r i o r of. 
Washington State ( ) known to be d e f i c i e n t i n sulphur. This 
does not mean that sulphur i s l i m i t i n g the growth of wheat 
i n the Rock Creek area, but merely that e i t h e r through im
proper cropping, or due to some innate s o i l d e f i c i e n c y , s u l 
phur i s low i n t h i s area. Successive cropping of the land 
to high sulphur r e q u i r i n g crops, such as a l f a l f a , might 
b r i n g about a d e f i c i e n t c o n d i t i o n * 

At v a r i o u s times sulphur d e f i c i e n c y has been, as 
already mentioned, noted i n the grey ,wooded s o i l s of A l b e r t a 
and B r i t i s h Columbia. In a l l these cases the d e f i c i e n c i e s 
seem to d i r e c t l y l i m i t the growth of legumes, and i n d i r e c t l y 
the growth of c e r e a l s . Again i t appears that wheat grown 
on c e r t a i n grey wooded s o i l s , (Table X I I I ) , probably f a i r l y 



TABLE X I I I 
METEORLOGIOAL AND SOIL DATA BY STATIONS. 

Frost-Free P e r i o d 

S t a t i o n s A l t i t u d e L a t i t u d e 320ji 26°] 
NORTHERN INTERIOR 
QUESNEL: 1750' 53 '00" 102 dys. 144 
PR. GEORGE AREA# 1867* 53 *56" 121 158 
TELQ1A AREA## 2000' 54 '45" 54 125 
VANDERHOOF: 2093' 54 '02" 33 85 
STREATHAM: 2900' 53 '49'' 41 15 
SOUTHERN INTERIOR 
KAMLOOPS: 1159 1 50 '49rt 176 221 
ROCK CREEK: 1992' 49 *04" 101 143 
KOOTENAY 
CRESTON: ' 1989 1 49 '06" 118 173 
CRANBROOK: 3020' 49 '31" 82 148 
COAST 
U.B.C. 45' 49 *16" 229 314 

# -
# -

Includes North Newlands and Dewey. 
Includes Smithers and Quick S t a t i o n . 

o i p i t a t i o n Temp. "Probable" 
Ef f . . 

Index Index S o i l Colour 
" P r o b a b l e " S o i l 

Texture and "Type" 

45 37 Grey . S i l t - A l l u v i a l - Azonal 
59 33 Grey S i l t - L a c u s t r i n e - Podsol 

45 29 Degraded Loam - G l a c i a l T i l l - Podsol 
Black 

39 29 Grey Clay - L a c u s t r i n e - Podsol 
57 26 Degraded Loam - T i l l - Podsol 

• Black 
• 

51 51 L i g h t Brown Fine Loam - Lacustrine-Pedooal 

Tint iHHfc LightrBrown S i l t - Alluvium - Pedocal 

54 42 L i g h t Brown Fine S i l t - Alluvium - Pedocal 

39 37 L i g h t Brown Fine Loam - Al l u v i u m - Pedooal 

134 54 L i g h t Brown Sandy Loam - Outwash - Podsol 

## - Data not a v a i l a b l e . 
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w e l l leached, i n north c e n t r a l B r i t i s h Columbia, notably 
at Dewey and North Newlands, and p o s s i b l y Quesnel, are low 
i n sulphur. This c o n d i t i o n i s probably at best a "border 
l i n e c o n d i t i o n " and as noted p r e v i o u s l y , responses to s u l 
phur, by high sulphur r e q u i r i n g legumes, might be expected 
i n o c c a s i o n a l years i n these areas. 

The p r o t e i n content of the wheats grown at the 
twelve s t a t i o n s f o l l o w expected p a t t e r n s i n response to 
climate and s o i l change. Wheats grown i n north c e n t r a l 
B r i t i s h Columbia, on grey wooded p o d s o l i z e d s o i l s , are i n 
general, low i n p r o t e i n w h i l e wheats grown on the pedocals 
f u r t h e r south are high i n p r o t e i n . 

Wheat, as a s e l f - f e r t i l i z e d crop, shows great 
genetic u n i f o r m i t y w i t h i n any given v a r i e t y . Nevertheless, 
the u n i f o r m i t y of behaviour of Garnet and Marquis a t a l l 
s t a t i o n s , as shown by n o n - s i g n i f i c a n t f a c t o r i n t e r a c t i o n , 
i s unusual, i s Garnet responds i n sulphur and p r o t e i n con
te n t , so a l s o does Marquis. Letham (14) working w i t h 19 
s p r i n g wheat v a r i e t i e s grown at f i v e southern B r i t i s h Colum
bia s t a t i o n s came to s i m i l a r conclusions. An i n t e r e s t i n g 
i m p l i c a t i o n derived from such conclusions, i s t h a t , f o r such 
crops w i t h uniform h e r e d i t y , a c e n t r a l p l a n t .breeding s t a t i o n 
might, knowing c o n d i t i o n s , p r e d i c t the performance of new 
v a r i e t i e s i n the v a r i o u s s e c t i o n s of the P r o v i n c e , 

As shown by Greaves, and Bracken (12) sulphur 
content i n wheat tends to be h i g h l y c o r r e l a t e d w i t h p r o t e i n 
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content, This i s home out i n the present study and i s to 
be expected, since an important f r a c t i o n of wheat p r o t e i n 
contains such sulphur c o n t a i n i n g amino a c i d s as c y s t i n e , and 
methionine. The r e l a t i o n s h i p i s only a general one however, 
since wheat grown at two high p r o t e i n s t a t i o n s i n B r i t i s h 
Columbia, namely Cranbrook and Rock Creek, shows a marked 
d i f f e r e n c e i n sulphur content. At Cranbrook the sulphur con
tent i s high, whereas a t Rock Creek i t i s low. This poses . 
the question as to ( i ) the constancy of the sulphur f r a c t i o n 
i n wheat p r o t e i n and ( i i ) the forms of sulphur i n the wheat 
p l a n t . Greaves and Braoken (12) a l s o noted s i m i l a r but l e s s 
s t r i k i n g r e s u l t s obtained i n wheats grown under s e v e r a l d i f 
f e r e n t c u l t u r a l c o n d i t i o n s . They could not however, aocount 
f o r the "unbalance" i n the sulphate sulphur f r a c t i o n . The 

t 

question may w e l l be asked, does the sulphur f r a c t i o n of wheat 
p r o t e i n change? Are there, on the other hand, forms of s u l 
phur i n the wheat p l a n t about which we know very l i t t l e ? The 
l a t t e r would seem to be more probable, 

SUMMARY; 
Sulphur and p r o t e i n were determined on the g r a i n 

of two v a r i e t i e s of s p r i n g wheat, grown at twelve s t a t i o n s 
i n the province of B r i t i s h Columbia. The s t a t i o n s , i n r e 
p r e s e n t i n g the p r i n c i p a l a g r i c u l t u r a l areas of the Pro v i n c e , 
a l s o presented a broad l a t i t u d i n a l a r r a y of s o i l and o l i m a t i o 
types. The average sulphur, ranged from a high of ,226% a t 



one s t a t i o n to a low of .151% at another s t a t i o n ; the p r o t e i n 
content ranged from 17*6% to 9.4%. Nowhere were the l e v e l s 
of sulphur so low that support was obtained f o r the b e l i e f 
that wheat production might be l i m i t e d by i t s d e f i c i e n c y * 
The p r o t e i n content followed expected trends i n response to 
changes i n s o i l and c l i m a t e . A h i g h l y s i g n i f i c a n t c o r r e l a 
t i o n , * , 76, was found to e x i s t between t o t a l sulphur and 
p r o t e i n of the wheat. 
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SELENIUM DETERMINATIONS AHP THEIR IMPORTANCE WITH  
SPECIAL REFERENCE TO SELENIUM IN BRITISH 

COLUMBIA WHEATS. 

DISCUSSION: 
For many years the existenoe of a disease of 

animals, p e c u l i a r to c e r t a i n d i s t r i c t s of South Dakota and 
adjacent areas, has been recognized and described as " a l k a l i -
disease". The disease was f i r s t described i n 1856 by a 
United States Army medical o f f i c e r s t a t i o n e d at F o r t Randall 
C a l v a l r y camp, which was then i n Newbraska T e r r i t o r y , but i s 
now i n South Dakota. I t i s of i n t e r e s t to note that he a t 
t r i b u t e d the disease to the pasture, whereas i n l a t e r y e a r s 
the disease was thought to be oaused by the water of the 
area which i s very s a l i n e . 

In horses, c a t t l e , and swine a l k a l i disease mani
f e s t s i t s e l f by a depressed growth r a t e , a l o s s of h a i r 
( p a r t i c u l a r l y i n the oase of mane and t a i l of ho r s e s ) , and 
an abnormal development of hoofs, f o l l o w e d , i n severe cases, 
by the sloughing o f f of o l d hoofs (12). The more severeley 
a l k a l i e d animals d i e or have to be destroyed* In p o u l t r y 
the disease a f f e c t s h a t o h a b l l i t y . 

The South Dakota A g r i c u l t u r a l Experiment s t a t i o n 
i n v e s t i g a t e d water i n the disease areas and found i t to be 
harmless (18). I n 1928, Dr. Franke, s t a t i o n chemist at the 
South Dakota S t a t i o n , began a s e r i e s of i n v e s t i g a t i o n s 
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which d e f i n i t e l y determined the disease to he produced by 
consumption of g r a i n and other v e g e t a t i o n grown upon d e f i n i t e 
s o i l areas (13). He was a l s o able, i n a general way, to 
show the extent of areas i n which t o x i c v e g e t a t i o n grew. 

In March 1931, a co-operative study of the " a l k a l i 
d isease" problem was undertaken which involved the Bureaus 
of Home Economios, Animal Husbandry, P l a n t I n d u s t r y , S o i l s 
and Chemistry. I n the e a r l y stage of t h i s cooperative study 
f l u o r i n e , l i t h i u m and o x a l i c a o id (18.) were considered as 
p o s s i b l e causes of the disease. I n the d i s c u s s i o n s a r i s i n g 
at inter-bureau meetings Dr. H. G. Knight, Chief of the Bureau 
of Chemistry and S o i l s suggested that selenium be i n v e s t i 
gated i n the t o x i c g r a i n from the a f f e c t e d areas. As a r e 
s u l t of t h i s Robinson (26) worked out a method f o r determining 
selenium i n s o i l s and. wheat, and reported the selenium con
tent of the t o x i c g r a i n to be 10-12 p.p.m. 

A p r e l i m i n a r y survey was made i n the summer of 
1931 and a number of s o i l and p l a n t samples were c o l l e c t e d 
and t h e i r selenium content determined (L2). The selenium 
content of the grains and grasses was found to be c o r r e l a t e d 
w i t h s o i l s derived from P i e r r e shale, The disease occurs 
over the e n t i r e area where these s o i l s are developed, but 
i s not evenly d i s t r i b u t e d . 

Working w i t h a r t i f i c i a l l y s e l e n i z e d s o i l s , and 
sound c u l t u r e s Hurd-Karrer was able to produce s e l e n i f e r o u s 
v e g e t a t i o n which was used by Nelson and Mun s e l l to produce 
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t o x i c e f f e c t s i n r a t s (2]). 

In subsequent years important progress was made 
on methods of a n a l y s i s f o r selenium, on i t s p h y s i o l o g i c a l 
r o l e , both i n p l a n t s and i n animals, and on i t s d i s t r i b u t i o n . 
Hurd-Karrer CbS) found that selenium t o x i c i t y was i n h i b i t e d 
by a p p l i c a t i o n s of sulphur, e i t h e r as sulphates or elemen
ta r y sulphur. A r a t i o - of 10 p a r t s of sulphur to 1 p a r t of 
selenium i n h i b i t e d t o x i c i t y of f a i r l y h igh concentrations of 
selenium, Franke and P a i n t e r CL4) l a t e r proved that selenium 
was a s s o c i a t e d w i t h the p r o t e i n f r a c t i o n of the t o x i c g r a i n s * 
Since Selenium resembles sulphur i n i t s chemical p r o p e r t i e s 
they b e l i e v e i t h i g h l y l i k e l y that selenium p a r t i a l l y 're
p l a c e s sulphur i n the c y s t i n e and methionine p o r t i o n s of the 
s e l e n i f e r o u s p r o t e i n molecule. 

s. 

Nelson, Hurd-Karrer, and Robinson (23) reported 
that p l a n t s absorb selenium from the s o i l and become h i g h l y 
t o x i c to animals* Q u a n t i t i e s as s m a l l as 1 p.p.m. of s e l e 
nium when added to the s o i l as sodium selenate, permitted 
t y p i c a l growth and maturation of wheat p l a n t s , w i t h no v i s i b l e 
i n j u r y to the p l a n t s . However, when the g r a i n or straw from 
these p l a n t s was fed to r a t s and guinea-pigs, i t produced 
t o x i c e f f e c t s c h a r a c t e r i z e d by r e t a r d a t i o n i n growth, and 
death occured i n a few weeks. Wheat p l a n t s c o n t a i n i n g 10 

p.p.m, of selenium produced f a t a l i n j u r y and i n many cases 
v i s i b l e l e s i o n s on the l i v e r . I t has been suggested by Byers 
(7) that vanadium and molybdenum (28) may c o n t r i b u t e to the 
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t o x i e i t y of s e l e n i f e r o u s v e g e t a t i o n . 

S c h n e i f e r (88) i n v e s t i g a t e d the t o x i c e f f e c t s on 
r a t s ingested sodium s e l e n i t e incorporated i n a stock r a t i o n . 
He concludes that selenium d i s t u r b s the o x i d a t i o n - r e d u c t i o n 
r e a c t i o n s i n whioh sulphur normally p l a y s an important 
p a r t , P o t t e r and Elvehjem (84) showed that the r a t e of oxygen 
uptake by yeast was reduced to o n e - f i f t h when sodium s e l e n i t e 
was added to a medium of glucose, mannose, or f r u c t o s e . 

The selenium content of p l a n t s grown upon s e l e n i 
ferous s o i l s depends upon s e v e r a l f a c t o r s ( 2 ) , only one of 
which i s the t o t a l amount of selenium present. The form of 
the selenium i s a l s o important. I t appears t h a t i n the 
n a t u r a l sequence of s o i l formation from s e l e n i f e r o u s rocks, 
"oonverter" p l a n t s such as A s t r a g a l u s , A s t e r , and others 
possess the f a c u l t y of absorbing compounds of selenium 
which are not a v a i l a b l e to grasses, i n c l u d i n g wheat. When 
these p l a n t s die and decay they r e t u r n to the s o i l forms of 
selenium compounds which are a v a i l a b l e to the grasses. Thus, 
these "converter" p l a n t s p l a y an important r o l e i n the s e l e -
nium problem, and areas which produce t o x i c crop p l a n t s are 
g e n e r a l l y i n f e s t e d w i t h "converter" p l a n t s ( 4 ) . 

Treiease and M a r t i n (88) i n t h e i r review of the 

selenium problem up to 1936 r e l a t e the e a r l y experiences 

w i t h t o x i c loco weeds and the erronious assumptions con

cerning the r o l e of a l k a l i s i n loco p o i s o n i n g . Couch 00) 

has a t t r i b u t e d the cause of looo p o i s o n i n g to an organic 
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n i t r o g e n compound. A f t e r f i n d i n g appreciable amounts of 
selenium i n "Crazyweed" or "locoweed", Byers (8) suggests 
that selenium may be a f a c t o r i n loco poisoning. 

Chemical analyses of " i n d i c a t o r " p l a n t s have shown 
that, selenium i s widely d i s t r i b u t e d i n the s o i l s of the 
United S t a t e s (9 ) and Canada. "Plants such as A s t r a g a l u s , 
A s t e r and Loco Weed (Oxytropis i a m b e r t i i ) , each of which 
have been found elsewhere to contain t o x i o amounts of s e l e 
nium, are commonly found among range p l a n t s i n B r i t i s h 
Columbia (6). Since selenium i n r e l a t i v e l y s m all amounts 
i s t o x i c to animals (15), some inf o r m a t i o n oh the d i s t r i b u t i o n 
of t h i s element i n B r i t i s h Columbia s o i l s and forage would 
be of value. Beath et. a l . (4) have c l a s s i f i e d wheat as an 
"intermediate" i n d i c a t o r crop on the b a s i s of experiments 
which have shown wheat to absorb more selenium from s e l e n i -
ferbus s o i l s than grasses, but l e s s than " s t r o n g " i n d i c a t o r 
p l a n t s such as As t r a g u l u s . The wheat samples obtained by 
Br. Moe ( i b i d ) , grown as they were i n the major a g r i c u l t u r a l 
areas of the P r o v i n c e , o f f e r e x c e l l e n t m a t e r i a l w i t h which 
to conduct a . p r e l i m i n a r y i n v e s t i g a t i o n of the d i s t r i b u t i o n 
and r e l a t i v e concentration of selenium i n the s o i l s of 
B r i t i s h Columbia. 
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SELENIUM: METHOD OF ANALYSIS.. 

A MODIFICATION BY DULLY & BYERS Off THE PROOEDURE  
DEVELOPED BY ROBINSON ET AL (25). 

P l a c e 10-80 grams of ground m a t e r i a l i n a 400 to 
600 ml. beaker and oover with 150-200 mis, of concentrated 
HNO3 (Sp. Or. 1,42). Allow to stand at room temperature 
f o r 2-3 hours and s t i r v i g o u r o u s l y at i n t e r v a l s . ' Add 50 mis, 
of H2O2 (30$ by wt.) and a l l o w the mixture to stand over
n i g h t . I f f r o t h i n g occurs on a d d i t i o n of Hg02, foaming 
over may be prevented by vigorous s t i r r i n g . A f t e r standing 
overnight the mixture i s warmed s l o w l y on a. steam bath 
u n t i l f r o t h i n g ceases, a f t e r which 50 mis. more of K g 0 2 are 
added, together w i t h 20 mis. of concentrated H2SO4. The 
mixture i s then evaporated to almost complete dryness on a. 
steam bath or hot p l a t e . The cooled, b l a c k paste i s then 
t r e a t e d w i t h 100 mis. of HBr (45$ HBr) to which has been 
added s u f f i c i e n t Br to make the mixture deep y e l l o w i n 
co l o u r , The m a t e r i a l i s then t r a n s f e r e d to a 500 ml. 
round bottomed d i s t i l l a t i o n f l a s k . Apply heat g e n t l y . 
One or two grams of bromine should d i s t i l l over i n the f i r s t 
few mis. of d i s t i l l a t e . I f i n s u f f i c i e n t bromine has been 
added to produce t h i s q u a n t i t y of bromine i n the d i s t i l l a t e 
more bromine must be added. A s l i g h t excess of bromine i s 
not harmful, but too much bromine i s to be avoided because 
of the formation of excess H2SO4 l a t e r . When the danger 
of f r o t h i n g i s passed, apply more heat and o o l l e c t 30-50 
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mls. of d i s t i l l a t e . Make a second and even a t h i r d d i s t i l 
l a t i o n w i t h i n t e r v e n i n g a d d i t i o n s of HBr and Br, unless i t 
i s c e r t a i n from experience that a l l the selenium i s i n the 
f i r s t d i s t i l l a t e . 

Remove the d i s t i l l a t e and pass i n SOg u n t i l the 
ye l l o w colour due to the Br i s discharged. Add 0.25 to 0.5 
grams of hydroxylamine h y d r o c h l o r i d e ; stopper the f l a s k 
l o o s e l y and put on a steam bath f o r one hour; a l l o w to stand 
overnight, at room temperature. I f selenium i s present i t 
w i l l appear as a c h a r a c t e r i s t i c p i n k or red p r e c i p i t a t e . I f 
much selenium i s present i t w i l l t u rn black. 

R e p r e o i p i t a t i o n i s necessary to f r e e the p r e c i p i 
t a t e from s e n s i b l e q u a n t i t i e s of i m p u r i t i e s . 

C o l l e c t the p r e c i p i t a t e d selenium on an asbestos 
pad i n a p o r c e l a i n c r u c i b l e , and wash s l i g h t l y - w i t h HBr con
t a i n i n g a l i t t l e hydroxlamine hydroohloride. D i s s o l v e the 
selenium on the asbestos pad by passing through 10 to 15 mis. 
of a s o l u t i o n c o n t a i n i n g 1 p a r t of Br to 10 p a r t s of HBr. 
I f the q u a n t i t y i s sm a l l and to be determined c o l o u r i m e t r i -
c a l l y , wash i n t o a 25 ml. measuring f l a s k . I f the q u a n t i t y 
i s l a r g e and to be determined c o l o u r i m e t r i c a l l y , wash i n t o 
a 50 ml. measuring f l a s k from whioh a s u i t a b l e a l i q u o t may 
be drawn f o r o o l o u r i m e t r i o comparison. Large q u a n t i t i e s of 
selenium (greater than .1 mg.), may be determined g r a v i -
m e t r i c a l l y . Add 1 ml. of a s o l u t i o n c o n t a i n i n g 5% gum ar a b i o 
and p r e c i p i t a t e the selenium by adding SO2 and hydroxylamine 



h y d r o c h l o r i d e . 
Selenium oontent may he determined by a photo

e l e c t r i c colourimeter, or by comparison w i t h standard s o l u 
t i o n s . Standard s o l u t i o n s of known amounts of selenium are 
prepared i n the manner o u t l i n e d above f o r r e p r e c i p i t a t i o n . 
Colour comparisons are most accurate when the c o n c e n t r a t i o n 
of selenium i s between 0.01 and 0.1 mg. 
REAGENTS: 

The f o l l o w i n g s p e c i a l reagents are r e q u i r e d f o r 
selenium determinations. A l l reagents must be f r e e from 
selenium. Blank determinations should be made on a l l r e 
agents. 
1. HBr (40-48%), oapable of being d e c o l o u r i z e d w i t h SOg. 

2. Bromine. 
3. A s o l u t i o n of 1 p a r t of Br to 10 p a r t s of HBr. 
4. Hydroxylamine h y d r o c h l o r i d e . 
5. SOg as a compressed gas i n a c y l i n d e r . 
6. 5% s o l u t i o n . o f gum a r a b i o i n HgO. 

7. A suspension of asbestos which w i l l not loose weight 
when washed w i t h s t r o n g HBr. 

8. An a l l g l a s s d i s t i l l a t i o n apparatus w i t h t h i s t l e tube 
i n t o a 500 ml. round bottom d i s t i l l a t i o n f l a s k . 
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