
F R E D V . G R A U 

How Nitrogen Works 
(Second of Two Articles) 

There are great differences in the wa\ 
and in the speed by which nitrogen is 
released to the plant, both of which mean 
a great deal to the grass and the manner 
in which it can use the nitrogen. 

Each nitrogen material is mineralized 
(converted to nitrate nitrogen) at a rate 
which is dependent on the composition of 
(he material and its ease of conversion 
by bacteria. 

Ammonium Sulfate, ( N H ( ) jSO^, nitri-
fies rapidly in the soil. The ammonia 
quickly is seized upon by the nitrifiers 
and is converted to nitrates which arc 
made immediately available to the grass. 
It is very easy to have too much nitrate, 
more than the grass can use. T h e excess 
may be lost in tbe air as ammonia, or it 
may be leached downward by rain or irri-
gation water. T h e excess taken into tbe 
plant causes greatly accelerated growth. 
T h e excess also may scorch (ammonia 
b u m ) the grass. Because of the rapidity 
of conversion this source of N must be 
used frequently at light rates to avoid sud-
den excesses with attendant flushes of 
soft succulent growth, 

Must He Converted 
Urea cannot be used as such by plants. 

Even though it is soluble it must be con-
verted to mineral forms before plants can 
use it. Under ideal conditions this occurs 
after about a three-day delay following 
application. 

Natural organic materials (seed meals, 
sludges, tankage) hold most of their N as 
proteins which must be "decayed" by 
microorganisms which, by steps, form 

ammonia, nitrites and finally, nitrates. 
Part of this protein nitrogen is so resistant 
to decay that it can be considered un-
avadable to grass up to 7 0 per cent in 
some forms of leather tankage and up to 
5 0 pei cent in some sludges. Proteins 
which microbes easily can digest and con-
vert will be nitrified at about the same 
rate as ammonium sulfate or urea. 

T h e synthetic organic, ureaform, is a 
nitrogen product that is manufactured to 
a rigid set of specifications that assures a 
controlled rate of release. A small portion 
nitrifies easily, similar to ammonium sul-
fate or urea. Another portion, the larger, 
more complex molecules, mineralizes over 
a much longer period because it is less at-
tractive to the soil microflora. Still an-
other portion releases its nitrogen months 
after application, resembling somewhat the 
more resistant portions of natural organ-
k s but differing in that the microbes fin-
ally do break it down. Each portion grades 
insensibly into the next by gradual changes 
in molecule sizes. There are no abrupt 
changes from one to the other. 

Nitrification Studies 

Nitrification studies are conducted in 
laboratories without plants to measure rel-
ative rates of mineralization to nitrate ni-
trogen. The temperature usually is held 
at SO to 8 5 decs. F . , a point at which opti-
mum bacterial activity may be expected. 
A typical set of results is presented to 
show the way in which quickly available 
and slowly-available materials are convert-
ed. (See table on page 44) 



3 9 15 
Weeks Weeks Weeks 

Cottonseed Meal 4 9 54 54 
Leather Tankage 2 8 34 3 5 
Process Tankage 3 0 35 3 6 
Sewage Sludge 4 2 49 5 0 
Ammonium Sulfate 89 9 3 9 1 
Ureaform (C.A.M.) 17 42 5 0 
6 -6 -6 Fertilizer. 5 0 % 

of N from U F 
(C.A.M.) 47 68 7 4 

Interpretation: The bes t natural organic 
materials released only half of their total 
N. Most of it was converted to nitrate in 
the first 3 weeks the same as sulfate of 
ammonia. Thus the first five materials are 
classed as Quickly available. 

T h e ureaform released only 17 per cent 
of its total N in the first 3 weeks. At the 
end of 9 weeks, only 4 2 per cent had been 
converted to nitrates. Half of it was con-
verted in 15 weeks with nitrates stiil being 
formed. This performance places this ma-
terial in the slowly-a vail able class. 

T h e 6 -6-6 fertilizer exhibits an excellent 
steady curve of nitrate formation over the 
15 week period, giving this formulation a 
"controlled release" classification. 

Varied Keactions 
Reactions in the soil are varied and com-

plex but, in order to understand them we 
are forced to oversimplify them, for pur-
poses of illustration. 

beneficial organisms, fungi flourish in acid 
soils. Disease-prodncing fungi often are 
destroyed by bacteria. 

Aeration: Abundant oxygen favors ben-
eficial organisms. Excess of water reduces 
oxygen supply and encourages anaerobic 
conditions with formation of nitrites and 
oilier toxic substances. Nitrates are torn 
apart when oxygen is low because bac-
teria need oxygen. 

Salts: Low concentration. Continued 
use of salt forming nitrogen carriers dis-
courages bacteria. 

Light: Kills most microorganisms. Sur-
face of soils tends to be nearly sterile. May 
explain poor response of granular materials 
that lie on top of turf. 

Organic Matter: Organic matter is a 
source of food and energy. Both natural 
and synthetic sources of carbon and nitro-
gen favor microbial activity. 

Food Supply: Microbial population 
densest where food supply is plentiful 
and continuous. 

Summary: Nitrogen of the air must be 
fixed, then converted to nitrates for use 
by the plant. Bacteria do work, therefore, 
require a source of energy to accomplish 
conversion, carbon in organic materials 
furnish energy. Bacteria use nitrogen as 
food. Bacteria require oxygen, therefore, 
a well-aerated soil is essential. A neutral 
reaction (pH 7,0) favors optimum micro-
bial activity. 

Fertilizer + Bacteria 
Ammonia Ammonia 

N H , N i l , 
Oxygen Nitrous Acid Water 
O a = H N O a ± H s O 

Nitrosomonas 

Magnesium 
Nitrous Acid Oxygen Nitric Acid Nitric Acid Magnesium Oxide Nitrate Water 

HNO,. O , = UNO., H N O , 
Nitrobacter 

M g O = M g N O a + H a O 

Magnesium nitrate is soluble and can be 
absorbed by the plant through the root 
hairs. In addition to magnesium there will 
be nitrate salts of all other available bases 
(Ca, K, Na, etc.) 

Optimum Conditions 
Nitrification proceeds most effectively 

under these conditions: 
Temperature: 8 5 degs, F . optimum, but 

organisms can adapt readily to gradual 
changes. 

Moisture: 5 0 - 7 0 per cent of water-hold-
ing capacity, the same as for higher plants 
-— but can tolerate wide extremes. 

Acidity: Neutral (7 .0) reaction Ix'st for 

Midsummer Disease 
Q . W e built o u r o w n greens with n o experi -

e n c e w h a t s o e v e r . T h e grass looks good but lately 
I a m b e g i n n i n g to t h i n k that our soil mix ture 
was not in the c o r r e c t proport ions . 

T h e greens are v e r y firm with s h a l l o w m o t 
sys tems. I ' v e r e a d your column in G O L F D O M 
for years . F o r h a r d greens you s a y t o a e r a t e 
and i n c o r p o r a t e s a n d . Should the sand b e ap-
p l i e d as is or should it b e mixed with topdrcss -
i « g ? 

Also, o u r g r e e n s are very suscept ib le t o dis-
e a s e in m i d s u m m e r . W e don' t f e r t i l i ze at all 
dur ing this t i m e . I w a s wonder ing if fer t i l izer , 
a p p l i e d in m i d s u m m e r , would aid the grass in 


