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ABSTRACT 
A survey was undertaken to determine the manganese 

status of some of the more important s o i l associations of 
B r i t i s h Columbia. Three fractions of s o i l manganese, t o t a l , 
available and hydroquinone reducible were determined i n the 
surface and parent materials of 45 uncultivated s o i l pro­
f i l e s . 

The standard colorimetric procedure as described 
by Sandell was used for the determination of t o t a l manganese, 
with certain modifications introduced which made i t es­
p e c i a l l y suited f o r use with s o i l . Available manganese was 
estimated by replacement with ammonium acetate and the 
hydroquinone reducible f r a c t i o n , using the same reagent with 
a 0,2% hydroquinone solution added. 

The t o t a l manganese content of the samples was 
found to range from 0.007$ to 0.494$. These values compared 
favorably with those reported for the s o i l s of the United 
States, but proved to be somewhat higher than the values 
recorded for the s o i l s of A u s t r a l i a . When the t o t a l mangan­
ese values obtained were compared by regions, the samples 
from the Lower Fraser Valley and Vancouver Island were 
generally highest and those from the Peace River Area lowest 
i n manganese content. The samples from the Central I n t e r i o r , 
Okanagan Valley, Rocky Mountain Trench and Kootenays were 
generally intermediate i n t o t a l manganese content. 

The available and hydroquinone reducible manganese 
content of the samples proved to be high also as compared to 



ABSTRACT - Cont. 
values reported from other countries* 

The high values generally obtained for total, 
available and hydroquinone reducible manganese indicate 
that most soils in British Columbia are adequately supplied 
with this element* In fact, the indescriminate use of 
manganese f e r t i l i z e r s might prove detrimental by increasing 
naturally high levels of available manganese to a point 
where i t would prove harmful to plant growth. 

Soils deficient in manganese for normal plant 
growth may occur in British Columbia. If such is the case, 
i t i s to be expected that the deficiency would be 
associated with such conditions as alkaline s o i l reaction, 
excessive use of lime, organic matter depletion and ion 
interference. Should manganese deficiency be suspected 
in a s o i l a very careful study of the condition should be 
made before manganese f e r t i l i z a t i o n i s recommended. 
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THE DISTRIBUTION OF MANGANESE IN BRITISH COLUMBIA SOILS 

INTRODUCTION 

The occurrence and d i s t r i b u t i o n i n s o i l s o f such 

elements as copper, boron, c o b a l t , z i n c and manganese i s 

being given i n c r e a s i n g a t t e n t i o n . T h i s maybe a t t r i b u t e d 

to the growing r e c o g n i t i o n of the important r o l e s p l a y e d 

by these elements i n p l a n t and animal metabolism. 

The i n v e s t i g a t i o n o f manganese i n s o i l s and p l a n t s 

s t a r t e d with the work of Scheele (38) who i n 1774 de t e c t e d 

i t i n the ash r e s i d u e s of p l a n t s . I t was not u n t i l n e a r l y 

one hundred years l a t e r t h a t Sachs (36) i n 1864 undertook 

the f i r s t study o f the r o l e of manganese i n p l a n t growth. 

Although Sachs was a p p a r e n t l y unable to s a t i s f y h i m s e l f as 

to the n e c e s s i t y o f manganese to p l a n t requirements, i n 

a l l h i s l a t e r experiments manganese was added to ensure i t s 

presence i n the c u l t u r e medium. The l a t e r work of 

Bertrand (2) i n 1897, Brenchley (3) i n 1914, and McHargue 

(28) i n 1922 demonstrated the e s s e n t i a l r o l e of manganese 

i n p l a n t growth. 

The r e c o g n i t i o n o f the important r o l e played by. 

manganese i n p l a n t growth prompted many s t u d i e s of i t s 

occurrence and d i s t r i b u t i o n i n s o i l s , and manganese d e f i c i -
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e n c i e s have been r e p o r t e d from v a r i o u s p a r t s o f the w o r l d . 

From time to time s u g g e s t i o n s have been made t h a t some 

of the s o i l s o f B r i t i s h Columbia may be d e f i c i e n t i n t h i s 

e lement . S i n c e no s tudy of the manganese content o f the 

s o i l s o f t h i s p r o v i n c e has been made, i t was f e l t t h a t 

an attempt shou ld be made to i n v e s t i g a t e the manganese 

s t a t u s o f some of the s o i l s o f B r i t i s h C o l u m b i a . I t was 

t h i s f a c t t h a t prompted the p r e s e n t s t u d y . 

REVIEW OF LITERATURE 

P r o p e r t i e s o f Manganese: 

Manganese i s a b r i t t l e non-magnet ic m e t a l w h i c h , l i k e 

i r o n , can be hardened by a l l o y i n g w i t h c a r b o n . I t has a 
o 

s p e c i f i c g r a v i t y o f 8, me l t s at 1225 C . and b o i l s at 

o 

1900 C. I t i s e a s i l y o x i d i s e d and-decomposes water w i t h 

the l i b e r a t i o n o f hydrogen gas a t a t emperature o n l y 

s l i g h t l y h i g h e r than room t e m p e r a t u r e . The meta l i s e a s i l y 

d i s s o l v e d i n d i l u t e m i n e r a l a c i d s and even i n d i l u t e 

a c e t i c a c i d (25). 

Manganese behaves much l i k e most amphoter ic e l ements ; 

i n many o f i t s r e a c t i o n s i t behaves as a b a s e , w h i l e i n 

o t h e r s i t a c t s as an a c i d . I t forms many o x i d e s o f 

d e f i n i t e c o m p o s i t i o n some o f which are b a s i c , e . g . mang-

anous ox ide (MnO), mangano-manganic o x i d e (Mn-0.) (25). 



The a c i d i c o x i d e s a r e : manganese t r i o x i d e (MnO^), 

manganese heptox ide (MnO^). The a c t i o n o f h y d r o c h l o r i c 

a c i d on manganese d i o x i d e b r i n g s about the l i b e r a t i o n o f 

c h l o r i n e (25). 

4HC1 + MnO = MnCl • 2H 0 + CI s u l f u r i c 

a c i d b r i n g s about the l i b e r a t i o n o f m o l e c u l a r oxygen. 

2MnO„ + 2H SO, - 2MnS0. • 2H o 0 • 0 „ 
2 2k" 4 2 2 

The two r e a c t i o n s g i v e n above i n d i c a t e the s l i g h t b a s i c 

na ture o f manganese d i o x i d e . 

Manganese w i l l combine to form double s a l t s 

( M n C l , , 2 K C l ) f " c o m p l e x s a l t s ( K _ M n C l , ) . Manganic s u l f a t e 4 * o 

i s formed by the a c t i o n o f c o n c e n t r a t e d s u l f u r i c a c i d on 

manganese d i o x i d e i n the presence o f heat (25) (42). 

2Mn0 2 • 6 h
2

S 0 4 * h e a t = 2 M n 2 ( S 0 4)3 • 6H 20 + 0 2 

Manganese d i o x i d e when h y d r o l y s e d and t r e a t e d wi th a l k a l i 

s o l u t i o n s w i l l form a lums, e . g . ( M t i 2 ( S 0^)3 . K 2 S 0 ^ . 2 4 H 2 0 ) . 

Manganese M i n e r a l s : 

A c c o r d i n g to T r e a d w e l l - H a l l (42) the most i m p o r t a n t 

manganese b e a r i n g m i n e r a l s are p y r o l u s i t e ( M n 0 2 ) , p o l i a n i t e 

( M n 0 2 ) , b r a u n i t e ( M n 2 0 ^ ) , magnet i te ( H M n 0 2 ) , hausmannite 

(Mn 0 , ) , and r h o d o c h r o s i t e ( M n C 0 o ) . T h i s a u t h o r s t a t e s 
j 4 3 

t h a t p y r o l u s i t e i s the r i c h e s t source o f manganese, the 
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p u r e r samples b e i n g as much as 50% by weight manganese. He 

a l s o makes ment ion o f Wad, an impure mix ture o f o x i d e s which 

i s found i n l o w - l y i n g , damp a r e a s . 

In a d d i t i o n to the m i n e r a l s mentioned above Dana (4) 

has r e c o r d e d i n some d e t a i l a l i s t o f the manganese c o n ­

t a i n i n g ores and r o c k s . 

U n t i l r e c e n t l y v e r y l i t t l e attempt has been made to 

i d e n t i f y the a c t u a l na ture of the manganese m i n e r a l s occurring 

i n s o i l s . However, i t seems l i k e l y t h a t the more r e s i s t a n t 

o f the m i n e r a l s ment ioned , t o g e t h e r w i t h v a r i o u s m o d i f i e d 

forms , p e r s i s t . 

In r e c e n t s o i l s t u d i e s c a r r i e d out i n E n g l a n d H e i n t z e 

and Mann (13) e x t r a c t e d s o i l free o f t h e i r manganese u s i n g 

sodium Buexametaphosphate. I t was noted t h a t most , i f not 

a l l , of the manganese p r e s e n t was e x t r a c t e d u s i n g t h i s r e ­

agent . Known amounts o f manganese m i n e r a l s - hausmannite 

(Mn 0 ) , magnet i te (HMnO ) and manganese o x i d e (Mn : ?0, a.XH o0) 3 4 * <• i £ 
were then added to the s o i l s ; t h e s e , t o o , were c o m p l e t e l y 

e x t r a c t e d by the phosphate s o l u t i o n . In the study of the 

phosphate e x t r a c t H e i n t z e and Mann (13) conc luded t h a t 

a l k a l i n e e x t r a c t s c o n t a i n e d d i v a l e n t manganese" d that i n 

n e u t r a l s o l u t i o n o f the phosphate e x t r a c t t r i v a l e n t 

manganese cou ld be formed by the i n t e r a c t i o n o f d i v a l e n t 

manganese and manganese d i o x i d e (Mn**" - MnOg) • I t was 

suggested by these a u t h o r s t h a t the e x t r a c t e d manganese was 



i n the form o f a mangani-pyrophosphate complex and o c c u r r e d 

i n s o i l s as a h y d r a t e d manganic ox ide (Mn 0 .XH 0). 
2 3 2 ' 

Dion and Mann (5) e x t r a c t e d s o i l s w i t h pyrophosphate 

s o l u t i o n o f v a r y i n g molar c o n c e n t r a t i o n s . I t was noted by 

these authors t h a t the g r e a t e r the phosphate c o n c e n t r a t i o n i n 

the e x t r a c t a n t , the g r e a t e r the amount o f manganese 

e x t r a c t e d . T h i s f a c t , D ion and Mann sugges t , was the 

r e s u l t o f i n t e r a c t i o n between phosphate i o n s and h i g h e r 

ox ides o f manganese which rendered them s o l u b l e . I t was 

thought that the form which manganese combined with the 

pyrophosphate was i n a manganipyrophosphor ic a c i d complex 

(HMnP 0 ) . Meyer and Merek (26) who c a r r i e d on s i m i l a r 

work suggested the f o r m a t i o n o f a m a n g a n i d i o r t h o p h o s p h o r i c 

a c i d complex. However, more r e c e n t l y K o l t h o f f and Wat ters 

$21) have o b t a i n e d a pyrophosphate!) manganiatecomplex 
(Mn(H 2P 20 ?)3). 

Dion and Mann (5) proposed a method which they suggest 

cou ld be used to determine the v a l e n c y o f manganese compounds 

i n s o i l s . They have p o s t u l a t e d t h a t manganese p r e s e n t i n 

the s o i l might be i n the form o f manganic h y d r o x i d e 

(Mn(0H)3) or as the h y d r a t e d manganic ox ide ( M n ^ ^ X H 20). 
T h i s c o n c l u s i o n was made s i n c e manganic hydrox ide added to 

the s o i l c o u l d be e x t r a c t e d wi th pyrophosphate s o l u t i o n 

s i m i l a r l y as the n a t u r a l l y o c c u r r i n g t r i v a l e n t manganese 

compounds found i n s o i l s . 
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As ye t a b s o l u t e i d e n t i f i c a t i o n o f manganese compoundsin 

s o i l has not been a c h i e v e d . However, i n r e c e n t y e a r s advances 

.have been made toward t h i s end, and undoubted ly methods 

w i l l be d e v i s e d which w i l l a i d g r e a t l y the problem o f 

i d e n t i f i c a t i o n o f manganese m i n e r a l s which p e r s i s t i n s o i l s 

Occurrence o f Manganese i n S o i l s : 

The manganese o c c u r r i n g . i n s o i l s has been s t u d i e d i n 

t h r e e main f r a c t i o n s : t o t a l , a v a i l a b l e , and hydroquinone 

r e d u c i b l e (39) (13). The amount and p r o p o r t i o n o f s o i l 

manganese o c c u r r i n g i n these v a r i o u s f r a c t i o n s has proved 

to vary from s o i l to s o i l , to change from one form to 

another and has been observed to be a f f e c t e d by many complex 

f a c t o r s . Each o f the v a r i o u s f r a c t i o n s w i l l be c o n s i d e r e d 

i n t u r n . 

T o t a l S o i l Manganese: T h i s f r a c t i o n embraces a l l the 

manganese present i n s o i l and t h e r e f o r e i n c l u d e s the mang­

anese presen t i n the o t h e r two forms. T o t a l s o i l manganese 

has u s u a l l y been determined by a c i d e x t r a c t i o n u s i n g 

s u l f u r i c and h y d r o f l u o r i c a c i d s (37) a l t h o u g h o c c a s i o n a l l y 

o t h e r e x t r a c t a n t s have been used (5) (13). 

Leeper (22) working i n A u s t r a l i a p l a c e s the range o f 

t o t a l manganese i n s o i l from 0,1% maximum to a minimum o f a 

few p a r t s per m i l l i o n . In the case o f the s o i l s o f the 

U n i t e d S t a t e s Robinson (34) (35) r e p o r t s a range i n t o t a l 



manganese from 0900% to 0.31$ as manganese o x i d e . S o i l s 

up to 10,0% manganese ox ide have been r e p o r t e d from 

Hawai i (1). H e i n t z e and Mann (13) i n Eng land found m i n e r a l 

s o i l s to be b e t t e r s u p p l i e d wi th r e s p e c t to t o t a l t h a n 

o r g a n i c s o i l s . 

C l i m a t e has been found to have a pronounced e f f e c t 

upon the t o t a l manganese content o f s o i l . I t s e f f e c t i s 

c h i e f l y i n d i r e c t through i t s i n f l u e n c e on s o i l r e a c t i o n 

(22) ( 7 ) . In a r i d r e g i o n s where p r e c i p i t a t i o n i s l i g h t 

b a s i c i o n s accumulate which i n c r e a s e the s o i l a l k a l i n i t y . 

In a l k a l i n e s o i l s o x i d a t i o n c o n d i t i o n s are f a v o r e d w i t h 

the r e s u l t t h a t d i v a l e n t manganese i s ox i ,d i sed q u i t e r e a d i l y 

and f i x e d as h i g h e r o x i d e s o f manganese. I t i s f o r t h i s 

reason Sherman and Harmer (39) s t a t e d i v a l e n t manganese i s 

' d i f f i c u l t to m a i n t a i n i n a l k a l i n e r e g i o n s . However, under 

humid c o n d i t i o n s s u f f i c i e n t p r e c i p i t a t i o n f a l l s t o l e a c h 

most o f the s o i l bases from the s o i l which r e s u l t s i n s o i l 

a c i d i t y . T h i s i n c r e a s e i n s o i l a c i d i t y b r i n g s about the 

s o l u t i o n o f manganese compounds which are s u b s e q u e n t l y l o s t 

through l e a c h i n g and r u n o f f waters ( 2 7 ) ( 2 2 ) . C o n s i d e r i n g 

c l i m a t e o n l y one would expect s o i l s o f a r i d r e g i o n s to be 

s u p p l i e d wi th g r e a t e r q u a n t i t i e s o f manganese than s o i l s 

o f humid r e g i o n s . 

A c c o r d i n g to Leeper (22) e i g h t f a c t o r s i n f l u e n c e the 

d i s t r i b u t i o n o f t o t a l manganese i n the s o i l p r o f i l e . These 

a r e : 
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1. Weather ing o f m i n e r a l s and decay o f o r g a n i c 

m a t t e r . 

2. Downward movement o f manganese i n d r a i n a g e 
water . 

3. E q u i l i b r i u m between d i v a l e n t manganese i n 
s o l u t i o n and exchangeable c a t i o n s on the 
s u r f a c e o f the s o i l c o l l o i d a l complex. 

4. Uptake o f d i v a l e n t manganese by r o o t s and the 
subsequent d e p o s i t i o n as l i t t e r on the s u r f a c e . 

5. O x i d a t i o n o f d i v a l e n t manganese to h i g h e r 
ox ides o f manganese by oxygen or b a c t e r i a . 

6. Ag ing o f manganic ox ides from a c t i v e to 
i n e r t forms . 

7. R e d u c t i o n o f manganic o x i d e s by o r g a n i c mat ter 
or b a c t e r i a l a c t i o n . 

8. D i r e c t a b s o r p t i o n o f manganic o x i d e s by s o i l 
microorgani sms and p l a n t s . 

The f i r s t f o u r f a c t o r s , Leeper s t a t e s , are common to most 

m e t a l s j w h i l e , the l a s t f o u r are s p e c i f i c f o r manganese. 

As a r e s u l t of these e i g h t f a c t o r s Leeper (22) s u g -

, g e s t s any one o f the f o u r t y p e s o f manganese d i s t r i b u t i o n 

through the p r o f i l e : 

1. A s l i g h t a c c u m u l a t i o n at the s u r f a c e wi th a 
minimum i n the s u b s u r f a c e , then a g r a d u a l 
i n c r e a s e w i t h d e p t h s . Leached s o i l s show t h i s 
p a t t e r n . The c o n c e n t r a t i o n a t the s u r f a c e 
i s a t t r i b u t e d to p l a n t a c t i o n . 

2. A steady decrease w i th depths found i n c e r t a i n 
l e a c h e d s o i l s , e s p e c i a l l y those wi th red 
t'omes. 
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3. A s teady manganese va lue throughout the 
p r o f i l e . T h i s i s c h a r a c t e r i s t i c o f 
p e d o c o l s and un leached s o i l s . 

4. An a c c u m u l a t i o n i n the s u b s o i l j u s t above 
the c a l c a r e o u s l a y e r . 

A v a i l a b l e Manganese; 

T h i s f r a c t i o n o f the s o i l manganese i s i n t e n d e d to 

i n c l u d e the manganese immedia te ly a v a i l a b l e to the p l a n t 

and i s thought to comprise the manganese p r e s e n t i n the 

s o i l s o l u t i o n t o g e t h e r w i t h tha t h e l d i n a r e p l a c e a b l e form 

by the s o i l c o l l o i d s . When e s t i m a t i n g a v a i l a b l e manganese 

the u s u a l p r a c t i c e i s to l e a c h the s o i l w i t h n e u t r a l normal 

ammonium a c e t a t e (13) a l t h o u g h some i n v e s t i g a t o r s have used 

c a l c i u m and magnesium n i t r a t e s , (Ca(N0^)2)(Mg(N0^)2) as 

e x t r a c t i n g agents (12) (41). Ammonium a c e t a t e i s u s u a l l y 

p r e f e r r e d s i n c e i t may be e a s i l y d e s t r o y e d and the manganese 

i n the r e s i d u e determined c o l o r i m e t r i c a l l y u s i n g p e r i o d a t e 

(12) (13) (39). 
D i f f e r e n t e x t r a c t i n g s o l u t i o n s have been found to 

remove d i f f e r e n t amounts o f manganese and f o r t h i s reason 

when r e p o r t i n g a v a i l a b l e manganese content o f a s o i l the 

e x t r a c t i n g reagent should be i d e n t i f i e d . T h i s was w e l l 

i l l u s t r a t e d by S t e e n b j e r g (41), working w i t h h e a v i l y l imed 

s o i l s o f Denmark, who found 0.5 molar magnesium n i t r a t e 

(Mg(N0^)2) the most e f f e c t i v e e x t r a c t a n t i n the d e t e r ­

m i n a t i o n o f a v a i l a b l e manganese. He a l s o found c a l c i u m 
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n i t r a t e to be e f f e c t i v e i n the e s t i m a t i o n o f a v a i l a b l e 

manganese; w h i l e p o t a s s i u m , sodium and ammonium n i t r a t e 

a l o n g wi th ammonium a c e t a t e to be i n e f f e c t i v e . H e i n t z e (12), 

on the o t h e r hand, s t a t e s t h a t on the a l k a l i n e s o i l s o f 

Romney M a r s h , E n g l a n d , 0.5 m. c a l c i u m n i t r a t e e x t r a c t e d 

f o u r t imes as much s o l u b l e manganese as d i d magnesium 

n i t r a t e o f e q u a l molar c o n c e n t r a t i o n . 

From these r e s u l t s i t i s apparent t h a t when c o n s i d e r i n g 

the a v a i l a b l e manganese f r a c t i o n the e x t r a c t i n g s o l u t i o n 

should be c l e a r l y i d e n t i f i e d a long wi th the nature o f the 

s o i l and c o n d i t i o n s o f the t e s t . 

A c t i v e o r Hydroquinone R e d u c i b l e Manganese; T h i s 

f r a c t i o n o f the s o i l manganese i s i n t e n d e d to i n c l u d e the 

manganese p r e s e n t i n o x i d i z e d forms which may be e a s i l y 

reduced to the manganous s t a t e (5) (39 ) . The e a s i l y r e ­

d u c i b l e manganese would t h e r e f o r e not be s o l u b l e and would 

not be a v a i l a b l e to p l a n t s . However, the f a c t that i t may 

be e a s i l y reduced and so made s o l u b l e and a v a i l a b l e makes 

i t an important p o t e n t i a l source o f manganese f o r p l a n t s . 

I t i s thought t h a t i f the c o n d i t i o n s are f a v o r a b l e f o r i t s 

r e d u c t i o n d u r i n g the growing season i t may be an ex treme ly 

important source o f s o l u b l e manganese ( 2 2 ) . 

V a r i o u s methods have been used to e s t i m a t e the amount 

o f e a s i l y r e d u c i b l e manganese p r e s e n t i n s o i l and d i f f e r e n t 

methods have been found to g ive d i f f e r e n t r e s u l t s . T h e r e -
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f o r e the complete d e f i n i t i o n o f e a s i l y r e d u c i b l e manganese 

should i n c l u d e the method f o r i t s e s t i m a t i o n but complete 

agreement has not been reached as to what method s h o u l d be 

s p e c i f i e d . 

H e i n t z e and Mann (13) suggested t h a t the e a s i l y r e ­

d u c i b l e f r a c t i o n should be t h a t removed by t r e a t i n g a s o i l 

w i t h a 0,2% hydroquinone s o l u t i o n o f n e u t r a l normal am­

monium a c e t a t e f o r a p e r i o d o f 15 hours wi th i n t e r m i t t a n t 

shak ing at the b e g i n n i n g and end o f the exper iment , or 

cons tant a g i t a t i o n f o r one h o u r . These i n v e s t i g a t o r s 

suggested that the more r e a c t i v e p o r t i o n o f manganic o x i d e s 

was e x t r a c t e d i n t h i s manner. For the 14 m i n e r a l s o i l s 

they worked w i t h they o b t a i n e d an average r e c o v e r y o f 54$ 

of t h e t o t a l manganese p r e s e n t , whi l e an average o f 15$ 

r e c o v e r y was o b t a i n e d f o r the o r g a n i c s o i l s u s e d . I t was 

thought by the a u t h o r s t h a t the low f i g u r e f o r o r g a n i c s o i l s 

was due t o the f o r m a t i o n of a complex w i t h o r g a n i c mat ter 

thus f i x i n g manganese i n an i n s o l u b l e s t a t e (13). 

The d e f i n i t i o n g i v e n by Harmer and Sherman (39) f o r 

t h i s f r a c t i o n of the s o i l manganese was t h a t p o r t i o n o f 

manganese d i o x i d e which cou ld be e x t r a c t e d i n a p e r i o d o f 

s i x hours by a 0,2% hydroquinone s o l u t i o n o f n e u t r a l normal 

ammonium a c e t a t e . 

Leeper (22) at f i r s t suggested t h a t a p e r i o d o f seven 

hours was r e q u i r e d i n o r d e r to l e a c h a s o i l f r e e o f i t s 



- 12 -

most a c t i v e manganic o x i d e s , u s i n g a 0,2% hydroquinone 

s o l u t i o n o f ammonium a c e t a t e . He l a t e r suggested a h a l f 

hour p e r i o d .was s u f f i c i e n t . 

G i s i g e r (9), on the o t h e r h a n d , h e l d the view t h a t a 

t h r e e - m i n u t e p e r i o d was s u f f i c i e n t t ime to remove the most 

a c t i v e forms o f manganic o x i d e s from the s o i l . He sug­

gested t h a t a l o n g e r p e r i o d o f l e a c h i n g wi th 0,2% h y d r o q u i ­

none i n n e u t r a l ammonium a c e t a t e would remove the l e s s 

r e a c t i v e manganic o x i d e s , thus o b s c u r i n g the c o n t r a s t 

between these and the most a c t i v e forms . These l e s s r e ­

a c t i v e forms o f manganic o x i d e s were e x t r a c t e d u s i n g n e u t r a l 

h y p o s u l f i t e s o l u t i o n at pH 7 (22). 

McCool (2?) suggests another method o f e s t i m a t i n g t h i s 

f r a c t i o n of s o i l manganese which i s adopted f o r use on 

h i g h l y a c i d s o i l s . In h i s procedure the d r y s o i l under 

s tudy i s s t o r e d f o r a p e r i o d o f a month at a t emperature o f 

72° F . o r h i g h e r and then e x t r a c t e d w i t h water . T h i s 

t reatment was found p a r t i c u l a r l y u s e f u l on h i g h l y a c i d s o i l s 

which may accumulate t o x i c amounts o f manganese by the 

i n t e r a c t i o n o f o r g a n i c m a t t e r and manganese o x i d e s . He 

found t h a t the method d i d not a p p l y where m i c r o b i a l o x i ­

d a t i o n was a p p r e c i a b l e o r i n modera te ly a c i d s o i l s where 

water s o l u b l e manganese decreased w i t h t ime o f s t o r a g e . 

Two q u a l i t a t i v e t e s t s have been used to i n d i c a t e the 

approximate amount o f a c t i v e or e a s i l y r e d u c i b l e manganese 
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i n s o i l s . One o f the t e s t s i s c o l o r i m e t r i c and uses 

b e n z i d i n e s a l t s . The manganic ox ide has the a b i l i t y to 

o x i d i s e the b e n z i d i n e s a l t s i n a n e u t r a l s o l u t i o n , r e s u l t i n g 

i n the f o r m a t i o n o f a b r i l l i a n t b lue c a t i o n which i s s t r o n g l y 

absorbed and c o l o r s the s o i l b lue (5). The o t h e r q u a l i ­

t a t i v e t e s t i s the c a t a l y t i c d e s t r u c t i o n o f hydrogen 

p e r o x i d e which can be s t u d i e d e i t h e r by the r i s e i n t empera­

t u r e o r by the r a t e o f e v o l u t i o n o f oxygen (34). These 

t e s t s are not q u a n t i t a t i v e but are o f v a l u e as i n d i c a t o r s 

i n the f i e l d . 

On the b a s i s o f the i n v e s t i g a t i o n s mentioned above, 

there can be no doubt as to the e x i s t a n c e and importance o f 

the a c t i v e manganese f r a c t i o n o f s o i l s . The exact n a t u r e 

o f the f r a c t i o n , however, i s s t i l l i n q u e s t i o n as i s the 

best method to u t i l i z e i n i t s e s t i m a t i o n . Of the methods 

t h a t have been deve loped the most g e n e r a l l y accepted 

i n v o l v e s the use o f 0„2% hydroquinone as t h e . r e d u c i n g a g e n t . 

A c c o r d i n g to Leeper (22) the same p a t t e r n as was 

observed i n the d i s t r i b u t i o n o f t o t a l manganese i s noted i n 

t h e 

the case o f a c t i v e f r a c t i o n but w i th much s t r o n g e r c o n t r a s t 

between the h o r i z o n s . Leeper r e p o r t s t h a t i n l e a c h e d s o i l s 

there i s a s u r f a c e a c c u m u l a t i o n o f a c t i v e manganese w h i l e 

there i s a marked decrease i n the s u b s o i l . A l s o , p r o v i d i n g 

the s u b s o i l i s a l k a l i n e , t h e r e i s a g e n e r a l i n c r e a s e i n 
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the a c t i v e manganese content w i t h d e p t h ; o therwise i t 

remains very low. 

A lexander and H e n d r i c k s (14) have reviewed some 

i n t e r e s t i n g r e l a t i o n s h i p s in- t h i s r e g a r d . These a u t h o r s 

p o i n t out t h a t the same f a c t o r s t h a t f a v o r the f o r m a t i o n o f 

k a o l i n i t e type c l a y s i n s o i l , i . e . , a c i d c o n d i t i o n s and 

s t r o n g l e a c h i n g , a l s o f a v o r removal o f a c t i v e manganese. 

S i m i l a r l y the c o n d i t i o n s t h a t f a v o r the f o r m a t i o n o f mont-

m o r i l l o n i t e type c l a y s i n s o i l , i . e . , a l k a l i n e r e a c t i o n s 

and l i m i t e d l e a c h i n g , f a v o r the a c c u m u l a t i o n o f a c t i v e 

manganese. 

From the ev idence a v a i l a b l e i t appears t h a t the d i s t r i ­

b u t i o n o f a c t i v e manganese i n the s o i l i s governed by the 

i n t e r a c t i o n o f a number o f f a c t o r s t h a t i n c l u d e r e a c t i o n , 

ex tent o f l e a c h i n g , p l a n t s and the s o i l p a r e n t m a t e r i a l . 

Chemica l Changes A f f e c t i n g S o i l Manganese 

I t was e a s i l y shown t h a t the t o t a l manganese content o f 

s o i l has l i t t l e o r no r e l a t i o n s h i p to the amount o f manganese 

t h a t might be a v a i l a b l e i n the s o i l f o r p l a n t use (22) (39). 

T h i s f a c t l e d to e x t e n s i v e s tudy and d i s c u s s i o n i n r e g a r d to 

the c h e m i s t r y and b i o l o g y o f s o i l manganese (22) (39). For 

some time i t was g e n e r a l l y c o n s i d e r e d t h a t manganese 

p r e s e n t i n s o i l was e i t h e r i n the a v a i l a b l e d i v a l e n t form or 

i n the t e t r a v a l e n t h i g h e r ox ide s t a t e and u n a v a i l a b l e to the 
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p l a n t . R e c e n t l y , however, H e i n t z e and Mann ( 1 3 ) , Q u a s t e l 

(33) and Dion and Mann (5) have g i v e n ev idence o f the 

e x i s t e n c e o f a t h i r d form, a t r i v a l e n t compound o f manganese. 

Dion and Mann (5) s t u d i e d E n g l i s h s o i l s which were known to 

be low i n a v a i l a b l e manganese but w e l l s u p p l i e d w i t h t o t a l 

c o n c e n t r a t i o n s o f the e lement . Even a f t e r a d d i n g 1100 

p . p . m . manganese as manganese s u l f a t e to these s o i l s they 

were able to e x t r a c t o n l y 10 p . p . m . a v a i l a b l e manganese. 

From t h i s r e s u l t Dion and Mann (5) suggested t h a t the d i ­

v a l e n t manganese added t o the s o i l was q u i c k l y o x i d i s e d 

e i t h e r b i o l o g i c a l l y or c h e m i c a l l y to h i g h e r v a l e n t forms , 

perhaps t r i v a l e n t and t e t r a v a l e n t . 

T h e i r reason f o r s u g g e s t i n g the presence o f a t r i v a l e n t 

form was based on an experiment i n which b e n z i d i n e s a l t s were 

employed. T h i s reagent i s a p p a r e n t l y s p e c i f i c f o r t r i ­

v a l e n t manganese s i n c e p y r o l u s i t e , a t e t r a v a l e n t form d i d 

not g ive the p o s i t i v e b l u e c a t i o n when t e s t e d . B e n z i d i n e , 

t h e r e f o r e , p r o v i d e s a s p e c i f i c t e s t f o r t r i v a l e n t o x i d i s e d 

manganese ( 1 4 ) . U s i n g a pyrophosphate e x t r a c t from the 

same s o i l s , these men c a r r i e d out v a l e n c y d e t e r m i n a t i o n s , 

the r e s u l t s o f which would i n d i c a t e t h a t a t r i v a l e n t form 

o f manganese was p r e s e n t i n s o i l s . 

From t h e i r exper iments Dion and Mann (5) p o s t u l a t e 

t h a t ; 
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1. t r i v a l e n t manganese i s pre sen t i n the s o i l 
at the expense of the d i v a l e n t form. 

2. t r i v a l e n t manganese i s the f i r s t p r o d u c t o f 
o x i d a t i o n . 

3. t r i v a l e n t manganese makes up about 23-24$ 
o f the t o t a l manganese c o n c e n t r a t i o n i n s o i l s . 

4* t r i v a l e n t manganese once formed can be e i t h e r 
o x i d i s e d o r r e d u c e d , depending upon s o i l 
c o n d i t i o n s 

Leeper (22) i s of the o p i n i o n that the r e a c t i o n s 

o u t l i n e d below take p l a c e i n the s o i l : 

M n - * - C o l l o i d a l Mn - MnO.XHgO = Mn0 2 

Leeper a l s o s t a t e s tha t o x i d a t i o n to p y r o l u s i t e (MnOg) 

takes p l a c e q u i t e r a p i d l y i n the presence o f a l k a l i and 

c o l l o i d a l hydra ted manganous ox ide i s o x i d i s e d to the 

i n e r t o x i d e . T h i s o x i d a t i o n i s a c c e l e r a t e d i n the presence 

o f c e r t a i n a n i o n s such as c h l o r i d e s , e t c . found i n 

f e r t i l i z e r s (22) (39). 

Although i t i s g e n e r a l l y b e l i e v e d that o x i d a t i o n o f 

manganese i n s o i l s goes on a t a much more r a p i d r a t e than 

r e d u c t i o n , i t must not be assumed t h a t r e d u c t i o n does not 

take p l a c e . In many a c i d o r g a n i c s o i l s r e d u c t i o n o f h i g h e r 

ox ides form the o n l y source o f d i v a l e n t manganese (5) (33) 

(39). Both Q u a s t e l (33) and Dion and Mann (5) suggest 

the f o l l o w i n g manganese c y c l e i n s o i l s : 
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o x i d a t i o n 

Mn 
++ o x i d a t i o n 

r e d u c t i o n 

r e d u c t i o n 

M n 20 3 . X H 20 o x i d a t i o n MnO. 

Q u a s t e l (33) m a i n t a i n s s o i l organisms p a r t i c i p a t e a c t i v e l y 

i n t h i s c y c l e . A c c o r d i n g to Dion and Mann (5) t r i v a l e n t 

manganese once formed i n s o i l s i s s u b j e c t to r e d u c t i o n 

p a r t i c u l a r l y under a c i d c o n d i t i o n s ; at the same t i m e , 

however, o x i d a t i o n takes p l a c e . The p r o b a b l e r e a c t i o n 

which takes p l a c e i s : 

2Mn(0H)3 + H oS0. = MnO„ • MnSO, 4 4Ho0. 
<c 4 <c ** «s 

Exper iments were c a r r i e d out by these i n v e s t i g a t o r s to 

determine the r a t e and p r o p o r t i o n o f the t r a n s f o r m a t i o n o f 

t r i v a l e n t manganese i n a range o f pH v a l u e s . When manganic 

hydrox ide was used as a source o f manganese the r e s u l t s 

o b t a i n e d showed the r a t e o f t r a n s f o r m a t i o n v a r i e d d i r e c t l y 

w i t h pHj 82% d i s m u t a t i o n took p l a c e at pH 6.2 w h i l e o n l y 

10.7$ was observed at pH 7.5. They conclude from t h i s t h a t 

manganic h y d r o x i d e i s much more s t a b l e under a l k a l i n e than 

a c i d c o n d i t i o n s and a l s o the presence o f d i v a l e n t manganese 

i s almost comple t e ly dependent upon the r e d u c t i o n o f t r i ­

v a l e n t manganese. In a c i d s o i l s t r i v a l e n t manganese g i v e s 

h a l f i t s manganese to the d i v a l e n t and h a l f to the t e t r a ­

v a l e n t forms . 
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I t has been suggested t h a t d i v a l e n t manganese i s 

o x i d i s e d to u n a v a i l a b l e forms through the a c t i o n of s o i l 

microorgan i sms (8) (23) (33). Leeper (23) has made the 

statement t h a t organisms presen t i n s o i l s c o u l d o x i d i s e 

d i v a l e n t manganese to h i g h e r o x i d e s at pH 5 » 5 and h i g h e r . 

He a l s o r e p o r t s t h a t . o x i d a t i o n was a c c e l e r a t e d when s o i l s 

were w e l l a e r a t e d . He a r r i v e d at t h i s c o n c l u s i o n from 

r e s u l t s o b t a i n e d i n an experiment which i n v o l v e d a p p l i ­

c a t i o n s o f manganese s u l f a t e to the s o i l i n which the d i ­

v a l e n t manganese was s l o w l y absorbed by the s o i l c o l l o i d s 

and then o x i d i s e d by b a c t e r i a l a c t i v i t y t o h i g h e r o x i d e s . 

The time r e q u i r e d f o r the o x i d a t i o n depended upon the 

t e m p e r a t u r e . Leeper conc luded h i s s tudy w i t h the s ta tement 

t h a t n o n - b i o l o g i c a l o x i d a t i o n o f manganese i s n e g l i g i b l e 

below pH 8. 

G e r r e t s e n (8) conf irmed Leeper*s s tatements c o n c e r n i n g 

the r o l e p l a y e d by organisms i n the c h e m i s t r y o f s o i l 

manganese. He r e p o r t e d t h a t d e f i c i e n c y symptoms i n p l a n t s 

o c c u r r e d i n s o i l s which were n o r m a l l y h e a l t h y a f t e r b a c t e r i a 

from a m a n g a n e s e - d e f i c i e n t s o i l had been i n c o r p o r a t e d . He 

then a p p l i e d f o r m a l i n r to the d e f i c i e n t s o i l and found 

d e f i c i e n c y symptoms i n the p l a n t s grown were l e s s f r e q u e n t . 

H i l t n e r (15) found the use o f carbon d i o x i d e reduced the 

o c c u r r e n c e o f d e f i c i e n c y symptoms i n p l a n t s . Presumably 

these substances i n h i b i t b a c t e r i a l o x i d a t i o n o f manganese. 
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Leeper*s (23) c o n c l u s i o n t h a t n o n - b i o l o g i c a l o x i d a t i o n 

o f manganese was n e g l i g i b l e below pH 8 was r e f u t e d by-

Sherman et a l (40) and Wain et a l (45). These workers 

suggest that the o x i d a t i o n o f d i v a l e n t manganese to h i g h e r 

ox ides took p l a c e f a r too r a p i d l y f o r b i o l o g i c a l a c t i v i t y . 

They have r e c o r d e d an experiment i n which the t r a n s f o r m a t i o n 

took p l a c e i n l e s s than three h o u r s . 

Sugges t ions have been made that s o i l microorgan i sms 

can b r i n g about the r e d u c t i o n o f manganic o x i d e s r e s u l t i n g 

i n the l i b e r a t i o n o f d i v a l e n t manganese. Q u a s t e l (33) and 

Leeper (23) have been the most v i g o r o u s s u p p o r t e r s o f t h i s 

h y p o t h e s i s . The f a c t t h a t the organisms r e s p o n s i b l e have 

not been i s o l a t e d as ye t from the s o i l has not p r e v e n t e d 

Q u a s t e l from p o s t u l a t i n g t h e i r p r e s e n c e . 

Fuj imoto and Sherman (7), s t u d y i n g the s o i l s i n Hawai i 

noted t h a t d u r i n g the hot d r y summer months the exchange­

able manganese content o f the s o i l s i n c r e a s e d markedly and 

r e s u l t e d i n a c h l o r o t i c c o n d i t i o n i n p l a n t s grown i n these 

s o i l s . T h i s f a c t prompted f u r t h e r i n v e s t i g a t i o n as i t 

suggested the p o s s i b l e r e d u c t i o n o f h i g h e r o x i d e s o f 

manganese as a r e s u l t o f the a c t i o n o f h e a t . 

In the proces s o f t h e i r s tudy Fuj imoto and Sherman 

c a r r i e d out exper iments i n which they t e s t e d the e f f e c t o f 

a i r d r y i n g and h e a t i n g on the l e v e l o f exchangeable 

manganese i n s o i l s as shown i n F i g u r e I . I t was noted t h a t 

r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f a v a i l a b l e manganese were 
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l i b e r a t e d by oven d r y i n g and steam s t e r i l i s a t i o n p r o c e s s e s . 

T h i s phenomenon has been conf irmed by s e v e r a l o t h e r i n v e s t i ­

g a t o r s . K e l l e y and McGeorge (19) and McCool (27) have g i v e n 

ev idence o f a s i m i l a r n a t u r e i n which the exchangeable 

manganese was i n c r e a s e d by h e a t i n g a s o i l . The i n c r e a s e i n 

the l e v e l o f exchangeable manganese upon h e a t i n g a s o i l was 

observed i n a l l h o r i z o n s ; however, the g r e a t e s t l i b e r a t i o n 

was noted i n the s u r f a c e s o i l w i t h a g e n e r a l decrease w i t h 

depths (7)» I t was observed t h a t the l i b e r a t i o n o f s o l u b l e 

o 

manganese was v e r y slow u n t i l about 70 C , when l a r g e 

q u a n t i t i e s of manganese were l i b e r a t e d w i t h an i n c r e a s e i n 

temperature (7)» ( i l l u s t r a t e d i n F i g u r e s I I and IIlX The 

resemblance o f r e s u l t s o b t a i n e d here wi th those o b t a i n e d by 

oven d r y i n g suggest to t h e s e authors t h a t the i n c r e a s e i n 

d i v a l e n t manganese may be the r e s u l t o f a p h y s i c a l r a t h e r 

than a c h e m i c a l phenomenon. Ttoey p o s t u l a t e t h a t the l o s s ofwater 

o f h y d r a t i o n from the manganese complex tends to cause the 

compound to become u n s t a b l e , r e s u l t i n g i n the l i b e r a t i o n o f 

s o l u b l e manganese. 

Another s tudy was c a r r i e d out by F u j i m o t o and Sherman 

to determine the e f f e c t o f w e t t i n g jand d r y i n g upon the 

va lence s t a t e o f manganese presen t i n s o i l s . I t was found 

t h a t s o l u b l e d i v a l e n t manganese decreased wi th i n c r e a s e d 

s o i l m o i s t u r e content as shown i n F i g u r e I V . Fuj imoto and 

Sherman (7) a t t r i b u t e t h i s f a c t to e i t h e r o x i d a t i o n o f 
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d i v a l e n t manganese to i n s o l u b l e forms , or i t may be due to 

r e h y d r a t i o n o f the manganese complex. The second p r o p o s a l 

seems the more l o g i c a l to these men s i n c e the c h l o r o t i c 

c o n d i t i o n o f p l a n t s which were e v i d e n t d u r i n g the hot d r y 

p a r t o f the growing season were observed to d i s a p p e a r d u r i n g 

the months o f lower t e m p e r a t u r e s . 

Fuj imoto and Sherman conc luded t h e i r s tudy w i t h the 

statement tha t the i n c r e a s e d c o n c e n t r a t i o n o f d i v a l e n t 

manganese as a r e s u l t o f these s e v e r a l p h y s i c a l t r e a t m e n t s 

was due p r e d o m i n a n t l y to the p r o c e s s e s o f h y d r a t i o n and d e ­

h y d r a t i o n , a l though o x i d a t i o n - r e d u c t i o n p r o c e s s e s were s t i l l 

c o n s i d e r e d a c t i v e ' i n d e t e r m i n i n g the v a l e n c y o f manganese i n 

s o i l s . 

The v a r y i n g mois ture content has been shown to have a 

marked i n f l u e n c e o f the d i v a l e n t manganese c o n c e n t r a t i o n i n 

most s o i l s . In water s a t u r a t e d s o i l s r e d u c i n g c o n d i t i o n s 

are f a v o r e d , thus P i p e r (31) and Leeper (22) both working 

wi th A u s t r a l i a n s o i l s were able to d e t e c t a p p r e c i a b l e i n ­

crease i n the water s o l u b l e manganese when the s o i l s were 

s a t u r a t e d . These f i n d i n g s are i n a c c o r d wi th those g i v e n 

by McCool (27) and Fuj imoto and Sherman (7). 

One o f the main f a c t o r s a f f e c t i n g the v a l e n c y o f 

manganese i n the s o i l i s i t s r e a c t i o n . I t p l a y s a prominent 

r o l e i n d e t e r m i n i n g the va l ence s ta te d i s p l a y e d by s o i l 

manganese (33) (39). In very a c i d s o i l s the f o r m a t i o n o f 

d i - v a l e n t manganese i s enhanced s ince o x i d a t i o n by b a c t e r i a l 
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or chemica l means i s p r a c t i c a l l y n i l j w h i l e r e d u c t i o n i s at a 

maximum (22). On the o t h e r hand , n e u t r a l or a l k a l i n e c o n d i t i o n s 

d i v a l e n t manganese i s almost c o m p l e t e l y o x i d i s e d to t r i v a l e n t 

and t e t r a v a l e n t forms (5) (22) (33) (39) (40)(45). Leeper (22) 
suggests t h a t r e d u c t i o n i s n e g l i g i b l e above pH5.5» 

On the b a s i s o f p r e s e n t l y a v a i l a b l e i n f o r m a t i o n , i t 

appears t h a t at l e a s t three va lence forms of manganese may 

occur i n most s o i l s and t h a t any one or a combinat ion o f a l l 

may be p r e s e n t . However, those f a c t o r s which e x e r t the g r e a t -

es t i n f l u e n c e i n any p a r t i c u l a r s o i l w i l l govern the form 

taken by the manganese p r e s e n t . 
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FIGURE I 

The e f f e c t o f a i r d r y i n g upon the l i b e r a t i o n o f 
exchangeable manganese.* 
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FIGURE I I I 

The e f f e c t o f the i n c u b a t i o n temperature tyion the 
l i b e r a t i o n o f exchangeable manganese. 
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S o i l Manganese-Plant R e l a t i o n s h i p s ; 

Manganese d e f i c i e n c y has been observed to o c c u r i n 

many p l a n t s p e c i e s w i th d i f f e r e n t v i s u a l symptoms f o r d i f ­

f e r e n t s p e c i e s ( 2 0 ) . For example, c o n d i t i o n s known as gray 

speck o f oats and marsh spot o f peas are a t t r i b u t e d to 

manganese d e f i c i e n c y (32) ( 1 2 ) . T h i s apparent d e f i c i e n c y o f 

the element i n the s o i l i n r e a l i t y may not be an a c t u a l l a c k 

but may be due to c e r t a i n f a c t o r s which r e n d e r the manganese 

presen t i n s o i l s u n a v a i l a b l e f o r p l a n t growth . The amount 

o f manganese p r e s e n t i n the s o i l f o r p l a n t r e q u i r e m e n t s 

depends l a r g e l y upon the s o i l r e a c t i o n ( 13) ( 3 3 ) ( 3 9 ) . 

The va lence s t a t e o f manganese used by the p l a n t i s 

i n v a r i a b l y i n the reduced form which i s a v a i l a b l e from the 

s o i l and the s o i l c o l l o i d s (7 ) ( 1 2 ) ( 3 1 ) . P l a n t s showing 

d e f i c i e n c i e s are g e n e r a l l y a s s o c i a t e d w i t h n e u t r a l or 

a l k a l i n e s o i l s (5) ( 13) ( 3 3 ) . Thus Leeper r e p o r t s tha t 

most s o i l s which show a manganese d e f i c i e n c y have a pH o f 

6 . 5 or o v e r , u s u a l l y over pH 7 . T o t a l manganese i s o f no 

s i g n i f i c a n c e so f a r as a v a i l a b i l i t y to p l a n t s i s concerned 

(22) (33) ( 3 9 ) . Excess use o f l ime has been observed to 

produce manganese d e f i c i e n c y symptoms i n p l a n t s (33) (39) 

( 4 0 ) . 

Only r a r e l y have d e f i c i e n c y symptoms been noted on 

a c i d s o i l s and from t h i s i t has been conc luded t h a t a c i d 

s o i l s are w e l l s u p p l i e d wi th manganese a v a i l a b l e to p l a n t s 

(31) ( 3 2 ) ( 3 9 ) . However, some a c i d s o i l s have been 
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r e p o r t e d to c o n t a i n i n s u f f i c i e n t a v a i l a b l e manganese as a 

r e s u l t o f e x c e s s i v e l e a c h i n g i n areas o f h i g h r a i n f a l l 

(22) (39). 
I t has been found d i f f i c u l t to e s t a b l i s h the amount o f 

a v a i l a b l e manganese n e c e s s a r y i n the s o i l to prevent the 

o c c u r r e n c e o f d e f i c i e n c y symptoms i n p l a n t s . For example, 

S t e e n b j e r g (41 ) , working on the s o i l s o f Denmark, set the 

l i m i t between h e a l t h y and s i c k s o i l s w i t h r e s p e c t to 

a v a i l a b l e manganese at 2 to 3 p . p . m . S t e e n b j e r g found t h i s 

l i m i t q u i t e s a t i s f a c t o r y but o t h e r s have r e p o r t e d s i c k s o i l s 

c o n t a i n i n g more than t h i s minimum and h e a l t h y s o i l s w i t h 

l e s s than 1 p . p . m . (11) (40). 

V a r i o u s e x p l a n a t i o n s may be o f f e r e d f o r such d i s c r e p ­

a n c i e s and one of the most i m p o r t a n t f a c t o r s undoubted ly 

has to do w i t h the a c t i v e o r hydroquinone r e d u c i b l e 

manganese f r a c t i o n and i t s r e l a t i o n to a v a i l a b l e manganese. 

Leeper (22) suggested t h i s f r a c t i o n o f manganese to be the 

most a c t i v e p o r t i o n o f manganic o x i d e s which i s more or 

l e s s taken i n t o s o l u t i o n d u r i n g the growing season through 

the r e d u c i n g a c t i o n o f p l a n t r o o t s . He s t a t e d that an 

a l k a l i n e s o i l which n o r m a l l y c o n t a i n e d 100 p . p . m . o f t h i s 

hydroquinone r e d u c i b l e manganese would produce p l a n t s f ree 

o f d e f i c i e n c y symptoms. However, i f these s o i l s c o n t a i n 

l e s s than 15 p . p . m . o f such manganese, a b n o r m a l i t i e s might 

and most l i k e l y would o c c u r . F u r t h e r (22) (39) i f o x i d a t i v e 
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c o n d i t i o n s were pro longed t h i s a c t i v e manganic o x i d e would 

be made i n e r t and thus would no l o n g e r form a supplement to 

the a v a i l a b l e manganese'. These o b s e r v a t i o n s of Leeper and 

Harmer and Sherman were, f o r the most p a r t , c o r r o b o r a t e d by 

Twyman (43) and Sherman et a l (40). T h e r e f o r e i t seems 

almost c e r t a i n t h a t the a c t i v e manganese f r a c t i o n of s o i l 

manganese governs to a c o n s i d e r a b l e degree whether o r not a 

s o i l would be d e f i c i e n t when a v a i l a b l e manganese i s m a r g i n a l . 

Sherman (3#«)> s t u d y i n g the s o i l s o f Hawai i conc luded 

t h a t manganese d e f i c i e n c i e s i n p l a n t s was not n e c e s s a r i l y 

r e l a t e d to the l e v e l o f manganese i n the s o i l , o r the l e v e l 

o f manganese uptake by the p l a n t ; i t was the r a t i o o f i r o n 

to manganese. P l a n t s may be c h l o r o t i c w i th 500 p . p . m . 

manganese, due to an upset i n the i r o n - t o - m a n g a n e s e r a t i o . 

In g e n e r a l , i f t h i s r a t i o i s about 2 to 1, p l a n t s w i l l be 

n o r m a l . 

V a r i o u s chemica l s such as s u l f u r , q u i n o n e , g l u c o s e , 

t h i o l s , c a l c i u m and magnesium t h i o s u l f a t e s , and copper 

s u l f a t e have been added to s o i l s to s tudy t h e i r e f f e c t s on 

manganese a v a i l a b i l i t y (5) (13) (22) (33) (39). These 

m a t e r i a l s were observed to i n c r e a s e the amount o f s o l u b l e 

manganese. In the case o f s u l f u r , q u i n o n e , g l u c o s e , and 

t h i o l s the i n c r e a s e i n a v a i l a b l e manganese was a t t r i b u t e d 

to the e f f e c t o f i n c r e a s e d s o i l a c i d i t y (33). The t h i o ­

s u l f a t e s o f c a l c i u m and magnesium a l s o i n c r e a s e d the s o i l 
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a c i d i t y , but demonstrated the a d d i t i o n a l e f f e c t o f reduct ion 

of h i g h e r manganic o x i d e s . The e f f e c t o f copper compounds 

as yet has not d e f i n i t e l y been d e t e r m i n e d . L e e p e r (22) 

suggested t h a t i t d i d not a f f e c t o x i d a t i o n o f manganese 

compounds, wh i l e Sherman et a l (40) showed i t r e t a r d e d 

o x i d a t i o n through i t s a n t a g o n i s t i c e f f e c t upon the 

manganese i o n . 

Methods o f a p p l y i n g manganese compounds have a l s o 

r e c e i v e d c o n s i d e r a b l e s t u d y . Leeper (22) suggested t h a t 

s p r a y i n g manganese or i n j e c t i n g i t i n t o the p l a n t s showing 

d e f i c i e n c i e s gave b e t t e r r e s u l t s t h a n a p p l y i n g i t to the 

s o i l . T h i s has been conf irmed by McLachlan (29) working 

wi th the a l k a l i n e s o i l s i n O n t a r i o . McLachlan found no 

b e n e f i t from the b r o a d c a s t o f manganese to the s o i l but was 

ab le to cure d e f i c i e n c y symptoms through spray a p p l i c a t i o n s 

d i r e c t l y to the p l a n t . S i m i l a r r e s u l t s have been r e p o r t e d 

by Q u a s t e l (33)• 

Although the a b s o l u t e s t a t u s o f s o i l manganese has ye t 

to be a c h i e v e d , advances toward t h i s end have been made. 

The y e a r s o f study t h a t s o i l s c i e n t i s t s and p l a n t n u t r i t i o n ­

i s t s have g i v e n t h i s element have l e d t o the r e c o g n i t i o n o f 

i t s e s s e n t i a l and i n d i s p e n s i b l e r o l e i n p l a n t m e t a b o l i s m . 
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EXPERIMENTAL 

S i n c e the purpose of the s tudy was to examine some 

o f the s o i l s o f B r i t i s h Columbia wi th r e s p e c t to t h e i r 

content o f t o t a l , a v a i l a b l e and a c t i v e manganese, the 

f i r s t step was to o b t a i n adequate and r e p r e s e n t a t i v e s o i l 

samples . The samples used were s e l e c t e d w i t h the a i d o f 

s o i l survey maps and r e p o r t s (16) (17) (18) (47) (48) (49). 

Reference was a l s o made to the s tudy by F e n n e l l o f the 

boron d i s t r i b u t i o n i n B r i t i s h Columbia s o i l s (6). The 

sampl ing s i t e s were s e l e c t e d to r e p r e s e n t as w e l l as 

p o s s i b l e i n a g e n e r a l way the more i m p o r t a n t a g r i c u l t u r a l 

s o i l areas o f the p r o v i n c e . 

The a c t u a l sampl ing was done on the b a s i s o f the s o i l 

p r o f i l e and samples were taken from each h o r i z o n . However, 

manganese d e t e r m i n a t i o n s were made u s i n g o n l y the A and C 

h o r i z o n s . In the case o f the A h o r i z o n s the A^ and Ag 

h o r i z o n s from each p r o f i l e were composi ted wi th a view to 

o b t a i n i n g a sample which would r e p r e s e n t the s o i l to 

a p p r o x i m a t e l y plow d e p t h . The C h o r i z o n i n each case 

r e p r e s e n t e d the parent m a t e r i a l from which the s o i l was 

d e r i v e d . A l l samples w i t h the e x c e p t i o n o f two were from 

s i t e s t h a t had not been c u l t i v a t e d . 
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P r e p a r a t i o n o f S o i l Samples: 

A l l s o i l samples which were used i n the t o t a l 

manganese d e t e r m i n a t i o n s were a i r d r i e d and ground to 

a f i n e powder to pass through a 100-mesh b o l t i n g c l o t h 

s i e v e . The samples used i n the a v a i l a b l e and h y d r o ­

quinone r e d u c i b l e manganese d e t e r m i n a t i o n s were ground 

to pass through a ^ mm. s i e v e . A l l the samples were 

used i n the a i r d r y s t a t e and the c a l c u l a t i o n s were 

based upon t h i s weight o f s o i l . 

Method o f Analysis": 

The method f i r s t used to d e t e c t the presence o f 

manganese was tha t d e s c r i b e d by S a n d e l l (37). In t h i s 

procedure 0.5 grams of f i n e l y d i v i d e d sample were t r a n s ­

f e r r e d to a p l a t i n u m c r u c i b l e t o g e t h e r w i t h 5 m i l l i -

l i t r e s o f 1:1 s u l f u r i c a c i d and 3-4 m i s . o f h y d r o f l u o r i c 

a c i d . The content s were mixed and heated c a r e f u l l y f i r s t 

on a h o t p l a t e , then more s t r o n g l y u n t i l fumes o f s u l f u r i c 

a c i d were g i v e n o f f . The s o l u t i o n was a l l owed to c o o l 

and the s i d e s o f the v e s s e l were washed down wi th water 

and 2-3 m i s . o f d i l u t e s u l f u r i c a c i d and a few drops o f 

n i t r i c a c i d . 

The m i x t u r e was evaporated a g a i n to white fumes o f s u l f u r i c 

a c i d , a l lowed to c o o l and water added to d i s s o l v e the 

s o l u b l e s a l t s . F i l t r a t i o n was c a r r i e d out through a s m a l l 
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f i l t e r paper and the r e s i d u e washed w i t h hot w a t e r , but 

the t o t a l volume of washings was not a l l owed to go beyond 

50 m i s . To the f i l t r a t e 3 m i s , o f c o n c e n t r a t e d s u l f u r i c 

a c i d , 2 m i s . 85% p h o s p h o r i c a c i d and 0 .3 grams potas s ium 

p e r i o d a t e were added. The s o l u t i o n was then heated to 

b o i l i n g and a l lowed to d i g e s t f o r 5 minutes at 100° C . I t 

was then c o o l e d , d i l u t e d to a volume o f 100 m i s . A f t e r the 

s o l u t i o n was t h o r o u g h l y mixed and t h e f u l l permanganate 

c o l o r was a l l owed to deve lop the t r a n s m i t t a n c y o f the 

s o l u t i o n was compared a g a i n s t a s tandard manganese s o l u t i o n . 

The s t a n d a r d manganese s o l u t i o n was prepared u s i n g 

potass ium permanganate a c c o r d i n g to the method proposed by 

S a n d e l l (37)« The potas s ium permanganate was s t a n d a r d i s e d 

a c c o r d i n g to the procedure g i v e n by Voge l ( 4 4 ) . A s tandard 

curve was p l o t t e d u s i n g s o l u t i o n s c o n t a i n i n g d i f f e r e n t 

c o n c e n t r a t i o n s o f manganese. U s i n g t h i s s tandard curve the 

manganese content o f the s o i l was de termined by compar i son . 

D e t e r m i n a t i o n o f the D i f f e r e n t F r a c t i o n s o f Manganese: 

T o t a l manganese d e t e r m i n a t i o n s were made u s i n g a 

procedure more or l e s s s i m i l a r to t h a t used by S a n d e l l (37) 

but w i t h c e r t a i n m o d i f i c a t i o n s . The procedure as o r i g i n a l l y 

suggested by S a n d e l l had s e v e r a l o b j e c t s when i t was used 

to determine the t o t a l manganese content o f s o i l s . These 

l i m i t a t i o n s i n c l u d e d : 
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1. The l o s s of m a t e r i a l through s p a t t e r i n g 
when s t r o n g l y heated as suggested i n the 
method. 

2. The f a i l u r e of s u l f u r i c - n i t r i c a c i d mixture 
to completely remove o r g a n i c matter. 

3. The s o i l s high i n calcium s a l t s caused l a r g e 
p r e c i p i t a t e s t o form i n the presence of 
s u l f u r i c a c i d . 

4. The procedure as suggested was very time-
consuming. 

5. The l o s s of manganese through a d s o r p t i o n 
brought about by the use of the f i l t e r paper, 
o c c l u s i o n and post p r e c i p i t a t i o n (30). 

6. The l a c k of agreement between d u p l i c a t e 
determinations» 

To overcome these o b j e c t i o n s , m o d i f i c a t i o n s to Sandell's 

procedure were i n t r o d u c e d and the t o t a l manganese d e t e r ­

minations made us i n g the f o l l o w i n g r e v i s e d method. One h a l f 

gram of oven d r i e d s o i l was p l a c e d i n a c r u c i b l e , t r a n s ­

f e r r e d to a muffle furnace and i g n i t e d at 600° C. f o r two 

hours. This method of removal of the o r g a n i c matter 

e l i m i n a t e d the use of the s u l f u r i c a c i d - n i t r i c a c i d mixture 

which was the cause of c o n s i d e r a b l e l o s s of m a t e r i a l through 

s p a t t e r i n g . One ml. of p e r c h l o r i c a c i d was used along with 

10 mis. of h y d r o f l u o r i c a c i d and the mixture was g e n t l y 

d i g e s t e d to dr.yness on a steam bath. The change to 

p e r c h l o r i c a c i d reduced the time r e q u i r e d f o r a n a l y s i s . 

Water was then added to the d r i e d r e s i d u e along with 3 mis. 

of s u l f u r i c a c i d and 2 mis. of phosphoric a c i d j the whole 
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s o l u t i o n was t h e n heated g e n t l y to b r i n g a l l s o l u b l e 

m a t e r i a l s i n t o s o l u t i o n . The content s o f the c r u c i b l e were 

then t r a n s f e r r e d to a beaker wi thout f i l t e r i n g and a l i t t l e 

water and 0.3 grans o f po tas s ium p e r i o d a t e was added. The 

s o l u t i o n was b o i l e d , d i g e s t e d f o r 5 minutes at 100° C , 

c o o l e d , made to volume o f 100 m i s . , and the t r a n s m i t t a n c y o f 

t h i s s o l u t i o n was compared wi th a s i m i l a r s tandard s o l u t i o n . 

T h i s m o d i f i e d S a n d e l l method worked w e l l and was c o n ­

s i d e r a b l y l e s s t ime consuming. I t gave r e s u l t s t h a t were 

comparable to those o b t a i n e d wi th the s tandard procedure and 

i t was found t h a t b e t t e r agreement between d u p l i c a t e t e s t s 

cou ld be o b t a i n e d wi th i t than wi th the o r i g i n a l p r o c e d u r e . 

A comparison o f r e s u l t s o b t a i n e d on f o u r s o i l samples by the 

two methods i s g i v e n i n Table A . 
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TABLE A 

A comparison o f the r e s u l t s o b t a i n e d u s i n g S a n d e l l ' s method 
and the r e v i s e d method used i n t h i s s t u d y . 

S o i l Percent T r a n s m i t t a n c y Percent T r a n s m i t t a n c y 
A s s o c i a t i o n S a n d e l l ' s Method Rev i sed Method  

Sample Sample Average Sample Sample Average 

C u s t e r Loam 84.20 85.00 84.60 84.80 85.20 85.00 

Lynden S i l t 58.00 59.20 58.60 58.80 58.80 58.80 
Loam 

Alderwood Sandy 56.00 55.30 55.70 55.30 55.30 55.30 
Loam 

L a n g l e y C l a y 45.1 44.90 45.00 44.40 44.80 44.60 
Loam 

Note: F i g u r e s shown are f o r the A h o r i z o n o f some of the 
F r a s e r V a l l e y s o i l s . 

A v a i l a b l e Manganese: 

D e t e r m i n a t i o n s f o r t h i s f r a c t i o n o f manganese were 

c a r r i e d out u s i n g the ammonium a c e t a t e replacement procedure 

(5) (13) ( 3 7 ) . T h i s procedure i n v o l v e d l e a c h i n g o f a s o i l 

w i th n e u t r a l normal ammonium a c e t a t e f o r a p e r i o d o f 12 h o u r s . 

An a l i q u o t o f the l e a c h a t e was removed and evaporated to 

dryness on a steam b a t h . The o r g a n i c mat ter was d e s t r o y e d by 

hydrogen perox ide (6%) i n a c i d s o l u t i o n . The r e s i d u e was then 

taken up i n a l i t t l e Water , 3 m i s . c o n c e n t r a t e d s u l f u r i c a c i d , 



2 m i s . o f 85$ phosphor i c and 0.3 grams of potass ium p e r i o -

d a t e . The s o l u t i o n was then brought to the b o i l , d i g e s t e d 

at t h a t temperature ( 1 0 0 ° C . ) f o r f i v e m i n u t e s , coo led to 

a l l o w the permanganate c o l o r to deve lop f u l l y , and compared 

f o r t r a n s m i t t a n c y wi th a s tandard prepared i n a s i m i l a r 

manner. 

A c t i v e or Hydroquinone R e d u c i b l e Manganese: 

S o i l manganese i n c l u d e d i n t h i s ca tegory was determined 

by l e a c h i n g a s o i l w i t h a 0 .2$ s o l u t i o n o f hydroquinone i n 

n e u t r a l normal ammonium a c e t a t e f o r a p e r i o d o f 12 h o u r s . 

An a l i q u o t was removed from the l e a c h a t e , was evaporated to 

d r y n e s s , o r g a n i c mat ter d e s t r o y e d w i t h 6$ hydrogen p e r o x i d e 

i n a c i d s o l u t i o n . The r e s i d u e was t a k e n i n t o s o l u t i o n wi th 

a l i t t l e water , 3 m i s . s u l f u r i c a c i d , 2 m i s . 85$ p h o s p h o r i c 

a c i d and 0.3 grams o f potass ium p e r i o d a t e . The s o l u t i o n 

was then brought to the b o i l , d i g e s t e d at t h a t t e m p e r a t u r e 

f o r 5 minute s , c o o l e d , made to volume, shaken to a l l o w f u l l 

permanganate c o l o r to deve lop and then compared to the 

s tandard manganese s o l u t i o n . 

D i s t r i b u t i o n o f Manganese i n B r i t i s h Columbia S o i l s : 

S o i l samples were taken from s e v e r a l n a t u r a l l y 

o c c u r r i n g r e g i o n s o f B r i t i s h Columbia f o r c o m p a r i s o n . 
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Peace R i v e r B l o c k ; 

The t o t a l , a v a i l a b l e and hydroquinone r e d u c i b l e 

manganese found i n the s o i l samples s e l e c t e d from the Peace 

R i v e r are g i v e n i n Table I . 

I t w i l l be noted from t h i s t a b l e t h a t a wide range 

i n t o t a l manganese e x i s t s , the range b e i n g from 74 to 1250 

p . p . m . i n the A h o r i z o n and from 66 to 1150 p . p . m . i n the C 

h o r i z o n . No c o n s i s t e n t t r e n d s i n t o t a l manganese may be 

observed i n the d a t a . However, i t w i l l be noted t h a t both 

the A and C h o r i z o n s do compare f a v o r a b l y wi th the f i g u r e 

g i v e n by Leeper (22). I t w i l l , a l s o be noted t h a t the content 

i n the C h o r i z o n s or parent m a t e r i a l s tends to be g r e a t e r 

than t h a t o f the s u r f a c e o r S. h o r i z o n s . T h i s , t o o , i s i n 

accordance w i t h the work, o f o t h e r s , s i n c e the s o i l s are a l l 

s l i g h t l y a c i d and l e a c h e d i n the s u r f a c e h o r i z o n s and 

a l k a l i n e i n the s u b s u r f a c e . 

The sample r e p r e s e n t i n g the A l c a n a s s o c i a t i o n i s lowest 

i n t o t a l -manganese i n both s u r f a c e and s u b s o i l . T h i s i s o f 

p a r t i c u l a r i n t e r e s t f o r s e v e r a l reasons f o r , be s ides b e i n g 

the lowest i n t o t a l manganese, i t i s the most a c i d ; i n 

p a r t i c u l a r i t i s v e r y a c i d i n the C h o r i z o n . I t i s a l s o o f 

i n t e r e s t to note that i t r e p r e s e n t s the o n l y s o i l thought to 

be developed c h i e f l y from parent m a t e r i a l brought from the 

West , t h a t i s the Rocky Mountain a r e a . A l l o t h e r s o i l parent 

m a t e r i a l s were more i n f l u e n c e d by m a t e r i a l s from the E a s t . 



. -37-
Although a l l . the s o i l s r e p r e s e n t e d i n t a b l e I are w e l l 

s u p p l i e d w i t h a l l f r a t i o n s o f manganese, i t i s q u i t e 

apparent t h a t the degraded b labk s o i l s are more a d e q u a t e l y 

suppli-ed than the gray wooded or s lough pod s o l s . T h i s ' i s 

p a r t i c u l a r l y n o t i c e a b l e i n the s t r o n g l y degraded b l a c k s o i l s * 

Upon examinat ion o f the f i g u r e s g i v e n i n Tab le I f o r 

a v a i l a b l e and hydroquinone r e d u c i b l e manganese one i s l e d to 

conclude t h a t s u f f i c i e n t manganese is; p r e s e n t i n t h e s o i l s o f 

the Peace R i v e r a r e a to prevent the development o f manganese 

d e f i c i e n c i e s under normal c o n d i t i o n s . T h i s l a s t statement i s 

supported by the f a c t t h a t leguminous p l a n t s which are o r d i n _ 

a r i l y s e n s i t i v e to manganese d e f i c i e n c y grow v e r y w e l l i n the 

Peace R i v e r a r e a . 

_ gfranagan. Y$Utt • A r?ftI i 
The d a t a g i v e n i n Tab le I I i n d i c a t e t h a t the samples 

r e p r e s e n t i n g t h i s area are w e l l s u p p l i e d w i t h t o t a l , a v a i l a b l e 

and hydroquinone r e d u c i b l e manganese. 

I t w i l l be noted h e r e ; however, that" the t o t a l mang­

anese content o f the A hor izons : i s h i g h e r than t h a t o f t h e 

G h o r i z o n s . T h i s c o u l d be expected s i n c e both s u r f a c e and 

s u b s o i l are a l k a l i n e . Thus manganese presen t i n the s u r f a c e 

h o r i z o n would be , f o r most p a r t , i n the o x i d i s e d s t a t e 

which i s not l e a c h e d s ince i t i s i n s o l u b l e i n w a t e r . 



- 38 -

I t i s of i n t e r e s t t o note the v e r y h igh content o f 

a v a i l a b l e and hydroquinone r e d u c i b l e manganese i n t h e s e - s o i l s , 

p a r t i c u l a r l y i n the A h o r i z o n , e s p e c i a l l y i n view of the f a c t 

t h a t these s o i l s are q u i t e a l k a l i n e . A p p a r e n t l y these s o i l s 

are w e l l s u p p l i e d wi th a very r e a c t i v e ox ide form o f 

manganese. 

The deep b l a c k s o i l from Armstrong i s s u p p l i e d w i t h 

g r e a t e r t o t a l manganese content . than any of the o t h e r s o i l s ; 

however, a l l s o i l s i n Table I I are h igh i n t o t a l c o n c e n t r a t i o n 

o f manganese. The s h a l l o w b l a c k s o i l from Kamloops was used 

f o r comparat ive purposes o n l y , and as expected i t f a l l s 

between the deep b l a c k and dark brown s o i l s . . 

I t i s i n t e r e s t i n g to note t h a t the manganese content o f 

the three g l a c i a l t i l l s o i l s i s h i g h e r than the a l l u v i a l s o i l . 

T h i s might be due to the f a c t t h a t some o f the manganese 

content o f the a l l u v i a l s o i l was washed out as i t was 

d e p o s i t e d i n r u n n i n g water . T h i s i s t rue f o r the o ther two 

f r a c t i o n s o f s o i l manganese as w e l l . 

A v a i l a b l e and hydroquinone r e d u c i b l e manganese as reported 

i s very h igh a l s o . With such c o n c e n t r a t i o n s o f a v a i l a b l e and 

r e d u c i b l e manganese t h e r e i s l i t t l e p o s s i b i l i t y o f a d e f i c i e n c y 

o f the element i n these s o i l s . S i n c e the annua l p r e c i p i t a t i o n 

i n t h i s r e g i o n i s low, l e s s than 20 i n c h e s , l o s s o f a v a i l a b l e 

manganese through l e a c h i n g i s n e g l i g i b l e . 
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TABLE I 

MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN 
SOILS OF THE PEACE RIVER AREA OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon 

P.P.M. Manganese 
PH 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon Total Available Reducible PH 

Slightly A 654.0 5.6 296.0 mm 

Degraded Black Lacustrine Rolla B(ca) 427.0 9.8 158.6 mm 

Degraded Black Allu v i a l Fort St.John A 1150.0 7.2 8.2 6.7 Degraded Black 
C 720.0 5.6 8.2 7.4 

Degraded Black Till(Modified) Montney A 464.0 6.6 8.6 6.8 
C 1250.0 6.0 106.0 7.2 

Degraded Black Lacustrine Arras(l) A 154.0 20.8 101.0 mm Degraded Black 
C 468.0 7.4 18.0 — 

Degraded Black Lacustrine Arras(2) A 210.0 10.0 80.0 mm Degraded Black 
C 420.0 6.7 100.0 mm 

Strongly T i l l Mytron A 96.0 8.2 17.4 6 o 6 
Degraded Black Solodic memb erB(SQjJ 406.0 8.2 109.2 7.6 
Strongly Rooky Mt. & Mytron A 116.0 33.6 66.0 6.5 
Degraded Black Keewatin T i l l Solonetzic C 692.0 7.2 172.6 8.0 Degraded Black 

member 
Strongly 

Till(Modified) 8.8 5.6 Degraded Black Till(Modified) Farmington A 890.0 8.8 155.2 5.6 Degraded Black 
C 596.0 8.0 12.2 6.2 

Grey Wooded Alluvi a l Judah A 72.0 18.6 6.6 6.5 Grey Wooded 
C 350.0 j 10.2 83.4 8.0 
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TABLE I - Cont. 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon 

P.P.M. Manganese 
pH 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon Total Available Reducible pH 

Grey Wooded T i l l Singer A 544.0 10.0 26.6 6.2 Grey Wooded Singer 
C 262.0 8.2 148.2 7.8 

Grey Wooded Rocky Mountain Alcan A 66.0 10.2 6.8 4.9 Grey Wooded 
T i l l acid C 74.0 33.0 27.0 4.4 

Grey Wooded Till(Modified) Bessborough' A 690.0 35.6 75.6 6.8 Grey Wooded 
C 890.0 12.4 128.2 7.6 

Podsol(Slough) T i l l (Poorly Cuthbert A 190.0 7.8 20.4 5.4 Podsol(Slough) 
drained) C 250.0 10.4 12.4 6.0 

N.B. -- Figures for Manganese analysis in a l l Tables is an average for 
Duplicate Determinations. 
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TABLE II 

MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN SOILS OF THE OKANAGAN VALLEY 
OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon P.P.M. Manganese 

PH 
Great 

Soil Group 
Parent 
Material 

Soil 
Association Horizon 

Total Available Reducible PH 

Brown Alluvial Penticton A 1216.0 22.0 148.0 7.6 
S i l t Loam C 1140.0 13.0 102.0 8.6 

Dark Brown Glacial T i l l Kelowna A 1588.0 82.0 363.0 7.5 
Gravelly C 1550.0 40.0 158.0 8.9 
sandy loaa 

Shallow Black Glacial T i l l Kamloops A 1800.0 90.0 258.0 7.3 Kamloops 
C 1760.0 22.0 160.0 8.6 

Deep Black Glacial T i l l Armstrong A 2200.0 54.0 346.0 7.3 Deep Black 
Gravelly C 2030.0 14.0 136.0 8.6 
sandy loam 
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Vancouver I s l a n d A r e a : 

The t o t a l , a v a i l a b l e and hydroquinone r e d u c i b l e 

manganese d e t e r m i n a t i o n s f o r the s o i l s r e p r e s e n t i n g t h i s 

r e g i o n are recorded i n Tab le I I I . 

An examinat ion of the f i g u r e s g i v e n i n Tab le I I I 

r e v e a l s more or l e s s the same g e n e r a l p a t t e r n o f d i s t r i ­

b u t i o n as observed i n the Peace R i v e r B l o c k , wi th the 

p r i n c i p a l e x c e p t i o n t h a t the f i g u r e s e x h i b i t e d here are much 

h i g h e r f o r t o t a l manganese c o n t e n t . Al though, once a g a i n , 

no c o n s i s t e n t t r e n d s are observed i t w i l l be noted t h a t both 

the A and C h o r i z o n s are w e l l s u p p l i e d wi th t o t a l manganese. 

The f i g u r e s g i v e n here are very h i g h when compared w i t h 

those g i v e n by Leeper (22); however, they compare f a v o r a b l y 

w i t h the d e t e r m i n a t i o n s o f the s o i l s o f the U n i t e d S t a t e s 

made by Robinson (35) who r e p o r t e d a range o f 0.00 to 0.32$ 

i n the manganese content o f some American s o i l s . Here a g a i n 

the C h o r i z o n o r parent m a t e r i a l i s s u p p l i e d w i t h a g r e a t e r 

manganese content than the A h o r i z o n . The s u r f a c e s o i l i s 

more a c i d than the subsur face s o i l s , thus a p o r t i o n o f the 

s o l u b l e manganese i n the s u r f a c e i s c a r r i e d i n t o the sub­

s o i l i n dra inage w a t e r s . 

The f i g u r e g i v e n f o r the Cedar a s s o c i a t i o n i s v e r y h i g h 

i n both sur face and s u b s o i l samples . T h i s might be due to 

the f a c t tha t the parent m a t e r i a l i s a r e s i d u a l s h a l e . T h i s 

parent m a t e r i a l i s a sed imentary rock and i s thought to 
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have been d e p o s i t e d d u r i n g the upper Cre taceous which was 

the l a s t p e r i o d i n the Mesozo ic e r a . I t i s a l s o o f i n t e r e s t 

to note t h a t t h i s rock i s the o n l y r e s i d u a l parent m a t e r i a l 

known i n our P a c i f i c Coast s o i l s . The parent m a t e r i a l s f o r 

the o t h e r s o i l samples have a l l been t r a n s p o r t e d . 

I t was noted t h a t the l a c u s t r i n e s o i l , Cowichan c l a y 

loam, had present a l a y e r o f b l a c k m a t e r i a l c o a t i n g some o f 

the s o i l aggregates i n the C . h o r i z o n . I t was thought i t 

might be the impure mixture o f manganic ox ides known as 

"Wad" (25) (42). When a n a l y s e d i t was found to be a p p r o x i ­

mate ly 0,2% manganese. 

The content o f a v a i l a b l e manganese i n the A and C 

h o r i z o n s o f the Cowichan S o i l A s s o c i a t i o n were v e r y n e a r l y 

the same i n both A and C h o r i z o n s . 

The hydroquinone r e d u c i b l e manganese i s i n h i g h 

c o n c e n t r a t i o n s p a r t i c u l a r l y i n the C h o r i z o n s . I t i s o f 

i n t e r e s t to note t h a t wherever the t o t a l manganese content 

o f a h o r i z o n was h i g h , the hydroquinone r e d u c i b l e manganese 

was h i g h a l s o . 

As wi th the o t h e r r e g i o n s so f a r s t u d i e d , i t i s 

thought t h a t the s o i l s c o n t a i n s u f f i c i e n t a v a i l a b l e 

manganese to meet p l a n t r e q u i r e m e n t s 8 
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TABLE III 

MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN SOILS OF THE SOUTH EASTERN 
PORTION OF VANCOUVER ISLAND OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 1 
Association 

'J f\ y* A orgs n 
P.P.M. Manganese 

pH 
Great 

Soil Group 
Parent 

Material 
Soil 1 

Association ElUr<L Saw XI Total Available Reducible pH 

Brown Podsolic Alluvial Qualicum A 534.0 10.6 83.4 4.9 
Loamy Sand C 360.0 12.0 26.6 5.5 

Brown Podsolic Residual Cedar A 2366.0 45.0 820.0 5.0 
shale C 4020.0 47.0 1040.0 5.2 

Brown Podsolic Glacial Bainbridge A 140.0 8.4 12.5 4.7 
T i l l Loam C 800.0 6.0 223.4 5.3 

Brown Podsolic Glacial Keating A 1510.0 22.4 161.0 6.2 
T i l l Sandy Loam C mm • — mm mm 

A l l u v i a l A l l u v i a l Chemainus A 1620.0 26.8 178.0 5.8 
Loamy sand C 2256.0 25.6 170.0 6.0 

Brown Podsolic Lacustrine Cowichan A 1180.0 65.0 160.0 5.2 
Clay Loam C 1856.0 66.0 288.0 6.2 

Brown Podsolic Lacustrine Black Stained C 1864.0 _«, mmm 6.2 
Cowichan 
C.L. 
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Nechako P l a t e a u - C e n t r a l I n t e r i o r 

T h i s a r e a r e p r e s e n t s the n o r t h c e n t r a l p o r t i o n o f the 

Nechako P l a t e a u which extends from the American b o r d e r w e l l 

i n t o the n o r t h e r n r e g i o n s o f the p r o v i n c e ( 6 ) . 

A study o f the d a t a g iven i n Tab le IV r e v e a l s the 

d i s t r i b u t i o n o f manganese i n the s o i l s s e l e c t e d from t h i s 

r e g i o n of the p r o v i n c e . I t w i l l be noted t h a t a wide range 

i n t o t a l manganese e x i s t s i n both A and C h o r i z o n s . No 

c o n s i s t e n t t r e n d s wi th regard to t o t a l manganese are e v i d e n t . 

There appears to be no r e l a t i o n s h i p between t o t a l content 

and pH as was ev idenced i n the s o i l s o f the Peace R i v e r a r e a . 

For example, the Vanderhoof a s s o c i a t i o n shows a h i g h e r t o t a l 

manganese 'content i n the A h o r i z o n than i n the C h o r i z o n , 

a l t h o u g h the A h o r i z o n i s more a c i d than the C h o r i z o n . 

However, i n the case o f the sample from the P inev iew 

a s s o c i a t i o n , one sees t h a t the more a c i d A h o r i z o n i s c o n ­

s i d e r a b l y lower i n t o t a l manganese than the a l k a l i n e C 

h o r i z o n . T h i s , o f c o u r s e , i s expected and i s i n accordance 

w i t h the o b s e r v a t i o n s o f o t h e r i n v e s t i g a t o r s ( 2 2 ) ( 3 9 ) . 

The degraded b l a c k s o i l s o f t h i s r e g i o n are g e n e r a l l y 

a l i t t l e h i g h e r i n a l l f r a c t i o n s o f manganese t h a n are the 

grey wooded s o i l s . T o t a l c o n c e n t r a t i o n s o f manganese g i v e n 

i n Table IV more c l o s e l y approximate R o b i n s o n ' s r e s u l t s ( 3 4 ) 

f o r some American s o i l s than t h e y do f o r the A u s t r a l i a n 

s o i l s s t u d i e d by Leeper ( 2 2 ) . 
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That which has been s a i d f o r t o t a l manganese more or 

l e s s h o l d s f o r the o ther two f r a c t i o n s o f manganese. I t 

appears from the samples t e s t e d t h a t the s o i l s of the 

Nechako P l a t e a u s h o u l d , under normal c o n d i t i o n s , c o n t a i n 

s u f f i c i e n t a v a i l a b l e manganese f o r p l a n t growth . 

South E a s t e r n P o r t i o n o f B r i t i s h Columbia 

Only t h r e e samples were a n a l y s e d from t h i s l a r g e 

s e c t i o n o f the p r o v i n c e , one from B i g Bend, one from 

Columbia Lake and one from C r e s t o n . The r e s u l t s are i n ­

c luded i n Table V . I t w i l l be noted from T a b l e V t h a t the 

t o t a l manganese content s do not d i f f e r p a r t i c u l a r l y from 

those r e p o r t e d t f o r o t h e r areas of the p r o v i n c e . 

The C r e s t o n a r e a i s o f c o n s i d e r a b l e i n t e r e s t from the 

s t a n d p o i n t o f s o i l manganese s ince r e p o r t s have been made 

from time to t ime o f b e n e f i t s o b t a i n e d from the use o f 

manganese f e r t i l i z e r s i n t h a t a r e a . However, no c o n c l u s i v e 

ev idence o f manganese d e f i c i e n c y appears to have been 

o b t a i n e d . When the manganese s t a t u s o f the C r e s t o n s o i l 

samples i s c o n s i d e r e d i n r e s p e c t to t h i s s i t u a t i o n one 

would conclude t h a t o n l y under p a r t i c u l a r c i r c u m s t a n c e s 

would manganese d e f i c i e n c y l i k e l y o c c u r . T h i s might be the 

case because the t o t a l manganese content o f the samples 

appears s a t i s f a c t o r y but the s o i l i s a l k a l i n e and thus 

under s t r o n g o x i d i s i n g c o n d i t i o n s might l e a d to low 

manganese a v a i l a b i l i t y . 
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TABLE IV 

MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN SOILS NECHAKO PLATEAU 
(CENTRAL INTERIOR) OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 
Association 

P.P.M. Manganese 

pH 
Great 

Soil Group 
Parent 

Material 
Soil 

Association Horizon Total Available Reducible pH 

Grey Wooded Lacustrine Vanderhoof A 1584.0 26.6 156.6 6.7 Grey Wooded 
Clay C 1380.0 21.6 128.0 7.6 

Grey Wooded Lacustrine Pineview A mm «... mm mmm Grey Wooded 
Clay (1) C 1830.0 17.6 526.0 7.1 

Grey Wooded Lacustrine Pineview A 186.0 21.6 72.0 4.7 Grey Wooded 
Clay (2) C 2368.0 39.2 277.0 7.5 

Prince George 
Grey Wooded Glacial Bednesti A .... mm mm MM Grey Wooded 

lacustrine S i l t loam C 1940.0 31.2 386.0 6.8 
Degraded Black Lacustrine Fort St*James A 4936.0 324.0 876.0 «... Degraded Black 

Clay C 1856.0 162.0 864.0 — 

Degraded Black Lacustrine Nulki Clay A 700.0 44.0 212.0 Degraded Black Nulki Clay 
C 1260.0 12.6 516.0 mm 

Degraded Black Glacial Driftwood A «B mm mm mm 

T i l l Loam C 1100.0 88.0 458.0 7.2 
Degraded Black Glacial Mapes Loamy A 2334.0 236.6 788.6 5.2 

T i l l Sand C 1550.0 55.2 357.2 6.5 



TABLE V 
MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN SOILS OF THE SOUTHEASTERN 

PORTION OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 
Association Horizon 

P.P.M. Manganese 

PH 
Great 

Soil Group 
Parent 

Material 
Soil 

Association Horizon Total Available Reducible PH 

Brown Podsolic Glacial Big Bend A 144.0 • 4.4 
T i l l B 2 

1990.0 — -- 5.9 
C 3080.0 «... — 7.8 

Rendzin a Limestone Columbia A 1090.0 mm 7.5 
Lake B2 786.0 mm 7.8 

C 2 1158.0 ~ — 8.3 
Alluv i a l A l l u v i a l Creston A 600.0 54.0 110.0 7.55 

C 760.0 14.0 80.0 7.80 
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Lower F r a s e r V a l l e y A r e a : 

T h i s area i n v o l v e s some 350,000 a c r e s o f a r a b l e l a n d s , 

a l l u v i a l and g l a c i a l s o i l s ex tend ing i n l a n d from the mouth 

o f the F r a s e r R i v e r f o r some 80 m i l e s . The s o i l s n a t u r a l l y 

d i v i d e themselves i n t o groups : ground water s o i l s , r ecen t 

a l l u v i a l , and r a i s e d d e l t a (5). 

An examinat ion o f Tab le VI r e v e a l s that the s o i l s o f 

the F r a s e r V a l l e y are ex treme ly h i g h i n t o t a l manganese as 

compared to the average f o r s o i l s e l s ewhere . Of p a r t i c u l a r 

i n t e r e s t , a l s o , i s the f a c t t h a t the s u r f a c e samples are 

as h igh or h i g h e r i n t o t a l manganese than the parent 

m a t e r i a l samples . T h i s i s r a t h e r s u r p r i s i n g s ince the 

s u r f a c e s o i l s are more a c i d than the s u b s o i l s and t h e r e f o r e 

i n an area o f h i g h p r e c i p i t a t i o n and l e a c h i n g such as the 

F r a s e r V a l l e y one would expect c o n s i d e r a b l e downward move­

ment o f manganese (22) (39). 

No c o n s i s t e n t r e l a t i o n s h i p may be observed i n the 

f i g u r e s f o r t o t a l manganese and the mode o f d e p o s i t i o n o f 

the parent m a t e r i a l s . 

The r e s u l t s g i v e n i n Table VI a l s o show the v i r g i n 

s o i l s o f the F r a s e r V a l l e y to be h i g h i n a v a i l a b l e 

manganese. The f i g u r e s g i v e n f o r a v a i l a b l e manganese i n 

each sample are much h i g h e r i n the A h o r i z o n than i n the C 

h o r i z o n . T h i s f a c t can be e x p l a i n e d on the b a s i s o f pH. 

In the A h o r i z o n s the a c i d c o n d i t i o n present f a v o r s 

r e d u c t i o n and wi th the v e r y h i g h t o t a l content o f manganese 
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r e p o r t e d f o r these h o r i z o n s one c o u l d r e a s o n a b l y expect to 

f i n d h i g h e r q u a n t i t i e s of d i v a l e n t manganese. I t would 

seem from an a n a l y s i s o f the d a t a g i v e n i n Table VI a more 

c o n s i s t e n t r e l a t i o n s h i p e x i s t s between a v a i l a b l e manganese 

and pH than between t o t a l manganese and pH. 

There i s a p p a r e n t l y no c o n s i s t e n t t r e n d s i l l u s t r a t e d 

between a v a i l a b l e manganese and parent m a t e r i a l , some o f 

the more l i g h t e r t e x t u r e d s o i l s b e i n g b e t t e r s u p p l i e d w i t h 

a v a i l a b l e manganese than some of the h e a v i e r t e x t u r e s ones . 

The remarks made wi th r e s p e c t to a v a i l a b l e manganese 

can be a p p l i e d to hydroquinone r e d u c i b l e manganese. S o i l 

a c i d i t y o r pH i n f l u e n c e s t h i s f r a c t i o n o f s o i l manganese 

much the same as i t does the a v a i l a b l e manganese. 

Upon a review o f the data g i v e n i n Table VI i t i s 

q u i t e ev ident t h a t , when compared to o t h e r B r i t i s h Columbia 

s o i l s , the s o i l s from t h i s r e g i o n are v e r y w e l l s u p p l i e d 

wi th a l l f r a c t i o n s o f s o i l manganese. In view o f t h i s 

f a c t i t would seem very u n l i k e l y t h a t a d e f i c i e n c y o f t h i s 

element would be e x p e r i e n c e d . H a r r i s (10) noted t h a t the 

a p p l i c a t i o n s o f manganese f e r t i l i z e r s t o these s o i l s had 

l i t t l e , i f any, e f f e c t on the y i e l d o f c a r r o t s and t u r n i p s . 

However, i t should be noted here t h a t manganese a p p l i ­

c a t i o n s i n c r e a s e d the keep ing q u a l i t y o f c a r r o t s and 

t u r n i p s . H a r r i s conc luded h i s work by s u g g e s t i n g t h a t no 

v i s i b l e ev idence o f a micro -e l ement d e f i c i e n c y was a p p a r e n t . 
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TABLE VI 

MANGANESE CONTENT AND RELATED DATA PERTAINING TO VIRGIN SOILS OF THE LOWER FRASER VALLEY 
OF BRITISH COLUMBIA 

Great 
Soil Group 

Parent 
Material 

Soil 
Association 

Horizon 
P.P.M. Manganese 

PH Great 
Soil Group 

Parent 
Material 

Soil 
Association 

Horizon 
Total Available Reducible 

PH 

Brown Podsolic Coarse Everett A 2460.0 238.0 740.0 5.9 
Alluvial Loamy sand C 1830.0 17.6 52.0 5.6 

Brown Podsolic Fine Lynden A 2520.0 78.0 530.0 5.8 
Allu v i a l S i l t loam C 1700.0 17.6 280.0 5.7 

Brown Podsolic Glacial Alderwood A 2400.0 103.0 514.0 5.6 
T i l l Sandy loam C 1520.0 9.0 52.0 6.0 

Brown Podsolic Glacial Whatcom A 3460.0 86.0 832.0 5.4 
Till ( o l d ) S i l t C 1880.0 8.0 28.0 6.8 

Brown Podsolic Glacial Whatcom A 1060.0 30.0 18.0 5.4 
T i l l (old) S i l t Loam C 1360.0 14.0 32.0 6.8 

Brown Podsolic Lacustrine Haney clay A 1830.0 100.0 306.0 5.3 Haney clay 
C 1560.0 11.0 30.0 5.2 

Groundwater Podsol Allu v i a l Custer Loam A 800.0 18.0 46.0 5.0 
C 1030.0 10.0 32.0 7.1 

Gleizolic Lacustrine Langley A 4 0 0 0 . 0 188.0 503.0 5.3 
clay loam C 1430.0 12.0 24.0 7.3 

Gleizolic Lacustrine Milner clay A 830.0 38.0 80.0 5.0 
loam C 1340.0 9.0 20.0 5.6 

Alluvial A l l u v i a l Monroe Clay A 2060.0 174.0 416.0 5.6 
loam C 2080.0 35.0 192.0 _i,9 „, 
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SUMMARY; 

1. A survey was made of the s t a t u s o f manganese i n 

some of the more impor tant s o i l a s s o c i a t i o n s o f B r i t i s h 

C o l u m b i a . Three f r a c t i o n s o f manganese, t o t a l , a v a i l a b l e 

and hydroquinone r e d u c i b l e were determined i n sur face and 

parent m a t e r i a l s o f 45 u n c u l t i v a t e d s o i l p r o f i l e s . 

2. T o t a l manganese content o f the samples was found 

to range from 0.007$ to 0.494$. The v a l u e s compared 

f a v o u r a b l y w i t h those r e p o r t e d f o r the s o i l s o f the U n i t e d 

S t a t e s and were g e n e r a l l y h i g h e r than those r e p o r t e d from 

s o i l s i n A u s t r a l i a . 

3 . When the t o t a l manganese v a l u e s o b t a i n e d were 

compared by r e g i o n s the samples from the Lower F r a s e r V a l l e y 

and Vancouver I s l a n d were g e n e r a l l y h i g h e s t and those from 

the Peace R i v e r lowest i n t o t a l manganese c o n t e n t . The 

samples from the C e n t r a l I n t e r i o r , Okanagan, Rocky Mounta in 

Trench and Kootenays were g e n e r a l l y i n t e r m e d i a t e i n content 

of t o t a l manganese. 

4. Downward movement o f manganese i n the s o i l p r o ­

f i l e s was most f r e q u e n t l y i n d i c a t e d by the samples from the 

Peace R i v e r a r e a . The Okanagan samples i n d i c a t e d no down­

ward movement o f manganese. In the s o i l samples o f the 

Lower F r a s e r V a l l e y the s u r f a c e samples were f r e q u e n t l y 

h i g h e r i n t o t a l manganese than the c o r r e s p o n d i n g parent 
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m a t e r i a l samples i n d i c a t i n g some upward movement o f 

manganese. 

5. A v a i l a b l e manganese content o f the samples was 

found to range from 5.6 to 324 p . p . m . The v a l u e s were 

g e n e r a l l y h i g h when compared to v a l u e s r e p o r t e d e l s ewhere . 

A v a i l a b i l i t y o f manganese was r e l a t e d more to s o i l r e a c t i o n 

than to t o t a l manganese. 

6. The range i n hydroquinone r e d u c i b l e manganese found 

i n the s o i l samples was from 8.2 to 1040.0 p . p . m . The 

r e s u l t s were g e n e r a l l y h i g h compared to v a l u e s r e p o r t e d 

f o r s o i l s e l s e w h e r e . 

7. The h i g h v a l u e s g e n e r a l l y o b t a i n e d f o r t o t a l , 

a v a i l a b l e and hydroquinone r e d u c i b l e manganese i n d i c a t e 

tha t most s o i l s i n B r i t i s h Columbia are a d e q u a t e l y s u p p l i e d 

wi th t h i s e lement . In f a c t the i n d i s c r i m i n a t e use o f 

manganese f e r t i l i z e r s might prove d e t r i m e n t a l by i n c r e a s i n g 

n a t u r a l l y h igh l e v e l s o f a v a i l a b l e manganese to a p o i n t 

where i t would be h a r m f u l to p l a n t growth. 

8. S o i l s d e f i c i e n t i n manganese f o r p l a n t growth may 

occur i n B r i t i s h C o l u m b i a . I f d e f i c i e n c y symptoms do 

o c c u r they are to be expected as a r e s u l t o f such c o n d i t i o n s 

as a l k a l i n e s o i l r e a c t i o n , o v e r l i m i n g p r a c t i c e s , e x c e s s i v e 

d e s t r u c t i o n o f s o i l o r g a n i c m a t t e r and i o n i n t e r f e r e n c e . 
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I f a s o i l manganese d e f i c i e n c y i s suspected a c a r e f u l 

a p p r a i s a l o f each i n d i v i d u a l s i t u a t i o n shou ld be made 

be fore manganese f e r t i l i z e r a p p l i c a t i o n s are recommended. 
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