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INTRODUCTICN

The nitrogen status of Scuth Dakota soils was once very high,
but due to our intensive type of farming, the supply of this essen-
tial element is repidly being exhausted. It has been estimated that
thirty to forty percent of the original nitrogen content has been
lost as & result of farming, erosion, and various other factors,
This continuous removal of nitrogen, primerily through cropping,
has ceused pronounced and widespread nitrogen deficiency symptoms
to show up in many aress of the stats, These visusl symptoms and
the resulting low crop yielde have aroused considerable interest
in the use of mitrogen fertilizer, As the use of fortiliser ine
ereases, more attention should be placed on methods of obtaiming
maximum benefits from this spplied nitrogen. It is the purpose
of this study to investigate the effect of varicus fertilizer prac-
tices on corn end small grain production in southeastern and east
central South Daketa, Some of the practices consideved in this
study were time of application, carry-over, carriers, and crop
residue utilization,



REIVI®Y OF LITFRATURE

Influence of Time of Application of Nitrogen Fertiliser

The problem of fall and spring applied fertilizers has re-
ceived considerable attention during the past decade. Sinece fall
application involves placing the fertilizer in the soll several
months ahsad of spring application, the problem resolves itself
into the fate of the fertiliser nutrientes during this period,
Nelson and Uhland (15) reviewed the effect of such facters as
leaching, temperature, rainfsll, and loss due to erosion on fall
applied fertiliser, Their findings show that in an area such as
South Dakota, the main loss of mutrients may be due to erosion re-
luliinafrmrﬁnfﬂlmd/orthuingof:mwmmm
soil, this being especially true on irregular terrain, Their gen-
eral conclusions were that losses from fall applied fertilizer de-
ereased from southeast to northwest. lowever, it has been reported
that as far south as Mississippi, tue time of applying nitrogen fere
tilizer had very little effect on corn ylelds if sandy soils were
avoided (2), Larsen and Xohnke (10) in Indians found no significant
difference between fall and spring application of 8-0~8 when applied
at rates of 1000 and 2000 pounds per acre on Miamwi sandy loam, a
well drained soil, and Crosby silt loam, & poslly dvained scil. Sewe
ever, on Vigo silt loam, & very poorly drained scil, fall applica-
tion of fertiliser resulted in significantly lower ylelds than
spring application, It was their belief~that these lower yields
were due to poor structural conditions which resulted from alier-



nate freeszing and thawing during the winter end a heavy weed infeste-
ation on the fall plots, MacOreger (12) noted from his work at six
different locations in southeastern Minnescta that fertiliser broed-
cast on plowed land in the fall was as effective as spring applica-
tion in increasing corn yields. He concluded that on solls of med-
ium to heavy texture, where leaching is of minor importance, little
or no fertilizer was lost even when lying on or near the soil sure
face during the winter months, Pesek (17) in Iowa studied the ef-
fects of applying LO pounds of nitregen on corn in the fall and
spring, The responses to nitrogen were small compared to those
which might be expected from a 40 pound gpplication and therefore,
the evidence regarding fall and spring applied nitrogen was con=-
sidered inconclusive, DBrage (L) cmu!ue}odamborofmimu
comparing fall and spring application of fertiliser in western
South Dakota from 1951 to 195L, He worked with alfalfa, crested
vheatgrass, winter and spring wheat, barley and oats. Alfalfa,
which invelved only phosphate, did not show 2 significant differ-
ence in yleld due to time, but the trend wes in faver of fall ap-
plication, There were definite differences in yield of crested
wheatgrass with regard to time of application, The seed yisld was
gignificantly higher for fall application as compared to spring ap=
plication; however, there was nc significant difference in yield of
forage. Mwubeadoﬁnit:ommmmapp]i-
cation of nitrogen in regard to proteid content of the grass, es-
pecially at the 160 pound level of nitrogen, Fall application of
LO and 60 pounds of nitrogen increased the yield of winter wheat;



spring application inoreased the protein content without increas-
ing the yleld., In the case of barley and oats, it seemed to make
1ittle difference as to when the fertilizer was applied,

Residual Effect of Nitrogen Fertilizers

There has been some recent evidence that grain crops may not
‘use all the fertiliser that is applied the first year and thus a
certein portion is carried over and utilised by the following erop.
Pas8hal and French (16) in their econcmic snalysis of some fertile
iser rete experiments, reported that in Washington the residual re-
sponse of irrigated corn to 180 pounds of nitrogen was sufficient
to pay the cost of the original fertilizer, In their analysis of
experiments conducted at Scottsbluff, Webraska, in 1951, they com~
sidered that the residual respomse of irrigated corn to an original
120 pound application would pay for approximately 80 pounds of nitro-
gen. Two similar experiments conducted in 1952 were analysed and it
was noted that residual nitrogen from a 120 pound application made
the previocus year, increased corn ylolds to & point where the in-
crease payed for the original nitrogen and returned more than §$25
per acre, Pesek and Dumenil (18) found that under Iowa conditions
on 8ilt loams and soils of heavier texture, the average residual
effect of moderate amounts of nitr::gm? applied to corn, was about
25 percent of the original application, when measured with oats the
next year., It was their opinion that perhaps following a dry year,
the residual average may be near 30 percent and following a wet year
it would be below 20 percent., In on¢ perticular experiment, where



gorn followed corn, they reported increases of 7, 10, and 17 bushels
of corn from the residual effect of L0, 80, 120 pounds of nitrogen
respectively. The data of Stanford (25) at Iowa indicated that 60
pounds of nitrogen plowed under for corn gave a significant increase
in oat ylelds the following year. Hnmonoudthatem-m
from 30 to 60 pound rates of nitrogen applied as side-dressing on
corn, increased oat yields significantly the succesding year. In
an experiment conducted at Cottommood in western South Dakota from
1950 to 1952, it was reported that ylelds of barley were increased
20 bushels in 1951 by the carry-over from 140 pounds of nitrogen
applied on winter wheat in the fall of 1949 (30). It was also
noted in this same experiment, that spring wheat in 1952 did not
respond significantly to the nitrogen applied in 1949,

Bfficiency of Nitrogen Carriers

Information concerning the efficiency of nitrogen carriers
is somewhat limited in its scope. lMost of the work has been cone
mmueMmmmemm
(2) (8) (24). Hazmons (8) from Mississippi reported that anlydrous
mmucﬁi.cimtumnimnituuinthnprmumof'
cats, either for grain or grasing. Andrews, et al. (2) dlso of Hiss-
issippi concluded that anhydrous ammmonia, as a source of nitrogen
for corn, was as good as emmonium nitrete. They also noted that
if depth of placement and uniformity of application were factors
in orop production, anhydrous ammonia may have some advantages
over amonium nitrate. Their opinions were based on the results



of thirteen experiments, Smith (2L) studied the effects of ahhy-
drous ammonia and ammonium nitrate on winter wheat st twc different
locations in Kansas and the results indicated no significant differ-
ences in the efficiency of the two nitrogen carriers. It was the
reconmendation of Rhosdea, et al. (22) in Nebraska, that solid nitro-
mmim,mnummmuww,mtum
prior to plowing or applied as a side~dressing on irrigated com
and that anhydrous ammonis should be applisd either prior to or afe
ter the corn has been planted, Viets, et al, (27) in Washington
studied the efficiency of five nitrogen carriers applied at three
retes on the yield of corm. The carriers used were anhydrous am-
monia, armonium nitrate, urea, amonium sulfate, and caleium ni-
trate, The data showed significant differences among carriers, but
they attributed this largely to the yield depression caused by the
caleium nitrate; the yislds resulting from the remaining four car-
riers were statistically equal,

Influence of Nitrogen Fertilizer Applied with Straw on Urop Yields

It has been realiszed for a long time that applications of low
quality orep residues have a harmful effect on the crop ismediately
following, There have been many experiments conducted to account
for this condition, Hutchinson (9) reported that applications of
carbohydrates to soils ceused a decrease in soil nitrstes. He found
that an application of hay dust and straw at once lowered the amounts
of ammenia and nitrate, but after several months, the amounts of these
twe elements began to increase, rthgfmmmww



(13), Seott (23), and othexs (1) (6) (11) (k) thaé additions of
strew or other celluloses causes & very serious tie-up of seil ni-
trogen and a consequent reduction in crop yields. It was believed
once that the loss of soil nitrates was due to denitrification
brought about by the increased activity of micro-organisms which
were fevored by the added plant material, This theory was soon re-
placed by the supposition that soil organisms imsobilise soil mitr-
ogen when organic materials are applied. Doryland (7) conducted
some very extensive experiments to show that soil organisms may be-
come competitors to crops for the supply of available plant nuirie
ents., It wes his opinion that the disturbing effect of crop resi-
due was primarily due to the excess energy material which caused a
mwtwporwmmoﬁﬂm@imm;cwtw
gimilation of soll nitrogen, but once the residue was decomposed,
there was a liberation of this plant food. The work of Brown and
Alison (5) was in agreement with thet of Doryland., They found
that an application of low carbon-nitrogen ratic materials, such

as rotted manure and legume hay, increased the ylelds of oats
whereas wide ratio residues lowered the yields., It was the opin-
ion of Hlair and Prince (3) that the availability of nitrogen, fol-
lowing the plow-down of organic residues, was probably a matter of
the carbone-nitrogen ratio. They emclmlpd that when straw, with &
wide ratio, was supplemented with a source of nitrogen in order to
narrov the ratio, little depression of available nitrogen results.
On the other hand, if the ratio is sufficiently narrow some nitrates
may become available, This was shown -in the work of Thomas and iare



per (26) who used straw alone and alse supplemented with sources of
nitrogen., They noted that a combination of streaw and supplemental
nitrogen increased the available nitrates because of a narrowing of
the carbonenitrogen ratio., There was some veriation in opinions as
to Just what the carbomnenitrogen ratio or nitrogen content of erep
residues should be in order to avoid yield injury from their applie
cation, Waksman (20) comcluded on a theoretical basis that if the
nitrogen content of crganic matter was about 2 to 2,5 percent, a
mmmm@wmmmmghnamdm,
followed by the liberation of asmonis, However, if the nitrogen
content was helow 1 percent, & lasting nitrogen starvetion may set
in whieh could be corrected only by the addition of nitrogen ferti-
lizer, Hmmrmtﬁ)mﬂmtldmtmtm
mmammummﬁm. Pinck, ot al, (17)
noted from their greenhouse studiss that in order to offset the ef-
M#MM@&MM&,MMJ&W
pounds of nitrogen, as urea, had to be added per ton of straw spplied.
They pointed out that sufficient nitrogen must be added to esteblish
& carbonenitrogen retio of about 35 to aveid injury by the straw,
This ratic correspends to a nitrogen content of about 1.2 pereent
for the dry matter. It was their general conclusicns that orep ree-
sidues can be utilised very effectively for maintaining soil organie
mnumtmuywmumméumqmwarm
nitrogen is used along with the carbomaceous material,



MATERTALS AND MITHODS

Seils of Fxperimental Fields

Field experiments were conducted on eight different soils loe
cated in irockings, Deuel, Lincoln end Turner Counties, The soils
were selected primarily on the basis of their drainsge and textural
characteristics because it was desirous to conduct certain phases of
this study under conditions where loss of nitrogen through leaching
could be fully exploited, The physical features of the solls sel-
ected for experimental use are briefly described bhelow,

Hecla Sandy Loam The flecla soils are classified as & llego-
sol<Chernozen Intergrade. The parent material is Aeolian sand over
finer-textured wind or water laid sediments, The surface soil is
& very dark gray, very friable, nonadca:voua sandy loam of weakly
developed fine crukb structure., It is well drailned with rapid per-
meability occuring on nearly level te long sloping topography.

Till Soil 4n uncom'zl.sted well drained soil developed in
glacial till with nearly level topography. This soil is feund in
Turner County in southeastern South Dakota,

mm. S5ilt Loam The Kranzburg series includes Cherno- '
zem solils developed in thin loess deposits which rests on ITowan till.
The thickness of the loess may vary from 20 to about 36 inches, The
surfacs soll 13. & crumb structured silt im, neutral to slightly
acid, friable and grayish brown to very dark brown or black when
moist, The underlying material gradees intc a slightly weathered,
unleached, glacial till with a clay loaw~texture, Concretions of



carbonate of lime are found at depths of 28 to 3L inches. The top-
ography is nearly level to gently rolling and there is good surface
and internal drainage.

Maddock Sandy Loam The Maddock series is also classified as
a RegosoleChernogem Intergrade, which developed in loamy sands and
sands of glacial origin. The surface soil is noncaleareocus light
sandy loam, very dark gray, very friable and has a weakly developed
fine crumb structure. This grades into & sand and then into a loose,
strongly calcarecus loamy sand at depths of L to 5 feet. The draine-
age is well to somewhat excessive with rapid permeability and near
level topography. |

Vienna Loam This includes Chernosem scils developed from
glacial till of an older ice sheet thaa the late Wisconsin., The
surface soll is very dark gray, friable, noncalcareous loam of
cloddy to mederately developed coarse granular structure. The tex-
ture grades into a strongly calcareous clay loam at depths of 18
to LO inches, It is & well drained soil with moderate permeabile
ity developed on nearly level topogrephy. This soil is well adapted
for corn and small greain production. _

Lamoure Silty Clay Loam The Lamoure series includes calcar-
eocus, moderately fine-textured Humic<Gley soils occurring in the bote
toms of glacisl outwash valleys and on the flood plains of rivers and
streams. These soils have a very dark to black, when moist, calcar-
eous A horison grading into a strongly calcarecus gleyed-subsoil
horizon of gray, light gray, yellow and olive colors. It is poorly
drained and subject to occasional flosding. This soil is nearly

10



level and located on the Sioux River bottom,

Brockings 511t Loam The Brookings scll is moderately well
drained developed in slightly weathered celecarecus loess over Iowan
till., The A horizons are friasble when moist and soft te slightly
hard when dry. The surface soil is dark to black in color and neu-
tral in resction. The subsoil is drieble, when moist, with lime
coming in at depths of 17 to 23 inches, The soils cccur on nearly
level topography with O to 1 percent slope.

Loess Soil An unclassified moderately well drained soil
developed in loess over till with nearly level topography. This
soll is located in lLineoln County in southeastern South Dakota.

The cropping rotation on the above goils was primarily small
pdnmdomwiﬁ:valﬂhdmofhmn,muum
cial fertilizer.

Sxperimental Design

The design used in the time of application and ercp residue
studies was & randomiszed split plot with four replications., The
reason for selecting this type of design was to gain more precision
ummmmmmrmmmmmapph-
cation and likewise, those among the various levels of nitrogen when
applied with straw,. mmwm}mmmni.um;
randomiged block type with four replications snd nine treatments,

Residual information was taken from experiments having both types
of deaigns.



Planting and Harvesting Methods

The field experiments were conducted on private farms in
southeastern and east central South Dakota.

The nitrogen carrier used in this study was urea unless
otherwise indicated. All solid nitrogen fertilizer was spread by
mﬂmmm,mm,uqulmumnam-
ventional applicator, A blanket application of phosphorus, as
treble superphosphate, was spread on each plot to assure an ade~
guate level of that element. The subsequent tillage and planting
operations, completed by the fm,wﬁrothemi’ort&wupm-
mentel plots as for the fields containing them.

The small grain was harvested by hand and four square yard
samples of grain were taken from each plot except for the crop re-
sidue studies where 7.36 equare yards of sample was taken, using &
power harvester. The samples, after being harvested, were dried in
a crop dryer set at 105° F,, and then threshed. The ylelde were
caloulated and recorded in terms of bushels per acre.

The corn was also harvested by hand and where it was checked,
ears were taken from all three stalk hills of the center four rows
which were surrounded by hills containing twe or more stalks. Where
the corn was drilled, thirteen rows, ten feet long, were harvested
out of each plot. Moisture in the corn at harvest was determined by
cutting a center section from 5 to 8 representative ears and drying
at 230°F, The pounds of moisture free corn obtained was multiplied
by a conversion factor which gave the yield in bushels per acre on



a 15,5 percent moisture basis.
Climatological Information

The growing season in 1955 was characterized by below normal
rainfall and above normal temperatures, In the Rrookings County
m,thtninfdlmlhunnuaﬂtormﬂmdtmuﬂbnthlu
nulll.forthnrutefthnytlr. This fluctuation can be noted in
figure 1, mmimnm.mm-mammmdwu
May drought which was made more acute by high temperatures and
strong winds, csusing excessive evaporation,

In Lineoln and Turner comuu,?umond area of concern
in this study, 1955 was characterized by below normal rainfall all
durincmgruingmmptamn,unhminnsmz. There
was considerable subsoil moisture carried over in this area, but
the May drought and high temperatures were so severe that it imposed
uuﬂin;mnillpdnyhidl. In regard to corn preduction, the
subsoil moisture and the one inch of above normel rainfall in June
were not sufficient to offset the extreme drought that existed dur-
ing most of the 1955 growing seascn.

The small grain growing season in the Brookings County area
was characterised by near normal reinfall in 195%. However, the
slight drought conditions along with high temperatures from June 9
through June 1, seriously affected small grain yields in this area.
The above normsl reinfall in July, as indi8ated in figure 1, provided
very favorable conditions for corn production.

The extreme drought in Lincoln and Twrner Counties during 1956,

.-' CLLZGE LIBRARY
'SOUTH DAKOTA STATE CO 120792
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had 2 very serious effect on erop production in that area. There
was no subscil moisture and rainfall for the year was nearly 10
inches below normal, PFigure 2 gives a graphic picture of the bee-
low normal preecipitation through 1956,
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EXPFRIMENTAL RESULTS

Effect of Fall and Spring Application on Crop Lields

Time of application studies were conducted in Brookings, Deuel,
and Lineoln Counties on small grain and eorn in 1955 end 1956, The
results of these experiments are recorded in Table 1, The data were
mmticmqmmumﬁomewumrormu—
liser and time, the lesst significant differences were recorded, The
results of this study are restricted primarily to east central South
Dakota due to adverse weather conditions which existed in other areas
of the state where experiments were conducted.

The small grain responded significantly to fertilizer with no
Mﬂtdﬁftmmrﬂlmemmuﬁm,umm
in figures 3 and L, on all soils except Maddock sandy loam. (n this
particular soil, there was no response to fertilizer but there was a
significant advantege in favor of spring application, This apparent
m1lhliﬂudtoqumtomlmo.ffuﬁnmbyw1m
resulting from strong winds the day following the fall application
before the fertiliser was disked under. The possibility that this
mmmrmmmqmuummmmm
is scmewhat remote because the precipitation during the interim of
mhmtimwunotﬂﬁeinttommdm“mtotm
applied nitrogen.

Information obtained from the cofn experiment conducted in
1956 on Srookings &ilt loam is recorded in table 1, The results
show that corn yields were not effected significantly by either
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Table 1. Effect of Time of Nitrogen Fertilizer Application on Crop

n‘u.o
Treatment Yield
pounds / Acre Bushels / Acre
N ons x,‘.c Fall Application Spring Application
Brookings County
wheat - Vienna Loam = 1955
e ko 0 17.7 18.9
20 kO 0 2.8 25.4
kO Lo 0 1.0 .6
60 Lo 0 31.8 35.1
L.S.D. at 5; level
: Fortilisar 2.6 2-6
Time N.S. KeSe
Barley - Maddock Sandy Loam - 1955
0o ko o 39.8 bbb
20 Lo o© Ll 6 Lk.9
ko ko 0 Lh.2 k9.9
60 kO © k2.1 kke3
LeS.De at 5% level
Fertilizer N.3. HeSe
Time 3.1 3.1
' Oats - Hecla Loamy Sand - 1956
0 0 0 30.1 . 31.7
0 ko 0 33.0 33.2
20 k0o O 36.4 3646
ko Lo 0 k.2 37.9
60 Lo O k1,8 33.1
L.8.Ds at 5% level
Fertilizer 61 6.1
Time NeSe NeSe
Barley - Kransburg 5ilt Loam - 1956
(4] 0 0 20.7 19.9
0 o o 21.h 25.1
20 ko 0 29.1 \ 30.0
W ko 0 32.0 37.0
60 Lo O 11.0 L3.3
L.S.D. at 5’ level .
Fertiliser ko7 Lo7
Time NQ_S. NeSe

(continued on next page)



Table 1. Continued

Treatment Yield
pounds / Acre Bushels / Acre
. | P205 xzo 7all Application Spring Application
Deuel County
Barley - Kransburg Silt Loam - 1956
0 0 0 19.2 22.3
0 kO 0 25.1 23.8
20 Lo 0 30.0 3L.5
O kO 0 37.0 ﬁg.?
60 Lo O L3.k o7
Le S¢ Do at 5% level
Fertiliger " 6.1 6.1
Time NeSe » NeS,.

Linecoln County
Oats - Loess Soil - 1955

0 60 O L5.8 L7.0
ko 6 © 50,9 k5.6
60 60 O 5844 5642
80 60 © k9.3 55.4
Le 8¢ Dy 2t S’ level

Fertiliser 8k 8.4

Time HeS. B.S.
Brookings County

Corn - Brookings Silt Loam - 1956

e o0 o Sk.8 55.9

o W o 6046 63.L
20 Lo 0 59.3 55.3
L Lo 0 63.8 63.9
60 ko O 66.6 57.1
LQ 3¢ Do at 5% level .

Fertilizer NeSe H.S.

Time Hebu i P
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Mgure 3, Hesponse of barley to fall applied nitrogen fertiliser.

#igure ., Compsrative effect of fall and apring applied nitrogen
on barley.



fertilizer or time of application, It was apparent that on this

moderately well drained soil where the natural fertility is high

and water relationships are favorable, s plant population greater
than 10,500 plants per acre may be necessary to make maxirum use

of the applied fertiliser, .

Residual Effect of Hitrogen Fertilizers

Information on residusl response of nitrogen was obtained
on small grain following corn in two experiments; one in 1955 and
one in 19%6. The results were snalyzed statistically and recorded
in tables 2 and 3 along with corn responses to the initial fertile
iger applications,

On Lamoure silty clay loam in Rrookings Cownty in 1955, cats
Mﬁgniﬁmﬂytotheumm;rfrmboﬂlhOtosom
of nitrogen. However, it can be noted in table 2 that there was a
response to nitrogen only when LO or 60 pounds of phosphate had been
applied on this highly calcarecus soil in 195k, The corn yields ob-
tained in 1954 are reported hers, along with cat yields in 1955, to
give a complete picture of fertilimer utilisation over the two yeer
period., Apparently fertiliser had not only inereased comyiddn-
significantly the first year, but also increased oat yields 7 to 12
bushels the second year,

Intm19%wtmamMmt1mmmg.
County, the residual response of barley“to nitrogen applied in the
fall of 195 and spring of 1995 was measured, The results shown in
table 3 indicate thet as little as LO pdunds of nitrogen applied in



Table 2., Residual Effect of Nitrogen Fertilizer on Oats Following
Corn in Brookings County, 1955.

Treatment Yield 1954 Yield 1955
/ Aore Corn Cate
NP0, Ky Bushels / Acre Bushels / Acre

Lamoure S5ilty Clay Loam

2 .0 B L9.5 Lo.6
o kb o £1.1 k5.1
o 0 0 L8.L h2.9
20 ko O 52,8 47.0
W ko 0O Skl 56.4
60 Lo 0 589 559
ko 20 © 5744 kS5.9
W 60 O 59,9 61.8
0O 0 60 L8.2 3¥%.2
W Lo Lo 60,0 - Lks.2
L-S.B. at s‘ level
Pertilizer B2 9.1

Table 3, Residusl Effect of Nitrogen Fertiliszer on Barley Follow=
ing Corn in Brookings County, 1956.

Trestment Yield 1955 Yield 19%

pounds / Acre Corn Blﬂ-/l:r

N PO K,0 Bushele / Acre Bushels / Acre
Fall Spring Fall Spring

Kranzburg 511t Loam

0 60 O 57«5 5842 2.2 20.6

o 60 0 56,8 59.3 33,2 33.5

60 60 O 5LeS 5549 33.0 LO.S

80 60 0 56,9 5642 37.L L7.8

L.S.D. at s;z lavel

rertilizer HeSe NeSe ats 8-5
Time HeSe 305'1 HeSe HoSe
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the fal) of 195k, inercased barley yields significantly in 1959,
This was also true of 60 to 80 pounds of nitrogen applied on the
ssme date, Yield increases due to nitrogen carry-cver from the
1955 spring application tended to he higher at the 60 to 80 pound
rates than ylelds produced by carry-over from the previous fall
application, However, this difference was not significant at the
5 percent confidence level. The response to residual nitrogen can
be noted in figures S and 6 and it also can be seen here, by com=
parison, that very little difference in growth existed between fall
and epring application,

Ifficiency of Nitrogen Carriers on Corn

Pield experiments were couductnqrin Brookings and Turner
Counties comparing the efficliency of three nitrogen carriers: urea,
ammonium nitrate and anhydrous smmonia in 1955 and 1956. The yield
results were snalyzed statistically., The average corn ylelds, based
en 15.5 percent moisture, are recorded in Table L along with the
least significant difference.

Thscuﬁcrupwi-mtinwﬂmaundrmmnﬂ‘
(21) was included, with permission, to show that under favorable
growing conditions, as there were in Turner County, corn responded
equally well to all carriers at all rates of fertilisation. The
experiment conducted in 1955 in Twrner County, on a similar soil,
was expected to give information concerning carriers for that ares

but due to lack of molsture, there was no response to nitrogen fer-
tilizer, :



Table L. OComparative ifficiency of Nitrogen Carriers on Comn

Treatment Source of Tield
pounds / Acre nitrogen Bushels / Acre
N POz K0

Turner County
Till Soil - 1954
Lo 0o 0 Avhydrous Ammonia 83.6
Lo 0 o0 Ammonium Nitrate 7941
o Lo 0 Armonivm Nitrate 83.0
80 e O Anhydrous Ammonia 89.2
eo 0 0 Ammonium Nitrate 82.8
80 ko 0O Anhydrous Ammonia 87.k
80 ko o Ammonium Nitrate 85.k
80 Lo o Urea 91.8
LeSDe at 5% level -
Fertilizer 8.1
Till Soil - 1959
0 © 0 None 53.0
k o© 0 Anhydrous Ammonia 56,0
o o 0 Ammenium Hitrate 55,0
o ko 0 Ammenium Nitrate 59.8
80 © 0 Anhydrous Ammonia 63.4
8 o 0 Ammonium Nitrate 59.9
80 Lo 0 fntydrous Ammonia SL.5
8o Lo 0 Ammonium Nitrate 61,0
BO ho 0 Uresa %08
Le8.De at 5% level -
Fertilizer N.8.
Brookings County
Krangburg Silt Loam - 19%6
0 $ 9 tone 5546
TR S Urea 5.6
L ko o Urea 62,2
W o Ammonium Mitrate 62,8
b Lk o Anhydrous Ammonia 63.1
80 hD 8} Urea 6?.1
80 Lo 0 Amsonium Nitrdte 6543
80 o o Anhydrous Ammonia 63,6

LeSsDe at 55 level
Fertilizer Se7

-
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Results from the Prookings County experiment in 1996 indi-
cated that all three nitrogen carriers increased corn yields sige
nificently at both the LO and 60 pound rates, The ylelds at this
locaticn were, however, somewhat reduced by a September 6 frost,

I{ can be noted where phosphate was not ippliad, the ylelds were
statistically equal to the check regardless of the amount of nitro-
gen applied. This indicates tiiat a combination of nitrogen and
phosphorus was essential for iancreasing the yields of corn.

Effect of Nitrogen Fertilizer and Straw on Yislds of Spring Wheat

An experiment was conducted in Prookings County in 1956 to
determine the interrelation between levels of nitrogen fertilizer
and levels of straw applicaticn on thcyield of wheat, Plot pre-
paration was accomplished by weighing out the required amount of
baled oat straw, Spreading it evenly over the plot and plewing it
under with a2 mold-board plow. On plots requiring an equivalent of
S @nd 10 tons per acre, it was necessary to rake a portion of the
straw intc the plow furrow to facilitate covering, This sequential
operation of plowing under straw is shown in figures 7, 8§, and 9.

The wheat ylelds are recorded in table 5 along with the 10M
significant difference for straw and nitrogem., A statisticel anal-
ysis of the yleld indicates that straw depressed yields significantly
at every level of nitrogen. This yield depression, which can be
noted in table 5, varied from a signifféant 3,1 bushels at the 1.25
ton rate to 4.5 bushels at the 10 ton level., When the effect of
straw levels is broken down into individual degrees of freedom, as



Flgure 7. Application of 10 tons of straw per ascre belore and alfter
spreading.



Mgure 8§, Raking straw into plow furrow to facilitate covering.



Figure 9,

Straw being covered with a moldboard plow.
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Table 5, Influence of Straw and Nitrogen on the Tield of Spring
wheat in Brookings County, 199,

Tons of Straw Pounds of Ni en ed / Acre Average for
Applied / Acre O 12.5 fg.g . . 00,0 Straw Levels
bu/Ae  Bu/A, Bu/A, Bu/A.  Bu/A, Bu/A '

0 12.3 14,2 18,2 2045 22.8 17.6
1,25 8.7 11,0 14.9 1746 20,4 k.5
2.50 9els 10,0 17.0 17.1 19,8 1,7
5400 6.9 9.3 11,k 15.k 19.6 12.5
10,00 840 12.0 13.8 17 17.0 13.1
Average for

LeSeDe at 5% level for straw over all levels of nitrogen = 2,5
LeS.D. at 5% level for nitrogen over all levels of straw - 1.k

Tabtle 6, Analysis of Variance of Wheat Yields Reported in Table S,

Source of Variation defe Mean square
Replications 3 7043%
Strew ' 34 77 Toe

Ho straw vs. straw 236 420

1

Low levels vs, high levels p ) 701

1.25 tons vs. 205 tons 1 1.2

5 tons vs, 10 tons  § 3.2
Error a 12 130’4
Nitrogen b 272, 0%

¥o nitrogen vs, nitrogen 1 Thl Gms

Low levels vs, high levels 1 BL2 ¢ L

12.5 pounds vs, 25 pounds 1 126, Bus

50 pounds vs. 100 pounds . 3 804 5un
Hitrogen x straw 16 LeS
Error b o 60 L7

Total 99

¥ Significant at 5% confidence level,
#u Significant at 17 confidence level.




seen in table 6, it can be shown that high levels of straw (9 and
10 tone) reduced ylelds significantly when cempared with the mean
yields obtained from lower levels of strow (1.25 and 2,5 tons).
However, th-m is ne stetistical difference between the effecte of
1.25md2.5£?rnu of straw on yleld snd likewise, no difference bo-
tween 5 and 10 Yons of straw applied per acre,.

In the analysis of subplot effects, the variation dus %o
nitrogen was highly significant. It can be noted in table 5 that
an application of as little as 12,5 pounds of nitrogen por scre
produced an average significant ﬁdﬁimmd-z.amm
all levels of straw., Upen testing the single degrees of freedom
for nitrogen levels it was also noted thet 25 pounds of nitrogen
produced highly significant yield increases over 12,5 pounds. A
Mghly significant difference in yield was alsc found when the ree
mtompmtofnim-mowuﬂ\thatdm
pounds, "The comparative effects of no nitregen and 100 pounds at
all straw levels are shown in Figures 10, 11, 12, 13, and 1. The
detailed study of the effect of nitrogen indicates that as nitrogen
was increased there was & continuous increase in the yleld of wheat
over &ll levels of straw. A more cormplete analysis of this linear
responge is shown in table 7. The sum of sguares from the linear
component has taken up essentially all total sum of squares and was
highly significant within ell levels of straw, Significance was cbe
tained fo: ihe quadratie componemt at the 5 ton level, however, the
additionsl sum of squares obtained over and above that for the line
ear response was cosparatively small, indicsting the response was
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Figure 10, %Effect of 100 pounds of nitrogen on yield of spring
wheat when no strew had been applied,



Figuroll.

ﬁgm 18,

iffect of 100 pounds of nitrogen on the yield of spring
wheat when 1,25 tons of straw per acre had been applied,

Effact of 100 pounds of nitirogen on the yleld of epring

wheat when 2.5 tans straw per had been applied,
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Mgure 13, 2ffect of 100 pounds of nitrogen on the yield of spring
wheat vhen § tons of straw. per acre had been applied,

BRNO NITROGEN
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Mgure lh. E:fwtofl&pmﬂuatmmnnuetmm
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Table 7. Separation of Nitrogen Effects Within Fach Straw Level
into Linear, Quadratic, Cubic, and Quartic Components,

Corponent  DoFe ni
Hede Kede iHee

Linear 1 29918 355,9us  2E9 L m.lsﬂ 168 olywre

Quadratic 1 0e2 040 k.0

ubkde - 240 0e9 1.7 001

Quartic 1 1.8 Ouk 19.1 0.9 0.

# Significant st 57 confidence level
s«  Significent at 1% confidence level

primerily linear, This is to be expected because there was a omtine
uous rise in wheat yields with inoreased nitrogen. The linearity of
mmwmummmmm
with respect to nitrogen fertilizer, regardloss of the amount of
straw applied, The analysis of linear regression of yield on nityro-
gen for the five lovels of straw is shown in figure 15 along with
the highly significsnt correlation coefficlent.

A1l regression lines are nearlr parallel except at the ten
ton level, This indicates that each increment of sdded fertilizer
produced nearly the same carresponding yield inorease under all
levels of straw as where no straw was applied, The exception %o
this is the 10 ton level where a mmaller yield increase wae rode
lised fyom each nitrogen addition, This could be expected because
8t such a high rate of straw applicatien soll organisms imeobilise
mogt of the available nitrogen in the decoposition process, It is
interesting to note in figure 15 that the regression lines of 1,25
and 2.5 tons of strew nearly ccincide which means there was very
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Figure 15, Regression of yleld of wheat o nitrogen at all
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little difm:ance between the effect of 1,25 and 2,5 tons of straw on
the yleld of wheat. This peint was slsc brought out in 4sile 6 whea
a statistical comparison between these two rates proved to be non-
significant, |
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DISCUSSION

Continuous erop production in much of South Dakota has re-
sulted in the depletion of seil nitrogen, This has made it necesse
ary to use an increased amount of fertiliszer end other soil fertil-
ity practices in order to maintain crop yields at a profitable level.
The effect of long time cropping on South Dakota soils has been to
reduce the total nitrogen content and the organic matter of the seil
up to 50 percent (20). The problem of mainiaining soll productivity
appears to fall into two categoriest maintaining plant nutrient
levels and soil organic matter, The former mey be satiefied by adde
ing comercial fertilizer and the latter involves socil management
practices, including the uppnonuénofmmmmderopnﬁ-
M.

The results reported here, which have reference to maintaine
ing soil productivity through the use of commercial fertiliser, are
concerned primarily with time of application and the residual effects
of nitrogen, The data obtained, under the existing conditions of
this study, indicete that fall application for smell grain was equally
as effective for inereasing crop ylelds &s spring application., This
means that fertiliser can be applied in the fall when time is not a
premium as it often is in the spring. Further implications are that
Mtﬂuﬂmcmphhmn.{dmﬂnhamhblohm
fall as well as & better ulootim&fortilim materials, There
is a possibility that dealers may offer a monetary incentive for
fall application because it will ]:mgﬂun their productive season



and reduce overwinter storage costs, There are some poseible dise
edvantages to fall application, such as, the tying up of farm cap-
4tal thet may be needed during the winter months and not providing
the opportunity to evaluate crop prospects as can be done %o & lime
ited extent in the spring, The latter factor is perhaps not teo
important because the information obtained concerning residual ef-
fects, indicates that if fall applied nitrogsn is not utilized one
year, it may be carried over lor use the following ysar, This pro-
vides assurance that if a crop fails as a result of drought condi-
tions, the fertilizer will not be lost and part of the monstary in-
vestpent in the fertilizer will be recovered, Results of this study
have shown that fall and spring appl;od nitrogen to corn, which did
not respond as a result of drought, significantly increased barley
yields the following year, There was further evidence to show that
nitrogen spplied in the spring not only increased corn yields signi-
ficantly, but alao incressed oat ylelds as much as 12 tushels per
acre the year folliowing corn, This is in agreement with the find-
ings of Pesek and Dwmenil in Iowa (12).

The second aspect of this study was concerned with the pro-
blem of how much nitrogen will bs required to prevent yield reduce
tions when various amounts of straw have been plowed under., This
problen arises from the fact that when moderate amounts of straw
are incorporated into the soil, most of the availeble soil nitrogen
is immobilized by soll organisms and consequently, crops do not
have sufficient nitrogen to make mefimun growth (1i). This seems

to indicate that a farmer who utilizes crop residues in his soil



managerent program would be penalized for doing eo by taking a re=
duction in yield, In view of this situation, the tendenoy has been
to remove excess crop residues by burning ir order to aveid reduced
yields, This practice has resulted jn. a continuous decline in ore
ganic matter and nitrogen content of the soil, The evidence ob-
tained under the conditions of this experiment indicates that if
as little as 12,5 pounds of nitrogen were plowed under with straw,
including rates as high as 10 tons per acre, & significant yield
increase, would be realized, This average yleld, over all levels
of straw, was not as high as the check, but it did show that this
small amount of nitrogen mede & significant contribution toward
removing the harmful effects of atrlay. An application of no more
than 25 pounds of nitrogen per acre did increase yields, over all
levels of straw, to 15,1 bushels per scre &s compared to 12,3 bush-
els for the check. This indicates that an application of 25 pounds
of nitrogen per acre fulfilled the requirements of soil organiams
and produced a slight yield increase over plots that received no
nitrogen or straw. The experimental evidence obtained under the
conditions of this investigation, indicates that if a small amount
of nitrogen (25 pounds per acie) were plowed under with the crop
residues, the depressing effect of m on ylelds might be elim-
inated., Furthermore a slight yield increase may also be realiszed
as well as improving the orgenic matier and nitrogen content of
the soil,
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SUMMARY AND CONCLUSIONS

Fertiliser experiments were conducted in southeastern and
east central South Daketa on small grein and corn to investigate
factors affecting efficient use of nitrogen fertilisers., The fac-
tors of concern here were time of application, nitrogen carry-over,
efficiency of nitrogen earriers snd the interrelation between nitro-
gen and rates of straw application on small grain yields, The re-
sults obtained, under the conditions which existed during this
study, are as follows:

l. Thers was no apparent difference between the effect of
fall and spring epplied nitrogen on yields of small grain,

2. GSpecial care should be taken to make sure fertilizer
applied in the fall on bare, sandy soil is adequately covered in
order to prevent lose of nitrogen due to wind erosion,

3. ﬂnm&lm“gamingﬁndqpnuuw
for corn production was insufficient to justify any conclusions.

L. ?hamrxnffwtorrwﬁnmmtomm-
ificantly increased the yleld of the succeeding oats crop as much
ulzmsmmmmmwoml@. The residual
effect of LO pounds of nitrogen per acre applied on corn in the
£a11 of 1954 and/or spring of 1955, was sufficient to increase bar-
ley ylelds significantly in 1956 on Krensburg silt loam,

5. Corn responded equally well to wrea, anhydrous smmonia,
and ammonium nitrate at both the LO and 60 pound rates of spplica-
tion. -

6. All rates of straw application depressed the yields of



hl

wheat over all levels of nitrogen from 12,5 pounds to 100 pounds per
acre.

7. There was no significant difference between the effects of
1.25 and 2,5 tone of straw on yield and likewise, no difference be-
tween 5 and 10 tons of straw applied per acre,

8. An spplication of as little as 12,5 pounds of aitrogen
per acre produced a significant increase in the yleld of wheat over
all levels of straw,

9. It was further noted that each additional increment of
nitrogen fertilizer (25, 50 and 100 pounds) produced significant
yield incresses over and above that of the preceeding rate of ap-
plication. é

10, The parallelism of the regression lines indicates that
nitrogen fertilizer was used with about the same efficiency over
&1l levels of straw except at the 10 ton level, At this particular
level, a smaller yield increase was reslized from each nitrogen add-
ition because most of the available nitrogen wes inmobiliszed by soll

organisms during the decemposition process,
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