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Residual Effects of Fall- and Spring­
Applied Nitrogen Fertilizers on Crop 
Yields in the Southeastern United 
States 

By R. W. PEARSON, H. V. JORDAN, O. L. BENNETl', C. E. SCARSBROOK, 

1V. E. AnA:US, andA. W. 'WHITE 1 

Farmers in the humid region of the United States are spending 
more than one-third of a billion dollars for nitrogen fertilizer each 
year. Yet available data indicate poor recovery of this nitrogen by 
the crops, probably no more than 50 percent on an average. 1That 
happens to the remainder and how to improve its utilization by subse­
quent crops are questions of tremendous economic importance to the 
farmers in this region. 
It has generally been assumed, particularly in the Southeastern 

United States, that the bulk of the nitrogen fertilizer not used by the 
crop is lost by leaching. For this reason little or no consideration has 
been given to residual nitrogen in making fertilizer recommendations. 
However, field obsen~ations and limited experimental data suggest 
that with increasing use of high rates of nitrogen fertilizer this as­
sumption needs to be reexamined. 

Another phase of the problem has to do with offseason applications 
of nitrog-en. Certain segments of the fertilizer industry urge fall 
applicatIon of ammonium sources of nitroO'en on the assumption that 
overwinter leaching losses would be tolerable, even in the South. If 
losses are sufficiently low, such offseason application would be ad­
vantageous to both farmer and fertilizer distributor through better 
distribution of labor, storage facilities, and sales effort. The actual 
effectiveness of fall-applied nitrogen is, of course, the key to rationally 
solving the problem. 

Research workers have long been puzzled by what has been aptly 
termed by i\llison (1) 2 "the enigma of soil nitrogen balance sheets." 
Lysimeter experiments have generally shO\\'n a large nitrogen deficit, 
which cannot be accounted for after consideration of crop removal 
and leaching losses. Based on these experiments, there is strong evi­
dence that volatilization accounts for a considerable fraction of this 
deficit. 

The ammonium forms of nitrogen so extensively used require mi­
crobial conversion to nitrate before appreciable movement can occur 
in any but coarse-textured soils. Although urea itself is readily 
mobile in soils (17, gO), it is quickly converted to ammonium form by 

Soil scientists, Soil and 'Water Conservation Research Division, Agricul­
tural Research Service, except C. E. Scarsbrook, soil chemist, Alabama Agri­
cultural Experiment Station. 

• Italic numbers in parentheses refer to Literature Cited, p. 18. 
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enzymatic hydrolysis (5,6,7,8,11) and is then subject to the same 
restrictions of movement as are the common ammonium fertilizers. 

The rate of this conversion, as of the subsequent steps to nitrate, 
is governed by the temperature, pH, initial urea concentration, and 
mOIsture level of the soil. Although the optimum pH and temperature 
have been reported to be 6.2 and 300 C., respectively, the reaction does 
proceed at an appreciable rate, even at extremely low pH values and 
under relatively cold conditions (10). Thus, in general, urea should 
behave in essentially the same manner as applied ammonium salts 
with regarcl to its movement in the soil by percolating water. In 
turn, any difference in susceptibility to leaching between applied 
ammonium salts and nitrates would be the result of time lag in nitr·ifi­
cation, with allowance for increased plant uptake, microbial im­
mobilization, and ammonium ion fixation. 

Since all nitrates are water soluble and are very weakly adsorbed 
by soil colloids, they are more susceptible to leaching than other nib'o­
gen fertilizers (4, 5). Of course, under conditions of incomplete 
profile leaching, nitrates may simply migrate within the zone of 
maximum water movement and can remain within the root zone for 
relatively long periods (9393). However, evidence is accumulating that 
a.pplied nitrates can be reduced to intermediate states of oxidation 
within a relatively short time (3, 9, 931), followed by considerable 
losses by volatilization of both molecular nitrogen and nitrous oxides. 
This reaction appears to be a microbial process, since it does not 
occur in sterilized soil; but its connterpart, volatilization losses of 
molecular nitrogen and nitrous oxides durin~ nitrification, has been 
shown to be essentially a chemical process (93,9). 

It is noteworthy that such losses of nitrogen have been shown to 
take place under soil conditions that could occur in the field and 
regardless of the form of nitrogen applied (3, 931). For example, 
they are not limited to conditions of poor aeration, although reduced 
oxygen supply accentuates them. However, of real value to the prac­
ticar aspects of the problem is the fact that these reactions are ap­
parently controllable largely through soil characteristics, such as pH 
and internal drainage, which can be modified through management. 

In addition to the losses of molecular nitrogen and nitrous' oxides, 
it appears certain that rapid volatilization of anhydrous ammonia 
can occur under certain conditions when urea is used as a top dressing 
either on bare soil or on sod (19). This type of loss from sod has 
been attributed to the action in the plant of urease, which forms 
ammonium carbonate on the plant-material surfaces, where low re­
tenth'e forces prevent immediate volatilization of anhydrous ammonia. 

Convincing evidence has been reported (6) that, although urease 
activity is inherently present :in variable degrees in plant material, it 
also originates with bacterial activity. Thus, highest soil urease 
activities seem to occur in the soil zone of maximum microbial activity. 
It could be rationalized, then, that ammonia. volatilization losses would 
vary considerably with the type of sod to which urea is applied and 
wi th the nature of the soil. 

The fact that ammonia loss from bare soil apparently does vary 
tremendously from soil to soil (19, 931) raises several qnestions re­
garding urease activity in soils, as well as the possibility of inorganic 
catalysts or other factors taking part in the reaction. The magnitude 
of the loss, once the conversion of surface-applied urea to ammonium 
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carbonate is underway, seems to be strongly affected by the cation 
exchange capacity of the soil. In Yolk's (19) experiments little loss 
occurred in soils ha.ving cation exchange capacities above 7-8 milli­
equivalents per 100 grams. 

In addition to leaching and volatilization, applied nitrogen can be 
lost by solution in runoff water and by erosion III organic form after 
microbial immobilization. The former is likely to be of real im­
portance only in fine-textured, relatively impermeable or crusted soils, 
but the latter mode of loss is an ever-present hazard. 

The residual value of applied nitrogen fertilizer, then, will certainly 
be affected by several factors, some controllable by the farmer and 
others not. Among these are the chemical characteristics of the nitro­
gen carrier, the chemical and physical nature of the soil, climatic 
conditions, method of application, and crop-residue management. 

Marked carryover effects from one season to another have been 
observed under widely different soil and climatic conditions (1~, 13, 
p. 6~,14,15, 16, ~~), and probably these effects can be greatly improved 
III many instances by a judicious combination of management prac­
tices. Howeve;-, before satisfactory predictions can be made of ex­
pected levels of residual nitrogen under conditions in any given 
region, the relative effectiveness of the various factors and their in­
teraction must be clarified. 

In this study a series of field experiments were undertaken during 
1955-59 to determine the residual effects on crop yields of nitrogen 
appHed from various sources to widely different soils under the range 
of climatic conditions found in the Southeastern United States. 

PROCEDURE 
Field experiments following the same general plan were undertaken 

in 1955 at three locations in Alabama, one in Georg-ia, and two in 
Mississippi and in 1957 at one location in Georgia. The soils ranged 
in texture from clay to sandy loam, and the annual rainfall varied 
from 47 to 62. inches, as shown in tabl e l. 

Nitro~en from various sources was applied at uniform rates to a 
series ot plots in November or December. It was broadcast on land 
with cornstalk residues left on the surface. In the spring, ammonium 
nitrate was applied to another series of plots in a conventional manner 
to supply increments of nitrogen adjusted to define a yield curve. 
Corn was plantecl ..In both series of plots. The effectiveness of fall­
applied nitrogen was compared with the yield curve obtained from 
spring-aoplied nitrogen. 

In experiments in .Alabama and Mississippi, fall applications sup­
plied nitrogen at 75 or 100 pounds per acre, and the yield curve was 
defined by spring applications of 0, 50, 100, 150, and 200 pounds per 
acre. In the Georgia experiments, fall applications supplied 90 or 
120 pounds of nitrogen per acre, and rates of spring-applied nitrogen 
were 0, 30, 60, 90, 120, and, at one location, 240 pounds per acre. 

There was some variation in the nitrogen sources used for fall np­
plicntion. Ammonium nitrate, sodium nitrate, and urea were used 
in all experiments; ammonium sulfate was used at nll locations except 
Poplarville; and anhydrous ammonia was included at all locations 
except Brooksville and Tifton, where soil characteristics or lack of 
satisfactory metering equipment made its use inadvisable. 
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TABLE I.-Location of experiments and pertinent soil and climatic 
data 

Days 
Soil Aver:l.ge per year 

Location of experiments 1 Soil type 'reaction annual with 
rainfall 	 32° F. 

or less 

Alabama: 
Belle Mina, Tennessee Val­

ley Substation. 
Prattville, Prattville Exper­

iment Field. 
Thorsby, Foundation Seed 

Stocks Farm. 

Decatur clay 
loam. 

Greenville fine 
sandy loam. 

Greenville sandy 
loam. 

pH
5. 7 

5.8 

5. 7 

Inches 
52 

52 

56 

Number 
69 

43 

50 

Georgia:
Tifton, Coastal Plain Ex­

periment Station. 
Watkinsville, Southern Pied­

mont Experiment Station. 

Tifton sandy 
loam. 

Cecil sandy 
loam. 

6.3 

5. 5 

47 

49 

27 

48 

Mississippi:
Brooksville, Black Belt Houston clay__ _ 6.6 50 58 

Branch Station. 
Poplarville, South Missis­

sippi Branch Station. 
Ruston sandy 

loam. 
5. 5 62 23 

1 f..ll experiments were started in 1955, except those at Tifton, Ga., in 1957. 

All plots received adequate phosphorus and potassium. They were 
arranged in randomized complete blocks with four to six replicates. 
In experiments at Thorsby, Tifton, and Watkinsville supplemental 
irrigation was provided. 

'Winter crops of wheat or oats for forage only were seeded after 
the first cbrn crop, and these were followed by the second corn crop. 
The small-grain and second corn crops did not receive any nitrogen 
fertilizer and were dependent on residual nitrogen from the first 
corn crop. Yields of corn grain and small-grain forage were 
measured, and nitrogen uptake was calculated by sampling and ana­
lyzing all three crops. Similarly, residual effects of the spring appli­
cations of ammonium nitrate were measured in the succeeding small­
grain and corn crops over a period of about 16 months. 

Some complementary measurements were made, although the records 
were not maintained uniformly at all locations. Ramfall records 
were kept at aU locations, and evaporation from an open pan was 
measured at Thorsby. Runoff was measured at Thorsby, Tifton, 
Wa.tkinsville, Brooksville, and Poplarville, and nitrogen in solution in 
the runoff water was measured at the last two locations. 

Effectiveness of fall-applied nitrogen on the corn crop of the succeed­
ing year was compared with the YIeld curve obtained from spring­
applied nitrogen, as illustrated in figure 1. This method of interpreta­
tion 'is applicable only if yields from spring-appliecl ni.trogen define a 
suitable yield curve. In some locations or years the data do not define 
such curves, often because corn yields are limited by dry weather. 
Such results are not subject to valid interpretation and account for 
deletion of some data from this bulletin. 

http:Aver:l.ge
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wo 
Yields from fall application of five nitrogen sources at 100 Ib./ A. 

AnhYdrOUS ommonia, sodium nitrate, and urea 

80 r-Ammonium nitrate 

;. rllmmonium sulfate __-\-------

ID 60 ~ Yield curve, 


Z spring application
V1J1::
IX IIo II 
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o 
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RATE OF SPRING-APPLIED AMMONIUM NITRATE (LB./ A.) 

FIGURE I.-Method used to compare the etrectiveness of fall-lliJplled nitrogen from 
various sources with that of spring-applied ammonium nitrate on com yields 
in experiments conducted in Alabama and Mississippi during 1955-59. A 
yield curve is drawn based on the spring applications at ditrElrent rates. 
Points representing yields from 100 pounds of nitrogen applied in the fall 
are marked on the curve. Dotted lines are extended from these points to 
the horizontal axis and indicate the amount of spring-applied nitrogen re­
quired to produce similar yields. For example, 60 bushels of com could be 
produced with either 100 pounds of ammonium nitrate applied in the fall or 53 
pounds applied in the spring. 

RESUL'rs AND DISCUSSION 

Yields 

Yield Response of First Corn Crop to Fall and Spring Nitrogen
Applications 

Yield response of the first corn crop to both fall- and spring­
applied nitrogen at all locations is presented in table 2. The relative 
effectiveness of the fall-applied nitrogen for each year and location 
was calculated to a common basis in terms of spring-applied nitrogen, 
by the procedure illustrated in figure 1, and is summarized as follows: 

Relative effectiveness of 
fall-applied nitrogen ~ in 
terms Of spring-applied ni-

Nitrogen source trogen on com yields 

Pounds per acre 
Ammonium nitrat~___________________________________________________ 53 
Anhydrous ammonia_________________________________________________ 50Urea ________________________________________________________________ 49 

Sodium nltrate_______________________________________________________ 47 
AJumonium sulfate___________________________________________________ 46Average __________________________________________________________ 49 

1 100 pounds per acre for each nitrogen source. 

6002:;:>--61--2 
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TABLE 2.-Yield response per acre of /i'!'st C01'n crop to fall- and spring-applied nitrogen at various locations in OJ 

Alabama, Mississippi, and Georgia, 1955-f.(} 

~ 
Fall-applied nitrogen from various sources at 100 pounds Spring-applied nitrogen as ammonium nitrate at pounds 

per acre shown per acre 

Location and year 
Am- Am- Anhyd- L.S.D. I

monium monium rous Sodium Urea (0.05 0 50 100 150 200 
nitrate sulfate am- nitrate percent) ~ 

monia g: 

Alabama: 
Belle Mina: Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushel8 ~ 

1955_____ ...78.0 79. 0 74.1 73.5 80.3 (1) 65. 6 83. 1 84. 3 -------- 74.2 -------- N1957_____ 82. 4 76. 9 64. 7 70.2 78.9 13.8 49. 1 82.4 83. 9 -------- 74.1 -------­
1959_____ 73.9 70.7 72. 3 65.1 70.1 (1) 25. 5 58.5 74.1 -.------ 76. 1 -------- '" ~ 

Prattville:1955_____ (1) 85.4 <:j73. 9 68. 4 73. 1 72. 7 76.6 32. 3 69. 2 79.2 -------- -------­
1957_____ 43. 7 35.3 39.0 45.2 47.1 6.2 18.5 51. 5 56. 7 -------- 57.4 -------- tn
1959_____ 61. 6 60.2 55. 1 55. 7 64.7 4. 6 25.0 50.7 59.6 -------- 60.9 -------- t::1Thorsby: 2
1956____ , H5 79. 1 89.7 88.1 93.4 6.1 61. 5 83. 6 91. 4 96.5 96.4 -------­
1958_____ 96.5 90; 8 81. 0 96.1 95. 7 (1) 49.0 78.4 93. 8 101.7 102.0 -------- ~ 
1959_____ 71.8 67.0 71.4 61.7 66.3 (1) 38.3 69. 7 88.1 102.0 108.9 --------

Mississippi: ~ 
Brooksville:

1956_____ 54. 5 47.1 54.8 43.1 8. 2 36.1 40.5 61. 8 62. 9 62. 6 --------

I 
~ 1957_____ 68.2 63.6 -------- 69.3 67. 1 (1) 74.3 81. 2 90.3 88.0 -------­41. 9\1959 3 ____ 32. 4 27.7 -------- 29. 1 27.4 (1) 21. 8 31. 4 53. 1 - ------ 78.3 --------

Poplarville:
1956_____ 78.5 -------- 59.2 76.7 63.9 9.1 33. 7 71.9 75.0 85.8 88.5 -------­
1957_____ 36. 7 38.4 36.6 38.1 5. 9 21. 2 37.8 42. 5 41. 7 43. 8 -------­
1958_____ 40.6 42. 1 45. 8 38.4 (1) 13.5 40. 6 64. 8 75.0 68.1 -------­
1959 3, ___ 15.9 -------- 16.8 7.2 15.4 (1) 6. 7 39.4 57.4 -------- 75.4 -------­



Fall-applied nitrogen from various sources at 90 pounds 
per acre 

Georfia: 
ifton: I 

1958'____ 66.5 86.6 -------­1959_____ 50.6 56. 3 --------
Watkinsville: 21957_____ 76.7 71.3 78.41958_____ 67. 2 67. 8 75. 91959_____ 80. 9 74.0 87. 5 

1 Not significant. 
J Irrigated. 
! Fall-applied nitrogen at 75 pounds per acre. 
, Fall-applied nitrogen at 120 pounds per acre. 
a 180 pounds per acre. 

89. 0 
51.4 

75.7 
64.8 
75.1 

75.5 18. 5 
54. 9 (I) 

64. 3 (I) 
69.7 5.2 
60.8 -------­

0 

64. 9 
48.8 

39.3 
33.0 
19.7 

30 

83.4 
66.3 

71.9 
66.4 
44. 6 

60 

103.5 
77.3 

90.7 
78.6 
82.2 

90 

112.5 
80. 2 

101.9 
92.2 

100.1 

120 

108.5 
a 85. 1 

99.3 
107.8 
113.2 

240 

-------­
-------­

102.0 
102.0 
138. 1 

= I:'J 

I 
I:'J 

~ 
~ 
~ 

~ 
~ 

~ 
~ 

~ 

~ 
t:I 

i.!J 

!
~ = 01 

'" 
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TABLE 3.-Estimated amounts of percolating 'water between applica­
tion of nitrogen in the fall and planting of corn the next spring and 
avemge relative effectiveness of the fall-applied nitrogen on corn 
yields at various locati0118 in Alabama, Georgia, and Mississippi, 
1955-59 	 ; 

Average 
relative 

Evapo- Esti- effective-
Location, soil type, and year Rainfall Runoff transpi- mated ness offall ­

water ration 1 perco- applied 
lation nitrogen 

from all 
, sources 
: 

Alabama: 
Belle Mina, Decatur clay 

loam: Inches Inches Inches Inches Percent1955_______________ 
1957_______________ 26.7 -------- -------- -------- 25 

28. 2 -------- -------- -------- 301959_______________ 17.2 -------- -------- -------- 84 
Prattville, Greenville fine 

sandy1955loam: _______________ 20.6 	 621957_______________ -------- -------- -------­
16.5 -------- -------- -------- 341959_______________ 18.5 -------- -------- -------- 86 

Thorsby, Greenville 
sandy1956loam: _______________ 28.9 1.2 8. 2 19. 5 701958_______________ 15.2 .4 8.2 6. 6 891959_______________ 17.2 .5 5.1 11.6 48 

Georgia: 
Tifton, 	 Tifton sandy 


loam:
1958_______________ 23. 6 .9 11.3 11.4 181959_______________ 24. 5 .1 11.9 12.5 7 
Watkinsville, Cecil sandy


loam;
1957_______________ 19.3 4.4 7.5 7. 4 391958_______________ 28. 7 .1 10. e 18.6 451959_______________ 10. 9 .2 5.1 5. 6 59 
Mississippi: 

Brooksville, 	 Houston 

clay:
1956_______________ 15.5 6. 5 5.0 4.0 491957_______________ 30. 1 6. 3 8.1 15. 7 431959_______________ 15. 3 6.6 6. 6 2.1 43 

Poplarville, 	 Ruston 

sandy loam:
1956_______________ 18.0 5.3 7.2 5.5 611957 _______________ 13. 3 .6 6.6 6.1 491958_______________ 19.4 3. 5 7.1 8.8 521959_______________ 18.3 .7 7.4 10. 2 16 

1 Calculated from average daily maximum evapotranspiration rates (18). 

Fall-applied nitrogen, regardless of source, for 1955-59 averaged 
49 percent as effective as spring-applied nitrogen. This large loss in 
effectiveness from the offseason use of nitrogen indicates that fall 
application in the Southeast is impracticable, as was predicted by 
Nelson and Uhland (14). 
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No source of nitrogen was consistently superior or inferior to any 
other. However, within locations there were occasional differences 
among sources in some years that failed to show up in others. For 
example, fall-applied ammonium sulfate was poorer than most other 
sources at Thorsby in 1956 and at Prattville in 1957, but in all other 
years and locations it was as effective as the other sources. Sodium 
nitrate usually compared favorably with ammonium nitrate or am­
monium sulfate. Although urea was surface applied on corn-crop 
residues, it was consistently among the most effective materials used 
at Belle :Mina, Prattville, and Thorsby. It was poorer than other 
sources in only 5 of the 21 year-location tests. .Apparently the large 
losses of ammonia found by Yolk (19) from urea applied in this way 
did not occur in these experiments. Anhydrous ammonia was poorer 
than other sources in fouryear-Jocation tests, but accuracy of meter­
ing it was severely limited by available application equipment. Thus; 
comparisons between locations must be made with reservation, since 
different equipment was used in each State. 

.Although fall-applied nitrogen averaged only 49 percent as effective 
as spring-applied nitrogen, the data in table 3 show that in some 
years the residual effect was very high and in others it was negligible. 
For example, at Prattville it ranged from 34 percent in 195i to 86 
percent in 1959, and at Poplarville from 16 percent in 1959 to 61 per­
cent in 1956. . 

The data in table 3 also show that these variations cannot be ex­
plained by differences in winter rainfall and consequent losses by 
erosion and leaching. For example, the yar.iations 111 effectiveness 
cited for 1956 and 1959 at Poplarville occurred in 2 years of equal rain­
fall. Other similar inconsistencies are apparent from the data pre­
sented. It is also obvious that fall-applied nitrogen was much more 
effective at some locations than at others. Inasmuch as winter rain­
fall does not explain these variations in location, soil texture would 
be the next most logical factor to examine. 

The following data from table 3 when rearranged by soil type show 
no clear relationship between surface-soil texture and the effectiveness 
of fall-applied nitrogen : 

Average '!'elative effectiveness of 
fall·applied nitrogen from all 

Soil type 8ollrce8' 

Percent 
Greenville sandy loam________________________________________________ 69 
Greenville fine sandy loam___________________________________________ 61 
Cecil sandy loam____________________________________________________ 48 
I>ecatur clay loam___________________________________________________ 46 
lIouston clay_________________________________________________________ 45 
]Ruston sandy loam___________________________________________________ 45 
Tifton sandy loam___________________________________________________ 13 

'Based on 3-year averages, except for ]Ruston sandy loam (4-yr. av.) and 
Tifton sandy loam (2-yr. av.). 

The highest and lowest values were found on sanely loam, whereas 
finer textured soils fa1l apparently at random between the extremes. 
Furthermore, the differences cannot be explained by variations in 
permeability of the subsoils. For example, although the Houston 
clay is plastic throughout the profile, the nitrogen effectiveness was 
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considerably poorer than for the Greenville sandy loam, which has 
a permeable clay B horizon. 

Measurements of runoff (table 3) were made at some test locations 
to estimate actual percolation better. It is acknowledged that use 
of average daily evapotranspiration does not allow for individual 
year variations, nor does it represent true average losses where no 
plant cover is present. Also, antecedent rainfall would introduce 
some variation in moisture content of the profile at the start of 
the measurement period. Since there was no plant cover during the 
winter following fall application, the estimates of percolation are 
conservative. The results in table 3 show no clearly defined rela­
tionship between percolation and the effectiveness of the fall-applied 
nitroO"en. For example, at Thorsby in 1956 and 1959 the estimated 
percolation was 19.5 and 11.6 inches, respectively, whereas the relative 
nitrogen effectiveness was 70 percent and 48 percent for these 2 years. 

Obviously other factors overshadowed the effect of percolating 
water per se on nitrogen effectiveness. It seems probable that volatil­
ization and runoff losses may have been contributing factors. No 
direct measurement of volatilized nitrogen was attempted in these 
experiments. However, soluble nitrogen wn,s determined in the run­
off water between the application of nitrogen in the fall and the 
planting of corn the following spring. The results were as follows: 
Soil t'vpe and year Losses 01 nitrouen in runoff water 
Houston clay: Pounds per acre 1956___________________________________________________________ 22.5 

1957___________________________________________________________ 32.9;­
1959___________________________________________________________ 23.5 

Ruston sandy loam: 
1956___________________________________________________________ 6.2 
1957___________________________________________________________ 2.31958___________________________________________________________ 11.3 
1959___________________________________________________________ 2.0 

They can be used only as an indication of losses of applied nitrogen, 
since no measurements were made on unfertilized plots. 

Losses from the Ruston sandy loam averaged less than 6 percent of 
the nitrogen applied. Howeyer, with the Houston clay about 26 
percent of the applied nitrogen was found in the runoff. In neither 
soil was nitrogen loss related to total runoff. These data suggest that 
runoff losses of surface-applied nitrogen could be al?preciable on soils 
with low infiltmtion rates, particu1arly when intenSIve rainfall occurs 
soon after application. They also indicate that the unexpectedly low 
effectiveness of the fall-applied nitrogen on Houston clay can be at 
least partly explained by runoff losses. 

Total minfall and amount of percolation mn,y have less effect on 
leaching than their distribution with respect to temperature. For 
example, it can be rationalized that rapid microbial immobilizaton of 
the fall-applied nitroQ"en in 3 to 4 tons of corn-crop residues (roots and 
stoyer) occurs in the~Southeast during the normally mild weather of 
the late fall and early winter. Since activity would be reduced with 
cooler weather in December, completion of the cycle back to nitrates 
would be interrupted. However, a week or so of warm weather oc­
casionally occurs during the December-March period, when microbial 
,actiyi~7 could increase) wjth the .mineralization of some nitrogen. 
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The vulnerable periods for leaching then would be (1) immediately 
after application, (2) after unseasonably warm weather durin~ the 
winter, and (3) early in the spring after temperatures remain above 
40° F. and before the new crop has reached the stage of rapid nitrogen 
uptake. 

Rainfall in amount and intensity to cause leaching durin~ these 
critical periods should be more effective in removing applied mtrogen 
from the profile than similar amounts at other times. Sufficient data 
are not available from the naturally occurring combinations of rain­
fall and temperature experienced thus far to test this hypothesis. 

It is further recognized that crop-residue management can have a 
bearing on residual nitrogen, both on that in the crop residues and 
that in inorganic form in the soil. This factor could not be studied, 
and the practice of leaving stover on the soil surface in these experi­
ments is considered to be optimum conservation management. 

Ammonium nitrate applied in the spring increased average corn 
yields as follows: 
Ammonillm nitrate applied Increa8e in corn yield8 

Pound8 per acre BU8hel8 per acre50__________________________________________________________________ 29.4 
100__________________________________________________________________ 42.7 
150__________________________________________________________________ 47.7 

These results indicate retums of 1 bushel of com per acre for each 
Vi, 2.3, and 3.1 pounds of nitrogen, respectively, at the three appli­
cation rates. These ~1re average responses under the diverse con­
ditions of 21 year-location tests. 

Yield Response of Subsequent Crops to Residual Nitrogen From 
Both Fall and Spring Applications 

As a ~eneral average, fall-applied nitrogen fertilizers increased 
yields of small gr~ins following the first-year corn crop by only 
about 490 pounds of dry forage per acre. Carryover to the second 
corn crop, which was planted about 18 months after the feltilizers 
were applied, was neg1i~ible. This lack of response to residual nitro­
gen would be expected in view of the nitrogen removal by two 
preceding crops in addition to losses in other ways. 

However, the spring applications of nitrogen as ammonium nitrate 
had relatively high residual effects on small-grain forage yields over 
It period of 16 months on all soils, as shown in table 4. The inter­
mediate rates had smal1 carryover effects. However, when 200 pounds 
of nitrogen had been applied in the sprin~, average dry-forage 
yields of small grain seeded the following tall were increased by 
1,600 pounds per acre. This additional fall and winter growth 
could substantially contribute to the farm forage supply by simply 
utilizing the leftover nitrogen from well-fertilized com. 

There were also marked residual effects of the spring-applied 
nitrogen on yields of the corn crop following the small-grain crop. 
Table 4 shows an average increase of 19 bushels at the 200-pound 
original application. Although average carryover effects of the inter­
mediate rates were small, large yield increases were consistently made 
on the Cecil sandy loam from both the 50- and 100-pound rates. 



--

.....TABLE 4.-Residual effects of nitrogen as ammonium nitrate applied to corn plots in spring on (1) small grain 
seeded the following fall and (93) second corn crop planted 1 year later on varioU8 soils without additiO'lwl 

t-:l 

nitrogen 
OVEN-DRY sMALL-mlAIN FORAGE 

Yields per acre on- I
Nitrogen applied to J------,--------.-------.------.-----.....-----.:----- ­

! 
~ preceding corn plots Average 2 


(pounds per acre) Decatur Greenville fine Greenville Tifton sandy ICecil sandy Houston Ruston sandy 

clay loam sandy loam sandy loam loam loam 1 clay loalll 


Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds0________________ _ 
471 1,093 1,251 560 1,026 666 792 ~ 50_______________ _ 
955 1,221 1,420 650 938 1,014 983100______________ _ ....

1,320 1, 720 1, 660 1, 150 1,334 1,351 1,392 t-:I200 ______________ _ -­
2,217 2,601 2,800 1,771 2,573 2,392 CI1 

II'­

dSECOND CORN CROP 
fJ:1 

Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels 
9 13 26 26 24 20 

11 15 28 36 25 23 ~ 
12 17 30 49 29 27!8g~~~~~~~~~~~~~~~ 

~ 

24 20 38 65 46 39 

i 
~ 
~ 1 For small-grain forage, yields calculated by plotting data obtained at 0, 60, 120, and 240 pounds of nitrogen per acre and inter­

polating for 50, 100, and 200 pounds per acre; for second corn crop, yields calculated by plotting data for nitrogen mtes actually used. 
2 Based on 16 and 10 year-location tests for small-grain forage and second corn crop, respectively. 
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Assuming that 2 pounds of fertilizer nitrogen are required to pro­
duce a bushel of corn, the average residual value of the 100-pound 
rate to the second corn crop on this soil would be 46 pounds of nitro­
rr~'n-an impressive figure to the farmer. The apparent inconsist­
ency in magnitude of residual effects from fall- and spring-applied 
nitrogen is probably due to the return of appreciable amounts of 
the spring-applied nitrogen to the soil in the crop residues. 

Nitrogen Uptake and Recovery 

Nitrogen uptake was measured in the first corn crop, the follow­
ing winter crop of small grain, and in some instances the second 
corn crop. These crops were grown successively over a period of 
approximately 24 months after the fall nitrogen applications and 16 
months after the spring applications. Recovery of applied nitrogen 
was calculated on the basis of difrerences in. crop uptake between the 
unfertilized and feltilized plots. 

The results are presented in tables 5 and 6. As shown in table 6, 
only about one-third of the fall-applied nitrogen was recovered on 
an average by the first corn crop as compared with 55 percent from 
the near Jt rate of ammonium nitrate appl1ed in the spring. With 
the exception of urea, the a verage recoveries from the various nitrogen 
sources were almost identical, ranging from 32 to. 36 percent. The 
average recoveries for ammonium sulfate and anhydrous ammonia 
are not strictly comparable with those for the other sources, because 
these two materials were not testeel on Ruston and Houston soils, 
where recoveries 'were generally low. Recoveries from urea tended 
to be lower than from other sources, but averaged 28 percent, even 
though the method of application used certainly would have favored 
volatilization loss of anhydrous ammonia from this source (120). 
The overall recovery of the fall-applied nitrogen was about 62 
percent of that of the equivalent spri11g application rate. This gives 
a higher relative effectivencss than. the 49-percent figure based on yield 
response. 

Average recoyeries of spring-applied nitrogen by the first corn 
crop (table 6) decreased from 60 percent at the low'est rate to 40 
percent at the highest rate. It is recognized that inability to include 
the nitrogen contained in roots introduces an error here. However, 
by conservative estimates of root nitrogen content, at least 30 percent 
of the applied nitrogen did not contribute to the reqllirements of this 
crop. Furthermore; considerable crop-absorbed nitrogen was re­
turned to the soil in the com stover. amounting to about 50 pounds 
per acre at the higher rates of fertil ization. Th is means that, even 
though complete loss of the leftover n.pplied nitrogen is assumed, 
there should be an appreciable CftITYO\-er from the crop-residue 
nitrog-en returned to the soil. 

Residual-nitrogen nptake from the spring applications to corn plots 
was measured in a fall-seeded small-grain crop and a second corn crop 
in selected tests. These results are presented in table 1. Although 
the tests do not permit differentiation between leftover applied nitro­
gen and crop-residue nitrog-en, appreciable additional amounts of 
nitrogen were recovered by each crop. On the Cecil sandy loam, for 



TABLE 5.-Nitrogen uptaJce per acre by first corn crop Vn grain plUB stover after fall and spring applications 01 
nitrogen on various soils, 1955-59 I-' 

~ 

Fall-applied nitrogen from various sources at 100 pounds per 
acre 

Spring-applied nitrogen as ammonium 
nitrate at pounds shown per acre 

SOli type and year ~ 
None 

(check) 

Pounds 

Ammonium Ammonium Anhydrous Sodium 
nitrnte sulfate ammonia nitrate 

Pounds Pounds Pounds Pounds 

Urea 

Pounds 

0 

Pounds 

50 

Pounds 

100 

Pounds 

150 

Pounds 

200 

Pounds 
I 

Decatur clay loam, I 1955 ___ 
Greenville sandy loam: 1956_________________ 

1957 _________________ 
1958 _________________ 
1959 _________________ 

49 

78 
91 
60 
46 

69 

105 
108 
135 
84 

69 

98 
106 
130 
81 

69 

114 
118 
III 
77 

65 

124 
110 
141 
78 

6!1 

112 
101 
124 
73 

49 

78 
91 
60 
46 

49 

103 
111 
109 
80 

75 

122 
120 
155 
114 

------­

148 
123 
187 
134 

70 

150 
129 
202 
152 

til 

~ 
t.".l 

~ 
Houoton clay: 1956 _________________ 

1957 _________________ 
1958_________________ 
1959 

3
________________ 

34 
56 
40 
26 

54 ---------- ---------- -------- ------­
96 80 ---------­ 97 96 

---------- ---------- ---------- -------- ------­
40 44 ---------­ 37 34 

34 
56 
40 
26 

45 
92 
49 
40 

56 
109 
83 
59 

72 
142 
100 

------­

79 
153 
130 
116 

... 
t.:I 
g, 
~ 

c:l 
Ruston sandy loam: 1956 _________________ 

1957 _________________ 
19i18 _________________ 
1959 3________________ 

31 
25 
19 
10 

77 
54 
60 
21 

---------­
---------­
---------­
---------­

47 
47 
57 
26 

82 
47 
64 
9 

52 
46 
43 
16 

31 
25 
19 
9 

69 
43 
55 
42 

78 
63 
83 
61 

99 
68 

102 
------­

106 
72 
98 

III 

rn 
t;; 
t.".l 

~ 
~ 0 60 90 120 240 

Tifton sandy loam: I1058_________________
1959 _________________ 

Cecil sandy loam: ' 1956_________________ 
1957 _________________ 
1958_________________ 
1959 _________________ 

82 
59 

80 
36 
50 
23 

78 
70 

138 
71 
71 
71 

95 
77 

128 
71 
77 
69 

---------­
---------­

103 
78 
92 
74 

115 
71 

136 
75 
66 
61 

94 
63 

134 
70 
79 
54 

82 
59 

80 
36 
50 
23 

113 
96 

125 
85 
87 
69 

.--­--­
124 120 ------­
132 148 ------­

128 149 174 
115 112 127 
109 135 137 
87 104 165 

~ 

I 
-

Nitrogen uptake in grnin only. 2 Fall-applied nitrogen at 75 pounds per acre. I Fall-applied nitrogen at 90 pounds per acre. I 



----------
----------

----------

------- -

! 
~ 

TABLE 6.-Nitrogen 'reoove??! Pel' aore by first oom orop in grain plus stove?' after fall and spl'ing appUoatioruJ of 
nit?'ogen on various soils, 1950-59 1 

~ 

~ I trJ 
Fall-applied nitrogen from various sources at 100 pounds Spring-applied nitrogen as ammonium 

per acre I nitrate at pounds shown per acre ~ 
Soil type o 

"'.I 
Ammonium Ammonium Anhydrous Sodium Urea Average 50 100 150 200 

nitrate sulfate ammonia nitrate ~ 
Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 

Greenville saudy loam________ 40 35 38 45 34 38 64 61 53 45 ~ Houston cllly________________ 30 2<1 28 26 27 35 38 41 37
Ruston sandy loam___________ 33 24 ~O 19 27 63 50 43 38 ~ Tifton slIndy loam 3 __ "- _______ 8 18 29 9 -------- 70 57 32 --------Cecil sandy loam 3 ___________ 45 44 44 41 41 44 73 69 64 38Avernge 4_________________ 34 32 35 36 28 -------- 60 55 48 40 

~----

1 Based on 4-year avern~es, except 2-year average for Tifton sandy loam. 

I 90 pounds pcr ncre on l'iftoll and Cecil soils. 
 I
I For spring-applied nitrogen, results calculated by plotting recoveries at rates actually used. t:1 
4 For spring-applied nitrogen, based on Hi year-location tests. 

~ 
t:I:I 

~ 
~ 
trJ 
t:I:I 
fIl 

~ 

CJ1 
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TABLE 7.--Nitrogen uptake and recovery per acre by fall-seeded small­
grain and second corn crops from spring applications of ammonium 
nitrate to preceding corn plots on various soils 

SMALL-GRAIN CROP-OAT FORAGE 

Nitrogen uptake on-
Nitrogen applied 

to preceding Aver- Nitrogen 
corn plots Greenville Cecil Hous- Ruston age 3 recovery

(pounds per sandy sandy ton sandy
acre) loam loam 1 clay loam 

Pounds Pounds Pounds Pounds Pounds Percent0 _______________ 7 5 15 8 950______________ ---------­
9 8 16 13 12 6100_____________ 13 16 21 16 16 7200 _____________ 

35 46 29 33 34 13 

SECOND CORN CROP-GRAIN PLUS STOVER 

0______________ _ 22 _______ _ 26 _________ _30 2550_____________ _ 
33 34 24 32 12100____________ _ 
36 43 27 39 13200 ____________ _ 
61 63 47 60 17 

1 Calculated by plotting data for nitrogen rates actually used. 
3 Based on 11 and 7 year-location tests for small-grain and second corn crops, 

respectively. 

example, the average uptake per acre by the second crop from the 
original 200-pound application was 38 pounds more nitrogen. As­
suming 50-percent efficiency of applied nitrogen, this is equivalent to 
a 76-pound application of fertilizer nitro~en to the second corn crop. 

The combined residual effects of single. applications at different 
rates us measured by nitrogen recovery In three successive crops are 
given in table 8. The percentage recovery of applied nitrogen by the 
fertilized crops decreased with Increasing rate of !tpplication! but the 
opposite was true for the crops that followed. Thus, the dIfference 
in total recovery between the lowest and highest rates was only 7 per­
cent. These data emphasize the possibilities for improving the utili· 

TABLE 8.-Recovery of nitrogen, applied at dijferentrates in the 
spring, by the abovegroW[ld parts of three successive crops 1 

Nitrogcn rutes (pounds per acre) 1st crop 2d crop 3d crop Total 

50___________________________ Percent Percent Percent Percent 
100 __________________________ 59 6 12 77 
200. _________________________ 55 7 13 75 

40 13 17 70 
. 

1 Average of 7 year-location tests. 
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zation of applied nitrogen fertilizer by considering the residual effects 
on the succeeding crop. They also accentuate the need for soil test 
procedures to estimate residual nitrogen. 

Prediction of Residual Nitrogen 

Soil profiles were sampled in March 1958 at 12-inch increments to 
a depth of 36 inches to study the accumulation of nitrogen applied 
the preceding fall. Samples were taken of Greenville, Cecil, and 
Ruston sandy loams from plots that had received fall applications of 
ammonium nitrate and from check plots. Analysis of these samples 
showed that a relatively large fraction of the fall-applied nitrogen 
had remained in nitrate form within the 12- to 36-inch depth over the 
winter, as indicated in table 9.3 In fact, between 60 and 90 percent of 
the applied nitrogen was accounted for in this way, and this finding 
a~rees reasonably well with the relative effectiveness as measured by 
YIeld. 

TABLE 9.-0ve7'1JJinter acoumulation of nitrate nitrogen in th1'ee soils 
from fall applications of ammonium nitrate, 1958 

Nitrate nitrogen found per acre 
Soil type and nitrogen rates 

(pounds per acre) 
at depths (inches) shown 

Total 

0-12 12-24 24-36 

Greenville sandy loam: Pounds Pounds Pounds Pounds100_______________________ 
8. 4 50.4 42. 4 101. 2Check____________________ 2. 4 4. 0 4. 0 10. 4 

Cecil sandy loam:90 ________________________ 
9. 6 25. 2 51. 6 86.4Check____________________ 5. 6 6. 4 12.0 24. 0 

Ruston sandy loam:100 _______________________ 28. 0 36.0 2i.2 91.2Check____________________ 10. 0 8.0 8. 0 26.0 

The amount of nitrate nitrogen formed upon incubation of these 
soils at 55-percent relative humidity and 30° C. for 4 weeks did not 
differ appreciably with treatment. However, with the Cecil sandy 
loam, some of the fall-applied nitrogen was present in labile organic 
form. From these results it appears that a method for predicting 
carryover effects of offseason nitrogen applications could probably 
be based on simple nitrate measurements. Assigning properly 
weighted values to the nitrates found at various depths would prob­
ably be the most difficult part of such a procedure. 

• Study by V. J. Kilmer, Plant Industry Station, Beltsville, Md. 
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SUMMARY 


Nitrogen fertilizer broadcast in November or December on widely 
different soils at seven locations in .Alabama, Georgia, and Missis­
sippi during 1955-59 "ms only 49 percent as effective as nitrogen 
fertilizer applied the following spring when measured by corn yields. 
In terms of nitrogen recovered, the relative effectiveness was 62 per­
cent. 

There were no consistent differences among the five nitrogen sources 
applied in the fall as measured by corn yields, but nitrogen recovery 
tended to be lower from urea than from the other sources. 

There were marked variations in the effectiveness of fall-applied 
nitrogen at different locations. However, these variations could not 
be explained on the basis of rainfall, estimated percolation, or soil 
texture. Thus, leaching does not appear to be the primary reason 
for the low relative effectiveness of fall-applied nitrogen. 

Appreciable losses of nitrogen occuiTed in runoff from a fiue­
textured soil between applicatIOn of nitrogen in the fall and plant­
ing of corn the next sprmg. Such losses from a sandy loam were 
negligible. 

Recovery of spring-applied nitrogen by the fertilized crop de­
creased with increasing rate, amounting to little more than 50 percent 
at recommended rates of application. The economic implications of 
this low effectiveness emphasize the necessity for developmg manage­
ment practices to improve utilization of applied nitrogen by the 
fertilized crop. 

Considerable residual effects of spring-applied nitrog-en were found 
over a period of 16 months based on both yield and l1ltrogen uptake 
by the crops. Average uptakes of 25 and 34 pounds per acre of addi­
tionalnitrogen were made by the second and third crops, respectively, 
from the 200-pound origillal application. This residual nitrogen pro­
duced average yield increascs of 1,600 pounds of dry forage and 19 
bushels of corn per acre. These results emphasize the economic im­
portance of residual nitrogen and the nced for soil test procedures 
xor its estimation. 

LITERATURE CITED 
(1) 	ALLISON, F. E. 

1955. THE ENIG~{A OF SOIL NITROGEN DALANCE SIIEETS. Adv. in Agron. 
7: 213-250. 

(2) --and DOETSCH, J. 
1950. 	 NITROGEN GAS PRODUCTION fiY TIIE REACTION OF NITRITES WITH 

A~UNO AC10S L" SLIGIITLY ACIDIO MEDIA. Soil Sci. Soc. Amer. 
Proc.15: 103-166. 

(3) 	ARNOLD, P. W. 
1954. I.OSSES OF NITROUS OXl!lE FRo].r SOIL. Jour. Soil Sci. 1): 116-128. 

(4) BALDWIN, C. S., and KETCIIESON, J. ·W. 
1958. 	 INFLUENCE OF SOIL TEXTOItE, REACTION, AND TE~IPERATURE ON TIlE 

UPTAKE OF NITROGEN FltOM TIlREE NITROGEN FERTILIZERS. Canad• 
•Tour. Soil Sci. 38: 13,1-142. 

(5) BltOADRENT, F. E., HILL, G. N., and T1.',ER, K. B. 
1958. 	 TRANSFORMATIONS ANn !>!OVE~!ENT OF UREA IN SOILS. Soil Sci. 

Soc. Amer. Proc. 22 : 303":307. 
(6) CONRAD, J. P. 

1942. 	 TIlE OCCURRENCE AND ORIGIN OF UREASEUKE ACTIVITIES IN SOII.B. 
Soil Sci. 54 : 367-380. 



RESIDUAL EFFECTS OF FALL- AND SPRING-APPLIED FERTILIZERS 19 

(7) 	ElVo, C. F., and BLUE, W. G. 
1951. THE COMPARATIVE BATE OF NITBIFICATION OF ANHYDROUS AMMONIA, 

UREA, AND AMMONIUY SULFATE IN SANDY SOn.s. Soil Sci. Soc. 

Amer. Proc. 21 : 392-396. 
(8) FIslIEB, W. B., JR., and PARKS, W. L. 

1958. 	 INFLUENCE OF SOIL TEMPERATURE ON UREA HYDROLYSIS AND SUB­
SEQUENT NITRIFICATION. Soil Sci. Soc. Amer. Proc. 22: 241-248. 

(9) GEBBETSEN, F. C., and DE Hoop, H. 
1957. 	 NITROGEN LOSSES DURING NITBIFIOATION IN SOLUTIONS AND IN ACID 

SANDY SOILS. Canad. Jour. Microbio1. 3: 359-380. 
(10) 	GmsoN, T. 

1930. THE DECOMPOSITION OF UREA IN SOILS. Jour. Agr. Sci. 20: 549--558. 
(11) LAIDLER, K. J., and HoABE, J. P. 

1949. 	 THE MOLECULAR KINETICS OF THE UREA-UREASE SYSTEM. I. THE 
KlNETIO LAWS. Amer. Chem. Soc. Jour. 71: 2699--2702. 

(12) LARsEN, J. E., and KOHNKE, H. 
1947. 	 RELATIVE MERITS OF FALL- AND SPRING-APPLIED NlTBOGEN I'EBTILIZEB. 

Soil Sci. Soc. Amer. Proc. 11: 31~83. 
(13) 	MISSISSIPPI AGRICULTURAL EXPERIMENT STATION. 

1956. 69TH ANNUAL REPORT. 91 pp. State College. 

(14) 	NELSON, L. B., and UHLAND, R. E. 
1955. FACTORS THAT INFLUE1'>:CE LOSS OF FALL APPLIED FEBTILIZ1!B8 AND 

THEIR PROBABLE IMPOBTANCE IN DIFFERENT SECTIONS OF THE UNITED 
STATES. Soil Sci. Soc. Amer. Proc. 19: 492-496. 

(15) PuMPHREY, F. V., and HABBIS, L. 
1956. 	 NITROGEN FERTILIZER FOR CORN PRODUCTION ON AN mBIGATED CHEST­

NUT SOIL. Agron. Jour. 48: 201-212. 
(16) SMITH, G. E., UPCHUBCH, W. J., ROTH, J. A., and BROWN, M. 

1955. 	 SOIL FERTILITY AND SMALL GRAIN PRODUCTION. Mo. Agr. Expt. 
Sta. BuL 657, 32 pp. 

(17) 	 SOUBIES, L., GADET, R., and LENAlN, M. 
1955. RECHEROHES SUB L'~VOLUTION DE L'UB1i:E DANS LE8 SOLS J:r 8UB 80l'l' 

UTILISA1'ION COMME ENGRAIS AZOri. Ann. Agron. [Paris] 6: 
991-1033. 

(18) VAN BAVEL, C. H. M. 
1959. 	 DROUGHT ANn WATER SURPLUS IN AGRICULTURAL SOn.S OJ'THE LOWER 

MISSISSIPPI VALLEY AREA. U.S. Dept. Agr. Tech. Bu!. 1209, 93 pp. 

(19) VOLK, G. M. 
1959. 	 VOLATILE LOSS OF AMMONIA FOLLOWING 8URFACZ APPLlCATlOl'l' OJ' 

UREA TO TURF OR BABE SOILS. Agron. Jour. 51: 746-749. 
(20) --- and SWEAT, A. W. 

1955. 	 MOBILITY OF UREA NITROGEN APPLIED TO !'LORIDA SOILS. Soil ScI. 
Soc. Fla. Proc. 15: 111-123. 

(21) WAGNER, G. H., and SMITH, G. E. 
1957. 	 NITROGEN LOSSES FROM SOILS FERTILIZED WITH DIFFERENT NlTBOGEN 

CARRIERS. Soil Sci. 85: 125-129. 
(22) WHITE, W. C., and PESEK, J. 

1959. 	 NATURE OF RESIDUAL NITROGEN IN IOWA SOILS. Soil ScI. Soc. Amer. 
Proc. 23: 39--42. 

If.'. IOY,•••INT ,II.TII. O"ICII'''' 



t 


: 

...--~-. 


