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Nitrogen is the keystone of a lawn fert i l ization pro-
gram, and both soluble and slowly soluble sources 
are avai lab le to the turfgrass industry. So luble ni-
trogen fert i l izers are less expens ive than the slowly 
soluble sources but, in general , have a higher b u m 
potential and are more l ikely to be lost through 
leaching and volati l ization. T h e s e risks can be 
minimized, however , if the contributing factors are 
understood. 

Fertilizer burn 

Fert i l izers contain salts that are s imilar to table 
salt (sodium chloride) except that fert i l izer salts 
contain the e lements essent ia l for plant growth. 
W h e n salts dissolve in water , they dissociate into 
posit ively and negatively charged ions, and it is in 
this form that nutrients are absorbed by plant 
roots. So luble fert i l izers are in the salt form when 
applied to turfgrass, which accounts for their im-
mediate avai labi l i ty for absorption. S lowly soluble 
fert i l izers may contain some soluble salts, but most 
of the nutrient salts are r e l e a s e d over a period of 
time as the slowly soluble fert i l izer is hydrolyzed 
or decomposed in the soil. Thus, a m a j o r d i f f e r e n c e 
b e t w e e n soluble and slowly soluble fert i l izer is the 
r e l e a s e rate of the nutrient salts. 

Sal ts dissolved in soil solution i n c r e a s e the os-
motic pressure that governs the flow of water 
across a root cell m e m b r a n e . Water a lways moves 

through a cel l m e m b r a n e from the side that has the 
lowest osmotic pressure to the side that has the 
highest pressure . S i n c e root cel ls act ively absorb 
nutrient salts, the osmotic pressure of the cell sap is 
normal ly higher than that of the surrounding soil 
solution — and water is absorbed into the root 
tissue. This process, in fact , is how plants absorb 
water . However , if e x c e s s fert i l izer salts in the soil 
solution i n c r e a s e the osmotic pressure above that 
of the cel l sap, water is drawn out of the roots, and 
the resultant in jury is termed " fer t i l i zer b u r n . " 
Symptoms of fert i l izer burn r e s e m b l e those of 
drought in jury s ince, in both cases , the immedia te 
problem is lack of water in the plant. 

T h e relat ive tendency of a fert i l izer to r e l e a s e 
salts and increase the osmotic pressure of the soil 
solution is measured by the salt index. T h e higher 
the salt index value, the greater the tendency of a 
fert i l izer to increase the osmotic pressure and the 
greater the burn potential . T h e salt indexes of com-
mon soluble nitrogen fert i l izers are listed in T a b l e 
1, which also compares the adjusted salt indexes , 
based upon the total nutrient content . 

Environmenta l factors such as temperature , 
humidity, and soil moisture also af fect the burn 
potential of a fert i l izer . As the air temperature in-
c r e a s e s and as the humidity decreases , the water 
r e q u i r e m e n t of plants increases . B e c a u s e of the in-
c r e a s e d water r e q u i r e m e n t s for plants, the level of 
soluble salts in soil solution that is " s a f e " during 

Table 1. Solubility and Salt Indexes of Soluble Nitrogen Fertilizers 

Primary analysis Total Adjusted 
(percent) plant Salt salt 

Fertilizer Formula N P i Os K J O food" indexb index' Solubility'1 

ammonia NHa 8 2 . 0 8 2 . 0 4 7 . 1 5 7 . 4 9 0 

urea H 2 N C O N H 2 4 6 . 0 — — 4 6 . 0 7 5 . 4 1 6 3 . 9 6 7 

ammonium nitrate NH4NO3 3 3 . 5 — — 3 3 . 5 1 0 4 . 7 3 1 2 . 5 1 1 8 

ammonium sulfate (NhUhSCh 2 1 . 0 — — 2 1 . 0 6 9 . 0 3 2 8 . 6 7 1 

sodium nitrate NaNOa 1 6 . 0 — — 1 6 . 0 1 0 0 . 0 6 2 5 . 0 7 3 

calcium nitrate Ca(NOa)2 1 5 . 0 — — 1 5 . 0 6 5 . 0 4 3 3 . 3 1 3 4 

potassium nitrate KNOa 1 3 . 0 — 4 6 . 0 5 9 . 0 7 3 . 6 1 2 4 . 7 1 3 

monoammonium phosphate NH4H2P04 1 1 . 0 4 8 . 0 — 5 9 . 0 2 9 . 9 5 0 . 7 4 3 

diammonium phosphate (NH4)2HP04 1 8 . 0 4 6 . 0 — 6 4 . 0 3 4 . 2 5 3 . 4 2 5 

ammonium polyphosphate NH4PO3 1 0 . 0 3 4 . 0 — 4 4 . 0 2 9 . 9 e 6 7 . 9 — 

(liquid form) 

"Percent N + percent P-Or, + percent KjO (primary analysis). 
bRader, L. F., Jr., et al. 1943. Soil Science 55(3):201-18. 
cSalt index per unit of plant food = (2) x 100/( 1 ). 
dParts in 100 parts pure water at 32° F. 
eTVA. 



cool, humid w e a t h e r may cause burn in jury during 
periods of warm w e a t h e r or low humidity or both. 

Soil moisture is a m a j o r factor in determining the 
fer t i l izer ' s potential to burn. If the soil is re lat ively 
dry, a fert i l izer will have a greater e f fec t on in-
creasing the osmotic pressure of the soil solution. 
Conversely , if the soil is saturated, the fer t i l izer 
salts will disperse and the osmotic pressure will 
n o t i n c r e a s e g r e a t l y . I n a d d i t i o n , t h e 
évapotranspirat ion of water will he lp cool the 
plant and raise the humidity n e a r the soil sur face , 
e f fec t ive ly reducing the plant 's water r e q u i r e m e n t . 

Leaching 

Nutrient leaching is the removal of soluble fert i l -
izers from the root zone by the downward percola-
tion of water . Most of the soluble fert i l izer nitrogen 
will be present in one or more of three forms: am-
monium (NH.» + ), ni trates (NCb—), and urea (CO 
(NHI)I ) . 

Ammonium is water soluble , but the strong 
a t t r a c t i o n b e t w e e n t h e p o s i t i v e l y c h a r g e d 
ammonium ion and the negative sites on c lay 
minera l s and soil organic matter prevents leaching. 
A m m o n i u m , h o w e v e r , is r a p i d l y o x i d i z e d to 
nitrates when the soil t emperature is above 50°F. 

Nitrate is a negatively charged ion and, as such, 
is readi ly l eached b e c a u s e it does not bind to soil 
part ic les . Leaching of nitrate from the rooting zone 
is a much greater problem in coarse- textured soils. 
R e s e a r c h has shown that nitrate may be l e a c h e d 
about 1 inch of rainfal l for each inch of ra infal l in 
c lay loam soils to 2.5 inches for each inch of ra infal l 
in sandy loam soils. 

U r e a fert i l izer is readi ly soluble when it is first 
appl ied to the soil, but when it changes to am-
monium it is held by clay and humus is a form that 
is readi ly ava i lab le to plants. U n d e r favorab le tem-
perature and moisture conditions, urea hydrolyzes 
to ammonium c a r b o n a t e and then to nitrate within 
less than a week. 

Volatilization 

Volati l izat ion involves the convers ion of nitro-
gen to ammonia gas, which is lost to the at-
mosphere . This process is favored by a lkal ine soils, 
dry soils, soils with a low exchange capacity , and 
w a r m t e m p e r a t u r e s . W h e n c o n d i t i o n s f a v o r 
volati l ization, 25 percent or more of the appl ied ni-
trogen may be lost to the a tmosphere . 

W h e n a m m o n i c fer t i l izers and urea are p laced in 
the soil, the ammonia gas that they r e l e a s e is held 
by the soil part ic les . However , when urea or am-
monic fer t i l izers are placed on top of the soil, the 
re leased ammonia does not have the c lay or mois-
ture to hold it from being partly volati l ized. 

All of the charac ter i s t i cs of nitrogen fer t i l izers 
should be cons idered when a turf fert i l ization pro-
gram is p lanned. If the mater ia ls are appl ied prop-
er ly for the existing soil and environmenta l con-
ditions, soluble nitrogen fer t i l izer can be just as ef-
fect ive as slowly soluble sources in providing the 
turfgrass plant with the nitrogen it requires . WTT 
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