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Turfgrass growth is dependent on maintaining an 
adequate supply of all essent ial plant nutrients as 
well as properly managing a multiplicity of other 
cultural and edaphic factors. T h e r e are at least six-
teen e l e m e n t s cons idered necessary for plant 
growth and development . Nitrogen is the essent ia l 
e lement that rece ives the most attention in turf-
grass ferti l ization programs. Nitrogen is the ele-
ment to which turfgrass is most responsive. T h e ni-
trogen content of the turfgrass plant is usually 
higher than any other essential e lement (i.e. 3-6 
percent on a dry weight basis) . Nitrogen is a very 
dynamic e lement in the soil system. T h e concentra-
tion of soil nitrogen is in a constant state of change. 
Nitrogen depletion in soils may result from leach-
ing, clipping removal, volatilization, denitrification, 
immobil izat ion, or nitrogen fixation in the latt ice 
structure of certain clays. Thus, nitrogen must be 
added to turfgrass sites on a routine basis in order 
to maintain a suff ic ient soil level for turfgrass 
growth. 

Genera l ly , nitrogen additions to the turfgrass 
system from clipping return, decomposit ion of 
organic matter, topdressing, nitrogen f ixation, and 
rainfal l are not suff ic ient to supply the needs of 
high quality turf. T h e main source of nitrogen is 
added by the applicat ion of nitrogenous fert i l izers . 
Nitrogen fert i l izer is initially added to the turfgrass 
system as ammonium (NH4+) and/or nitrate (NOs-) 
or some nitrogen carr ier that eventual ly breaks 
down to ammonium. T h e turfgrass plant absorbs 
nitrogen from the soil as e i ther ammonium or 
nitrate. Nitrate is the predominant form absorbed 
by the plant s ince ammonium is rapidly converted 
to nitrate by soil bacter ia . This biological oxidation 
of ammonium to nitrate is cal led nitr i f icat ion. 
Nitrif ication is a two-step process in which the am-
m o n i u m is c o n v e r t e d to n i t r a t e (NO2-) b y 
Nitrosomonas bacter ia and then to nitrate by 
Nitrobacter bacter ia . T h e process is temperature 
dependent and increases with soil t emperatures 
from 32°F. to an optimum range of 85-95°F. 

O n c e absorbed into the plant, nitrate can be 
stored in the cell , or reduced back to the am-
monium form. T h e storage of f ree nitrate within 
the plant cel ls results in a luxary consumption of 
nitrate (absorption of more than is used). This is 
likely an ineff ic ient use of nitrogen, espec ia l ly if 
cl ippings are removed. Nitrate must be converted 
to the ammonium form b e f o r e it can be further 
utilized by the plant. T h e reduction process (NOi-
to NFL-H) within the plant requires at least two en-
zymes (compounds that assist in the react ion) . 
Nitrate reductase is the enzyme involved in the 
conversion of nitrate to nitrite. Nitrite reductase is 
the enzyme involved in the conversion of nitrite to 

ammonium. In grasses, the reduction process 
predominant ly occurs in the shoot or fol iar portion 
of the plant, although some reduction may occur in 
the roots. T h e ammonium ion is then readi ly com-
bined into various complex organic (carbon) com-
pounds within the plant. Chlorophyll , amino acids, 
proteins, enzymes and vi tamins are among some of 
the organic compounds containing nitrogen. Pho-
tosynthesis provides the source of carbohydrates or 
organic skeletons for the nitrogen assimilat ion pro-
cesses . 

Carbohydrates produced by photosynthesis are 
the necessary precursors for the formation of 
nitrogen-containing amino acids and proteins 
which are utilized in growth processes . T h e more 
turfgrass growth, the greater is the demand for 
carbohydrate . Carbohydrate is also the key source 
of energy for maintaining all the various growth 
and physiological processes within the plant. 
Carbodydrates are broken down into carbon diox-
ide and water through a process called respiration, 
and energy is re leased . Respirat ion therefore is a 
"carbohydrate -ut i l i z ing" process. When the rate of 
photosynthesis e x c e e d s the rate of respirat ion and 
the requirement for growth, carbohydrates accumu-
late as reserves . Carbohydrate reserves are usually 
stored in the crowns, rhizomes and stolons of cool-
season grasses. Carbohydrate reserves are desir-
ab le s ince they serve as an immedia te source of 
energy and carbon skeletons for regrowth and 
recovery from defol iat ion or s tresses that may in-
jure or thin the turf. A " c a r b o h y d r a t e d e f i c i t " may 
develop when respirat ion rates are high and/or 
growth is rapid. Usual ly any factor that s t imulates 
rapid topgrowth will deple te or drain carbo-
hydrate reserves . T h e turfgrass manager should 
manipulate cultural pract ices so as to maintain an 
a d e q u a t e level of carbohydrates within the plant 
for normal as well as unusual energy and growth 
demands . In essence , the carbohydrate status of 
the plant ref lects the energy status of the plant. 

Nitrogen fert i l ization has a def ini te e f fect on the 
carbohydrate status of turfgrasses. Nitrogen ap-
plicat ions favor turfgrass growth. As nitrogen rates 
are increased, usually more topgrowth is produced. 
M o r e topgrowth results in the use of more car-
bohydrate . Physiologically, under rapid growth 
conditions shoots take priority over roots and 
rhizomes for ava i lab le carbohydrate . Shoot growth 
will usually cont inue to respond to higher nitrogen 
levels causing a distinct suppression in root growth 
and other growth processes . 

T h e s e e f fec ts are well i l lustrated from a fert i l iza-
tion study evaluating the response of a Merion 
Kentucky bluegrass sod to incrementa l rates of ni-
trogen (Table 1) (3). Higher nitrogen rates resulted 
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in an increase in clipping yield (topgrowth) and ni-
trogen c o n t e n t of c l ippings . In c o n t r a s t , sod 
strength (a ref lect ion of root and rhizome growth) 
and rhizome weight d e c r e a s e d at the higher nitro-
gen levels . Thus, when most of the plant 's car-
bohydrate was directed toward producing shoot 
growth, root growth and other plant growth pro-
cesses suf fered accordingly. Agronomists well 
recognize that a plant is no bet ter than the root 
system that supports it. 

Research has shown that a cons iderab le amount 
of root initiation and root growth of cool-season 
grasses occurs in the spring (2). L ibera l nitrogen 
fert i l ization in the spring will have a tendency to 
restrict root growth. T h e turfgrass plant will go into 
the summer with a shorter root system than w h e r e 
moderate rates of nitrogen fert i l izer are used. 
Fur thermore , high amounts of nitrogen will in-
c r e a s e topgrowth and increase the need for more 
f r e q u e n t m o w i n g in the s p r i n g . T h e r a p i d 
topgrowth may result in the removal of large 
amounts of cl ippings at each mowing. T h e removal 
of excess foliage (i.e. more than a third of the 
foliage at any one mowing) is known to retard both 
til ler and root development . Thus, mismanagement 
of nitrogen during the spring can have a dramat ic 
e f fect on the root system under the turfgrass going 
into the summer . 

Liberal nitrogen fert i l ization also causes a lush, 
succulent plant growth that is charac ter ized by 
d e c r e a s e d cell wall and cutic le thickness, in-
c reased cell size, and an increased level of plant 
tissue hydration. T h e thinner plant cell wal ls are 
most l ike the result of more rapid plant growth and 
the production of condition increases the severi ty 
of plant disease and lowers the hardiness of the 
plant to heat, cold, and drought. Lush, succulent 
t i s s u e a l s o c o n t a i n s h igh c o n c e n t r a t i o n s of 
nitrogen-rich storage compounds. T h e nitrogen-
rich compounds accumulate in guttation fluid (leaf 
exudates) . T h e guttation fluid serves as an ideal 
medium for the e n h a n c e m e n t of many turfgrass 
diseases . Thus, mismanagement of nitrogen in the 
spring can take the plant into the s u m m e r in a soft 
growth condition in which it is more v u l n e r a b l e to 
disease, heat , and drought. 

Liberal nitrogen fert i l ization is known to in-

Table 1. Nitrogen treatment effects on a Merion Ken-
tucky bluegrass sod (3). 

c r e a s e the severi ty of Pythium, brown patch, 
Fusarium blight, str ipe smut, snow mold, and 
H e l m i n t h o s p o r i u m ( l e a f s p o t ) d i s e a s e s (5) . 
Leafspot, a ser ious disease of both Kentucky blue-
grass and bentgrass in the midwest , is much more 
ser ious at high nitrogen levels , espec ia l ly in the 
spring. Kentucky bluegrass var ie t ies l ike Park, 
K e n b l u e , and Del ta a r e v e r y s u s c e p t i b l e to 
leafspot . M a n y lawns and older turfgrass a reas 
have been es tabl ished to these common-type Ken-
tucky bluegrass variet ies . R e s e a r c h at the Univer-
sity of I l l inois (4) has shown the inc idence of 
Fusar ium blight in the s u m m e r to be greater with 
increasing nitrogen application rates in the spring. 
Niigget, Mer ion , Fylking, and Pennstar w e r e highly 
suscept ib le to the disease when more than a total of 
two pounds of soluble nitrogen per 1,000 ft. was ap-
plied in the spring. Kenblue was a f fec ted by the 
disease at all the ferti l i ty levels . This information 
lends support to moderate levels of nitrogen ferti l-
izer in the spring. It more spec i f ica l ly suggests a 
cri t ical limit of no more than two pounds of total 
soluble nitrogen in the spring. 

L ibera l nitrogen fert i l ization is also crit ical dur-
ing the s u m m e r (1). As seasonal temperatures in-
c r e a s e , p h o t o s y n t h e s i s of c o o l - s e a s o n g r a s s e s 
d e c r e a s e s and respirat ion increases . As ment ioned 
e a r l i e r , c a r b o h y d r a t e s a r e c o n s u m e d during 
respirat ion. Respirat ion is known to increase with 
increasing nitrogen fert i l i ty levels . Thus, during 
periods of high temperature , l ibera l nitrogen fertil-
ization may reduce carbohydrate reserves due to 
rapid growth and high respirat ion. Additional 
stress may result from lower photosynthetic rates. 
B e c a u s e carbohydrates are produced at a slow rate 
and respirat ion is high during the summer , nitro-
gen should be appl ied at low rates for cool-season 
grasses. 

Nitrogen is a n e c e s s a r y component of turfgrass 
fert i l ization programs. High quality turf exhibit ing 
a c c e p t a b l e g r e e n c o l o r and d e n s i t y r e q u i r e s 
per iodic applicat ion of nitrogen. Nitrogen how-
ever , is f requent ly r e f e r r e d to as the " T N T " of turf-
grass fert i l ization programs. It can be just as 
detr imental as benef i c ia l , if mismanaged. Proper 
timing and rate of applicat ion are important in suc-
cessful long-term programs. Always r e m e m b e r ! 
G r e e n e r is not a lways bet ter . A happy medium 
must be met be tween agronomics and aesthet ics . 
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Annual Nitrogen 
Clipping Content 

Nitrogen Yield in Sod 
Rate (dry wt.) Clippings Strength Rhizomes 

Ib/A/month Ib/A % lb to tear grams 
0 463 3.0 146 99 

15 1807 3.3 188 89 
30 2555 3.6 130 120 
60 5676 4.5 97 43 

120 8447 5.4 67 14 


