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In water, oxamide was sparingly soluble and released ammonia slowly at 25" C. In an 
uncropped soil, conversion of the nitrogen in oxamide to ammonia and nitrate was 
essentially complete in 1 week with -60-mesh oxamide, but much slower with -4  + 6- 
mesh oxamide. Nitrogen uptake by one crop of corn forage in greenhouse pots from 
-4  + 6- and -28  + 35-mesh oxamide was approximately 22 and 89y0, respectively, 
of uptake from ammonium nitrate or 60-mesh oxamide. Nitrogen recoveries by three 
successive corn crops from 800 mg. of nitrogen applied as oxamide ranged from 44 
to 64% on unlimed Hartsells fine sandy loam (pH 5.2) and from 61 to 82% on this soil 
limed to pH 7.5. These recoveries were similar to those from ammonium nitrate and con- 
siderably higher than those from an equal application of nitrogen as urea-formaldehyde. 

OST of the nitrogen fertilizers used M by farmers are applied as am- 
monium or nitrate salts. Anhydrous 
ammonia and urea are quickly converted 
to ammonium salts in the soil. In  the 
ammonium form, nitrogen is held on the 
exchange complex and is not lost by 
leaching or volatilization. In most 
soils. however, ammonium nitrogen is 
quickly converted to nitrate nitrogen 
by the soil microbiological population. 
The nitrate nitrogen is soluble in water 
and is subject to loss by leaching. Re- 
cent evidence (5) shoivs that applied 
ammonium nitrogen fertilizers in the 
soil are also subject to severe losses by 
chemical reactions ivhich result in for- 
mation of volatile nitrogen compounds 
which are lost to the atmosphere. 

The fertilizer industry and agronomists 
have long been interested in obtaining a 
nitrogen fertilizer of 1 0 ~ '  lvater solubility 
which Jvould gradually release available 
nitrogen to the soil over a considerable 
period of time. L'rea-formaldehyde ma- 
terials have been produced and are now 
on the market. They are rather ex- 
pensive and may not release nitrogen 
rapidly enough to meet the needs of a 
fast-groiving crop (7). Their use has 
been largely restricted to specialty, high- 
value crops Lvhich require limited 
amounts of nitrosen over a long period 
of time. 

The value of oxamide as a nitrogen 
fertilizer for paddy rice was studied by 
Ogata in .Japan ( t i ) .  He showed that it 
\vas a satisfactory source of nitrogen and 
that :ts availability decreased with in- 
crease in granule size. 

The effect of granule size on the avail- 
ability of phosphorus fertilizers of low 
Lvater solubility has been intensively 
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studied and closely related to the geo- 
metric surface area of the granules ( 2 ) .  
Lowered availability of less soluble 
potassium fertilizers has also been re- 
ported (3 ) ,  but the variation in rates of 
solution and chemical changes occurring 
in nitrogen fertilizers as granule size is 
changed has not been generally con- 
sidered. 

The purpose of the present experi- 
ments was to determine the effect of 
granule size on the hydrolysis and nitrifi- 
cation of oxamide in soil. 

Experimental Procedure 

Characteristics of Fertilizers. The 
oxamide, ureaform, ammonium nitrate, 
and ammonium sulfate used in the 
experiments passed a 1 00-mesh screen 
(Tyler). Oxamide (NH2COCONH2) 
was reagent-grade white crystals con- 
taining 31.870 nitrogen and a handbook 
solubility of 0.04 gram per 100 ml. of 
water. For granulation, the fine pow- 
ders were compressed into tablets 0.5 
inch in diameter, using 4000-p.s.i. pres- 
sure in a Carver press. The tablets were 
gently crushed and screened to the de- 
sired granule size. This resulted in 
stable, reasonably uniform granules. 
For experiment 1, oxamide was also 
granulated at pressures of 1000 and 6000 
p s i .  

Solution and Hydrolysis in Water. 
Oxamide hydrolyzes according to the 
following reactions : 

NH2COCONH2 + 2H20 
Oxamide 
+ NH2COCOOH + ",OH (1) 

Oxamic acid 

NHgCOCOOH + 2H2O 
+ (COOH).. + NHiOH ( 2 )  

Oxalic acid 

Fifty- and 100-mg. samples of finely 
ground oxamide containing 15.9 and 31.8 

mg. of nitrogen were suspended in 100 
ml. of water and shaken for 1 ,  2 ,  8, and 
30 days. At the end of each period the 
suspensions were filtered and three ali- 
quots lvere taken and analyzed as follows : 

A. For ammonium nitrogen, related 
to the amount of oxamide hydrolyzed 
to oxamic and oxalic acids 

B. For ammonium nitrogen after boil- 
ing for 1 hour in 1 S  hydrochloric acid 
(this procedure hydrolyzed all of the 
oxamide in solution and the ammonium 
was related to the total hydrolyzed and 
unhydrolyzed oxamide in solution) 

C. For oxalic acid. by adding a known 
excess of calcium chloride to precipitate 
calcium oxalate, follolved by EDTA titra- 
tion of the excess calcium (oxamic acid 
was not precipitated by this procedure). 
Thus? the oxamic acid in solution was 
calculated by subtracting the amount of 
oxamic plus oxalic acids calculated in 
aliquot A from the amount of oxalic acid 
calculated in aliquot C. 

Hydrolysis and Nitrification in Soil. 
Hydrolysis and nitrification rates of 
oxamide in a soil system were deter- 
mined as follows: Five milligrams of 
nitrogen both as - 60 + 100-mesh oxam- 
ide and as ammonium sulfate in dupli- 
cate were mixed kvith 50 grams of un- 
limed and limed Hartsells soil and 
placed in a glass cylinder 1 inch in 
diameter. In a second series, single 
granules of oxamide containing 5 mg. of 
nitrogen were selected from the -6 + 9- 
mesh granules and placed in the center 
of 50 grams of soil. Sufficient water was 
added to supply 20yc of moisture (the 
moisture equivalent). The cylinders 
were stoppered Xvith glass wool plugs and 
incubated for 3, 7, 14> 28, 56> and 112 
days. Unfertilized soils from each series 
were included. Additional \cater was 
added as required to maintain the soil 
moisture near 207,. 

At the end of the designated incubation 
period the entire soil culture was ex- 
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Table 1. Amounts of Oxamide Nitrogen Added, Dissolved, and Hydrolyzed 
in Water at 23" to 27" C. 

Forms o f  Nitrogen in Solufion, M g . / J 0 0  MI .  
Ammonium 

Released by Hydrolysis of  
Oxomide io: 

Time, T o i d  N Oxalicd Oxamice Unhydrolyred 
Doys AddedQ Solutionb TotalC acid acid oxanide 

1 l 5 , 9  6 . 8  0 . 3 9  0 .22  0 .17  6 . 4  
31 .8  6 . 8  0 .61  0 .17  0 . 4 4  6 . 2  

2 1 5 . 9  6 . 8  0 .38  0 . 1 1  0 . 2 7  6 . 4  
31 .8  6 . 8  0 .39  0 .17  0 . 2 2  6 . 4  

8 1 5 . 9  6 . 9  0.62 0 .06  0 .56  6 . 3  
3 1 . 8  7 . 2  0.80 0 .06  0 .74  6 . 4  

30 1 5 . 9  7 . 5  3.41 0 .00  3.41 4 . 1  
31 .8  8 . 0  3 .80  0 . 0 3  3 .77  4 . 2  

a Equivalent to 50 and 100 mg. of oxamide per 100 ml. of water. 
Determined as NH, after complete hydrolysis of oxamide filtrate in 1.V HCl. 
Total ammonia present in filtrate before hydrolysis in 1,V HC1. 
Calculated from oxalic acid determination. 

e Calculated as difference between and d. 

Table II. Ammonium and Nitrate Recovery from 5 Mg. of Nitrogen Added 
as Oxamide and ("&SO4 

lncrease over No Applied N,  M g .  per Sampleu 

Oxamide ( N H I ~ S O I  
Time, - 6  + 9 Mesh -60  + 100Mesh -60  + 100 Mesh 

Unlimed Soil (Hartsells), pH 5.2 
Doys N H ~ - N  N O ~ - N  Total N H ~ - N  N O ~ - N  Total N H ~ - N  N O ~ - N  Total- 

3 0 . 0  0 . 0  0 . 0  3 . 2  0 . 0  3 . 2  3 . 9  0 . 0  3 . 9  
7 1 . 9  0 . 0  1 . 9  3 . 5  0 . 0  3 . 5  3 . 7  0 . 0  3 . 7  

14 1 . 8  0 . 7  2 . 5  3 . 3  0 . 6  3 . 9  3 . 5  0 . 3  3 . 8  
28 1 . 9  2 . 2  4 . 1  1 . 8  2 . 7  4 . 5  2 . 8  1 . 7  4 . 5  
56 1 .1  2 . 9  4 . 0  1 . 2  2 . 8  4 . 0  2 . 4  1 . 5  3 . 9  

112 0 . 3  4 . 3  4 . 6  0 . 3  3 . 0  3 . 3  0 . 8  2 . 1  2 . 9  

Limed Soil (Hartsells), pH 7.5 
3 0 . 6  0 . 0  0 . 6  2 . 6  0 . 0  2 . 6  2 . 7  0 . 1  2 . 8  
7 1 . 7  0 . 4  2 . 1  0 . 0  0 . 8  0 . 8  1 . 8  0 . 9  2 . 7  

14 0 0  2 3  2 3  0 0  4 1  4 1  0 0  3 3  3 3  
28 0 4  2 6  3 0  0 3  3 5  4 0  0 2  2 4  4 6  
56 0 0  3 4  3 4  0 0  5 0  5 0  0 0  4 8  4 8  

112 0 0  4 4  4 4  0 2  3 4  3 6  0 0  2 8  2 8  
Calculated by subtractinp ammonium and nitrate N values for unfertilized soils from 

those obtained with experimental fertilizers. 

tracted in duplicate and ammonium and 
nitrate nitrogen were determined on each 
extract. Xtrogen recovery from added 
nitrogen was calculated by subtracting 
the ammonium and nitrate nitrogen of 
the unfertilized soils from the values ob- 
tained with the fertilized soils. Am- 
monium nitrogen was extracted with 
2-V sodium chloride and determined by 
nesslerization. Nitrate nitrogen was ex- 
tracted with water and determined by 
the phenoldisulfonic acid procedure. 

Plant Availability Studies. Three 
greenhouse experiments were conducted, 
in all of which Hartsells fine sandy loam 
was used as the growth medium. In  
experiment 1, the short-term method 
described by DeMent, Stanford, and 
Hunt (4)  was used to compare 
-60 + loo-: -14 + 20-, and -4 + 6- 
mesh oxamide, ureaform, and ammonium 
nitrate. Different pressures for granu- 
lating oxamide xvere also compared. 
Each fertilizer was mixed with 200 grams 
of soil to supply 30 mg. of nitrogen. 
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Uptake of nitrogen by nitrogen-deficient 
oat plants was measured during a 14-day 
period. 

Experiments 2 and 3 were conventional 
greenhouse pot tests, in which single- 
cross hybrid corn forage was grown in 
plastic-lined gallon food cans containing 
3 kg. of soil. Solid conccntrated super- 
phosphate was mixed with the soil of 
experiment 2 prior to planting, to supply 
360 mg. of phosphorus per can. Corn 
forage \vas harvested, \veighed, and 
analyzed for total nitrogen content. 
For experiment 2. -60 + 100- and 
- 6 + 9-mesh granules of oxamide, urea- 
form. and ammonium nitrate \rere 
mixed with the unlimed soil. and the 
-60 + 100-mesh materials were also 
placed in a band 1.5 inches beloLv the 
soil surface. All nitrogen fertilizers were 
added at rates to supply 100 and 400 mg. 
of nitrogen per can. Following plant- 
ing, 200 mg. of potassium from the sulfate 
and chloride salts was added in solution. 
A single crop of five corn plants was 
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grown from October 22 to December 3, 
1958 (6 weeks). 

In experiment 3, -60 + loo-, 
-28 + 35-, -14 + 20-, -6 + 9-, and 
-4 + 6-mesh granules of oxamide; 
-60 + loo-, -14 + 20-, and -4 + 6- 
mesh granules of ureaform; and 
-60 + 100- and -4 + 6-mesh granules 
of ammonium nitrate were compared. 
Each nitrogen fertilizer was mixed with 
the unlimed soil (pH 5.2) and the soil 
limed to pH 7.5 in amounts to supply 
200. 400, and 800 mg. of nitrogen per 
can. A first crop of five corn plants was 
grown at  all rates of applied nitrogen 
from January 2 to March 19? 1959 
(11 weeks). .4fter 3 weeks in a moist 
condition, the cans receiving the 800-mg. 
rate were replanted and a second crop of 
corn was gro\vn for 8 weeks. A third 
crop was planted immediately after 
harvest of the second crop and was grown 
for 7 weeks. Replantings were done by 
pushing the grains 0.73 inch into the soil 
without otherwise disturbing the soil in 
the cans. Supplemental uniform ferti- 
lizer applications in solution per can 
included: 280 mg. of potassium from 
sulfate and chloride salts and 360 mg. of 
phosphorus as monocalcium phosphate 
for the first crop. and 270 mg. of phos- 
phorus and 340 mg. of potassium and 
trace elements for the second crop. 

Results 

Solution and Hydrolysis in Water. 
.4 laboratory study gave the solubility of 
oxamide (Table I) as considerably lower 
than published data for this material. 
I t  appeared, however, that a saturated 
solution \vas obtained, as the amount of 
oxamide in solution after 1 day re- 
mained about constant for 30 days and 
was not affected by solid-to-solution 
ratio. There was essentially no hy- 
drolysis in water for the first 8 days. 
Traces of impurities which ivere detected 
in the oxamide may have been respon- 
sible for the small amount of ammonia 
nitrogen detected in the filtrate during 
the first week of shaking. 

In the period from 8 to 30 days, con- 
siderable hydrolysis of the oxamide in 
solution occurred. This later, more 
rapid hydrolysis \vas probably due to 
microbial contamination, as no efforts 
were made to maintain sterile conditions. 

Hydrolysis to Ammonia in  Soil. 
Therewas no measurable hydrolysis of the 
larger granules ( -  6 f 9 mesh) ofoxamide 
during the first 3 days of incubation in 
the unlimed acid soil and only a small 
amount of hl-drolysis in the limed soil 
(Table 11). This was in sharp contrast 
to the hydrolysis rate of the finer granules, 
from which 6$yG of the added nitrogen 
was recovered as ammonia at  the end of 3 
days. At the end of 7 days, ammonia 
recoveries from fine oxamide and am- 
monium sulfate \vere similar and it may 



Table 111. Nitrogen Uptake by Oats in 14 Days from 30 Mg. of Applied Table IV. Nitrogen Uptake by Oats 
in 14 Days from 30 Mg. of Nitrogen 
Applied as Oxamide, as Affected 

by Granule Size and Density 
(Experiment 1 ) 

Nitrogen, as Affected by Source and Granule Size of Nitrogen Fertilizer 
(Experiment 1 ) 

N Uptake, Mg. per Culture _ ~ _ _  
Granule ~ ~ _ _  Unlimed Soil (pH 5 . 2 )  limed Sail (pH 7 . 5 )  

Size Oxamide Ureaform " , N O ?  Oxamide Ureaform " , N O ?  Pressure far N Uptake, . .  
- 4  + 6 2 1 . 5  2 1 . 3  2 7 . 3  2 5 . 0  2 0 . 9  3 0 . 3  
-14 + 20 2 3 . 8  2 2 . 1  2 8 . 0  2 9 . 5  1 8 . 9  31 . 0  
-60 + 100 3 0 . 5  2 4 . 0  3 0 . 5  3 1 . 8  2 0 . 1  31 . 0  
No iY 1 5 . 3  1 4 . 1  
L.S.D.. 5% level 2 . 6  2 . 6  

Table V. Nitrogen Uptake by Corn Forage, as Affected by Rate,Placement, 
and Granule Size of Various Nitrogen Fertilizers 

(Experiment 2)  
N Upfake, Mg. per Pot 

Ferfilizer 
N Applied, - Ferfilizer Mixed banded, 

N Source Mg. per Pot - 6  f 9 mesh - 6 0  + 100 mesh -60  + 100 mesh 

Oxamide 100 50.7  7 0 . 2  7 2 . 3  
400 71 .9  239.7 214 .3  

Ureaform 100 45 7 6 1 . 3  50 4 
400 85 7 1 0 3 . 7  91 .6  

XH,h-03 100 . . .  7 8 . 8  8 7 . 3  
400 . . .  224.7  2 4 5 , 4  

No nitrogen 4 2 . 9  

Table VII. Percentage Recovery of Fertilizer Nitrogen from 800 Mg. of Ap- 
plied Nitrogen by Successive Crops of Corn Forage, as Influenced by Nitro- 

gen Source, Granule Size, and Soil pH 

. .  
Granulation, Mg. per 

P.S.I. Mesh Size Culture" 

0 - 4  + 6" 1 1 . 4  
0 -4 + 6' 9 . 8  

1000 -4 + 6 9 . 5  
1 0 . 9  

- 4 t 6  1 0 . 3  
4000 
6000 -4 + 6 
4000 -60 + 100 1 7 . 7  
L.S.D., 5y0 level 3 . 4  

a Uptake with no added nitrogen, 14.1 
mg. 

-60 + 100-mesh material spot-placed 
to simulate -4 + 6-mesh granule. 

c -60 + 100-mesh material granulated 
with water, dried, and screened to -4 + 6 
mesh. 

Table VI. Nitrogen Availability Co- 
efficient Ratios. for Various Nitro- 
gen Fertilizers, as Influenced by 

Granule Size 
(Experiment 3) 

Granule Size Oxamide Ureaform NHaN03  
-4 + 6 0 22 0 29 0 92 
-6  + 9 0 38 0 38 , 

- 1 4 ' + 2 0  0 . 6 5  0 38 . , , 

-28 $ 3 5  0 .89  . . .  . . .  
-60 + 100 1 . 0 0  0 . 5 6  0 . 9 7  

Crop J Crops I a n d 2  Craps I ,  2,  and 3 4 Averages for unlimed and limed soil. Parficle Sire, 
Tyler $ 5.2 pH 7 . 5  pH 5.2 pH 7 . 5  pH 5.2 pH 7 . 5  

OXAMIDE 
-4 + G 16 13 39 54 46 61 

56 da>s in acid soil and between 56 and -6 + 9 19 29 41 66 44 70 
-14 + 20 36 48 46 63 47 65 
-28 35 53 72 55 74 56 74 112 days in limed soil where nitrogen 
-60 + 100 62 -9 63 81 64 82 was applied as ammonium sulfare or 

-4 + 6 20 19 
-60 + 100 45 30 

-4 + 6 56 72 
-60 + 100 0 5 66 

UREAFORU 
21 23 35 29 
49 40 51 42 

NHANO, 
58 73 58 73 
67 67 67 72 

be assumed that essentially all of the 
fine oxamide \vas hydrolyzed. Nitrogen 
recoveries as ammonia at the end of this 
reaction time ivere much greater for fine 
than for coarse granules. I t  is not pos- 
sible to make an accurate comparison of 
recovery from fine granules of oxamide 
and ammonium sulfate, since some 
immobilization of nitrogen by the soil 
was evidenr from both sources. 

Similar results were found on the 
limed soil. The principal difference 
was the length of time during which 
there was a differential hydrolysis of 
coarse and fine granules. In the limed 
soil, this difference had disappeared 
after 14  days. ivhereas in the acid soil it 
persisted for 28 days. This suggests 
that the coarse oxamide was hydrolyzed 
someivhat more slo\vly in unlimed than 
in limed soil. 

Nitrate Production in Soil. Only a 
limited amount of ammonia was con- 
verted during the first 2 weeks of contact 
with the acid soil (Table 11). After 
28 and 56 days, nitrate content was 
generally related to the ammonia con- 
tent of the soil. Ammonium sulfate 
was nitrified somewhat more slo\vIy than 
oxamide, because of the greater acidiry 
in the soil which received this fertilizer. 
There was no evidence that the granule 
size of oxamide affected the rate of 
nitrate production. except as it controlled 
the hydrolysis rate and thus the amount 
of ammonia in the soil. 

Total Nitrogen Recovery and Losses. 
In rhis study, no provisions were made to 
measure nitrogen loss from the soil 
svstem. Sharp reductions in nitrogen 
recoveries from the soil appear to have 
occurred in the periods between 28 and 

fine diamide. These reductions oc- 
curred following accumulation of nitrate 
nitrogen in rhe soil and were greater on 
the limed than on the unlimed soil. Re- 
duction did not occur \\.here nitrogen was 
applied as coarse oxamide. It appears 
that either there was no loss of nitrogen 
from the soils treated with this material, 
or such losses were overbalanced by the 
production of ammonium nirrogen as 
a result of continued hydrolysis of these 
large granules. 

Short-Term Nitrogen Uptake by 
Oats. There was no difference (experi- 
ment 1) in the uptake of nitrogen by 
oars from fine oxamide and ammonium 
nitrate during a 14-day period (Table 
111), ivhile fine ureaform supplied much 
less nitrogen than either of the other 
materials, particularly on the heavily 
limed soil. Increasing the granule size 
had essentially no effect on the avail- 
ability of nitrogen in ureaform or am- 
monium nitrate, but sharply decreased 
thar of oxamide. Sitrogen uptake from 
-4  + 6-mesh granules of oxamide \vas 
70 to 797, of that obtained from the 
-60 + 100-mesh material. 

The fairly hard, dense granules used 
in this evperiment \rere probably much 
harder than would be found in a com- 
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Figure 1 .  Effect of granule size and 
rate of application on uptake of 
nitrogen from oxamide 

Hartsells fine sandy loam 
Average for unlimed, pH 5.2; limed, pH 7.5 

mercial product. However, the hard- 
ness, or density, of the granules was not 
responsible for lowered availability of 
the nitrogen, as shown in Table I\'. 
There was no appreciable decrease in 
availability as the pressure to form the 
granules was increased from 0 to 6000 
p.s.i. Spot-placing of fine material to 
simulate a granule also led to a sharp de- 
crease in availability. This indicates 
that the external surface area of the 
granule was the important factor. 

Uptake in Conventional Pot Tests. 
SVith all sources mixed throughout the 
soil (experiment 2), nitrogen uptake 
by corn was the same from fine oxamide 
and ammonium nitrate, but much less 
from fine ureaform (Table V). Banding 
the fine fertilizers 1.5 inches deep in the 
soil .lightly increased nitrogen uptake 
from ammonium nitrate, but decreased 
uptake from both oxamide and ureaform. 

Availability of ureaform was decreased 
slightly as granule size was increased. 
Dissolution of the fine ureaform was so 
slow, however, that granule-size effects 
Lvere less pronounced than with oxamide. 
When the latter was applied as -6 + 9- 
mesh granules, nitrogen uptake ranyed 
from 30 to 70% of that obtained with the 
fines, and dry weight of corn was also 
much less. 

Experiment 3 was designed to measure 
nitrogen availability of oxamide over a 
ivide range of granule sizes which might 

be included in a commercial fertilizer 
product. Sufficiently high rates of ap- 
plication were included to yield some 
knowledge of comparative salt injury 
and to allow a study of residual value of 
large granules. 

A plot of yields of dry matter from 
experiment 3 against nitrogen uptake 
indicated that the effectiveness of unit 
quantity of nitrogen taken up  by the 
plants in increasing dry weight did not 
differ among fertilizers, granule sizes, or 
soil p H  values. Thus, it appears that 
the several sources follow a pattern 
similar to that which would prevail if 
each material were a dilution of some 
common source-e.g., ammonium ni- 
trate-and that the principles of biologi- 
cal assay may be applied to the nitrogen 
uptake data ( 7 ) .  Thus, similar con- 
clusions on relative availabilities of 
nitrogen sources would have been 
reached using yields of either dry matter 
or of nitrogen. Consequently, nitrogen 
uptake was used as the criterion of 
availability. 

As shown in Figure 1, nitrogen uptake 
was essentially linear with increasing 
rates of application for all granule sizes 
of oxamide. While not shown in the 
figure, nitrogen uptakes from ammonium 
nitrate and ureaform were also linear 
with rates of application. It was possible 
to express the relative effectiveness of the 
various materials in terms of the ratios 
of slopes derived according to the method 
of concurrent linear analysis described 
by IYhite et  al .  (8). 

Data in Table VI show that -4 + 6-, 
-6 + 9-, -12 + 20-, and -28 + 35- 
mesh granules of oxamide were, respec- 
tively, 22,38, 65, and 89% as effective as 
-60 + 100-mesh oxamide per unit of 
applied nitrogen. The fine granules of 
oxamide were equally as effective as 
ammonium nitrate, the availability of 
which was not appreciably influenced by 
granule size. 

Sitrogen uptake from ureaform was 
approximately doubled as the granule 
size was decreased from -4 + 6 to 
-60 + 100 mesh. The nitrogen uptake 
from the large granules was slightly 
higher than from a comparable size of 
oxamide, but uptake from the fines was 
much lower than from fine oxamide. 

Nitrogen Recoveries from Repeated 
Cropping. Recoveries of nitrogen by 
the first corn crop from -4 + 6- and 
-6 + 9-mesh oxamide in the limed soil 
were 13 and 297,. while over 797, of the 
nitrogen was recovered from - 60 + 100- 

mesh oxamide and 66% from ammo- 
nium nitrate (Table \TI) .  Total re- 
coveries from the large granules by 
three crops grown on unlimed and limed 
soil ranged from 46 to 61% of the nitro- 
gen applied, while recovery from fine 
oxamide or ammonium nitrate ranged 
from 64 to 827,. 

Discussion 

Granule size has little or no effect on 
availability of soluble nitrogen mate- 
rials, but can profoundly affect the char- 
acteristics of less soluble compounds. 
Fine oxamide may be as available to the 
plant as soluble sources. On the other 
hand. rates of solution much less than 
those of some common, soluble nitrogen 
fertilizers may be obtained by increasing 
granule size. The rate of solution is 
undoubtedly largely controlled by the 
surface area u hich is in contact with the 
soil. Any practice which lessens the 
amount of soil in contact uith oxamide 
would loiver its availability. It is 
conceivable that a mixture of granule 
sizes to supply both immediate and long- 
term needs is possible. Oxamide is not 
now produced as a commercial material, 
and it is possible that the cost of produc- 
tion \vi11 remain too high for its use as a 
general-purpose fertilizer. The concept 
of controlling nitrogen availability by 
varying granule size is nevertheless 
interesting and could be of practical 
value in the development of future nitro- 
gen sources. 
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