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The eeonomieel production of crope should be the aldh of those en-
paged in ggriculture, Usuully, the saslyeis of yield date from rotation
experinments 1s based on the aversge yislds produced. Averege ylelds ure
necessary in the presentetion of result: of variscus plat treatments, tut
trend relationships may be uwesd to sdvantage a8 e supplement to the average
yielde in interpretation of the data, Although the straight line yleld
trends are not applicable to all data, graphicsl prosentutions usually meet
with greater reception than date presented in tabies, These straigbt line
trends over a period of tweaty-Tive years indieate an inerewse or deerease
in the produetivity of the soil.

Oue of the important faetors in the seonsuical
the judicious use of fertilivers. In planning systems of farming and soil

prodaction of crope is

nensgenent where it w'ﬂ;m by advabtegecus to apply the fertilizer only onse
pr twice auﬂng w@ rotation, it is ilaportant tﬁ know how long the fertiliser
will bave an eoffwect on ovep growth, The rate of exhsuetion of a fertilizer
varies sccording te the amount of appliecation, soil snd erop responses, A
low rete of exbanstion ocours when applicetions of fertilizers are made on
soils from whieh erop vesponses sre elighty a bigh rute of oxhaustion securs
when applicetions are nade on soils from which responses are high, From an
econenie point of view the optimum rate of exhaustion will ocour when the ap~
plicstions are low and the erop responses are high,

The work reported in the following psges was planned to study the straight
line yleld trends, the residusl effects of fertilizers, and the estimeted amounte
of nitrogen, Wummg weld and potesh removed in harvested ¢rops. ouck a
study should furnisk valuable information eoncerning the rotation and ferti-
lizey reconsendations to !u wade for ensh tm; ‘. j
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Ae Purpose of Inve
The threefold purpose of this luvestigstion is se follows: to doterwine
the trend of the yielde of corn, wheat, clover hay, and grass hay when grown
in rotation with and without fertiliser; to etudy the residual offecte of ferti-
lizers whieh were applied five successive years provious to 19143 and o study
that removed in havvested erops.
B, Haterisls sad Nethods:
The Virginie Agrieultural Experinent Stution has sonduoted withowt
interruption, fertiliser snd senuve experimente on Dummorve silt losm soil
sinee 1909 These experiments wers conduoted on four sveas of thirteen onew
olghh uewe plabe eash, A reguler rotetion of bown, whest, elover hay, and
represented each year,
Daring the firet five years of the experiment, 1909-191, the entive
plat of one-eighth were wee fertilized as shown in Pable IX. @mm,mwu
the plats were divided in half and the western half of esch plat contimved to
resvive fertilizer, the other half was left unfortilized, Fram the begimning
of the experiment, two of the plats huve never received s fertilizer treatnent
and weve, Mm.wmmtmwm cheok plate when comparing the
The anounte and sourees of nitrogen, phosphorie aeid and rotash wers
as followsy m,m«rumwm from 13 pereent dried blood from
1909 through 1933, and from 35 pereent wasenium nitrate from 1934 through 1938%

*Suiphate of aumonin wes the souree of nitrogen for plat 4 from 1909 to 1913
inolusive,



i i Al s R Rl e Gl AR e Tt ol A S

70 pounds of phosphorie seid from 16 peroent superphosphate or from 32 pereent
row roak phogphate; and 100 pounds of potash fren 50 pereent muriate of potash,
All fortiliner applicstions were nade W&Wﬁy in the spring to sach erop exeopt
in the cuse of 15 tone of stuble meaure which were nzaali@& ones in four yeurs
belore corn.

baring the swporiment lime was applied to sll plats at intervals of four
yours, wsually beloye eorn.

Dute on orop ylelds from the various fertilized plats were obteined from
for the period fyon 1509 through 1938, bt due to changee in the experiment only
data of 1904 to 1938 inelusive were used in prepuring yield trends of ¢rops growm
under various fertiliser treatments, However, in the study of residusl effect
of fertilizers ﬂwum me&* MWM%WWXW inelusive waz used,
This was pmi‘bh besause one-half of eash plat moim ne fertilizer since 1913.

The shraisht line tresde wore caleulated bythe method of least sguares {17).
In using thie line, it is neceseary to celonlate but one verisble shich indicates
@ uniform upward or downwerd elope of the trend line., Such s lise points ocut
i) or sveprage trend in yield over a punber of yeers., Although not
appliesble to all yleld data, 1t doss bawve the sdwventegs of being one figure which

is relstively essy Yo understand.
Astinates of plant food romoved in harvested orops were vbteised by
muitiplying the total yields of ereps grown in thée experiment

of nitrogen, phosphorie
percentages, a8 ohuwn in Table I, were teken fronm Horrisonts Feeds
(18). ;
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As Yiold Trends of Fortilizer Flates

The sverage yields of evups, the direetion snd wount of yleld tresds
of eush of the fertilived plats are presented in Tadle II, Graphs showing
Wﬁ%mwmwswmmmmwmm@fm
fortilized plats ave yresented in Figures 1 to 15 inelueive, Separate buse
lines were used in the grephe in case of olover hay mnd grass hay, btub the
Bame base line wag used to popresent sorn and wheat, The graphs sover the
period from 1914 to 1938 inclusive,

‘Klages (13) used the straight line trend in the study of several rotations,
Grops used in the retations were: ocorn, whest, cuts, potatoss and peas. lHe
mmwnmmm-mwmwmwwmmmss.-&m
the apward or downward trend caunot be expected to contimue, due to the faet
that a state of e@ilitviun in yields will be resehed. Fe poisted out thut
sugh u position would be determined by the climetic conditions under whioch
the erops were gyown snd by the seil changes induced by the oropping systanm,
It wue also shown that pensrally where hipgh averapge vields were obtained,
W,M&mm,amﬁmm A conmpurison of ecloseness
wm%mwummmaammmwm.m&
he soneluded that the perebols wes not materislly better than the streight
ght line was celoulated by the method of least squaves (17).

S|

mumiwmwmmmamwwwmmm

of corn, wheat, oets and potatoes for the United Stutes far the period fyom
1805 to 1924 inclusive, He showed that the total volume of jwolustion of
these orups WMW%mmmew.mw@suu
resilt of the rising scre-yields. It was polated out that this wes very



periment With Fertilizers from 1914 to 1938 inclusive.

Table II ~ The aversge vields of corn and wheut in bushels sad hay in
tons per aore end thelr yield trends on the Hotation Hiw

3 Sak d ALy, & dah o
i3 Yield ¢ trend lines

3 14 H

: 481D =~ 40,88 131 4R.A5 @ 44.08 - 309,78

§ 14,08 « 25,80 :: 18.80 1 18,60 - 11.84

! led8 » E,08 1t LlJ18 3 1.81 - 1,06

1 BB = 8,80 12 1,88 3 1.18 » 1.56

F (¥ 3

t 0040 » BB,88 11 44.58 1 48,98 - 40.08

1 18,97 » 88,87 1t 1150 3 18.88 ~ 10,58

t 1,16 » S.44 12 1eB88 t 187 » 1.48

$ 1,40 « 368 31 1,89 1 1.85 - 1,08

s 1 $

: s : _

! BB.64 « 48,68 15 35.40 : 38,17 - 81.98

! Told » 16,48 11 BJOB 1 7,18 « 8,86

’ : t l.dB -« 2.82 13 098 1 094 - 0,92

t phosphatol i O0reos hay 1t 1.90 1 1,68 « 2,18 11 1,17 t 0uPl ~ 1.4
H : i ‘ 18 $ e t
: wmlim- 1Corn it BAJSS : 48,95 - 59.80 11 41.38 1 45,97 - 37.28
tH M”' t¥hent 11 B0.54 1 18,40 - 87,00 1t 10,00 1 11.40 « 8,78
t Murlate of Clover hays: S.00 @ 1.80 « 8,68 :1:  1.04 1 1,08 « 1.07
+ potash® 10rass hay 33 1.98 s 1,86 « 8,856 11 119 ¢ 1,080 « 1.58
t ] it 13 3
t Vuriate of :Coym 1 38,30 s 40,01 = 58,83 11 B8.98 1t IV.00 ~ 28.68
¢ potashs t"heat 11 1078 1 183,66 « 8406 1 7,17 t 0.60 « 7,80
$ 1Clover huytt 100 1 1417 = Q88 13 Q.72 1t 0,88 - 0,08
: tWrase hay 1t ledd 1 0,88 - 1444 11 080 : 0,74 = Q.68
t : ' H 1 3
: Dried bloods:Cown 31 4174 ! 45,17 - 40,48 i 35,08 1§ 56,41 - 50,09
t Hurdate of tEhoat £ 1lelB 1 B.83 - 18,88 11 V8 3 V.90 -« 7.58
! potash Whover hay!: 1.86 @ 1.84 = 1,80 1 096 1 094 - 0,50
H Wrase hay 3t L1e48 ¢ 1408 « 1,78 1t 0476 @ 0,69 » 0,84
: ! tt i & | H
1 mu hloaﬁ 13 40,780 1 44.08 - 37,70 1t 56.98 : 45,88 - 88,68
t s%mt 11 1BL1E8 1 16,80 - 1597 it B.87 1 10.38 - V.47
¢t pha' 0lover hayit 150 @ 1.0 - 1,98 11 0,90 1 1.04 = 0,86
H zﬁmmw 1t 1,80 3 1,80 - 1,88 12 1,08 1 0.98 - 1l.14
H it ' t1 3
: Dried m‘;m 11 07,76 1 Bl.AL » 24,80 1: £9.98 1 52,86 ~ 27.61
H thent: - 31 - B.80 & B30 « G443 1t 0404 ¢t 5,00 » 7,80
3 lover hayit 1,08 1 0469 « 1442 11 078 ¢ 0,77 = (.89
H Wrese hay 1! 119 1 0,91 - 1u48 11 0,77 t 0,66 - 0,08
3 3 14 3 i 1) g




Table II - The average vields of corn and wheat in bushels and hay in
tons per aere and their vield trends on the Hotation B

periment With Fertilizers from 1914 to 1988 inclusive,- Cone
tinued

- 1 Kind and 2 .
mt mﬁu@ t Orop 11 A t B
B A

H : TN E

10 & 16 tons 10orn 11 09,50 1 61.68 - 7,85 11 J0.19 a w,m 31.80
i wonured f"heat 15 B3.68 ¢ 20411 ~ 26,91 33 5,88 : 10,77 - 7.02
s Wlover hayt? B8 1 130 » 2,08 11 1406 1 LleBd - 088
: M hay 81 2.1 1 1,88 « 2,88 12 1.08 1 1,08 « 1,10
$ it : 1 t

11 3 16 tons xm 1t BOLBE 1 40,04 - 68,00 11 20.81 ¢ 38,04 - 25,08
t manursd, Wheat 13 Bl.T0 1 B.71 » 83469 13 5.77 1 4.84 - 7,19
: Raw rock tWlover haytt 188 1 076 = 890 1t 0,78 1 0,78 « 0,80
t phosphatel m By 1t 1.77 & 066 = 2481 31 Q.76 1 0,88 » 0,98
3 1t $ 1t H

18 ¢ 4 tone sm 11 GB.10 1 D8,94 » GBLP 11 45,08 1 DAAD ~ BR.E7
I manure t%heat 1t 2457 1 19,58 - 20,84 11 10,10 1 15,08 -~ 4.9
: tClover bayi? 2.50 1 2,10 « 2,98 13 1,35 1 2.08 » 0,75
t wWrass May 11 8,90 ¢ 1,97 » 387 11 1.8 ¢ l.48 - 1,88
3 $ it s i t

13 1t 16 tons 1Corn 33 BOOE 1 64,78 » BE.48 11 43,728 1 85,10 - 58.28
: manuret theat 1t 25,06 ¢ 81,05 - 20,87 it 68,45 : 10,77 - G.29
t : tClover hay:t S.4l ¢ 1,78 « Ga00 1: 180 1 1.9 « Q.97
: phate sﬁm Bay 11 B806 3 103 » 286 1 1WA 3 1.8l - 1.8
1 i ' ts 3

14 3 Raw vook :m 13 B7.99 1 40,00 » 3818 31 50,78 ¢ 30,11 ~ H6,YD
¢ phosphatel iiheat 11 1084 1 Be27 - 14,80 i1 BeBO 1 5.26 - 6.28
H Clover hayt: 1.88 & 1,10 « 1445 1 O.8L t 097 = 0467
t :ﬁmum 15 1216 t 0,80 « 1,41 13 088 3 0.89 « 0.9
¢ i3 : i :
1 Checke ;ﬂm 11 BB.B0 1 BH.40 -~ 26,90 1 BRGS0 1 56,40 ~ 88,90
¢t Aversge of ithead 13 Be81 1 B.V1l = He0B 11 B.FL & 8.7 « 8,08
f two plats tClovor hayts O.84 3 0,80 « 0,86 11 Qo4 1t 0885 - 0,88
t trass hay 1t 0.97 3 0,78 » 1,18 313 G.97 3 098 - 1,18

N | X 1 § it b .

3 70 pounds phosphorie acid.

2 40 pounds nitrogen,
3mmnwmm.
4 opee in four yeurs,

A1l applieations were mede snuually om
aare basis exeept vhere otherwise noted.
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desivable, sinee the populntioch of the United Stetes wus ineressing and the

nost productive s0ils were already being eultiveteds

Tros the varicus graphs, mwwmmnmwxmmw
food was phosphorie seid, When superphosphute wes added, s shown in Fig. 1,
the trend line wae upwerd fopr eseh erop grown in the yotation. The sversge
ammal yleld sbove that of the cheek plat wast corn, 15.30 tushels; wheat,
13,08 buskelsy olover hay, 0,90 tons; and gruss hay, 0.95 tons per sere. When
vaw rook phospbute wes used, es shown in Fige 13, the tvend lines wore upwerd
exeept in the cuse of corn, FHowever, the eversge suwal lscrease iu ylelds

above the cheek plate wes lose than in the vase of supershosphate, the ine
evouse wast sorn, 5.49 buohelsy wheat, 34503 bushele; clover hay, O.44 tons;
sad grass hay, 019 tons,

iken surdace of potash wea usod 12 additlon %o superphosphate, as shown
in Pigs 4; the yield trends for each erop were upward, Howewer, the inoreass
in vield over the yiold of erope produced on the superphosphate plat waes not
muterially greater for wheut and grass hay, Corn yislde were inoressed 6,53
mushels per sere, per yoar, while the ineresse in elover hay Sus 0,26 tous,

white (28) in Penmeylvanis, has shown the iluportance of Wmﬁl aeid
and potash In & gruin rotation. For forty yoers, withoub the use of mitrogen,
this treatment has maintained orep ylelds and orgenie astter sontent of the

eoll,

The addition of dried Wood with supsrphosphate und muriate of potsesh
produced wpwerd tremd lines for all erops in the rotation., These results ave
presunted in Flgs 3¢ The Snoveuse in ylelds produced by mwm fertiliver
moared to that of superphosphete and muriate of potash wass eorm, 2,92
vushele; shout, 456 bushels; elover hay, 0.4 Wns; and srase hay; Ov6d
tOus DAY ACI® PO FeAr. |

Wnen dried blood and superphosphate were applied without potesh, as
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Mwm.?,mmmwmmmwwnmm-
whaat, and upward for le and . grass hay. It is also interesting to note
that superphosphate when used slone produced higher everegs yields for all
oxops grown in the yotation than when used with nitropen, |

From Fige 3 it may be seen that the uee of sulphate of ammonis end
ruw roek phosphate resulted in upwerd trends, Heve elso, the average yields
of corn and wheat wore below thet of superpbosphate slone, The yields of
alover hay and gress hay weve in esch case he sume, Results fvom plate 4
and 8, Filgures 3 and 7, indieated mﬁmmw did not inereuse ylelds when
applied with phosphatee,

The trend lines for erope grown on the plats whiech reseived only muriate
of potash are presented in Fig. 5. The trend wes downward for sorn, wheat,
mmww.mwam»wm¢ mmmmmmmw
Mmm&wm&wm%mmwwmmwmw This
fast indicates that potash slone was not the limiting faetor in erop production.
The use of dried Mood and suriste of potesh, as shewn in Fig. 6, remulted in
a downwerd trend for comrm, but upward trends for wheat, clover snd grass hey.
The addition of nitwogen did not materislly ineresse the ylolds alove those
produced by miriate of potash alone,

Dried blood used slone, Fige 8,, produced alight upwerd trends for
all erops ex¢ept corn which was decidedly downwerd. However, the average
yielde of corn and whoat were below the average yields of the cheeok plat,

The yields of clover end grase hay were slightly bhigher than that of the
cheek, The fallure of the eveps to respond to the nitrogen spplications wes

probably due to the yresence of u legume in the rotation,
&mmntmmm,awuﬁm&tmm,
ehown by Fige 9, mmumwmw The yield trend wes

upward for sll crope exeept sorn, which showed a slight deeresse., The
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averege yields were high as whown in Table II. Fig. 11 exhibits the trend
lines of erops treated with four tous of nanure snouslly, Upward tresds for
wxﬁmwmwwmmmmmmwm,mm
%MMWMWWMM&M%WMIMMM%H&M&M
obtained on the plat which veceived a somplote fertilizer, The fagh that
MW&M&M%WﬁW&M%&&#WWﬂ&WM
saell froguent a;;wuﬁim wore wors valuable then large less Crejuent
applications, Mummmumwmrutw%wwmm@m
odded than ecould he utilimed by the erop to whieh the application was nude,
lines for crope whieh reseived sixtesn tons of menuve onds in fowr yesrs,
rted with yaw rock phosphates Amnmmummmmrm
ough GYop. mwﬂuam%nwmmmwammm
of manure onee in four yesrs, supplemented ﬁm'ummppmu,mmm
in Figs 12, ARl trends are upward exgept in the case of eown, Superphosphate
a8 a supplement to masuve, has resulted in =n ineresse of yields for all
evops us eompared to that of yuw voek phosphate, However, the trend lines
from the use of rook phosphate sre upward at = grester degree than those
from superphosphate, This is probably due to the slower rete of availe
ability of phosshorie seid from rosk phosphate,
ammwwmmmmwaxmumm“mmmm’,m
as rook phosphate is very slowly svailable, |
RWWAW&QMLNMWW‘Mt%wM
sosured very Little phosyhorie acid from vook phosshate, Fowever, Wolkoff
(30) stated that, "After phosphatic fertilizers are applied to the soil,




the recovery of phosphorus from soil treated with double seid phosshate is
ummmwwmwmmmm soi) treated with
ground yook phosphate, ueing 0.2 ¥ nitrie seid for the solvent in each case®,
Oomparing plat 11 #hmh mm manure end rew rock phosphate, and plat
13 which roceived menmure supplemented with superphosshate, with plat 10 whieh
reseived munure only, theve is very little diffevence in yield whieh indicates
that phesphates @3 not inevesse the yields when uped with menure, However, this
is probably due to the faet thet the large applisstlons of menure serried enough
phoaphorie aeid to supply the needs of the eropss If smsll wsounts of marure
had been used, then phosphates probably would have inevessed the yields of
erope beamuse of the low phosvhorle asid content of mwmure, Noll (20) at
Penusylvanie Bxperinent Station found that 300 pounds of 16 percent supers
shosphate used with 6 tons of menure increased yeturss sbove tie cost of
phasphates about one dollar for each ton of sanwre used, Be slse found
that the ylelds from superphosphate were higher then ylelds from rock phoge
phete when eseh was used with munure only or with nspure sod lime, or with
nitrete of seda and muriste of potashe Bear (3) showed thet superphosphat
wes superior to reak phosphate, However, hie presented dute to ehow that
phosphate 1f the soils were sold rether thun if the resstion were spproxie
mately neutral. Kipps and Buteheson {12} found that superphos-hate
mﬁmwumnwmm@, bat lower ylelds of sorn than did raw

rook phosphate, bone meal end besie slag. Alse, vwhen used as & supplesent
to wanure, M:mmu axgooded the other phosphate cerviere im the total
Maamm#MGWMymme

welr (25) mmﬁtwmmmwmmmm phosphorus in the
soil is more impoptent than the totel amount, OSome solls may contein o very
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good supply, but still respond to phosphate Pfertiliszetion, Other solls
oohtaining lower sasounte of shosphorus mey cive no ‘inﬁm&ﬁ&m of phosphorus
doficiensios. As an illustretion, he sald that, when a silt loax has had ite
originsl phosphorus supply reduced ebout one-half ssd is iu need of phosphates,
it s not necessary to add emough fertilizer to ralse the phosphorus

to the ordginal amouns, but to fertilise sufficiently to enable the soil to
M&W phosphorue demanded by profitable erops. Hester wnd othevs (10},
of the Virginia Trusk Bxperiment M«m. found thet even in soils anslyming
ebout 3300 parte per million of phosphoric eeid, there wae a response o phose
rhorie acld wben sdded in fertilisers,

In Pig. 13 is shown the trend lines of erops whish received rew rock
phosphate, There wae o elight upwerd trend for all erops exsept eorns A
meum&mumsmmwammmww‘mwmwm

sate in inereasos of yield wsd slso rate of inevesse, This is
in sgreenent with wost of the litersture previously eited.

. An interesting comparison between fertiliners end manuve may be
obtained from yield data of plats J and 12 in Teble IX,and from Figures 2
and 11, whiok compare the complete mmmwmmmmm;y.

Sir B, 7. Russell (21) in comparing fuenyard manure and fertilizers,
said that for the first few years the fertilizers considersbly insreased the
fertility of the soil, but that after & tims thelr effect begun %o decline,
Hanure was lese offeetive in the bdeginning, but finslly move effective then
Mﬁm‘ He indiouted that erops to whieh manure i applisd are leas
lisblie to suffer !m mm factors and, Mm. exhibit less Tlustn-
ations in yield from sesson to season,

‘The complete fertilizer used on plat 3, and as showa ia Fige 2, has
rosulted in continued inoveese in ylelds ao indicuted by the stralght line
trends of the various orops, In sheat, clover and grass hay the yield trend
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hes NABRILY herted ot o Jowr podat then the Seusds fren Whe ERENe Sreste
men% asd derminated et & higher level. This i contrury to fussell's ides
that masure wes finally more offective then fertilicers, Tiere ic very Xi8kls
difference in the seasonel fluctustfons sxoept posaibly thet corn and wheet
viried more when memure wae used, In most cuses, there was s slightly hisher
average yield fros muure sypliestions than when fertilizers were applied,

¥here manure was spplied in large ssounts et less Creguent
ghown in Fig. 9, sk was oot the case,

Gonsidering the rotation us e whole, applostions of four tens of
mepure produeed grostost inerensss in ylelds us indlcated by the yield trends,
0f the slesente appiled alune, phosphoric acid was fer superior vo potash
and nitrogen. Potesh and phosphoric seid were slightly superior to phose
phorie seld elone in gene of vorn and wlover buy, but not M‘ whoat and gress
hay. Mitrogen, phospherio aeid and yotesh, 4o easpared wASh phosphorie seid
ol potash, produesd higher yields of Wil swepss I 2oth o€ the Lebter
trestoente, the yield trends were upwerd for all erops.

The results of this smperizest indicste that phospboris aeid ané potash
should be added to the soll in Tfertilicers. Nitrogen e not s luportant,
dus to the faet theat & loguse is inoluded in the wotetion. MNowewsr, a1l

emonn wengnded to sitrogen when applied in & complete fertilizer mnd pro-
dnewd mgm- average ylelds than whore phosphorie seid snd potash were
‘\um‘ The use of superphosphate slone resulted i{n ineresses over the check
plats The inoresses werei eorn, 47 peveenti whest, m vanty olover hay,
107 peveent; and gress hay 98 persents Muriste of jotush wdded to mperphos-
shate Snsrvened Ghe yiolds over supvpphosphate ss Pollenst eem, 14 pareenti
wheat, J peveent; clover bay, 15 percent, with grfuss lay remeining Wis sase,




} wheat, 32 peresnt; elover hay, 17 and grase

.
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A secohdd series of graphe sve presented in Figures 16 through 28 te
show the straight line trends of the eheck plats which received applications
of fertilisers fras 1909 to 1913 inelusive, but have hed no fertilizers sdded
sinee that Wmes The date ueed in caleulating the yleld trends were for the
yoars 1914 through 1938, The average ylelds of erops fyom this series of plats
during this 2jeyear period is @own in Table II,

In Figy 16 are presented the trends of orops whioh regeived Euperphos-
phate, ALl tresds were dowsward exoept in the omse of grase hay which was
slightly upward, The average yielde of «ll crops were higher than the yields
of the ehoek plat. The yields from rew rook phosphate, Fig, 28, were less
than the yields of the eheek plat, and sll trends were downserd smoest in

Foon Yige 19, 1% iy e sten Sinb saperpiiseiiate aad suriate of potesh
failed to increase the yields over supsrphosphete alone, Fige 16 This
indjcates that superphosphate and muriate of potash hed ne grester residual

The eomplete fertilizer trestment, ae shown in Fige 17, prodused
yields thel were considersbly higher thau the cheek plat, but spprozimstely
eguel to thoss produced by superphos;hate alone., Yrend lines for the somplete
fortiliser phas, g, 17, and for the suerphosphate and muriate of potash plat,
Fige 19, were nearly perellel with the complete fertilimer yields bedng slighte

The trends of yields I'rom smriste of jotash are presented in Fig. 2.
mmmwr&'mmﬁmﬂ;mtmmnmw
exhibited a distinet downwerd tyend, When dried blood was used with muriate

of potash, Pig. 21, average vields and trends were very siniler to thoss of
muriate of potash slone,
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superphosphate aloxe, Trepde of wheat and elover hay were slightly dewne
werd, with eorn deelining wepidly, but gress hay showed a slight upward trend,
The use of dried blood slone, Plgs 23, produced lower yields than the
eheok plab. However, very silght upwerd trends were noted in the cese of
whest snd grass hay.
Infigures 24 and 26, reepoetively, are rresented trends fyos the use
of 16 wone of nepure onee in four yesrs and 4 tons spplied snmuelly, The

trend of grass hay fros the former appliontion was level, ALl other trende
of Wik applications were downward. Higher eversge ylelds than the chook
were produced by all evope on both plats. |

St mWnamﬁamtm%tm#m,
onee in fowr yours, Fig. 27, yiolds were higher than when suparihosphate
not uged. M, all trends wers downward,

The yislde of plate 4 and 11, shown in Figares 18 and 25, were aversged
and used a8 2 basie for compurdng the plate which rescived fevtilizers pricr
%0 1934

Of interest is the faet that all cbeck plate prodused dowsward yleld
tronds of corn, Trands for sheat vore generally dowmswrd, but slightly upward
trevds were in evidense for the ¢rops shich were trested with suriate of
potashy dried bloodlj wew voek phosphate; and the cheek plats 4 and 11 whieh
recoived no fortilizer priod to 1914, Dowmmard trends vere dominant in the
puse of clover hay, as only the treatment of superphosphate and muriste of
potash wrodused sn upsard trend, Nowever, one of the gheek plate produced
wore yroduced by the following treatwents: 4 tons mapure wumelly; 16 tons
sampre once in four m supplensnted with eupsrphosphate; and vaw rock




9, Hesiduel Effects of Yertilizers:

Residual oy lesting effect of fertilimer and manuve i very inportaut.
Wioir (26) stated that the deneficisl effects of manure on solls of the hesvier
tys may be f long duretion, In genovel, about one-half of the nitrogen in
the phoashorus end potassium s used,

At Rothamsted, en experisent wis condusted whewe fourteen tons of
manure 4o the sere wore applied mmﬁmmxwm The land was
then left in grass without mamwring or fertilizing for fifty years. The
yields were compared with those of o similar field o whieh no fertilizetion
wos meds. The aversge inerease in yields for each descade, yesulting from
the previous applications of mamure, #exe 57, 24, 6, 15 and 28 peveent
respectively, |

mm; ‘mm‘.uwa mogmwm;mm@m BALUD® AT very
quickly availalle to erops, while those in the dung becoms soluble at &
slower rate, The opinion hes bees expressed that manure we drewn to the
field on the sverage farm will yleld about one-half of 1te nitrogen and
potassium, and one-sixth of its phosphoyus 0 erops during the firet semson.
Ungostionably, the rate of aveilability will vary with elimatie conditions
and also with the rielness of the mssure itself, Proof that a lavge mantity
of plant fool remeins in the soil sfter the first sesson is shown by the in-
ereage in growth of erops following a well~muwred erop in a rotstion, The
organde content of manure is also undoubtedly of some velue to the soll,
espocislly when the supply of orgmle matter in the soil is linmiteds

Sinee the fertilized plats weve divided in 1913, and onewhalf of
sach plat hes veoeived 1o fertilizer sinee that dste, it ie poseidle te
etudy their residuc) effset.

In Tuble XIII is presented the average vields of crope grown on
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Table ITI ,~ Aversge ylelds of erope grown on cheek nlats {wom
1934 %o 1938 inclusive.

H

Plat: Amount of fertilizer per acre

¢ epplisd snnually from 1909




cheek plats fyom 1914 to 1938 inclusive, Also shown ie the wwunt o

liser applied prior to 1914, The average yields of plate 4 and 11 were used
as o baeis for studying the vesidual effect, singe neither received any fertie
lizer before 1914,

A samparison of one tent WH another in pereentes
vielde is presented in Tuble IV,

mmn,nmu.mmvammwmwxmmm
orops with mueh higher sversge yielde than the eheok. Of these nunure troate
ments, the greatest residual influesce wes obtained from applicetions of four
tone of menure enmually, The ylelds from this trestnent, plat 12, showed ise
eyonses over tho chedk of 10,58 bushels sorn, 3,19 bushels wheat, 0,51 tone
clover hay sud 0.35 tons grass hey.

MWM inerease in rields from sanure epplied annuelly ¢
ﬂ‘&mﬁuw&iﬁm in four years veres corn, 10 percent; whiest, 15 pere
oanty elover hay, 29 percent; and grass hay, 22 percent. These results
support the resomsendstion of weing smsll, frequent sprlicetions rather thao
large, less frequent spplicstions, Grester residusl influence wes exhibited
whore superphosphate supplemented 16 tons of munure than where the same wsount

Applications of superphosphate priocy % 1914 have remlted in much
higher yields than were prodused by the check plat, From the data in Talde
IV, it may be noted thet the ineremces due to the use of euperphusphat
werescorn, 30 pareent) wheat, 97 porcent; clower hay, 40 percenty snd prass

MMW&) Mﬁ%%o&'mwﬁiwﬂmwﬂw
phosphate to a elay loen over a period of four yesrs. The first year of the
th the erop wes a feilurej the second yvar, the wheet yleld was

insrensed 6.4 bushels; the third yesy, the corn was incressed 7 bushels) and




Table IV, Comparison of one trestment with another in peveentage iuncresse

of sorn, wheat and hay, grown on the plats which received no

fertilizer since 1913,

Troatuont § Uorm 1t theat Grnss
. 1 i i hsy hay
Porcont Fewpent Fercent Fereon
phate with Chosk 30 "7 40 42
Superphogphate & Muriate of potash
with Seperphosphate il =18 «18 -l
Dried blood, Superphosphate, snd
luriate of Fotmsh with Superphosphate \
and Murinte of Potash 4 15 20 17
Dried blood, Superphosphate, and
Muriate of PFotash with Check %6 66 49 43
4 tons menure astuslly with Cheek 33 46 81 36
16 tons muauve onee in 4 yonrs with .
Cheesk 2 88 25 11
4 tons menure snmually with 16 tons
Hunure once in 4 years 10 15 £9 28
Dried blood, Superphosphate, and
Huriate of Potash with 4 tons wenure
3 14 -7 5
87 110 46 68
b 1 4 -ld =18
-8} -5 =13 «gl
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the fourth your, the wheat was inercased 1.6 bushels,

The Board of Agrioulture for Seotland received a comuittee report (5)
whish proposed s sedde showing the proportion of phosphate Pertilizers left
unused in the soil, It suggested thet a soale cannot be more than &n approxie
that onewhalf of & suyerphosphate addition is left after the fivet sessen,
ong~fourth after the second sesson, snd one-eighth after the third season.
About two-thirds of the minersl phosjhates added o the soil iz left afber
one season; one~third after tuo seasons, snd one-sixth after thres secsous.

m»(?immrwmumnmmmw,mm
pounds of superphosyhete, respectively, the residuel effeet on the followe
mmmwmwmmmmmmwmﬁmmmmm
to pay for the original cost of the spplisd phosphate,

Harbwell and Danon (9) of Mhode Island vegorted in 1915 an experie
ment covering twenty yeers from 1894 to 1913. During the firet pert of the
exporiment, various shosphetes weve spplied on an equal cost basis, In 1902
applicstions wers sade to equalize the wmount of shosphowus applied %o sach
plat, No other spplicutions were made until 1914. They considered the ree
sults of their work cowering o peviod of nine years from 1905 o 1913 ine
elusive, The yields of various erops grown econtinued to show the effects of
in 1913 and also in ternips from the limed plats snd, with the exception of
rook phosphate on the bay, ineresses were slso evident on the unlimed plats,
memammmmwmmmmmm
WM.mmimmmmmnm‘ Superghoshate wes

superioy % roek phosphate in orop ineresses on the limed land, while rook
phosphate was superior on the unlimed land. Results fyom gush an experiment
{1iustrete how importent and long-sontimed the residual effvets of phosshate
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troatmonte say be. :
Balter (2) veported wopk from Indiens in 1924 on the residusl effects of
& single sppligetion of superphosphate and yook phosphate to a votation of sorn,
riment &8 o whole, the reeldual effects of the superphosyhate wevs larger
then with the veek phosphbate. ¥or the first few vears, the inerseses from
Thowne (24) of Ohio reported u five year rotation of sorn, oats, wheat,
alover and timothy covering a pericd of twenty~three yesrs when a chemiesl
fertilizer was applied only to the wheat., The aversge inevesse par rotation
above thet of the eheek was whost, 1A bushels; clover, 775 nounde; wmw;
405 pounds; eorn, & wushels; snd osts, 4 bushels, Thorne coneluded "that
;mwwmmwmmzzmmm,mmm
mwﬁﬁm,tmmﬁt&ﬂ%mﬁﬁtﬂmmm& is earried
foruurd to erops following the one to whieh the trestment hus been given.
Grop yields prodused by voek phosphate, plab 14, were lower thun those
prodused by the oheek plet, Under the conditions of this experiment the resulta
infieate that yaw roek phosphete had no residusl influence,
Bear (3) at Ohio showed that despite the faet that roek phosphate
The longer the experiment sontinued, the lower the ylelds on the phosphate
m‘ﬁmmtm those Of the superphosphate platse
mimmmmmm sffeote of phoschates upon
mmmmmxenmnm Mrmwmzacmuh
rice yields, due to the use of phosyhates, were grestast the liret yesr,
deoreasing the second and third yosrs, but insressing the fourth yoar.
Plat 3 received & complete fertiliser from 1909 to 1913, When
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compared to the trestment of four tons nesure sumually, the yields from the
 fertilized plat showed an incresse of 3 pereent eorn, 14 pereant wheas, 5
percent gress hay, and - 7 pereent clover hay. Both plate produced ylelds

Selter (23) reported thut at the Ghio Experiment Station, only about
forty percent of the entire effest of & single sprliestion of 500 pounds of
8 4elbel, fortiliger has beem found to be reslised during the yeer the fertie
lizor was applieds Thirty pereent of the fortilizer was utilized by erops
Guring the sevond year, seventeen percent during the third year, and twelve
percent in the fourth year,

M{;}M%M;MMXWwwwssm
wwm.memeM:nm.mwmumua
mmmmumwmzummm Sands, being low
in eclloidis) mettér, sllow the mutrients to leseh out, Tols is An agrossant
with Weirts bellef (26),. |

 The residual sffects of muriate of potash ars shown from yields secured
on plat 6, Keve, the yields were spproximately ogual to those prodused en the
¢heok plat which indieates no lasting effeet, Corn showed 1 percent ineresse,
vheat 4 pevcent, While clover hay and grass hay showed deeresses of 14 and 18
peovoent respestively. However, Cuoper snd Wallaee (6) in 1932 applied muriate
of potash broadvass at the retes of 100, 200, end 400 pounds per uere to
cotton, In 1935, the yields of seed cotton above thet of the check were 504,
850, end 1007 poundsypespectively,

Huriate of potssh epplied with superphosthate, plat 5, produced lower

The results seoured on plet 9 indieste that nitrogen wee either used
soon after belng applied or was leached from the voil. This plat received
dried bvlood only and prodused yields below those of the eheek plat in every
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esse. The decreases io yield weret ocorn, § percenty wheat, 5 percent) clover
hay, 13 pereent; snd grass hay, 21 pereent, Further evidecse that nitrogen

had no yesidual effect oan be found by observing the yields of plats 7 and 8,
Pried blood and muriate of potash produced ylelds about equal to smriate of

potesh alone, and swerphosyhate applied with dried blook resulted in yields

below those of supsrphoschete alons.

Gollings (4) stated that neny farmers heve noted prvlonged residusl
affects after cpplicctions of sodium nim mmm sanetines cbservalle
severel sensons after spplicstions, This hae been spparent on pasture Land
and in orehards, Te says that the effegt wes probably dus lurgely to &
residunl influence of the Ineressed growth of the root systenms of the Llerti-
lized erops, slthough 1t may have been due in part 40 becterial fixetion,
Gollings aleo stated that amnoniwn nitrate leaves no residue in the soil.
mmmmmmmmx«mu-wmmmm
for some years following thelr vee.

The date in Tables IIX aud IV show that rosidusd effect was exhibvited
only by menure and by fertilisers whieh contsined supsrphosphate,
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De Relutionship Uetwsen the Amount of Flant Food idded in Fertilizers and
that Rewoved by Harvested Cropss

In Table V ie preseuted the totul yields of erops grown on fertilized
plate from 1914 to 1908 inclusive, In Table VI is presented the smounbsg.of
nitrogen, phosphorie acid and potush removed by the crups from the fertilized
plats for the seme pericd and the pounds of aitrogen, phosphoric seid and
potash added in feriilizers. The difference between the amount added and
the mmount removed is also shown.

Dre Jo Op Lipman (14), Divector of the New Jeorsey Dxperiment Station,
stuted that the cultivated erops in the United ftates removed in 1927 approxi-
mately 32.5 pounds of nitrogen, 12,8 pounds of phosphoric scid, and 30,75
Mawwhmmm; He concluded that ufter due sllowenee is nmade for
the nitrogen veturned to the land in snimal mamuves, for that fixed by bacteris,
and for that brought down by main and other atmospherie precipitation, there is
st1ll « not loss of 5,000,000 to 4,000,000 tons of nitrogen sunuvally Trom cup
500,000,000 nores of arable lund. Lipean also eetiseied that the ultrogen
iz commerelal fertilizer used replaced less than one~tenth of that lost LWy
erop removal alome. In sddition to this, Lyon and Duckman (18) stated thad
the loess of plant food through erosion is Swenty tinmes greaber than that
removed by orops. Lipmen's figures sloo jndicete o net loss through erop
vamoval of nearly 2,000,000 tons of phosphorie acid, of which less Yhan ono=
half is returned in fertilizers, sud a net loss of nbous 5,000,000 tens of

potash from this esuse, of whioh only one-~fifteenth is returned in fertie
lizers. R “

Highest yields of all plates were produced om plat 12 which received
in the E5eyear period an estimated 4,000 pounds of nitrogen, £,000 pounds of



Table y = Totel ylelds of srops grown on fertiliser plute
from 1914 to 1938 loclusive,
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phosphorie aeid and 4,000 pounds of potashe. The smounts of nitrogen,
regpectively. These Tiguvres indleate that move nutrients were removed

£ihiels m‘

in Wﬁ erops than weye added in fertilizers. Flat 10, whieh was
mm%wumwmwmfmm.mmmmm
amount of nitrogen, phosphoric seid and potesh as plat 12 which was
treated with 4 tone of menure smnually. However, less plant uutyients
were removed in W from plat 10,

Plats 11 and 13 received equal smounts of nitrogen, phosphorie
avld and potash in meapuve and phosphates. However, the ¢rops grown on
msmwummmumw,mmmmmu
than ereps grown on plat 11, m&mmwmkmmﬁmmwm
Exgessive amounts of phosphoric acid were added to esch plats

Plat 3 received s complete fertilizer with excessive amounte of
phosphorie weid und potash, However, 1t falled to yield as much as plat 12
whioh recoived 4 tons of meanure annually with none of the nutrionts applied
in axcess.

Plat 5 received phosphorie acid and potash in sxcess without nitro-
gen being applied. mwmmmm-mtmwuu
equal to the ylelds of the couplete fortilizer plat. wophate alone,
plat 2, produced lower yields and, therefure, resulted in ithe removel of
less nutriente than when used in ecombination with muriate of potash.

The fact shat nitregun is m% the limiting sutrient is shown by the
rosults secured on plat ¥ which waes treated with dried blood.s This plat
414 not reeseive phosphoric eoid or potash but received more nibrogen than the
erops reoved. The ylelde of corn and wheat produced ou this plat were lese




than the ylelds of the cheek platy but the yields of glover and gress hay
were slightly higher Wotnm sheck plate Plat 7 sloo recsived au exe
eesaive amount of unitropens In efdition, potash was applied in excess
whioh resulted in yield inovesses over nitrogen applied slonme, Heither plag
7 nor plat 9 vreveived phosphorie acid, snd yields produced by these plats
wore less than yields produged by the plat where superphosphate was used
alone, plat 2, Thie faot indieates that phosphorie aeld is the linmdting
nutrient.

~ An applieation of wuriate of pobtash in eowxsess, plat 6, d¢id not materie
slly inovense the mmount of sutrients remeved by erops over tho mmount removed
from the cheok plats Further evidence that potash 4id not inereuse to a
Grost Gagmee B mwet oF Satrients ymevel, ney b5 obed fres the eoults
securod on- plat B ihich received muperphosphate in addition to muriate of
potash, The erops on this plat removed only 470 pounds of nitrogen, 148 pounds
of phosphoric aeid, nnd 473 pounds of potesh more than the plat which received
superphosphate enlys

It is interesting to note that in most csees move phosphorie acld was
ndded than was removed.

Ven Alstine (51) reported that, from estimated sdditions and rewovals
of phosphorus by plants, more phosphorus had been added to emch treated plat
than had been removed. Yorkers from Chle reported thet ia no ease had as
magh phosphorus been added in fertilizers as had been resoved in erops.
Russell (22) elaims that only about 20 pereont of the phosphoric neid added to
solls is ever recovered., All plate which d1d not veesive sn epplication of
soe phosphate prodused yields only slightly higher than the unfertilized plats.
Excossive wsounte of potash were applied on plate B, 6, end 7, but those ex=
cosses failed to result in s much greater removal except on plat B which slse

recaived excessive phosphoric acid,



An fnteresting comparison ean be drewn from plat 8, shich recaived
a complede Tertiliver with oxcessive smounts of phosphoric seid and pobash,
and plat 12, which received four tons of wenure aunually with no excessive
smounts of plant food, From plat 12 more nutrisnts were removed than added,
but higher yields wore prodused than on plat J with ite excessive minerals.

In Toble VII &s presented the total ylelds of orops grown on check
plats from 1914 to 1988 inclusive.

The smount of nitrogen, phosghorie aeid, sand potesh removed by crops
- from the cheock plate are yresented inm Tuble VIXI, Thesa plate were fertilived
from 1909 through 1918.

Yore plant foud was removed by arops harvested fron plat 12, which
mm4mnmmm,mmmmmt. These results ine
dioated that m had grenter residusl effeet than minersl fertilizers.
However, this high reawsoval of plant food resulted frus a few high yields at
the begimuing of the experiment. During the latter helf of the LS-year
peried, vields from this plat dropyed below those from plats 2 and 8y Flut
5, whieh received a complete fertilizer from 1909 through 1918, had large
mwrante of nitrogen, Mﬁﬂ.‘ aeld, and poiash revoved, However, they were
approxinately the swne ag from plat 2, which received superphosphate, and
this also iudieates that superphosyhate hed more residusl offest thun elither
nitrogen or potash, By referring %o trend lines for cheok plates 2 and 3 in
Figures 16 and 17, 1% may be seon that the yields of wheat and grass hay ufter
25 yenrs wore highest on the suparphosphute plst.

It is inveresting to néte that the evops grown om the pluts troated

with muriate of potash, dried blocd and muriate of potash, and deried blood
rencved less plant food than an average for the sheek plats 4 snd 1l. These
plats hed received nitrogen and/or potash prior to 1914, but no superphosphate,



Table

TII +»= Total yields of crope grown on cheok plats from
1814 to 1388 inelusive.

Amount of fertilizer it A $1 B 11 1
per acre spplied annually :: t 14 83
Plet ¢ from 1509 te 1913 in- i1 18 Wheat $:Clover: : Grass
elusive 1:Crain : Ca % pain; Strew: thay it hay
£1 ¢ £ : £s $3 J
1t Lbs, : Lba. sg Lb8. 1t LbS, § LbDSe 13 LbS, $: LbS.

458 pounds superphosphate 13 t H i $ i s

B08 pounds dried blood :
458 ﬁ@%ﬁt uawwmimn 1

gs fws wafas s wn »aiae vsfee welew s wRiee ™ 8 fex sa s e as

%&mﬁn mmrpmwmh

! 2 CORTIL &*‘ i el «7:

200 pounds muriste potush

mpﬂm :m




Table VIILi~ Pounds of N, P,0s und Ep0 removed from check plats by erope in

the Rotation Sxporiment with Pertilizers from 1914 0 1938 incdlusive,

*Ineluding cobs and stover,
*#Including straw,



which symin indicates the importance of phosphorie weid iu jreducing crops.

Flat 14 recoived row rook phoughste before 1934, yet loss plant food
mmmmﬁﬁqwntwn cheek plates This supports the
theory thet rock phosphate is very slowly available, snd sust MW in
large quantities to produce high ylelds of erops.




Ee Witrogen, Fhosphorie icld and Votash Removed by Varicus Crop Yields:

A third seriss of graphs ere presented in Flgures 20 to U2 iunelusive,
to show the amounts of nitvogenm, phosphorie acid and potash removed by corn,
whoat, clover and grass hay from the complete fertilizer plat. 1In all
instunces, the ylelds were urranged in ascending ovder regerdless of the
your prodused, Attention is oslled to the fact that there were no recorded
yields of clover hay for 1918 and 1931, “esults are for the years 1914 %o
1958 inolupives.

In Table IX is presented tsz ostizated apount of plant food removed
per sore by wverious vields of erope on s oumplete fertilizer plat. These
figures were obtained by using the actual ylelds and sultiplylsg by the
percentalie of nitrogon, phosphorie acid and potash found ia ench, a8 taken
fvom ¥orrison's feeds nnd Jeeding (16), These mnalyses ave shown in Table
I. Norrison's (16) snalyses are stated in psreent of phosphorus asd
potassium. Those figures were eouverted to phosphorie acld andé potash by
maltiplying by 8.3 and 1.2 respoctively.

Trond lines Tor ylelds and the plant food removed by cors, wheal,
olover hay and grass hay grown in a votation ave showa in Figures 29 through
38s Idmes rfor corn stover, corn cobs and wheat struw wre not shown) howe
ever, ihe plant food resoved by these by-products are included in Table 1X.

Halligan(8) in 1912 precented Tigures showing the smounts of nitrogen,
phosphorie aold, and potash recoved by erops. He stated that a 50 bushel
g¢rop of eoran mu‘m 63 pounds of nitregen, 20 pounds of phosphorie
neild, and 75 pounds of potash per acre in the grain, cob and stover,

Bear (3) found that = ‘similsr yield rewcved 68 pounds of nitrogen,

22 pounds of phosphorie aecid and 64 pounds of potash.
Hopkina (11), "hitoon and Walster (29), snd velr (26) also reported
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Fig. 29. ;
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YIELDS OF CORN IN BUSHELS PER ACRE IN
ASCENDING ORDER FOR. THE PERIOD I1914-1938
ON A COMPLETE FERTILIZER PLAT AND THE
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Fig. 30,

YIELDS OF WHEAT IN BUSHELS [ PER ACRE 'IN .
ASCENDING ORDER FOR THE PERIOD [914-1938
ON A COMPLETE FERTILIZER PLAT AND THE

POUNDS OF N, Py0g,8 K50 REMOVED IN THE
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Rige 5l
YIELDS OF CLOVER HAY IN ASCENDING
ORDER FOR THE PERIOD 19i4-1938 ON
A COMPLETE FERTILIZER PLAT AND
THE POUNDS OF N,P50g,
& K20 REMOVED.
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YIELDS OF GRASS HAY IN ASCENDING ORDER
FOR THE PERIOD [914-1938 ON A COMPLETE
FERTILIZER PLAT AND THE POUNDS
OF N; P0g,& KpO REMOVED.
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Table IX.- Bstimated smounts of plant food vemoved

wanually in pounds

yvields of orope oh somplete fertilizey

plat of Rotntion Hxperiment with Fertilizers,

pey sare by various




£8,

the amounts of plant food removed Ly oropss

%o aestimute from the grophs in Figures 89, 50, 31 snd 38, the smounts
of nitvogen, vhospboric aeid and potash resoved by eown, wheut, elover hay
or grass hay, weleds the deeived yield on the straight 1ine yield Sownd
by veferrisg to the flgures on the left of the graphe Hext, ﬁuﬂm
points directly under the yield on sath straight line labeled W, %?& a3d
n‘% The figures on the right of the yage opposite these polnts ere the
estinmated surber of pounds removed in harvested orops. This wethod was used
in eompiling Table XX,

Gorn ond wheat resoved mors nitvegen than potash, and wore potash than
phesphorie acid, Clover hay aud grass hey resoved more potush than nitrogen,
and more nitrogen then phosplioric neld.

It is interesting to note that clover hay removed wore nitrogen and
potash thai an equal yleld of grass hay. The amounts of phosphorie aeid
removed ere alwost identienl for ecach,

These Migures are bused on yields ovver a 20-yenr period and should be
a good basis for meldng fertilizer recasvendutionss



SAMARY ABD CONCLUSIOR

Straight line trends for sorm, whest, olovey hay and gruss hey grown

in o votation wore ealculated by the method of least squares. Tresds for
fertilized and unfertiliized plate were obinised for the 45 yesr perdod from
1934 %o 1908 iselusive.

Upward trends of all erops were produced by the following Srestmente:
superphosphate; dried bloed, superphosphate and wuriste of potash; sulphate
of weonis sud raw rook phosphate; superphosphate and suriste of potash; 186
tons  of wanure omee in four yeurs and raw rock phosphare; and ¢ %ons of panure
annuslilys

The highest aversge yvields of corn, elover snd grass hay were produced
by MWMtafimafmmmn The highest sversge yield of
wheat was produced by & mw nﬂmm. :

sn appiicntion of dried blood aleme on corn wnd wheat srodused lower
vialds than the cheeks The ylelds of clover snd grass hay produced by dried
blood were slightly higher than the cheek yislds.

Supeyphosphase producad upward yield trends for all crops. These yields
ware ecvasiderably higher than the check.

¥uriate of potash produced yislds alighily higher than the cheek plat,
but trends were downward sxoept in the cuse of grass hay.

Superphosphate wes far superior to muriate of potash or dried blood
vhen siagle Tertiliver earriers were applied to evops im the rotation.

Applioations of superphosphate preduced higher yields then appliostions
of ruw rock phosphates The yield trends of evops were generally upward for
both treatments bub the trend riss was grester in cass of superphosphutes

“hosphates used to supplement 16 tons of manure spplied ouee in fouwr
years did not produce higher yields than manure alohg.

fuall freguent applications of nasure profuced hicher aversge yislds



GRS B ) AR TR ST i it o L S
X 0%

=

thon lavges less rmmi applications.

The trend limes for plats which reseived no fertilirer sinee 1915 were
nll downward in the gease of oorns Yheat trends were dowuwsrd except fow
treatnents of muriate of potashj dried blood; reaw rosk phosphete; wnd the
shook plats 4 and 11 whioh recoived av fertilizer prior to 1914, Duwnward
tronds were domdnant in the onse of clover Lay, as only the trectuent of
supsrphosphate and murinte of potash produced an upwsyd trend. lowevsr, one
of the cheek plate yrofduced an wyward tresd. Uraas hoy trends were usually
upward, but downwerd treuds were produced by the following troatments: 4 tons
manure ansuallyj 16 tons of mesure onoe in four years supplemepted with super~
yhosphate; and raw rock phosphate,

A& sbudy of the residusl effect of Pertilirers which were applied five
sucoessive yeare previcus to 1914 wes nade. i

Residual effect mmwm& ouly by manure szof by fertilizers which
erntuined :

The residunl effest of a »mlﬂn fertilizer wes greater than the residusl

affect of maaure, oxeept in the eswse L clover hay,

A study of the relstionship betwesn the amount of plant food sdded in
fortilizers and thut removed in hurvested erops was made.

Plas 8 which received a complete fertilizer with sxcessive amounis of
vhosphorde nold and potash, €ailed ¢o produce ae high yialds am plat 18 which
recelved 4 tons éf manure sunually with nene of the nulriente asppiled in excess,

Bight of the shirtesn fertilizer plats showed wore phosphoric acid sdded
than resoved by erops. Yore nitvogen was resoved in orope thon added in
fortilizer from all plats exsept 7 and 9.

Noow potadh ol Morel Uhet adind 4 Nins S Whe histein Platte

The msount of nityogen, phosphorie seid «ad potash resoved by various

d

il



yields was seloulsted for sors, whest, clover hay wod gress haye
Qum ond whest removed move sityoger thes jotash, and more yotush then
fhosphorio neids |

sitrogen than phosphople aedd. B
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