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IFTRODUCTION

The soils of South Dakota are generally very fertile in their virgin
condition. Through the years of eropping this fertility has been de-
creased through erop removel, soil erosion end other factors, untdl at
the present time lack of soil fertility ls showing up more and more aa
& limdting factor im crop production, Inadequate rainfall 1s oftem con=-
gidered the major limiting factor in crop growth in South Dakota. Fere
tmtymwmumuwmmmwm
moisture wae plentiful. The development of new crop varieties which
possese increased drought resistance and other favorable characteristice
and also the continued decline of the soll fertility have made farmers
and research men turn to fertiliger and other eoil improving practices
to insure meximm production in this state,

In view of these conditions this study 1s coneerned with the effects
of fertilisers om the growth of mmall grains in their major production
areas in South Dakota. Yields, plant compoeitiom, and moisture relations
vare considered in this study.

A supplementary study was also carried on in the greenhouse and
laboratory.

In this work, phosphorua availability and its effects on yleld and
plant composition was studisd on different crops grown in the surface
and subsurface of a major South Dakota soil iype.



REVINN OF LITERATURE
Fertllity Siatus of Soubh Dgkots vollg

Merbut (4) has roported the soils in the Chernosem belt in thedr
natural oondition contain between 0,15 and 0,30 percent nitrogen in
the surface larer, The esstern South Dakota solls are deternined bty
Jomy (2) wvhere he has correlated mitrogem content of the soil with
anmual mean tamersture has between 0,2 and 0,25 percent nitropen in
the srface layers It is generelly lmown that this nitropen contemt
decreases rapidly vhem these solls ere brought wnder cultivation,
Jenmy found that under common farming practices in the Middle Vest the
loss 48 greatest during the first few years of cultivetion and decreasos
vith time wntil eventually en equilidrium is reached,

Puly and Vorszella (10) have reported in a canpilation of werk by
Pude and Oloon (7, 9) thet in 65 years of farming, South Dakota soile
have Jost 35 pereent of their nitrogon comtemt, In the studies on the
effects of cultivation on Seuth Dalkote solls Puhr and Oleon found soils
that had lost up to 59 percent of the nitrogen which was eontained in
the virgin soil,

Seuth Iakota soils are also well eupplied with phosphorus. Under
comon farning prectices, however, the availaeble phosphorus is depleted
pore repidly than the relatively inscluble phosphorus campounds can bo
converted to an available form, Pulr and Vorsella (10) yeported thet
the total phosphorus supply of South Dakota has docreased 15 peroent
in 65 years of farming, This, of course, was mainly frem the availalle
fraction. Pulw and Olson found decrcases wp to 38 percent in their
ptudies,



(rop and Fertilizer [elatdonablog

Nelson, Lawton, and Black (5) suggested that new improved varie-
ties which are superior with respect to disease resistence, yield,
stiffness of strav and recistance to lodging were capable of giving a
greater response to fertiliser than older varieties, In their imme-
tigations they found that on Iowm solle cats showed the greater rese
ponpe to nitrogen, but also gave significant imareascs vhen fertilised
with phosphate fertilisers,

On solls in southeastern Mimnesota Toogood and Noost (11) concluded
that phosphate wns ususlly the limiting mutrient but that 20 pounds of
mitrogen on mmell grain wes beneficial. Nitrogen fertilisers on smell
grain in their exporiment inereased the grain response to phosphate
fertilisera,

From 1944 to 1946 Pubr and Vorsella (10) obtained en aversge ine
creage in the yleld of cate from 46,7 bushels per acre to 56,3 bushels
per sore with the use of nitrogen and phosphate fertilisers respectively.
Vhen these two elements vere combined, G4.8 bushels were produced, Whemt
vields vere raised from 25,3 bushels per acre to 29.3, 29.5, and .3
vith additions of nitrogen, phosphate, and p combination of these two
clements respectively. In the geme report nitrogen end phosphorus fere
t1lised plots ylelded 52,6 btushels of barley, while those fertilised
with nitregen and phospiorus alene ylelded 45,7 tushels and 440 tushels
respectively and those with no treatment yielded only 35.. bushels,

Pubr (8) veported thet the 1950 eat yleld om the leng time plots
at the Drockings station vhere a corn, vheat, osts rotation was followed,
s 70.2 bughels of cate vhere nitrogen and phosphate fertilisers were used,



5348 bushels of oats per acre were obtained where no fertiliser had
boen added.

Je. To Pesek (6), in work using P32, found that phosphate fertili-
setion produced significent inereases in both percentege of phosphorus
sontained in the plant and in the dry weight yleld,



METTHODS ARD PROCEDIRE
Eledd Studigg

The emall grein field experiments were conducted on private farme
located in the major production areas of the mmall grain growm, The
soommpenying map (Pigure 1) shows the general locution of all experimemta.

The experimental design used wne of the randomised block type cone
sisting of four replicetions and six trestments per replication, The
trestments used were check, Ny, P, ByP, NaP, and NoP where ¥y, H,, end
g are 20, 40, and 60 pounde of nitrogen edded per ecre and P i 40
pounds of Pply per aere, In the 1950 cxperimente, P is equal to 50
pounds of Fo0s per acwe. The offects from the different phosphate rate
would be negligibly small and therefore no consideration will be given
these two rates in further diseussion. :

The fertiliser was syread on these plote Yy hand and disked in bdo-
fore seeding, The fiald plots were sceded and treated os a part of the
f1ald that contained them, No special considevation wae given to varie~
ties emceprt that all experinents vere plased on fields where recomrended
varieties were grown,

When the grain was rips, it was harvested bty taking three square
yards from each plot, The semples were threshed in a mursery threshe
ing mmchine, Yields were subsequently caloulated om a tushel per acre
tanin,

The grein from four of the wheat experiments was seved for total
nitrogen analysis. This was analysed by the Kjeldahl-Cunningwirmeld
nothod as per AJLQ.A L. The ndtrogen content as obtained from this analy-
sie was multiplied by a fastor of 5.7 to obtain the protein comtent of
the grain.

wn
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Greephousg ttudien
Greenhouse s0il cultures were used vhich included a surface horison

(0«8 inches) and a subsurfece horison (8«16 inches) of a Kransburg silt
loem solls FEach horison was treated with four fertility levels, check,
40, €0, and 160 pounds of Pzl in the farm of o trehle superphosphute
fertdliger, The fertiliser comstituting the £0 pound level contained
radionctive P2? whieh wus fmmished ty the Atemie Ynergy Comdsedon
through the Dureen of Flant Industry., The phosphate fertilisers were
thoroughly mixzed with the soll in e rotary mixer before eofl was placed
in pots. Two blanket aprlications of nitrogen were added at the yute
of 50 pounds per acre to climinrate the pocsibility of this elenent bow
caning deficient, Powr erops, oats, bterley, corn, and buskwvhent were
grown in each fertility lovel of the two horigons and arranged in a ran-
domiged block design eontaining four replications end 32 treatments per
replication, The pots were rotated pericdically during the growth period
to eliminate possible effects from diffevential lighting in the green-
houge, Crops were harvested by cutting them at the soil line, The sam~
plog were dried in an oven and the dry weights recorded,

Total phosphorus content wme deterwmined in all avops YWy a slightly
moliffed A,0,A.Lq method, The P32 comtent was determined with a Codger-
Muller ecounter in the plants vhich were grown in cultures trestoed with
the redicective clement, The "A" value of Fried and Desn (1) was then
coleulated for each erop om cach of the two soll horisona.



EXPERIMENTAL RESULTS AND DISCUSSIOR
Eleld Studien
Effect of Fertiliser on the Yield of Wheat

The yield results of the 1950 and 1941 whest experiments are re-
corded in Tables 1 and 2 respectively. An analysis of variance was run
on the results of all experinments and the F valuep and least significant
differences sre included in the tables, The yields are alse plotted
graphicslly in Figures 2 and 3. Due to adverse conditions such ap hall
and weeds, the grain from only four emperiments was harvested in 1950,
In this yoor only the Edmunds County experiment proved statistically
significant although the fertilised treatnents gave some increase over
the checks in all experiments, It is seenm in the table that nitrogen
wag the major 1imiting element in the Deadle, Sully, and Edmnds County
wperiments, In these three experiments phosphate, when used alane,
decreased the yields from thoge where no fertiliser was used. In the
id4mmnds and Peadle County experiments aprlication of phosphate increased
the efficiency of the nitrogen fertiliser. The Deuel County experiment
ghows that phosphorus is the limiting clememt., This experiment howover
was located in the extreme eastern part of the state which is removed
from the spring wheat belt,

The 1951 vheat experiments were placed in Day, Edmmnds, Spink, Hand,
fully, and two in each of Beadle and Brown Counties, (Where two experie
mente were placed in ome county they will be designated by an 4 and B).
Of these the Beadle (A) experiment was the only one in which the F value
was not significant, In this experiment phosphorus elone gave an ine
creaged yield of nearly four bushels while nitrogen alone decreased the
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yield from the gheck three bushels per aare, Combinations of these
elements gave slightly higher yields than eithor one alone, In all
other experimentes phosphate alone gave ninor increases wvhile applices
tiom of nitrogem remilted in en average yield inerease of about four
bughels per seve, It is noted in Table 2 and Figure 3 that the lavgest
vields vere obtained from the use of nitrogen and vhogphate fertiliser
together and were penerally increased rroportionally with the rate of
nitrogen added. Differences such as are peen in Flate 1 were gemarally
visible in the 1951 wheat experiments,

Table 1. Yield Results of 1950 Wheat Pertility Paperimenmts

———

Treatnent  Deadle Co, Edmmnds Cos  Sully Co,  Dguel Co,

—There  BAme  Dufiere  Dwiere

Check 2.9 1242 Ea7 1247

P 19.2 1.2 70 1642

2146 e 110 1le4

F 22,3 1546 847 1845

2645 Vil 1045 1740

NgP 27.6 16,5 %8 1745

? value* 1.2 1.6 Sel 243
LeSDo"* 1.7

* Significant at ST level: 2,90
** Loast significant difference at 5% level
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Plate 1.

mwuwaraxm
in growth of viwat in 1951
wheat fertility experiments,
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Pertility and Moistwre Relationships in Wheat Production

It can be seen in Pigures 2 and 3 that the yield increases in 1950
are gmall end inpignificant as compared to those in the 1951 experiments.
One explanation for this could be the comparatively dry 1950 season.
Although the precipitetion in May end July of 1950 was slightly sbove
povmel, June wms the third driest on record,

It is interesting to note in Figwes 2 and 3 that the check yielde
in 1950 and 1951 are grouped in epprocimetely the sone range. This suge
gests that moisture above a point is not the limiting factor in wheat
vields in South Dakote since moisture eonditions in the wheat belt were
very differert in the 1950 and 1951 seasonp, This means that on most
solls on vhich experiments in the wheat belt were conducted, mexcimm
vields cannot be obtained wnder the present fertility conditions though
optimm clinatic conditions prevail, Yhere abundant moisture wos present
during the growving season msximum yields were realised only with in-
ersased fertility,

In an attempt to correlate ylelds and yleld increcges with fertie
1ity end molsture relationships, the total precipitation from the four
month poried of April through July wes obtained from the weather ctetion
nearest the individual esporiments,

In Figure 4 the check yields, ineluding both the 1950 and 1951 wheat
experiments, are plotted against the four month precipitation. In Figure
5 the yields from the NgP fortility level are used. It is shown hore
that there is e significant correlation between precipitation for the
four month period and the ylelds at the HuP level of fertility (a corre=
lation coefficient of 532 is significant at the 5 percent lewvel), The

SCUTH DAKOTA STATE COLLEGE LIBRARY
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correlation ecefficient of the check yields did not prove significent
at the 5§ percent level. In the grovth of wheat June is probably the
eritical momth for supplying moisture to vheat since June is the month
in vhich most of the growth and head formation takes place, For this
reagon correlations have been run between precipitation in June and the
chesk yields, yield at the NoP level of fartility, and the bushels per
acre increase at the NoP level over the check yields (Figures 6, 7, 8).
As is seen in Figure 6 there was very little correlation between the
chook yields and reinfall in the 1950 and 1951 sessons. “here June pre-
eipitation was used in the correlations (Figures 6, 7, €) there ave
even more marked differences in the correlation coef'ficients showing
that the June reinfall wes more criticzl at a high fertility level,

Bffects of Pertiliser on the Protein Content of iheat
The experiments selocted for protein analysis were from Spink,
Brown (A), and two from Beadle County. The average protein comtents
end ¥ values are recorded in Table 3,

Table 3, Peroent of Protedn in Vheat When
Growr at Various Fertility Levels.

Treatmont  Deadle(d) Beadle(B) DBrowm(s) Spink
“Vercent  Feroemt  Pereent  Feroent

Cheek 15,8 13.9 1245 15,1
Ny 16,0 14.3 13,9 13,8
P 15, 13.9 13.2 13.3
MP 15 13.1 13.2 13.1
Lo 15.5 13.9 12,7 143
nap 1641 1442 13.2 UeS
F Values® 2,0 1.5 2,3 3.8

® Significant at 5% lovel: 2,90

17



Although some inerecges in the rercent of protein in the whest fron
all eounties were obtainod the differences in the Spink County samples
wore the only ones vhich proved statistieclly significant, The largest
increages seem to be gotten in these experinents fram the wheat growm
on plote vhere the aveilsble nitrogen is high in relation to the phog=
rhorus., Comparisons between counties canmot be drawm since the same
variety of vheat wne not used on all experinents.

Effect of Pertilizer on the Yield of Oats
Oate fertility experiments were maintained in 1950 and 1951 and
treated idemtically to the wheat, The yield results were analysed stat-
istically, The average yislds, F values and the least significent dife
ferencos are recorded for the 1950 and 1951 experinents in Tebles 4 end
5 reepectively, YVields with respect to treatments are shown graphieally
in Figures 9 and 10,

Table 4, Yield Remulte of 1950 Omt Faxperiments
at Various Treatnenta,

Treationt Idnecln(i)  Lineoin(B) loedr
Cheek 5’0’ 53.8 M
:1 5946 6346 456l
5848 5541 433
?P T2.,2 775 4ARe3
2P ot 9TeR 4740
NgP Tee2 e, e
F value® Fald 0.
LoSeDs 9l ﬁ 11.0

L]

" Significant at 55 level: 2.9
MWM&”N

18
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Table 5, Yield Repults of 1951 Oat Experimmts
st Various Treatments.

e ———— = -

Trowtoert  Doo Honme Clay idncoln  Minmehahs Hoody
Check 5245 3.7 42e3 8247
? 6846 POl 69,0 782 l’;:l’
4941 M7 433 7548 8
4 Vo2 640 73.3 8545 59,2
G440 TS e’ 69ed 77
80,0 6947 8647 Tl 6640
F value® Tb 8.7 28.4 0.9 1he2
LeSoDe"® 15.8 17k 1.9 11,2

m— m—

* Signiflcant ot 57 level: 2,90
* Least significant difference st 59 level

hlmﬂMthlwmwtth
coln County, In the Lincaln County exparimente highect ylelds were obe
tained wvhen the nitrogen and phosphate fertiliscr vere used in coubing-
tion although ineresses in yleld over the chesk were had on plots vhere
nitrogen and phosphorus were used separately. Ho significant diilerenccs
in yield were found in the loody County plots. '

In 1951 except for the limehsha Comty exporiment significant ine
ereases were obtained with the use of 20 pounds of nitrogen, Slightly
higher yields resulted vhen phosphorus was added, especially whem used
vith the LO-pound rete of nitrogen, Tho (Ow-pound rate of nitrogen de=
erensed the yields of the grain on these plots which was a reslt of
severe lodging when this high rate of mitrogem was spplied. The
erratic resuite of the Mimmehaha experinent were aleo probably due to
the lodging of the grain which was very gevere on all treatments.

20



Bffect of Fertiliser on the Yield of Berley
Barley experiments were also handled identicelly to the wheet and
oet experiments, Two berley experiments were run during the swmer of
1950 and eme in 1951, The average yields of all treatments for the two
vears are given in Table 6 along with the F values and least significant
differances,

Teble 6« Yield Results of Barley at
Various Pertility Treatments,

Cheek 3646 33.7 28,0
m 359 38,9 3547
P 4440 4349 2844
P 45.2 5149 448
55.1 53ed, 5046

4549 6242 53.8

F value® 1.9 1be2 8.5
LoSoD, % 79 11,6

® Significant at 57 levels 2,9
* Least significant difference at 5F lovel

In 1950 one of the two experiments showed significant responges in
yield differences. Though differences were found in the Brookings (A)
experiment the wvarisble date caused the F velue to be small, In both
1950 experiments phosphorus gave large increases, Hitrogen alone rew
gulted in seme inerease in the Brookings (B) emperiment, Higheot
vields were obtained when both elements vere used in combination however.

In the 1951 Devison County experiment mitrogen wag tho major limit-
ing element, Phosphorus gave no inercase vhen used alone tut when used
with nitrogen 1t increased the efficiency of the nitrogen.
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Sreaphguse Studieg
Fhotographs of the four erope as seen growing at the time of hare

vest are shoun in Flates 2, 3, 4, and 5, It can be readily seen that
the plants responded greatly to sdditions of phosphate fertiliser in
both horisons and showed a veriable growth where no fertiliser wae
edded,

Increases in growth frem fertiliser treatment on the two horisena
esn be seen in Flgure 1l vhere the yield in greme of dry materisl is
rlotted graphically ageinst the phosphate treatment on the osts, bape
ley, and corn. Yield was not shown for the buekwhest because of the

YIELD-GM DRY WT

TREATMENT -LBS. PpOg PER ACRE

Figure 11, Tield of Different Crope Crowm on Surface and
Subgurface

mmmmmmmwathnu. Added

phosphate gave generally substantial yield inereases, the highest ylelds
being obtained from the highest applications of the fertiliser, Thare



purface and
ﬁu\dergﬂ,nﬂM
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BRLY 816" 80"
=~ &) g ?""*Mt

Flate 3. Darley plants grown in greemhouse ewlture

of surface and subsurfnce solls fertilised
with 80 pounds of Py0s and chesks,
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ORN 8"-16" CHECK

GORN 0-8' 80’

CORN 8™-16" 80°P



Flate 5.

Buglwheat plants grown in greenhoupe culture
of surfave and subsurface solls fertilised
vith 80 pounds of F,0; end checks.
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ere seemingly erretic results from the 80-pound trestment. One explon-
stdon for this may bo in the physical condition of the fertiliser which
ves used in this trostment, The P>% meterial was mot ground as finely
as that in the other treatments, J. 7. Pesek (5) found that move finely
growd material was more effective in supplying phosphorus to cats. The
mxface solls supported hMgher ylelde in all trestments although the
phosphated subsurface soils gave substantislly higher yields than did
the untreated surface solls, The owrves rervesenting the subsurfuce
soils level off more than surface soil curves at high rates of phosphate
aprlicetion suggesting that amother fagtor may be limiting in the lower
horison,

In Figure 12 the percentage of phogphorus in the dry tissue is
plotted against the phosphate treatmente, A genersl ineresse in the

BARLEY CORN BUCKWHEAT

PER CENT P

oSurface
-08 o Subsasl

&8 S

0 40 80 160 0 40 €0 180 © [T #  Wa o 40 80 160
TREATMENT - LBS PpOg PER ACRE

Figure 12, Fhogphorus Content of Differemt Crops Grown
in Surfoee and Subsurfece Seil as Influenced
by Varicus Rates of Fhosphate Applications.
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pereentage of phoaphorus is shown with inercased rates of phosphate
spplisation, In the cates and corn curves, there seems to be & leveling
off of the eurves at coincident points indicating that a meximm in the
vhogphorus content of the plant that cen be produced with epplicstions
of phosphate has been reached.

Figure 13 18 a grephic representation of the relation between
yield and phosphorus content, In all enses increased yields are posie
tively eorrelsted with increased phosphorus centent, This eould be

OATS BARLEY CORN
o
‘OF O Surface
a Subsoil
- 9F
E Y S
z 7
o s} i
3t -
: L]
o 3 1
- °
we /!
>
]
i . i i i i i i i A i i @ e
08 .10 14 18 .22 .08 J0 * 18 10 .22 .08 10 14 A0 22
PER CENT P

Figire 13, Curves Showing Relstions of Yield and
el o Berfuts ted Sdbumeiono Tells.
axpectad from the rrevious resmilts. h.—nﬂﬁomormm
faoe soil are stecper than for the subswrface soll which suggeste again
that effects from emother limiting factor is enterdng inmto the experie
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Maurice Fyied and L, 4 Dean (1) formilated an "A" walue which is
o meagure of the smount of on svailable mutriemt prosemt in the sofl,
They giv the rroportion Agey/Petl = Apant/Brlant W6FS Aggyy 48 the
emount of an avellable mutrient in the soil, By,qy 1o the smeunt of
available mitrient added to the coil in & standard, Apyems the amount
of the nutrient in the plant derived frem the sofl, and By the emoumt
of mutrient in the plant derived from the standerd, With the use of a
vadioactive standerd vhich in thie experiment uas P2 the B, ., fastor
oun bo deternined end therefore the A, .4 feetor cen be found by subs
trection, The standard added (Byeqy) 18 known and the remsining A,
factor can be cnleuleted, This is dencted as the "A" velue, The
average "A" yalues for the four crope are given in Table 7. These data
were very erratie in this part of the experiment end these "A* values
given cannot be taken as exact values. The value for the ocats seems to
sgree the best with the date discussed previcusly vhich indicated that
the muorface seil was more sbundantly supplied with svallable phosphorus.
The valuos far the huckwheat would be apected te be more nearly the
sane than for the other cross since muller d@ifferences were observed
in their growth in the sheck cultures, The "A" values for the comn do
not agree vith the yleld data and carmot be explained,

Table 7, "A" values for Various Creps

on Two Horizons of Sodl,

Crop Surface Soil Submurfuce Sedl
Gats b 24,
Barley 36 »

Comm 97 2
Puckwhect » »




SWMMARY AND CONCILUSIORS

Several small grain fertility eperinents vere conducted throughe
out the eastern half of South Dakota. These were vonducted on wheat,
oate, and barley and vere fertilised with various rates of nitrogen
and phosphate fertiliszer, It was found that there wus a generel repe
nonse to both elements, highest yields being obtained with the use of
a cambination of the nitrogen and phogrhate fertilisers in most cases.
Nitrogen was move gemerally lacking tham phosphate, however, In the
whoat belt increases in yleld on fertilized plots were found to corye=
late cuite closely with the rainfall during the growing season, Highe
oot protein gains in wheat were obtained vhere the avallable nitregen
wvas high in relation to the phesphorus.

In the supplementary greenhouse studiss oats; barley, corm, and
backvheat were grown on a surface and subsurface horison of e major
poil type in eastern South Dakota, These solls were phosphated with
tiree rates of phosphorus 40, 80, and 160 pounds of Py0s per asre. The
@0=pound rate contalned radicastive P32 vhich wes used to calculate the
percent of phosphorus in the plant that came from the fertiliser and
mibgequently to caleulate the "A" value, a meamure of the available
mutrient in the soil, Both the surface and subsurface horizons were
fomd to be lacking in aveilable phosphorus, the subsurfece extrewely
80, A very high response to phosphate fertilisers was obtained en the
gsaall grein and corn end to & leseer extent on the Tickvhesv, Under
greerhouge conditions the threshold of the growth curve wms not reached
on either hordison with the epplication of 160 pounds of Py per acre.
The pereentege of phosphorus in the plante was increased with increased
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svailable phosphorus in the soil, Highest ylelds were obtained where
o comparatively high pereentage of phosphorus wes present in the plant.
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