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mately twice as great as that of branches 
not attacked by borer near the orur/.rg cut. 

Table 2 shows a similar result as 
regards wood rot. The amount of wood rot 
in the three fields varied considerably but 
the figures show that there was roughly 

.about twice as much wood rot in the borer-
infested, branches as in the non-in'ested. 
The "differences observed are probably real 
and not due merely to chance (A differ­
ence of twice its standard error is accepted 
as of statistical significance). 

This experiment does not give any 
indication of a reason, for the speeding up 
of the wood rot attack. In view of the 
previous work, mentioned earlier, it is 

improbable that wood-rottine funpl nor­
mally gain entrance into the stem through 
shot-hole borer galleries. If that view is 
accepted it becomes evident that tb* wood 
around shot-hole borer catteries either is 
rendered more susceptible to attack or can 
be reduced to • a friable condition more 
quickly by wood-rotting fungi after entry. 
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DEFICIENCY DISEASES AND THE ROLE OF 

THE "MINOR ELEMENTS" IN PLANT LIFE 
T. E. T. BOND 

"The study of the nutrition*of plants 
has been pursued during the last fortv years 
with great zeal and excellent results. The 
complete revolution which rational aericul 
ture and forestry have experienced through 
the establishing, of the theory of the nutri­
tion of plants, proves how much has been 
accomplished in this department. The most 
significant result of the development of the 
nutrition theory mentioned is met' w*th . . ; 

in the fact that we are now able to 
rear plants artificially — that we are in a 
position, with chemically pure w«*ter to 
which we add some few chemically pure 
salts, to rear artificially highly developed 
plants . . . . . . — that from inconspicuous 
and often scarcely ponderable quantities of 
vegetable substance, quantities of it as large 
as we choose may be produced in th»s way." 
Thus wrote. Marshall Ward in the 1880's 

in his translation of Sachs' famous 
"Lectures or the Physioioarv of Plants." <•» 
And indeed the tbpprv of plant nutrition as 
it was then established was revolutionary 
enough. In these-davs we can hardlv 
realize'the change in outlook that it frr>mied 
Green plants were now known to depend 
for their food supply, not on'the complex, 
"organic juices" of the soil, but on such 
simple substances as the carbon dioxide -
of the atmosphere, water, nitrates, and 
certain inorganic salts in solution. Thus 
was inaugurated the age of artificial ferti­
lizers — one might almost say th« "NPK 
era" of agriculture — and. in more modern 
times, but in direct continuation of SachV-
water culture method, the revived and 
fashionable interest in soilless cultivation 
or "hydroponics." <*) 
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Unfortunately for modern agriculture, 
- the "complete revolution" in agricultural 

practice that Sachs and his contemporaries 
viewed with so much, justifiable, satisfac 
tion has had. unforeseen consequences. 
One of the most significant of these (condi­
tioned also by the increasing mechanisa­
tion of agricultural transport and machi­
nery, and other economic changes) has 

•:. been.the rise to prominence of the-defici­
ency diseases with the increasing recogni­
tion of the importance for plant nutrition 
of the so-called "Minor Elements." 

The present article deals with a selec­
tion only of the various aspects of this 
recent development of the nutrition theory. 
Certain aspects which are not dealt with 
here, as for instance the more theoretical 
significance of the "Minor Elements" for 
plant metabolism, and their importance as 
affecting the health of the grassing animal, 
are briefly referred to in a review article 
on this subject reprinted in the Tea 
Quarterly for 1940 (Vol. XIII, pp. 148-152). 

WHAT ARE THE "MINOR ELEMENTS " ? -R 

Sachs describes as necessary for the 
healthy development of his plants only 
"chemically pure water" with "some few 
chemically pure salts." In terms of the 
chemical elements involved his list of 
essentials, (i.e., apart from carbon, hydro­
gen, oxygen and nitrogen) is a short pne — 
"it is simply necessary that the nutritive 
mixture should contain the elements potas­
sium, calcium, magnesium, iron, phos­
phorus, and sulphur,. In sui table . . . . . 
combinations" — ten essential elements in 
all, of which three, namely, iron, mag­
nesium, and sulphur, are "usually regarded 
as "Minor Elements" (possibly also calcium 
should be included here), since they are 
needed in small amounts relative to the 
plant's much larger requirements of 
nitrogen (N), phosphorus (P), and potas­

s ium (K). The fact Jhat the list of essential 

"Minor Elements" is now quite rapidly 
being extended is due to improvements in 
technique and to our changed ideas of 
chemical purity. Water culture, experi­
ments, to be really critical, now demand 
some of the most elaborate and highly 
technical refinements of method to • be 
found anywhere in agricultural research, 
although for certain purposes the simpler 
methods,are still useful. The best authen­
ticated of the recent additions to the list 

' of essential elements are boron, manganese, 
copper, zinc, and molybdenum. <8>- *2> 
Claims made with regard to some other 
elements are still open to doubt, while 
there may also be elements, including such 
well -known ones as sodium, chlorine, and 
silicon, that are essential for certain plants 
only, but not for plant life in general. 

By some authorities, the attempt is 
made to distinguish between nutritional 
elements, which are needed in relatively 
large quantities, or which are known to 
be required by the plant .for direct incor­
poration into the tissues (as, for instance, 
magnesium enters into the composition of 
the green colouring matter, chlorophyll), 
and the so-called stimulative, catalytic, and. 
prophylactive elements which fulfil other, 
less obvious functions. However, it seems 
likely that, in time, most of these will be 
found to have some direct nutritional signi­
ficance, so that this distinction will dis­
appear. The criteria of essentiality as 
given recently by the foremost American 
workers in this field <» are worth noting. 
They are three in number,, as. follows 
(a) Deficiency must be shown to prevent 
the completion .of the plant's normal life 
cycle ; (b) It must be specific to the element 
in question, i.e., an element is not essential 
if it can be replaced by another; (c) The 
element must be required bv the plant itself, 
not merely on account of its effect on the 
chemical or biological equilibrium of the 
soil, 



i i 

A l l t h e e s s e n t i a l m i n o r e l e m e n t s s o f a r 

m e n t i o n e d h a v e b e e n s h o w n t o b e d e f i c i e n t 

i n s o i l s i n v a r i o u s p a r t s o f t h e w o r l d a n d 

m a n y d i f f e r e n t k i n d s o f c r o p s a r e k n o w n 

t o b e a f f e c t e d . V a r i o u s e x a m p l e s o f d e f i c i ­

e n c y d i s e a s e s w i l l b e m e n t i o n e d i n t h e 

c o u r s e o f t h i s p a p e r , a l t h o u g h n o a t t e m p t 

w i l l b e m a d e t o i n c l u d e m o r e t h a n a s m a l l 

f r a c t i o n o f t h o s e a l r e a d y r e c o g n i s e d . 

WHAT' *&UXNTJXIES OF THE " MINOR 
„ ELEMENTS" DOES THE PLANT NEED? 

A n o u t s t a n d i n g f e a t u r e o f " M i n o r 

E l e m e n t " n u t r i t i o n i s t h e e x t r e m e l y s m a l l 

q u a n t i t y o f t h e e l e m e n t s r e q u i r e d . J n f a c t , 

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

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

a m o u n t a n d t h i s a p p l i e s e s p e c i a l l y t o t h e 

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

e l e m e n t s b o r o n , m a n g a n e s e , c o p p e r a n d 

z i n c . I t i s e a s y t o s e e h o w t h e n e c e s s i t y 

f o r t h e s e e l e m e n t s c a m e t o b e o v e r l o o k e d 

f o r s o l o n g . W a t e r c u l t u r e s o l u t i o n s i n 

a n y c a s e a r e s u r p r i s i n g l y d i l u t e . S a c h s ' 

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

a b o u t 0 . 3 % o f d i s s o l v e d s a l t s , g i v i n g s o m e 

0 . 9 4 p a r t s o f p o t a s h ( K 0 ) a n d 0 . 1 4 p a r t s 

o f n i t r o g e n ( N ) p e r t h o u s a n d . T h e n a t u r ­

a l l y o c c u r r i n g s o i l s o l u t i o n i s s t i l l m o r e 

d i l u t e a n d i t h a s b e e n e s t i m a t e d t o h a v e a 

t o t a l c o n c e n t r a t i o n o f a b o u t 0 . 1 % o f 

d i s s o l v e d s u b s t a n c e s . * 1 1 ) C o m p a r e d w i t h 

t h e s e , figures t h e c o n c e n t r a t i o n o f t h e 

" M i n o r E l e m e n t s " n e e d s t o b e a l m o s t , 

i n c r e d i b l y l o w . T h u s , i n a * r e c e n t 

A u s t r a l i a n p a p e r t 9 ' d e a l i n g w i t h c o p p e r 

d e f i c i e n c y i n o a t s a n d o t h e r p l a n t s , , w e r e a d 

t h a t c o n s i d e r a b l e r e s p o n s e s r w e r e o b t a i n e d 

t o q u a n t i t i e s o f t h a t e l e m e n t c o r r e s p o n d i n g 

t o t h r e e m i l l i o n t h s o f a g r a m t o t h e l i t r e o f 

c u l t u r e s o l u t i o n — a c o n c e n t r a t i o n o f 

0 . 0 0 0 0 0 3 p a r t s p e r t h o u s a n d . N o t w i t h ­

s t a n d i n g , a d e f i c i e n c y o f c o p p e r i s t h e c a u s e 

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

g e n e r a l l y — u s u a l l y c a l l e d " r e c l a m a t i o n 

d i s e a s e . " f r o m i t s c o m m o n o c c u r r e n c e o n 

r e c e n t l y r e c l a i m e d p e a t s o i l s — i n A u s t r a l i a 

a s w e l l a s i n m a n y p a r t s o f E u r o p e . T h e 

o b s e r v a t i o n t h a t " r e c l a m a t i o n d i s e a s e " c o u l d 

b e c o n t r o l l e d ' b y t h e a p p l i c a t i o n o f c o p p e r 

s u l p h a t e w a s a c t u a l l y m a d e s e v e r a l y e a r s 

b e f o r e a c o n c l u s i v e p r o o f o f t h e e s s e n t i a ! 

n a t u r e o f t h e e l e m e n t c o p p e r w a s f o r t h ­

c o m i n g . 

S o m e i d e a o f t h e e f f e c t ! v e n e s o f s m a l l 

q u a n t i t i e s o f : tKe~"Mi r«>r 'Mements '**car i a l s o ' 

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

t o c u r e d e f i c i e n c y s y m p t o m s i n t h e f i e l d . 

O n e o f t h e b e s t k n o w n d e f i c i e n c y d i s e a s e s 

i n B r i t a i n i s t h e d i s e a s e o f s w e d e t u r n i p s 

k n o w n a s " b r o w n h e a r t " o r " r a a n . " < 5 > T h i s 

i s p a r t i c u l a r l y p r e v a l e n t i n S c o t l a n d a n d i s 

c u r e d b y a p p l i c a t i o n s o f 1 0 - 2 0 l b s . o f b o r a x 

( r e p r e s e n t i n g 1 . 1 5 t o 2 . 3 0 l b s . o f t h e e l e m e n t 

b o r o n ) p e r a c r e . T h i s s m a l l q u a n t i t y , t o 

b e . a p p l i e d e v e n l y - m u s t b e m i x e d w i t h d r y 

s o i l o r s a n d ( o r w i t h o t h e r a r t i f i c i a l f e r t i ­

l i z e r s ) s o t h a t t h e t o t a l a m o u n t r e a c h e s at 

l e a s t a h u n d r e d w e i g h t . I t m a y ' ' b e n o t e d 

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

q u o t e d a b o v e , t h e first field p r o o f o f t h e 

o c c u r r e n c e o f b o r o n d e f i c i e n c y w a s p r e c e d e d 

b y t h e p r o o f o f e s s e n t i a l i t y o f t h e e l e m e n t , 

o b t a i n e d f r o m w a t e r c u l t u r e e x p e r i m e n t s . 

[ SOME EXAMPLES FROM TEA 
i . T e a i n C e y l o n i s n o t k n o w n t o s u f f e r 

f r o m a n y d e f i c i e n c y d i s e a s e s , a l t h o u g h a 

f e w . y e a r s a g o t h e s u g g e s t i o n w a s m a d e t h a t 

phloem necrosis m i g h t b e a d i s e a s e of 
t h i s k i n d — p e r h a p s d u e t o a d e f i c i e n c y of 

b o r o n . H o w e v e r , t h i s v i e w h a s r e c e i v e d 

n o s u p p o r t f r o m e x p e r i m e n t s t h a t h a v e b e e n 

c a r r i e d o u t a n d n e e d n o l o n g e r s e r i o u s l y 

b e c o n s i d e r e d . ^ I n o t h e r c o u n t r i e s , t h e 

b e s t k n o w n a n d m o s t i m p o r t a n t d e f i c i e n c y 

d i s e a s e o f t e a i s t h e " y e l l o w s " d i s e a s e , i n 

N y a s a l a n d , ' * w h i c h i s c a u s e d b y a. d e f i c i e n c y 

o f s u l p h u r . T h i s d i s e a s e w a s first r e p o r t e d 

i n 1 9 2 6 , a n d t h e c a u s e o f i t w a s n o t a s c e r ­

t a i n e d u n t i l S t o r e y a n d L e a c h < » > p u b l i s h e d 

t h e i r a c c o u n t o f it i n 1 9 3 3 . A r e v i e w of 
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t h i s p a p e r w a s p u b l i s h e d i n t h e Tea 
Quarterly f o r . t h a t y e a r ( V o l . V I , p p . 1 2 1 -
1 2 7 ) , s o n o f u r t h e r a c c o u n t o f t h e s y m p t o m s 
of t h e d i s e a s e n e e d b e g i v e n . T e a " y e l l o w s " 
i s i n t e r e s t i n g a s t h e first c a s e of s u l p h u r 
d e f i c i e n c y s o f a r r e p o r t e d i n t h e field: i t 
i s c u r e d b y t h e a p p l i c a t i o n of f e r t i l i z e r s 
c o n t a i n i n g s u l p h a t e s , o r b y t h e d i r e c t a d d i ­
t i o n of.. s u l p h u r i n q u a n t i t i e s a s l o w 1 a s 
2 4 l b s . p e r a c r e . • T h e a c u t e s u l p h u r s h o r t ­
a g e o f t h e N y a s a l a n d t e a s o i l s c a n n o t y e t 
b e f u l l y e x p l a i n e d , a n d S t o r e y a n d L e a c h 
a r e c a r e f u l t o p o i n t o u t t h a t f u l l s y m p t o m s 
of s u l p h u r d e f i c i e n c y a r e d e v e l o p e d o n l y i n 
t h e p r e s e n c e o f a n a d e q u a t e s u p p l y of t h e 
o t h e r n e c e s s a r y i n o r g a n i c n u t r i e n t s . 

I n t e r e s t i n d e f i c i e n c y d i s e a s e s w a s 
r e c e n t l y i n c r e a s i n g i n J a v a w h e r e s e r i o u s 
s y m p t o m s of p o t a s h . d e f i c i e n c y h a d b e c o m e 
n o t i c e a b l e i n c e r t a i n d i s t r i c t s . T h i s w a s 
f o l l o w e d u p b y t h e P r o e f s t a t i o n , W e s t J a v a , 
a n d a f u l l a c c o u n t , b a s e d o n field o b s e r v a ­
t i o n s a n d s a n d c u l t u r e e x p e r i m e n t s , w a s 
p u b l i s h e d i n 1 9 4 0 . T h i s w a s a l s o r e v i e w e d 
i n t h e Tea Quarterly ( V o l . X I I I , p p . 1 3 9 -
1 4 5 ) . T h e s a n d c u l t u r e s w e r e e x t e n d e d t o 
c o v e r c e r t a i n o f t h e r e c o g n i s e d " M i n o r 
E l e m e n t s " a n d i n a l a t e r p a p e r w v a r i o u s 
e x p e r i m e n t a l l y i n d u c e d d e f i c i e n c y s y m p ­
t o m s w e r e d e s c r i b e d . S o m e o f t h e s e a r e 
n o t e d b r i e f l y b e l o w : — 

Calcium.—Tea p l a n t s w i t h o u t c a l c i u m 
g r o w w e l l a t f i rs t b u t l a t e r d e v e l o p p r o ­
n o u n c e d s y m p t o m s , e s p e c i a l l y o n t h e y o u n g 
l e a v e s , o f m a r g i n a l y e l l o w i n g , s p r e a d i n g 
i n w a r d s - b e t w e e n ' t h e v e i n s a n d - e v e n t u a l l y 
b e c o m i n g b r o w n o r " s c o r c h e d . " A d o w n ­
w a r d c u r l o f t h e a p e x a n d m a r g i n s o f t h e 
l e a f a l s o o c c u r s . 

Magnesium.—Deficiency s y m p t o m s a r e 
n o t i c e a b l e o n l y o n t h e o l d e r l e a v e s , w h i c h 
b e c o m e v e r y p a l e y e l l o w , o n l y t h e v e i n s 
r e m a i n i n g g r e e n . T h e r e m a y a l s o b e a 
s l i g h t m a r g i n a l s c o r c h . T h e a u t h o r s c o n ­
s i d e r t h a t t h i s d e f i c i e n c y m a y o c c u r i n t h e 
field, i n S u m a t r a 0 

Sulphur.—Symptoms p r o d u c e d e x p e r i ­
m e n t a l l y a g r e e c l o s e l y w i t h t h e s y m p t o m s 
of " ' y e l l o w s , " t h e p l a n t s r e m a i n i n g s m a l l 
w i t h p r a c t i c a l l y n o flush, t h e l e a v e s b e i n g 
m o t t l e d w i t h y e l l o w e s p e c i a l l y b e t w e e n t h e 
v e i n s . T e a " y e l l o w s " i s n o t c o n s i d e r e d 
l i k e l y t o o c c u r i n t h e field i n t h e D u t c h 
E a s t I n d i e s . x 

THE AVAILABILITY OF THE "MINOR 
ELEMENTS" IN THE SOIL 

T h e o c c u r r e n c e o r o t h e r w i s e of d e f i c i ­
e n c y d i s e a s e s c a n n o t s i m p l y b e p r e d i c t e d 
f r o m t h e a m o u n t of t h e d i f f e r e n t " M i n o r 
E l e m e n t s " k n o w n ' t o o c c u r i n v a r i o u s s o i l s , 
a l t h o u g h i n s o m e c a s e s s u c h a g e n e r a l 
r e l a t i o n s h i p c a n b e s h o w n t o e x i s t . T h u s , 
i n S . A y r s h i r e , S c o t l a n d , t h e r e i s d e f i n i t e 
e v i d e n c e t h a t " b r o w n h e a r t " of s w e d e s i s 
l e s s s e v e r e o n t h o s e s o i l s d e r i v e d f r o m r o c k s 
c o n t a i n i n g . t o u r m a l i n e , a m i n e r a l r i c h i n 
b o r o n w t h o u g h i n a v e r y i n s o l u b l e f o r m . 
M o r e c o m m o n l y i t i s a q u e s t i o n , n o t of t h e 
t o t a l a m o u n t , b u t o f t h e " a v a i l a b i l i t y " of 
t h e e l e m e n t i n q u e s t i o n , a s a f f e c t e d b y 
c e r t a i n o t h e r s o i l f a c t o r s , t h e m o s t i m p o r t ­
a n t of w h i c h a r e ( a ) w a t e r r e l a t i o n s , ( b ) p H 
a n d l i m e c o n t e n t , ( c ) s o i l m i c r o - o r g a n i s m s . 
T o a c e r t a i n , e x t e n t t h e s e t h r e e f a c t o r s a r e 
i n t e r r e l a t e d , , b u t i t w i l l b e c o n v e n i e n t t o 
d i s c u s s t h e m s e p a r a t e l y , i n t h e e n s u i n g 
p a r a g r a p h s ; . 

R a i n f a l l , a n d t h e w a t e r r e l a t i o n s of t h e 
s o i l , m a y a f f e c t t h e o c c u r r e n c e of d e f i c i e n c y 
d i s e a s e s i n t w o w a y s . F i r s t l y , i t i s a m a t t e r 
of - g e n e r a l o b s e r v a t i o n t h a t s u c h d i s e a s e s 
a r e m o r e "in e v i d e n c e d u r i n g d r o u g h t a n d 
i n d r y s e a s o n s t h a n w i t h n o r m a l r a i n f a l l . 
T h u s , s e v e r e a t t a c k s o f " h e a r t r o t " o f s u g a r 
b e e t ( a b o r o n d e f i c i e n c y d i s e a s e c o r r e s p o n d ­
i n g t o " b r o w n h e a r t " o f s w e d e s ) m a y b e 
e x p e c t e d w h e n a r a i n y s p r i n g , w h i c h h a s 
l e d t o v i g o r o u s g r o w t h a n d f e e d i n g of t h e 
y o u n g b e e t s e e d l i n g s , i s f o l l o w e d b y a d r y 
s p e l l i n s u m m e r , . w h e n t h e p l a n t ' s a b s o r p ­
t i o n of s o i l n u t r i e n t s r e c e i v e s a check.*" 1 

T e a " y e l l o w s , " a l s o , i s m o s t i n e v i d e n c e 
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a t t h e e n d o f t h e d r y s e a s o n , a f t e r w h i c h 

t h e r e i s u s u a l l y a g r a d u a l i m p r o v e m e n t u p 

t o t h e e n d o f . t h e r a i n s . " 3 ' S e c o n d l y , t h e . 

l e a c h i n g e f f e c t - o f h e a v y , r a i n f a l l n e e d s t o 

b e t a k e n i n t o c o n s i d e r a t i o n . D e f i c i e n c y 

d i s e a s e s a r e u s u a l l y m o r e , p r o m i n e n t o n 

l i g h t , s a n d y , s o i l s t h a n o n t h e h e a v i e r 

. m o r e . r e t e n t i v e r t y p e s , . ' a l t h o u g h ^ a c t u a l 

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

. p l a y t h e i r p a r t h e r e . T h e b e s t e x a m p l e o f 

a " M i n o r E l e m e n t " d e f i c i e n c y c a u s e d p r i ­

m a r i l y b y T e a c h i n g i s t h a t o f " s a n d d r o w n " 

o f t o b a c c o , w h i c h o c c u r s i n t h e U n i t e d 

S t a t e s , C a n a d a , a n d N y a s a l a n d , a n d w h i c h 

i s d u e t o a d e f i c i e n c y o f m a g n e s i u m . * 8 * 

S y m p t o m s o f t h i s d i s e a s e t a k e t h e f o r m o f 

a s e v e r e c h l o r o s i s i n w h i c h o n l y t h e v e i n s 

r e t a i n t h e i r g r e e n c o l o u r , w h i l e t h e . c u r i n g 

p r o p e r t i e s o f t h e l e a f a r e a l s o a f f e c t e d . 

M a g n e s i u m i s o n e o f t h e c o m m o n e r s o i l 

e l e m e n t s b u t i t i s a l s o o n e o f t h e m o s t e a s i l y 

s o l u b l e a n d i s q u i c k l y l e a c h e d b u t o f t h e 

s u r f a c e l a y e r s . " F o r t h i s r e a s o n , i t s e e m s 

l i k e l y t h a t a c t u a l d e f i c i e n c i e s o f t h i s e l e ­

m e n t i n t h e s o i l m a y b e m u c h * m o r e w i d e ­

s p r e a d t h a n i s u s u a l l y r e a l i z e d . { s > 

T h e r e a c t i o n o f t h e s o i l a n d i t s l i m e 

c o n t e n t a r e a m o n g t h e m o s t p o t e n t f a c t o r s 

a f f e c t i n g t h e a v a i l a b i l i t y o f t h e m i n o r 

e l e m e n t s . T h e t w o p r o p e r t i e s a r e s o c l o s e l y 

r e l a t e d . t h a t i t * i s * n o t e a s y , t o ^ s e p a r a t e o n e 

f r o m t h e o t h e r . I n m o s t c a s e s , _ , h o w e v e r , 

t h e a c t u a l o c c u r r e n c e p f f . f r e e . , c a l c i u m 

a p p e a r s , t o b e o f m o r e d i r e c t i m p o r t a n c e 

. t h a n t h e d e g r e e o f a l k a l i n i t y . w i t h w h i c h 

i t i s a s s o c i a t e d , • T h u s , d e f i c i e n c i e s o f b o r o n , 

z i n c a n d i r o n a r e f r e q u e n t l y i n d u c e d b y 

l i m e . t h e . e l e m e n t s t h o u g h : p r e s e n t i n t h e 

s o i l . b e i n g r e n d e r e d . i n s o l u b l e ^ o r . o t h e r w i s e 

u n a v a i l a b l e I n ' t h e p r e s e n c e o f t h i s s u b ­

s t a n c e . I r o n , e s p e c i a l l y , i s a m a j o r c o n s t i ­

t u e n t o f s o i l s a n d i t i s d o u b t f u l w h e t h e r 

t r u e i r o n d e f i c i e n c y i s e v e r m e t w i t h . L a c k 

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

r o s i s , o r p a l l o r ' d u e t o d e f i c i e n t d e v e l o p ­

m e n t ' o f t h e n o r m a l g r e e n c o l o u r , a n d t h e ^ 

r e l a t i o n s h i p t o l i m e i s h o w s o w i d e l y k n o w n 

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

a s " l i m e - i n d u c e d c h l o r o s i s . " I n G r e a t 

B r i t a i n , t h e r e i s a d e f i n i t e r i s k o f - t h i s 

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

c a l c a r e o u s soils, to; A s a p r e v e n t a t i v e , .the 
t r e e s c a n b e s p r a y e d w i t h i r o n s u l p h a t e 

s o l u t i o n , o r t h i s s u b s t a n c e c a n b e a p p l i e d 

a s a d r e s s i n g o n p r u n i n g c u t s a n d o t h e r 

w o u n d s . A m o r e e c o n o m i c m e t h o d o f c o n r 

t r o l i s t o g r o w c o v e r " c r o p s u n d e r t h e t r e e s , 

w h i c h , b y t h e i r r o o t a c t i o n , a r e f o u n d t o 

i n c r e a s e t h e a v a i l a b i l i t y o f t h e J r o n a l r e a d y 

i n t h e s o i l a n d h e n c e c o u n t e r a c t t h e h a r m - r 

f u l e f f e c t o f l i m e . S t i l l a n o t h e r m e t h o d o f 

i n c r e a s i n g t h e s u p p l y o f i r o n t o t h e t r e e s 

i s b y i n j e c t i o n . 

T h e i m p o r t a n c e o f s o i l o r g a n i c m a t t e r , 

a n d t h e m i c r o - o r g a n i s m s w h i c h i t s u p p o r t s , 

i s r e c e i v i n g i n c r e a s i n g e m p h a s i s i n r e c e n t 

w o r k o n t h e d e f i c i e n c y d i s e a s e s . T h e r e l a ­

t i o n s h i p ' i s i n m a n y c a s e s o b s c u r e a n d new 

i n t e r p r e t a t i o n s o f t h e o b s e r v e d e f f e c t s are 

c o n s t a n t l y b e i n g g i v e n . O n e o r t w o 

e x a m p l e s , w i l l b e s u f f i c i e n t h e r e . One o f 

b e s t o f t h e s e . i s t h e ' ' r e c l a m a t i o n d i s e a s e " 

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

c o p p e r d e f i c i e n c y . T h i s i s u s u a l l y a s s o c i ­

a t e d w i t h h i g h l y o r g a n i c , p e a t y s o i l s , a n d 

t h e b e n e f i c i a l e f f e c t "of a d d i n g c o p p e r 

s u l p h a t e h a s b e e n i n t e r p r e t e d b y v a r i o u s 

a u t h o r i t i e s a s d u e t o a t r a n s f o r m a t i o n of 

t h e p h y s i c a l c o n d i t i o n o f t h e . ; o r g a n i c 

c o l l o i d s l e a d i n g t o improved'water'relations, , 
t o p r e c i p i t a t i o n o r i n a c t i v a t i o n of an o r g a n i c 

s o i l t o x i n o r t o t h e r e p l a c e m e n t of. c o p p e r 

r e n d e r e d unavailable, b y t h e . a c t i o n o f 

a n a e r o b i c s o i l b a c t e r i a . ^ ' C o p p e r i s , how­
e v e r , t r u l y e s s e n t i a l - to p l a n t l i f e - so t h a t 

t h e l a s t m e n t i o n e d a l t e r n a t i v e . m a y p r o v e 

t o b e t h e m o s t f e a s i b l e . A w e l l substanti­
a t e d c a s e o f t h i s k i n d is p s o ^ d e d by Gerreto 
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sen's recent work t61 on the "grey-speGk" 
""disease of oats, also prevalent on reclaimed 
moor or peat soils, but associated with a 
deficiency of manganese. According to 
Gerretsen, the manganese is rendered un­
available in the first place by precipitation 
in an insoluble form through; the activity 
of. certaia bacteria. -The* symptoms of 
"grey-speck" are induced the plant, not 
as a direct result of lack of manganese, but 
as a result of the increased susceptibility of 
the roots to the invasion of bacteria from 
the soil. They do not occur in the same 
manganese-deficient soils after sterilization, 
i.e., in the absence of bacteria. Gerretsen 
also showed, however, that even under 
aseptic conditions, normal growth was 
impossible without a certain minimum 
quantity of manganese, so that this element 
can be regarded as truly essential for oats, 
<and other plants* in a direct sense as well 
as in the more complicated manner revealed 
by the occurrence of the "grey-speck" 
•disease. 

' DIAGNOSIS AND CURE OF DEFICIENCY 
DISEASES 

In the foregoing examples it ha*? been 
assumed that a deficiency of a given element 
can be recognised by the characteristic 
symptoms produced in the plant and that 
the treatment to be followed consists of a 
simple manurial application; of a compound 
containing the element in question to the 
soil. In the majority of cases, particularly 
with annual crops as cereals and "roots," 
this is the only feasible procedure. So 
many of the "Minor Elements" are poison­
ous in all but the smallest amounts that it is 
rarely advisable to apply them to the soil 

* until definite evidence of their deficiency 
has been obtained. Recently, some 
attempts have been made to test the soil in 
advance by using it for the growth of some 
simple organism* such as an alga or fungus, 
that wil l quickly complete its life cycle in 

t She laboratory,. . Qrdinary methods of 

chemical analysis would be too tedious and 
besides, they would not necessarily distin­
guish between "total" and "available" 
amounts of the element in question in the 
same way that the growing plant will. As 
an example of a microbiological test of this 
sort is. the use of the fungus Aspergillus (a 
common mould) to tc^t the sufficiency of 
available copper, in connection with studies 
on "reclamation disease." w The fungus is 
grown on a synthetic nutritive medium con­
taining no copper, to which is added a 
measured quantity of the soil to be tested, 
when it is found that a black colouration 
of the spores denotes a healthy soil (con­
taining 1 in 400,000 parts by dry weight of 
available copper), while brown and 
brownish-yellow to yellow spores respec­
tively denote varying degrees of copper 
deficiency and of liability to the disease. 

-. With perennial crops, particularly fruit 
trees, where the number of plants per acre 
is relatively small, and the crop from each 

, plant correspondingly valuable, it b^omes 
more important to be able to diagnose a 
deficiency at the earliest possible stage, i.e.', 
before the yield has been impaired For 
this purpose, the method of direct injection 
into the plant is proving very valuable. 
Besides, by this procedure there is no 
danger of the element supplied being rend­
ered unavailable, as it quite frequently is 
when added to the soil. Injection of woody 
plants has been known and practised for 
a very long time, for certain special pur­
poses. In the fifteenth century, for instance, 
It was recorded that apples could be rend­
ered poisonous by injecting arsenic into the 
trees at the time that the fruit was ripen­
ing. Other, more innocuous, ends have been 
served from time to time by injections of 
spices and honey to improve flavour. in 
fruits, of dyes to colour flowers, and of pre­
servatives to improve the injected timber.<,fl> 
From Sachs' time, injection for curative 
purposes became increasingly common. 
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especially the injection of iron salts to cure 
the ubiquitous iron-deficiency or lime-

. induced chlorosis, already mentioned. The 
modern use of injection methods for the 
diagnosis of mineral deficiency diseases has 
been largely worked out by Roach ( ,0) and 

• his co-workers at the East Mail ing f ru i t 
.research'station in Kent, Roach's methods 
depend on injecting the test liquid in such 
•a way that a limited part only of the plant 
receives it. This may be a single branch, 
leaf, or even a part of a leaf. Any response 
that is induced, such as a slight change in 
colour or texture of the injected part, w i l l 
then stand out sharply against the untreated 
remainder. Work ing in this way, , unsus­
pected mineral deficiencies have been diag­
nosed in a week, or even.less, and the exist­
ence of widespread and potentially serious 
malnutrition in the British fruit-growing 
industry has been demonstrated. 

A n interesting extension of the injec­
t ion method has been to apply it to the 
injection of nutrient salts and other. sub­
stances including disinfectants designed to 
have a specific effect in reducing the inci­
dence of insect attack and of parasitic 
diseases. Further progress in this direction 
is to be expected in the next few years and 
some important changes in the practice of 
disease control- in woody plants may be 
foreshadowed. 
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