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THE APPLICATION OF MITSCHERLICH'S GROWTH LAW AND POT METHOD OF
SOIL TESTING TO NUTRITIONAL STUDIES WITH RASPBERRIES AND OATS

Introduction'

‘The,importance of determining the manurial reéuirements
of soils and the_interpretatioh'of these determinations 1in
terme'of prObablevplant yields,;has long been reeognizedbby,
agriculturists. A method which purperts to form a new app-
roach to this problem and which has enjoyed considerable
popularity in EurOpe for the past thirty years, has been pro-’
' posed by E. A, Mitscherlich (8) of Konigsberg,=Germany.
AlthoughﬂMitscherlich published nis first papers,oh hie plant
method of 01l testing in 1909;.they‘recieved little atten-
tion 1n the English language publications until 1932 when
Stewart, of the Imperial Bureau of Soil Science, published a
literature review of the subject (13). Since then, however,
Capo (4), Hartung (5), Maey (6),'Mag&stad (7),,and,Willcox 2
- (15), all of North America, have,made'contributiohs_on the
Mitscherlich method, | o

‘The Mitscherlich method for soil fertility investiga=
,tions~isnessentially the study. of the trend of the yields
from a ‘series of plants grown to maturity under a eystematic
k,scheme ef fertilization. ‘Mitscherlich 1s so convinced of the
validity of his method that he claims, and offers proof(9),
',that he has derived a genersl yield law which is amenable

to.mathematicai,treatment. He also,claims that when specially
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,designed'exPeriments are considered'iﬁ the light of his
yield law, a quantitative relationship between soil fertility
and plant yield may be found,

-Recognizingkthe,impptance of these claims, it was de-
cided to test the wvalidity of the Mitscherlich‘method and to
‘AScertain,~theréby, whether an application of it would be of
vaiﬁe in supplimentingftheLrapid}chemicalamethods,(10),(12)
of éstimating sdil fertility now invpopular use 1in British
kColumbia. It~was’decided also to investigate whether thé
use bf:the Mitscherlichvmethbd with differentfagriéultural
‘plantktypes would suggest an improved technique for plant
nutrition éxperiments. |

with this pﬁrpose\in,view, tw0'experiménts;were under-
taken, The first during the summer of 1940 ‘was an exper=-
 iment in the nitrogen nutrition of Cuthbert raspberries, and
the second, during the season of 1941-1942 .was an experiment
with oats, where. the method was used in conjunction with the

~rapid chemical soil test methods,

',Review of the Mitscherlich Growth Law

Many of the early workers in the‘field of plant nutri-
tlon SQCh'as Leibig;‘Hellreigal, and Wagner, bégan‘experimen—\
tation,by~studyingkthe effectfof varying the application of
.8 single nutrient from an ample level down to a gero applic~
kation, at the same time keeping all other known growth

factors at an smple level, Although some of these men ob-
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| tained excellent results (9), the full mathematical possib= S
| ilities of their yield curves were not pointed out until
AMitscherlich recognized the. similarity in the shape of these

growth curves and postulated that if the experiments were
done under‘specified,cohditions, a general equatign could be
written which would apply to all of them, MNitscherlich
studied these growth;curves,‘as well as those obtainedtfrom
his own experiments, and cencluded,that the yileld was a
tlogafithmic function of a growth factor,'ﬁhen that'factor
;was’inereeeed,in unit increments from zero, all other growth
factors being<supplied at an ample level(9).

ExPreeeed in symbols, his relation is represented by,

%% < (A-3)

Wﬁiehestatés ‘briefly that thetincrement of Yield 'dy, obtain-
ed per unit increment of growth factor dx ‘is proportional
to the decrement from the maximum (i e, proportional to the
‘difference between the yield obtained, ¥ and the maximum
possible yield of the series, A). |

In order to eguate these quantities, the right hand
| side~1s:mu1t1plied by the needed numeral, which may be known
as a propOrtionalityfeonstent,'or’effeet factor, c.

T = c(a-y) === == (1)

‘When integrated and transformed this egquation becomes

log(A-y) = logh = Cox = = = = - = (II)
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or, solving for v: , |
. | y = A(L-107°%) - ... . (111)
This isfaﬁééneralkequation which has already been fitted to
many:natural‘ﬁhenomena. Stewarte(13) points - out tnat this
logarithmic equafion is identical with the equation applied
to. the VelOcitj of reaction of a monOmolecularlchenical
change at constant temperature, such as the decomposition. of
‘hydrogen percxide in.aqueous‘solution,; Itlisyalso‘identical
'with that applied to the rate of radio-acti@e disintegration
of metals . | |
Under some circumstances,‘it has been found difficult
to determine the maximum possible yield A, of the series
experimentally. It can, however, be calculated by simiilten-
eously solving threelequations. In order to do this, the
'incremente of growth factor must be deliberately chosen so
that. Xg=X3 = Xz=Xg, The resulting yields may then be
appliedeto'fhe three equations of the form(II), which may

take the,rearranged form of .

= 32 - 3y) 3x) L. . (IV)
B(¥e) = (3,) = (33) |

where yl, yg, and ys are the yields obtained from fertiliger
treatments X1s Xgs and X respectively.

Thus, having obtalned the experimental yield data, the
most probable value for the maximum yield may be calculated

and used in subsequent calculations.
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In the foregoing‘eQuations, the symbol x represeﬁts the
amount of the growth factor added to the soil, One treat-
ment in the ;eries, however, recieves none of the growth
factor in question, so that if a yield is obtained at all in
that,tréatment, it is the resu1t_of the,amOunt,bf the growth
’faétor originally:present,in the»soil.h The amount of growth
 factor is designated‘by.the;symbol‘b;u As~a result of 1ts
,preéénce~in all of the potsuthé whole growth cufve‘is dis-
placed upwards by a given.amount. 'Thérefbré;:in order to
cbmpleﬁé the meaning of’equatioﬁ (I1), the total amount of
"the growth factor present in the sbil~1s representéd by,

X 4+ be ,Thé equation now becémes

 log(A-y) = logh - c(x#b) - === == (V)
Since both b and ¢ are, as yet, unknown quantities in this
equation, two such'eqﬁations‘must'be SOlved.Simultaneously,'
the,condenéedvform of whiéh is ¢ -

log(A-yq) = log(A-y3)
C = e . . ——

Xo = X3

 The solution of equatioﬁ (V1) provides us with a number
‘called\a prbporfionalitj goﬁstant, c, which.makes it possible
to 1nterpret Mitschérlich!s'yield law as a workable.eQuation.
Mifsdherlich goes further than this, hdwever, and shows that
this number 1is characteristic éf the slope of the,yield
curve and that this number is always the samekfof a given

~_growth factor, regérdléss of the plant used, provided he
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uses the same size of pot, the,same_weight of soil, and the
~same units of measurement in all of the experiments. He,
’ therefore, gives this proportionality constant specialAsig-
~nificance by calling it an "effect faotor of the growth
factor" (9). |

‘When the proportionality constant, ¢, is found byksolv-
'ing equation (VI), then equation (V) may be solved for b, |
the amount of growth factor. originally present in the soil
~ When rearranged equation (V) becomes |

logA - log(A-y,) |
b = : o ‘ (VII)

- oee a>  em  em e

where y, is the yleld obfainedkwhen the soil received~ali of
~ the groﬁth'feotorsdexcept the one COncerned‘in the seriles,
Having. obtained all of the 1nformation required for
equation (v, the caloulation procedure may be reversed and
‘the yields, y, which theoretically should have been obtained
~in the experiment, may be calculated, This 1s done purely
a8 a check on the yleld law, that is, to see how closely the
yield curve‘ObtainedVresemblee a true logarithmic curve of
the same slope (samehbropoftionality constant). -
‘Conductingknutrition experiments in this guantitative
menner not only affords us a means of evaluating soil fert-
,'ility_ih,terms of‘actual weight,of growth‘factors,,but it,

also affords us a means of evaluating it in terms of plant
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jyield. 'Thus, when the yield is plotted as'percent of the
',”maximum; tﬁenaﬁount 0f7growth~fector reduired for a SQ% 7
yield can quickly be determined Mitocherlich's 1awootates
fithat the increase in growth per unit of factor is propor- |
tional to the decrement from the maximum. From this, ;t
‘follows that if the amount of fertilizer required for a 50/
yisld 1is doubled,,it will give an increase of 50% of the
dec-rement that is, 80% of 50% = 25%, and the yield from the
doubled amount will be 75% of the maximum, Baule(z) has
proposed that the amount»of each nutrient required for a
'507 yield be designated as a “food unit“ (now known as the )
eBaule unit). Furthermore, it has been found that when half
the maximuam yield is obtained in one of such a series, the

amount of growth factor present 13 one tenth as ‘high as it

; '1ngor‘the maxdmum; ,Thus, although’four‘Baule units will

‘theoreticelly produce’a 93;75%1yie1d§ 1t will take more than
7twice'es much (1O Baule ﬁnits)'to reisevit to 100%,-provid-
1ng toxic conditions are,notﬂreaohed forethe plant speciles
\being used

Mitscherlich's yield 1aw and. Baules proposal for
"food unit” evaluation of nutnients are diagramatically
iz?epifésent‘ed in Figure 1. | | |
~ In ekperiments which.illustfote this growth law, it has
\obeen.generally found (15)‘that,ein sand or soils of low phos-
thetexfixinglpoWer, the maximum yield is obtained when the |
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‘Figure'l. Diagramatic Representation of Mitscherlich's
Yield Law and Baule's “"food units",of Growth Factor.
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three main factors are present 1n the ratlo 5:1:2 (N P205 Kgo)

‘Thus when.the phosphate and the potash are at their maximum

‘:' values for growth and nitrogen 1s‘varied upwards in unit

k inérement§ffrdm~zero, the greatest‘yield'is obtained where
b the nitfogenwis_5Qt1mes higher than ﬁhe,phosphéte éﬁd 2%
timeé*highe£ than“thé~pOtQSh; The samékréiatiOn.hés«been
'fduﬁd‘Wﬁen,thé,other‘growth factors are variéd»in turn.

" The details of the Mitscherlich techniqué'forrillustrat-k~
 ihg‘%hié”1gw are given“in~hisfown,beok (8). ‘The most detail-

ed EngliSh*language acCount:9f~the'procedure iS“that;given

by Stewart (13)e
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Part I

T ST 'A.'N’ 'EXPERIMENT WITH CUTHBERT. RASPBERRIES

“IntrOduCtion'

For several years now one of the major problems of the

‘Fraser Valley of British Columbia has been that concerned

-’,*with the difficulties met in. raspberry growing.‘ Manyediff;
kerent.phases offthe problem have been studied by’the .
‘personnel of the British Columbia Raspberry Committee (14).

, The importance of nitrogen fertilizers is generally |
}recognized by this body. According tOrWoods (14), results
x~.from both the Experimental Farm at Agassiz and the plots at

UHatzic, show that only nitrogenous fertiligzers. are of value,’

although he could find no conslstant correlation between the
t *'ranalysis of soils from,"good“ and "poor plantations. |
£Harris (14) has stressed water as being of prime importance
and has shown good results with nitrogen and phosphates as
‘lnutritional factors in the raspberry problem. The,nitrogen
Jnutrition of the raspberry plant therefore has been’and A
‘kstill is an important part of the raspberry decline problem,‘
'and the author felt.that the quantitative methods originated
ih_by Mitscherlich should be tried as & new approach | '
; v Chemical analysis of the plant material was carried out
‘h, ‘for‘the purpose of finding out whether or not the percentage

'“composition and the total nuhﬁent content were 1n any way
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voorrelated with the- soil nutrient level and the obtained

‘yield. |

kExperimentali

’-LvMaterials and Control of Conditions o

Twenty-five ten inch clay pots were thoroughly washed
and dried The interiors of these pots were then heated by
inverting over an electric hotplate and thoroughly coated
(inside only) with melted paraffin (Parawax). The pots were
~ifilled with a mixture of washed sand and freshly~pondeneqi‘
peat of 1ow fertility value, Thietmixture'wasfSO-SO by
volume (approximately 6100 grams dry sand and 400 grams drdéd

2 peatﬁpergpot). From the’ apparent specific gravity of this

",mixture;“the‘acre weight to_a_depthiof sixyinches was deter-

"mined as 3,764, OOO pounds.

Twenty-five Cuthbert raspberry euckers were selected on

’ rtherbasis>ofxunif0rmitykof,sizeVfromkaooeor‘morentaken from

‘rk;thetﬁniversityhfield plots, _yariations in vigor and growth
ktpowerfWere present'never—the-less»and ultimatelyrcaused S
'*considerable error in the experiment i |

: The roots of the plants were: washed free of s0il and C

1 they were then transplanted to the pots on May 18 1940

;,Thexnutrientlsolutions_Were ‘administered and the experiment ,

_was’ continued during the summer months until October 11, 1940.

The‘experiment.wanset up in arlathehouse south of the
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 eUnivefsity'greenhOuse,rpartial‘shade;being~givenrby four~
inch planks spaced four inches apart,'six feet above the
surface of the pots. At timeS'of’heavy reinfall s’canvas
fAiwas spread over the top~oflthe~leth-house to prevent the

‘ lflooding of the pots:and the consequent overfloﬁing‘of the

i',sdrainage pans,

Disease and pest controls were made with lime sulphur
and nicotine sprays. The raspberry saw~fly succeeded in
causing small injuries to the leaves~before they were satis-

'factorily‘contrOIIed.

‘*‘ Plan of Experiment

The series of raspberries were supplied with ample

amounts of all nutrients including water, except nitrogen,

. which was varied downward from an ample level to a definitely '
',,deficient level, | ‘

The ample level was ‘derived from Baule's food unit eval-‘

Euationwof'nutrients(15) For example, when 225 pounds of
snitrogen are available to an acre of a- crop, it Will make a
s50%'yield, Thus, 4kunits.ork900 pounds;nitrogen‘per;acre
“will give sftheoreticai”yield*of 94% in a field trial, ’The

w'~,7,ef."f:T.kc,‘ienc;sr'of the fertilizer, however, is increased.(onlan

~area basis) when it is confined to a pot. Therefore, 2%
‘B&ule'unitS'oftﬁitrogen”(550 pdﬁhds per acre) were used as an
‘ampie'leveig . The same level was used for the potash but the

;phosphhﬁe:application,was derived on a 6 Beule unit basis in
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‘Order toltake‘care of possible~fixation in inseluble forms.
In this experiment the nitrogen was the only variable,
being supplied at six different. levels.
(l)g, 0,12 'gm N per pot

(2) 0.33
(3)  0.54 ”:&
| (4) ~Q;67 - »
(5) S 1.34 o
(6) =z oi‘k B

These values were chosen such that (2) (1) = (3) (2)

L and (5) (4) (6)-(5) 1n order that the yield values obtain- -

| . ed would be applicable to equation (IV) which is

(32)% - (31)(3s)

1R

20 - ) - 70

"where A is the calculated maximum possible yield and yl, yg,

‘and Yz are the yields obtained either from treatments (1),
‘ (2),~and‘(5) or (4), (5),.and (6), respectively;;expressed
l’in grams dry weight. , ,

3 The Py0g was supplied in. the seme smount to all the

| J;‘pots,:namely 1,03 gm per pot (l 71 gm monocalcium phosphate).

:f~i The K20 was supplied in a similar menner at 0.815 gm per

pot (1 62 gm potassium sulphate). The minor elements Were

: supplied to}each pot as follows;
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MgSQ4 ...Q.:400_mg‘
MnSO4 ee¢e.. 100 mg
GuSO4 ..,;.k_zo mg -
| FeSO4‘....;Q‘5O mg
“'HgBeg ...;. | 4 mg
: *,The experiment'was'kept well moistened thr6Ughout the

growth period, The drainage water was returned éarefully to

“its?respectiVe,pot at éach watering so that no nutrients

were lost from the system.
The experiment was done 1n quadruplicate.“The single‘

check;pot received no fértilizer at all,

 Harvest Methods

'ff,Theklbwer leaves wﬁich.sh®Wed‘sigﬁs of dropping‘off
during'the-experiment wére,haryésted from time to time and
weie‘keﬁtkinbiabeled_bags; ,On‘October‘il, the rest of the
leavéé;werégstfippedAbff;’ The canes were cut ﬁp 1nto small

pleces. The roots were so thickly matted that 1t was found

_difficult to wash them completely free of sand, Most of it

shook free however, when the roots were dry. .The material

| was dried to a constant welght at 75-80°C, Both top’Weights

and root weights were obtained, ‘ ; \ ; %

Methods of Analysis
. The dried piant,materialkfrom each pot (roots, stems,

and 1éaves) was ground to a coarse meal_in a meat grinder;

4 Thé nitrogen analysis was run in triplicate and two gram




-17=

,éampies:were used in order to minimize_the sampling error,
The Kjeldahl.method was used (1). Ash solutions‘wereimade
on five°gram samples, The phOsphate determinations were

made on the ash solution using Tschopp!'s method as modified

11t for use with the B,D,H, Nessleriger color discs (3). The

potash in the ash solution was determined by ‘the Sherrill
centrifuge method (11).

Results of theiRaspberry Experiment

The Dry Weight Data

‘ The yields obtained in the experiment are shown “in
”Table“l The figures are the dry weight of the whole plant
(roots,nstems, and 1eaves).

Thefgeneral trend;of increase in yield’with increase in
knitrogen 1evé1’wes evident~inrspite‘of the rather large de-
vietion and iack of‘conformityfwith?a true 1ogar1thmie,fl
~curve. (Figure 2). Since the phosphate and potash were
'i supplied at 1,03 and O 815 gm _per pot respectively, it will
'k'also be seen from the table that the yield continued to in-
crease until the nitrogen was twioe as high as the phosphate
or petash ;

By far the most satisfactory growth was obtained in the
high nitrogen treatment where the canes were nearly six
feet tall; 5/8 inches thick at the base and supported large
kiiihealthy(lee#es.“:The’low end of the seriee showed,definite
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J onitrogenmstarvation;symptoms~of small yellow leaves and very

spindly canes, It will also be noted from Table l that,

. although the check plant was. definitely emaller than that of

ifthe.lowest nitrogenyapplicatien, it madefsufficient growth

‘to indicate the presence of a small amount of hitrogen in

'the‘sandépeatimixture.

'Table l, Total Dry Weight of Raspberry Plants Resulting

from Nitrogen Supplied at Different Levels

ﬁitrogen Appiic-' l Dry Weight of Plants
ations per. pot ~—— : -
gm) N i Beplications , ... Average
- Check et smmmomp deized :._,_l 6.4
0.2 . 50.6  93.0 36,2 7l.2  57.8
0,35 120.0 103.6 104.9 105.4  107.9
0.5¢ i 1271 9047 105,8  119,1  110.7
Co.67  128.3 63,4 108.6 167.5  117.2
134 126.2  138.3 157.9 134.8°  139.3
201 156.7 204,6 181,53 204.6  189.3

~

The Maximum Possible YVield

The marked variation in this experiment, asg shown An -

Table 1, makes the use of calculations rather hazardous.

However, since the general trend 1s present, certain of the

k fjalues obtained may,bedused~as/the'basis“of approximate
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calculations.r The yields which best suit~the:logarithic
:curve are 71 2 gm,. 103 4 gm, and 127 l em, These yields
were: obtained from pots supplied with nitrogen. at 0.12 gm,
0,33 gm, and 0.54 gm respectiyely. Applying this informa—
- tion to the equations k ’
 (103.4)% - (71.2)(127.1) |
A = e : = 193,2:gm
2(103,4) - (71‘2);,,(127,1)

_This calculated value for- the maximum yield is only four
grams higher than the average of the highest vields obtained
in the experiment.,ﬂwhen one considers. the lnherent varia-
‘tion in:the'raspberry;suckersyieven if~carefully selected,

these values are in fair agreement,k

‘I‘hekProportionalityeéonstantJ o

| 'klt‘is desirable now to compare :the obtained yield
curve with a true logarithmic curve, in order to estimatek
the:conformity of the experimentfto the Mitscherlich~yield
law. Since the maximum yield, A, and the minimum yield, 7y,,
(yield from the check pot) are already determined for the

| . true curve, it remains to find which one of the possible

1ogarithmic curves that could fit between these points,best‘

suite,the'shape of’the obtained curve, That 1s to say,’it

remains to determine the slope of the curve between the |
'imaximum\and‘the minimum. As’ already pointed out this slope

is determined by the proportionality constant of the
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Mitscherlich yield relation and this is found by sOIV1ng
‘”equation (VI) Owing to the great var1ation in the yields
obtained, eech set cf.values appliedcto thekequationkresﬁlt-
'c ed in a different‘valﬁe'for the proporticnelity ccnst&nt;
This rendered the use of equation (V1) unsatisfactory. In
order to avoid this difficulty, a series of calculations
were. carried out on a group of numbers. between O 5 and 1,0
' until;it,was,found;that a prcportionality constant of 0,74
resulted in a curve that closely approximaﬁEd the curve of

the obtained yields (Figure 2).

The’Fertilify of the Sandepeat Mixture

' Before proceeding with the calculations for the theoret-
icalfyields indiceted b&.the true logarithmic curve, it is

necessary to find the 1nitial nitrogen content of the sand-

: “~peat'mixture, This can be determined by solving for b in

e
33
¢

equation (VII).

. S L ; logA - :1og(A-yo)
~ Equatlon (VII) is | b = . ,

e

 The data are, A =193.2 gn  (the maximum yleld)

Vo= 56.4'gm (the yield where no nitrogen

was added)
¢ = 0.7%¢ . (the proportionality
‘ constant)
Substituting, & °  log(1l93.2) - log(193.2 - 36.4)
S c nE e

0.74
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b = 0,12 gm nitrogen per pot

This is the amount of nitrogen that was originally present

in the,sand—peat mixture as dtermined by the Mitscherlich

’Z[ﬁéthOdkof~soil testing.

Calculation of the Yields for a True Logarithmic Curve

Having obtained the sabove information, the theoféﬁical

" yields indieated by the true logarithmic curve which has the

. séme,SIOﬁe'(c£;0.74)kas the obtained;éurve;:mayVnow be cal-
culated and plotted in order to see how closely the experi-
" ment conforms to the Mitscherlich yield laW. ‘ v
Equaﬁign,(V) Which~in¢1udes thé value for bfis(u#éd.
10‘3(3.&) = logh Q'c<(x+b)~ 8
For example," when A=195;2’, cf-=0.'74, b=0,12, x=0,12 and
’ y is the;yigid_which shoﬁldjnormall?fhave resulted“from it,
 then s T e et
i _1og(193,2l-‘ ¥) = 1ogl93.2 - 0,74(0.1Z+ 0.12)
y = 67.0 gn

J

inﬁthisﬁmanner,'alliof'the yiélds‘Which theoretically

should have been oﬁ%aiﬁed from the seven treatments were
ﬁ, caleulated. ~ The resultszare tabulated in Table 2,.and are
- expressed both in grams dry matter and in percent of the

 maximum yield (193.2 gm).
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'f,Tablerz; Compearison of Obtained Yields and Theoretical

Yields of Raspberry Plants

 Nitrogen  Grams Dry Weight  Percent Maximum
Applied v , -
~ per pot ~ A -

- (gm) Galculated Obtained Calculated  Obtained
iy Yields  Yields Yields Yields
Check  35.3 36,6 18.3 18.8

0.12 67.0  57.8 Bt 29,9
0.33 103.4 o 107.9 53,5 55,8
0.54 130.4 110.,7 67.5 57.3
o.67 142,9  117.2  74.0 60,7
1,34 1771 139.3 91w w2

2,01 188.1  ° 189.5 . 97.4 98.0

From. Table 2, and partiCularly from Figure 2 which
contains this data, it is clear that the obtained yield

wa‘curve follows the general 1ncrease expected in a

: jM:L'csc:lrxerlich trial but it obviously deviates from the

logarithmic curve 1n‘threegof@thevseven treatments, Accord-

%:ingvto Figure 2, a B50% yield bf raspberry plant:was obtained

”“g when thefnitrogen‘ievel was 0,4 gm per pot (0,06 gnm per'

~,'In;F1gure 2, thefyieldrdata'eXpressed as percent of the

. maximum jield is pletted against the total soil nitrogen,

:"ﬁe(x4-b) of each treatment.,
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;'fResults,of‘Raspberrz,Analysis

The results of the analysis are expressed both as total
content per éaspberfy plant and as percentage,GOmposition in
. Tables 3 and 4, respectively. The total content per plant

is also represented graphically in Figure 3.

 Table 3., Total Nutrient Content per Raspberry Plant,

" (each figure is an aveiage of four replicates)

_Nitrogen

Treatment A Nitrogen , Phosphate 'Potésh,\'

 (em) (M) (gm)  (Pg0s) (gm)  (Kz0) (gm)
 Check 0.232 Co.17 0,238
012 0.438  0.214 - 0.565
0.33 0.860 0,417 0.934
0.54 0.895. g 0,415 0,947
0.67 0.944 0,461 1.022
1;34 1,116 o1  ';,224

2.01 S a,782 0,774 1.565

j”Thé totai ébéorption cufves follow the shape of thé
‘;i‘jield curﬁe'very closely (Figurels); T%is'w&s:hqt only
trie for,gitrogen'but,was alSo'truekfprkﬁhosphatékand potash
as,well.' Tgét:is, as the'hitrogén applications were vafied’

doanardytoka deficlent level not only the yields and theilr
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nitrogen contents, but also their phosphate and potash con-
tents deminished, even though these last were supplied at

; an,ample 1ev;l in.all~treatménts. The‘ratiO'of the dgbsorbed
nutriénts,_thérefore remains approximately the same through-
out the series,gt 2:1:2%, This ratio held inispite of the
fact thatzthe‘nitrogenlin the,fertiliZer applications’was

varied downward to 1/20 of the highest application,

kTablé,é. Percentage Gomposition‘of~Rasﬁberry Plants.

(each figure 1is an average of four replicates)‘

Nitrbgen

Tréstment ° Nitfogen - ,Phosphate 5 Potash
(gm) () (%) (P205) (%)  (Kg0) (%)
Gheck ~ 0.60 0,50  0.70
'0.12 o83 0.41 1,05

0.33  0.80 0.39 0.87
0.54 080 | 0.3 . 0.86
0.67 ' 0.81 0.z 0.93
1.54 | 0.79 0439  0.88

2.00 0,92 0,41’ - 0.82

“The most notliceable reSult shown by the analysils data
was the léck‘bf any treﬁa'ihsthe percentage composition of

the plaits reflecting the fertilimer treatment which the
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\7plants,received.’ That is;tregardless of theVSize of plant
k‘_'or the state of nutrient unbalance (except in the check pot)
-~ the, percentaée composition remained approximately constant

kpphosphate and potash as well as nitrogen were present in
":limiting amounts, was, however,'definitely lower than that
of the treated plants (Table 5).

'Tablemﬁ.,f ,Comparisontof,Percentage‘CompoéitionVOf‘Treated

. and Untreatedrﬁlants

Composition of 24 . Gomposition of

Treated Plants, % Untreated Plant, %
N 0.8 %0035 0.6
P05 0.4 *fo02 0.3

Kp0 R 0.9 * 0,08 0.7

Although it is unfortunate that the check plant was

2'~ 9'1'10'(: run in quadruplicate, the difference between its com-

s f‘position and that of the treated plants appears signific&ntQ

'ConclusionSVOngthe Raspberry,Experiment

This experiment supplies additional information o the‘

: fwtwork of Woods and Harrls . (14) by showing the quantitative
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effect of increasing‘the nitrogen.fertilization."The nitro-
 genwsupply‘wgskincreased until it was twenty times the
kamouht of ni%rogen'origindlly present in the soi1; By far
the most satisfactory growth was obtained in the high nitro-
gen treatment, whereas the:growth’obtainédyinbfhe low
knitrbgen pot~was guite comparable to poor field,planﬁationé,~
a 50%‘yield>be1ng,cla58ed here as definitely poor growth,
The experiment also indicates that there 1s a definite
'émoﬁhtgof‘nitrOgen‘which‘Will,giVG é certaiﬁiamountgofieane
Ngrowth;when,tneAotherkgrowth factors, including water, are
'jpfeséﬁtfin sﬁffidieﬁt amounts. 'be'insténce, 50% growth is
obtained from a saﬁd;peat mixtﬁre'when hitrogéh-is_présent‘
at 0.4 gﬁ-per;pot.JfIhfthis~experiment, therefore, one
“food,unit“ isk0.4'gmknitrogen,per'pct. Intéfpréting this
in terms of nitrogen pef'aére (6" deép); it amounts to 230
“pounds(célculated on’é;soil wéight basis), which is in
marked agreement with the recognized Baule unit of nitrogen,
\ 225fpouﬁds'per aere (15), |
: “From the standpointvof‘makiﬁg fértilizer recommendations,
the most importent information shown is the fact that ﬁhe,

; bést‘grOWﬁhjwas obtained when the nitrogen was two times

ik‘_;highervthan the phosphate or potash. In preliminary rasp=-

‘berry trials (unpublished) canes were grown successfully in
_the greenhouse, with good'growth'and fruiting, when the
- nitrdgeﬁ~was five times higher than the phosphate and 2%
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times higher than the potash.
Although the total amount of absorbed nutrients is pro-'

portional to the increase in the yield and therefore to the

k:~rincrease in. the soil nutrients, the ratio of the absorbed

t’,.nutriﬂentsfb‘ears no,relatiOn;to,the ratio of the\same nntri-
entslin[the,SOil. jThisiseems tosindicate that the total |
| amounts'of‘the~nntrients'in*the raspberry plant are absorted
'in a definite ratio regardless of the state of the nutrient
””unbalance and size of plent. ‘H
The apparent constancy of the percentage composition :‘
“"shown in this work is not. in accord with the results of the
following experiment-with oats; nor with thehpublishedfdata
of Mitscherlich, Pfeiffer, Macy, et al, (6)e

On the whole the results obtained avre sufficiently
indicative to Warrant the further use of the Mitscherlich

jmethod in raspberry nutrition work sespecially with an im-

',kproved technique. One. material drawback is the’ fact that

«1fseoond year growth cannot be measured satisfactorily, that

is, it cannot be measured independent of the first year's

i fgrowth Strictly speaking, therefore, this method is con-

”fined to, the first year's growth, except for qualitative
”observations,*such as the deficiency_symptoms,,incidence of

 virus disease, dying of buds, and quality of product. ‘Since

'\,lthe“rasbberriés in this experiment were only studied for the

first year of growth observations of this type could not

~ be made.
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ParthI‘

. AN EXPERIMENT WITH OATS

Introduction

In view of the very moderate success with the raspberry
experiment, particularly in regard to the Mitscherlich growth
1aw, e more extensive experiment with oats was designed

ln this experiment, a pear orchard soil from the Experi-kf
‘ ment Station at Saanichton B. C was used as "the growth

,medium. The size of pot used was 1/6 the size of" that used
| by Mitscherlich and much smaller and of a different type than
thet used»in’the respberry experiment. Dats were chosen as
;f‘ Eﬁe”plantuindicatof becense the~genetie variation,in thefseed‘
is_prectically negligable, thusyelimineting the greatest
source of error that was present in the raspberry experiment.
] This experiment,wasirnnkin three'ser;es (nitrogen,'phosphate,
’andfpotash)‘inforder to’check'the yieldklaw with all three
nutrient. ‘

Since rapid chemieal soil testing is a very popular
method of evaluating soil fertility, special attention was
; paid in this experiment to a comparison of the rapidvchemical
ktests9with the‘MitseherliCh plant‘methodiof soil testing.
The analysis of the plant material, as in the raspberry

- experiment, was carried out as a check on the yield phenomena

: and as a study on the relation between soil fertility and

- nutrient absorption.‘f
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Experimental

,Apparatus .

Instead of the large enameled metal pot used by
;ﬁitSCherlich, Capd, Magistad; et al, laguered tin cans of
4" diameter and 4" soil depth .were used, ‘Their capacity was
‘one kilogram of screened so0il and they had an area of 12,56
Square inches or O, 000002 acre, These pots, 44 of them
wcomprising eleven treatments 1n duadruplicate,‘were placed
in a rack arranged 80 that small laquered tin cans could be
placed under them to act as drainage pans. ' The pots were
~provided with a central drainage hole, Wire supports‘were

provided for the plants.

So1l Semples

Soil samples were taken from half'an‘acre of a gravely

loam pear orchard soil at the Dominion Experiment Station at

- Saanichton, B C. Sixteen samples, amounting to approximately

. 180 pounds of soil were taken to a. depth of 8 inches with a
spade. This was screened in a % ineh riddle and from the

weight of screenings, the soil was found to be approximately |
20% stones. A sample of soil was kept for analysis. From |
the'apparent specific gravity, the acre weight of this soil

was determined as 2 million pounds.

Mixing Procedure

The screened soil was thoroughly mixed in a galvanized
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iiron tub. Eight kilograms of this were. weighed out in an
'fenamel basin. The approximate amounts~of -8tock solutions for’
Tone of the treatments were then pipetted into the soil, care
‘ being taken*not to spray 1t on the sides of the basin, The
‘g0il was,then thoroughly mixed~by hand, making»sure all
moist lumps were broken up, It was then divided into four
: equal parts‘by welght and transferred to the pOtS'Which were
’?then labeled as the four replicates of a single treatment
Each of the eleven treatments was mixed in this manner., The
"bottom 3 to~4,centimeters were tamped'down and the top'soil
’leftfreletively loose. The replicates were staggered on the

raek 80 that none were adjacent

Plant Material and Stand

Victory oats (8/2, 1940) were treated with Cu2005 dust.
Seeds were selected~to\a uniform~size and were planted to a
depthsofll;5kcentineters, 12ein;eao% pot. The soil was
moistened with”distilled weter snd covered with‘aksheet of
’heavy wax paper until germination was oompleted At thee
second leaf stage (August 9, 1941), they were thinned out

‘kto 6 plants per pot, care being taken to remove seeds in the

o operation (forceps ‘were used).

 Watering
‘ ‘When it appeared necessary, the pots were brought as

'nearly to saturation as possible without overflOWing to the
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drainage pan, If the pots were accidentally flooded; the
water was returned from the'drainage pens to their respective

pots before'the next watering, GCare was taken to avoid over

'e=watering in order to guard against poor airation. Distilled

~ water was used, Watering was discontinued a week before the

harvest.

I

;Control of Conditions

The experiment was carried on in a relatively cool green-~'
lhouse at the Experiment Station. For the final‘twoiweeks it
was removedito'a;warmerkhousevin order to hesten‘maturity°

The plants ﬁere-dusted/Severalitimes'with sulphur and ﬁere |
\',sprayed‘onoe with nicotine‘sulphate for the‘control of aphids.
They were aslso dusted once with a lead arsenate»nicotine

dust to control chewing insects,

'Feeding Plan and Stock Solutions

The experiment had three series (nitrogen, phosphate,"
and potash).f In each seriesiall,growth feotors werensupplied
'atfan ample level except the vafiable, Which was varied down-
ward in equal increments to a zero. application. The‘ample
levels in this experiment were chosen as one Baule unit of
‘“eeach that is, 225 pounds nitrogen, 45 pounds P505, and 82
;:pounds K50 per,acre.yﬂThe amounts per pot were calculated

fromlthis onfan‘area‘basis. pThe'generalrplan was as follows:
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Teble 6 - Feeding Plan of Oat Experiment

Series  Pot Number Nitrogen (gm) kP205'(gm) Kgoy(gm)

A1l high 1 0,204 0.039 0,075
2 | 0.136 0.039 0.075

X B 0.068 0,039 0,075

4 : 0.000 0.039 0.075

5 0.204 10,026 0.075

POy 6 0,204 0,013 0,075
7 . 0.20¢ 0.000 0.075

: S 8 ' 0.20¢6 0,039 0,050
Kp0 9 0,204 0,039 0,025
10 . 0.204 0,039 0,000

Check 1L 0,000 0,000 0,000

In Table 6 the ﬁall high" pot féceives,the greatest
,amounf of each of thé growth factors and was, therefore, the
top pot for. each of the series. | |

’ ~ The nitrogen was supplied as (NH4)2304 and NaNOz in
’such proportion that half the nitrogen was supplied by each
salt,  The ambunﬁs of the salts used are repreSehted by the

following values for the "all high" pot.
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Table 7. Salt Weights of the Highest Applications.

+Ynit: (NHg)p80z  NaNOz  Superphosphate  'KpSO,
gn per pot 0,48 0.62 0.21 0.14
1bs per B e ~ , , '

acre B30 682 250 150

The nitrogen stock solution wes made up by dissolving
17, 28 gm (NH4)2SO4 and 22,32 gm NaNO, in water and making
_it up to 270 ml, Then 30 ml contained 4 units' the amount
i required for the maximum application for 4 pots (replicates),
Thus 20 ml contained enough for the 2/3 unit level‘for 4
;replications, and 10 ml contained enough for the 1/3 unit
level for. 4 replications. L '
Using Mitscherlich's procedure for dissolving super-k
phoephate (15), 8. 28 gm of 1t were dissolved and administered
as above, In the same manner, 5 04 gm Kgso4 were distrib-

futed.

',Hanvest,Methods

The heighﬁ of the tops Were measured, The heads were
stripped off, the straw cut off at‘the ground, and the roots:
were washed cleen; Green Weights of the straw and grain
’wefebobtained; The number of stalks were’also counted, The

material was dried in an oven at 90°C for 24 hours, Dry
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‘Weights.of:roots straw and grain were recorded‘Separately‘
The g;qwing perlod was 127 days from August 3, 1941 to
DQCember~7,J1941., |
e The material wagyground to a powder and stored in eﬁé

velopes for analysis,

‘Methbdé of‘Aﬁaljsis_‘

The éoil‘samplés were analysed by means of the fapid
‘\éhemigai?tests of Spurway'(lz)‘and Morgan (10). The;totaly
phosphate content of the soil was determined by the A.0.A.C.
mefhod (1) modified for use with Tschopp's colqrimetric
me thod a'ndfthe ‘B.D.H. standard color disc‘s’ (3)

. ‘The plant material wasvanalySed.fOr tétal‘nitrogen,
phosphate, -and potash;J The nitrogen analysis was carried

- out with the Kjeldahl‘methOd,(lj'using one gram samples.,
For phosphatés; the’O,S,gramksamples wefe digested in per-
chloric acid,fneuﬁralized, and the Aetermination’carried
out by mschépp‘rs xﬁekthedw:a’s modified for Bue with the
B.D.H.,Nésslerizer dolor discs;(3). The potash;was’deﬁeim-
ined by the Sherrill method (ll)xon the ash solutions

- obtalned from one gram samples, .

Results of the Oat Experiment

‘Dry Weight Data

The following tebles and graphs are composed of the
‘measuremehts mede on’the grOwthMOfkthe'plants and Indicate.

S
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the trend of the results which will be discussed in greater

detailalater. The dry weights given in Table 8 include the

welghts of the roots, straw, and grain,

Teble 8. Totel Dry Weight of Oats_Resultiﬁg from Differen

tial Fertilizing with Nitrogen, Phosphate, and Potash.

~kTreatment (g@)‘  T Repiications ; .. Average

N  --0,204

¢
(o]

Py0g --0.039 ~ 11.5 10,6 9.6 10,2 . 10i5 * 0.8
Kp0  =-0.075 |

0.136  11.6 10,5 11.1  10.1 10.8 *

£ 0,7
N 0,068 10,6 9,4 10,0 10,0  10.0 *O0.5
0.000 4.9 4.6 4.9 4,6 4,75%0.2
0,026 11,6 11,9 11,6  10.5 11,4 1 0.3

P05 0,013 12,4 9.7 10.7  11.5 11,1 £1,1
0,000 11,5 10,9 11,1  11.2 ' 11,2 *0.2
0,050 11,1 10.9 9.8 10,5 10.6 * 0.6
K0 0,025 10,9 10,7 10,6 10,6  10.7 *0.1
0,000 10,7 10.7 10.4  10.2 10.5 * 0.2
. Check (0-0-0) 4,6 4.5 4.4 4,5 4.5 * 0.1

-~ Standard deviation = [Zfd*
; n-1
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The data given in Table 8 are graphically represented in.
rFigures 4, 5, and 6o
| All of the measurements made on the oats reflect the
same . trends as do the~total dry weights, For the sake of
simplicity, therefore, only ‘total dry weights of the oat
plants are reported,
| It is noteworthy that the replicates in all treatments
hgree very. closely, having an average standard deviation of
| O, 4 gramsffor'the eleven treatments. No single treatment
tshows a standard deviation greater than 1,1 grams (Table 8).
The nitrogen series shows -a general increase in yield
aindioating a good response ‘to nitrogen fertilization (Table 8
‘and~Figure 4).-fBoth the phosphate»and the potash series
yshow no general increase in yield, indicating that there is
no positive response to fertilization with these elements
(Figures 5 and 6).. . o :
: o The\"all high" ‘treatment, ~which received the greatest
’amount of each of the growth factors and which was the high—
1 est‘treatment,for eachfof the three series,;unfortunately:gave
‘a-lower yield‘than~was expected, especially in respect to.the’
| nitrogen‘and phosphate series, “This appeared to be due to
k; excess nitrogen, judging by the dark green color of the
:1leaves, much branohed habit, shorter straw, ‘and low grain
formation. It is unlikely,fhowever,fthat it was due to '
’encess nitrogen alone, hecause;all,of the pots in both’phoséy

‘phate and potash series received the same high amount of

o
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nitrogen(0,204 gm nitrogen per,pot). ’In spite of this, the“
phosphate series showed the highest yields in the experiment
and neither the phosphate or the potash series showed any
"excess nitrogen symptoms.

All pots of both the nitrogen and potash serles, as well
’as~therhigh phosphate\treatment'0f~the‘phoSphateyseries,kre-
ceived P,0. at 0,039 grams per pot, HoWever,_theffemainden

275
of;the phosphate serles, which all received less than 0,039

1o grams Po0g per pot including the treatment which received no

phosphate, consistantly gave yields that were one gram higher
than any other treatment in the experiment,

An important point revealed by the data of Table 8 13 the
1ack~of a significant difference between the "no nitrogen" |
treatment which received phosphate and potash fertilizer, ‘and
| the check treatment which received no fertiligzer at all,

Since the phosphate and potash series showed no measure-
able response, it was not possible to make calculations on |
these series.‘ Calculations for the nitrogen series were,

however, carried out,

The Maximum Possible Yield

Since the nitrogen curve exhibits a decline at the high
end‘of‘theuser&es, the calculated value for the maximum yield
(10.9 gm) is'slightly lower thanythe highest average vield
(11‘4 gm) It seemed wise, therefore, to use 11, 4’grams as

the maximum yield although it makes little difference to the
‘ calculations.
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 Pf6port1onélity"Coﬁstaﬁt

When no nitrogen was added to a pot, a ﬁield of 4,75 gm
was cbtained.  This was the'result’of‘an amount of nitrogen,
’b; which was 1n the normal soil. The whole yield;cﬁrve was
therefore, displaCed upwards by an amount of»4;75 gm, Thek
fertility of the soil is then represented by, x’;bi, which
v'iﬁclu@egwboth ﬁhe Original,fertility,,b, and fhe known fertiia‘
izer,é#. )This term, 1t willjbe'remembered,iis included in

equation (V) which is ,

alog‘(Ak—'hy) = logh—ec(x+b)
Sincé both b and ¢ were, as yet, unknown guantities in this
,equation,ftwo such équatibns were’solved‘SimultaneOugly
using the condensed form (VI) which is |

log(A-y3) ~ log(A-yy)

Ko - 11 .

Since A was 11.4, y, was 4,75, yp was 10.0, x) was 0,000,

end X, was 0.068, then

log(ll.4 - 4,756) - log(ll.4 -10.0)

0,068 = 0,000
c = 10

This,@eans that the value of the proportionality constant.



-42-

which 1s characteristic of the slope of the curve obtained in

~the@nitrogen series‘of this experiment was lO.‘ Use -is made
of this number in the following caleculations for the soil

nitrogen and the yields for a true logarithmic curve,

'Soil Nitrogen
- The amount of nitrogen already present in the pot was
then cglculated from equation-(VIi);wheré Yo 1s the yield

obtalned when no nitrogen was added to the soil,

logh - 1§g(A—yo)

c N
lqg11.4 - 1og(11;4:;,4_75)
b = — '
10
b = 0,023 gm nitrogen per pot

 According to the Mitscherlich method, therefore, this soil
. .contalned 23 mg nitrogen per kilogram Qfsscpeened'air dry

soil.

fCalcuiations 6f the fields for a True Logarithmic Curve
[ It~was‘desirab1é then to check the validlty of the
:Mitscherlich s0il test, This was aecomplishéd by computing

 a,true logarithmic curve between thefmaximum‘(ll.4'gm) and

,the;minimum (4,75 gm) of the same slope as the obtalned yleld
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curve (c;=10), The purposé of thiskoperatibn was to‘eStimate
the aecﬁracy of the experiment by finding how closely thé
observed curée resembles a true logarithmic curve,
‘Having determined the value for thé maximum yield, Aé
the soil fertility, b, or x+b as the case may be; and thé
- propbrtibnality constant,:c;kthé‘theorefiéél yields for- each
: treatménts were then caiculated by means‘of‘the general
equatiéh (V). The résults of these\calculations are given in
TableVQ,,both 1n‘terms'of grams dry weight and as peréent of

the maximum (11.4).

‘Table 9. GComparison of;ObSGrVediYiélds andyCalculated
: ,Yiélds of Oats,

Nitrqgén Grams*bry;Weight Percent of Maximum
Supplied < __ —_— —— ' , —_ :
(gm)”y “'Observed' Calculated gObserVed Calculated
0.204 . 10.5 1.4 92,1 100,0
00156 . 10.8 ‘ 11.1 9407 9765,
0.068 10,0 10.0 87.8 87.8
0.000 45 407 41,7 4l.2

The data of Table 9 is represented graphically in Figure 7.

From Tdbie 9 and Figure 7 it may be seen,that the obser-

véd yields of the nitrogen series follow the shape of a true
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10gafithmic curve very;closely, exceptiné for the slight
decline at the high end of the series, |

‘From Figure 7, a 50% yield of oats was obtained in this
series when the available nitrogen was present in the soil at
28 mg per kilogram, and an 87, 8% yleld was obtained with

91 mg nitrogen per,kilogram of screened air dry soil,

Results of Chemical Soil Tests

v'lThe soil sample was first tested with éhe'Spurway method
of,soilftesting4(12);,'Ih,these,tests (Tableklo), 2.5 gm soil
,were.diluted,£0'13.5 ml with weakkgceticoacid extfacting~
solution; :Ther.p.m. refer tofthe~concentiations‘ih this
solution.l'The:amounts per pot were caleulated for one kilo-

'gfam'oflsoil,;thevamount~of soil used in eaoh~pot;

Table 10, ,spurwaj,EXtract“Anslysis.
Nﬁtrien’t‘ R :;p.p‘.m».‘ : ' gm per pot
‘Nitrogen () 3% . 0,016
Phosphate (P205) - 1 S 0.005
, Potash (Kzo) 8 : 0,042

‘ In view of the results obtained from the Mitscherlich

. test it was felt certain that the values for phosphate and



-45-

'potash/wereafar too 1ow.s'Further analysis’nas therefore
"carried out ~this time using the strong action of Morgan's

‘ sodium acetate acetic acld mixture (10) as the extracting
,‘agent.; In these tests (Table 11), 5, 5 gm soil were diluted

~ to 13.5 ml (twice as concentrated as the Spurway extract).

Table 11, " 'Morgan Extract Analysis
Nutrition " p.D.m. ~ gm per pot
Nitrogem (N) - & ~ 0.016
E PhOSphate (P205) : i L 2 o ' S : 00005 .
Potash (Ks0) . 24 ~ 0.0860

Tables 10 and ll show & close agreement on a “low"
nitrogen content (16 mg per kilogram) and on a low phosphate
ftest (5 mg per kilogram) but they do not agree on the potash
‘test.q This was to be expected because the Morgan extracting
'solution frees potassium from the base exchange complex.

The soil was rather high 1n available iron (40 50 mg per ,
»kilogram) and consequently it had a rather high phosphate

ffixing power,

‘The total phosphate content of the’soil; estimated by

fusion with sodium peroxide, was 2‘54 gus Po0p per kilogram.
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Results'of the Plant;Analysis

The results of the analysis of the oat plants is

 presented in Table 12 in terms of total absorption of nutri-
ents per pot (six oat plants) and is expressed as averages of

the four replicates,

Table 12, Analysis of Oats as Total Nutrient AbsorptiOn

. per Pot

~ (Bach figﬁre_is théraverage of four replicates)

Treatment ~  Total N Total P05  Total Ku0
Tem) (@) (am)? (gm)

A1l high 0,170 0.047  0.234

10.136 0,127 . 0,049 0.223
N 0.068 0.081 " 0.085 0.228
0,000 0,027 0,021 0.123

Pp05 0,013 0,164 0,050 0,240
0,000 0.163 0.050 0.219

10,050 0.163 0.048 0.214
K,0 0,025 0,160 0,048~  0.187
0,000 0.160 0,047 0,197
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~ The data of Table 12 is represeﬁtedigraphically in
tFigures 8, 9, and 10, When Figures 4, 5, and 6 are compared
,with Figures'é,kg, and 10, it will‘be seen that the total

. nutrient absorption in egchjseriee’foilowed rather closely the -

shepe of the-oorrespondingtyield curves. The oitrogen, phos-~

phete,pond~potash‘absorbed in,the«nitrogen'series show curves

similarkiﬁ;shape‘(Figure 8) regardiess of the fact that the

knitrogen was the onlj nutrient varied in supply.

It éhould be»notedkhOWeVer, that the n{trogen absorption
curve of the nitrogenvseries'cootinued_to rise after the
‘phoSphate aﬁd potaeh curves had leveled out:in accordance with
the’yield curve,'~When”the‘n1trogen, whichewaslin the’miniMum;
weskfeiseo°to anQeXcess,vextra absorption of‘nitrogen oceurréd,

\A éimilar pﬁenomenonwoccurrﬂiin‘thexpotash seriee, The
absorption,curves.of,the‘pOtaeﬁ seriesﬁreeemb1e the yielo
’ourve'ﬁith'the exceptioﬁ ofatﬁé potaéh line (Figure 10),
Although no excess potash symptoms were observed 1n the plants,
kthey never-the less underwent extra absorption of potash as
the potash supply was 1ncreased ‘

-~ The absorption curves of the phosphate series all re-~
semble the phosphate vield curve., No extra absorption of
phosphate occurred. ; PR ; :

When ‘the nutrient absorption ‘was studied in conjunction
'with the manurial content of the pots, gsome evidence was

'obteinéd for the mass action theory of plant growth. In order



=50=

to get the correct nutrient absorption figures it was found
necessary tohsubtraet the amount of nutrient supplied by the
seed, The average analysis of six seede; weighing 0,25 gm,

was 4 mg nitrogen.

Table 13, Percent Soil Nitrogen Absorbed Compared
with the Yield

" Plant N

Total - Total ‘minus % Soil N % Yield
~Soil N-  Plant N Seed N -~ Absorbed -
(x0)(gm)  (gm) (an) i
0,025 0,027 0,025 100 41,7
0,091 0,081 - 0.077 85 . 87.8
0,159 0,127 0,123 o o4
0.227 0,170 o6 .73 92,

’57'Frbm Tab;é léyit ie apparent that.as’the fertilizer was
Increased by unit'inerements,kit beOame:leSSﬁandwiees effic-‘v:
ient et~§rbducing an increase iniyield. In the "no nitrogen"
treatment, all of the nitrogen. in the soil was teken up by
the plants, but, as the nitrogen was stepped up by unit incre=
ments, the nitrogen going into the plants and the yields went
up by diminishing increments. At the higher end of the series
‘it required a greater and greater nitrogen reserve in the

soil to produce & smaller and smaller increase in yield
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The s0il enalysis figures for the phosphate and potash
_were lees;reiiable‘and could not be considered in this
connection, |

The percentage -composition of the plants (Figures 11, 12,

‘ and 13)- showed the same trends as the total. absorption curves,
with,thehexception of the percent potash in the plants of the
nitrogenkseries,, Althoughpthe total:potash increased with
the yield the.concentration of potesh in the piaﬁf stayed at

‘ a high level and even. decreased slightly from 2, 6% to 2,05%
at the maximum yield and then increased slightly 1in the de-
’pressed yilelad of the high nitrogen pot, (Figure 11). The

phosphate determinaiions were not sensitive enough to- detect

,small differences in phosphate concentration in the plants,

Conclusions .on the Oat Experiment

¢

i'Althoughyﬁhe results:ofvthebpheephate ahdkpotashhSeries

iéhOﬁed.nohyieidifesponSe.ehd cOnsequenflj'were not*applicable
to the Mitscherlich equatiens, the nitrogen'series demonstraﬁ-f
ed the application of Mitscherlich's growth laws to the yields’
of systematically grown oat plents. The fact that the average
standard deviation Bf eleven treatments was only 0.4 grams;k
with a maXimﬁm standard deviation ef 1.1, illuetrates the‘
aecuracy‘that may beuobtained. The comparison of the obtained
| jield cu§§e of the nitrogen series with a true logarithmic.

cﬁr#e of'the same slope (¢ =10), shows that the calculations ‘
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for soilﬂnitrogeh~areedependable.
" Difficuity was encountered in trying to find a satisfac-
tory'explanation~of-the decline in yield at the high end of
the hitrogen and phosphate series, Although this "g1l high"
~treatment showed excess nitrogen leaf symptoms. and underwentk
extfa absoiption of nitrogen'(Figure 8),‘nohe of the 1owerA
phdsphate and potesh serles treatmenfs which received the
same high amount. of nitrogen (0,204 gm) showed excess nitrogen
leaf symptoms even though they. showed the same high nitrogen
contentf(Figure_Q and 10), On the other hend, all of the low
phosphate treatmehts showed higher yields than all the other
treatments whlch received the highest phosphate application_
(0,039 gm ).

uThe lack of'fesponse in the phosphate and potash series
indicates a plentiful supply ofhboth these nﬁtrients in the
soil, This conclusion is‘supportedfby the lack of significant
difference‘betweenathe "no nitrogen" treatment and the check
treatment, | | o

“From the nitrogen yieid curve, it can be definitely
stated that a;certein quantity.of,nitrogen'iS‘equivalent to a
.definite yield of Gats. That is;,wheniavailable nitrogen is
present in this s0il at 28 mg per kilogram, a 50% yield may
besexpeoted in a pot culture, When the nitrogen level is
91 mg per kilogram, an‘88%~yiéld‘will besobtained.s In this
‘experiment, therefore;.one "food’uhit“,is,28 mg nitrogen .

per poét., Interpreting this,in'terms of nitrogen per acre
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(8" deep),rit;amounts to 56 pounds;(calculated on a soil
' Weighﬁfbasis). This is only £ of the recognized Baule unit
of nitrogen; 225 pounds per acre (15). |
‘Tgbles 10 snd 11, and the results of the Mitscherlich
method show that the chemical testskarknitrogen,agree~closely
’withveach'Other at 1e'mg nitrogen per kilogram of;sofeened air -
iAaryasoil; and that they'chéck within 7 mg with Mitscherlich
methbdl(es‘mg4pér kilogram), The higher value obtained by
the plant method may be accounted for by th; fact thét.this
method takes into acébunt the nitrogen that was fiied and re-
o 1easéd,by~micr0biological activity dﬁring,the“grOWth period. |
"Sincevcaiculations were impoSéible with the phosphate
andvpdéaSh gseries, no direct comparison with the rapid chem-
. ical’téétS“can be made, ;However, certain conclﬁsions'can_be
drawn 0n'the basisfdf the plant analySis. The abéorptibn\of
197 mg of potash info’thé"piants which feceived'no'potash‘
fertilizer indicatés ﬁh§t at least 197 mg of potash were
vailablé to the oat plants during the period of ‘growth, Al-
thdugh‘no yield»response was obtaihédfwith potash fertilizers,
"éxtré‘éb36rpt10n of potash occurred (up t6 37qmgfeXtra) whenk
pdtaéh fertiligzer was added, It is most probable, therefore,
that more than sufficient potash was aﬁaiiable than;waé re-
quired‘for~akmaximum yield;; The chemical tests for potash
. appearfto’be‘far too 10& (42-60 mgrper kilogram), This may

be partially explained by the fact that the plants take into
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~account the potash which becomes available from mineral de-
composition during the growing period. It is also possible

ithat the. plants made use of base replaceable potassium,

~The chemical tests for phosphate (5 mg per kilogram) are .

~too low with- respect tothe plant analysis results. The .
analysis of the plants of both the "no phosphate" and the
check treatments ‘shows’ that at 1east 20 mg of phosphate must
have been available to the plants, | Although the chemical |
test shows the amount of phosphate that is available at any
one time, it offers no idea as to the rate at which it becomes
available during the 11fe of thekplant, nor does 1t estimate

, theﬁtOtal‘amoant'that’is 1ikely to become available during.
’,,that«tlme. The‘total_phosphate content of the soll offers no

'cluefto thelproblem., From & plant‘yield‘viewpoint, therefofe,
the“rapldfohemioal,tests for'phosphate are wholly unsatisfac-
tory. However, 1t is possible thatras iong ;as the phOSPhate
,beoomes,available at the same,ratemthatfit is used, and is at
| all'tlmesiaVailable at 5 mg per kilogram, the plants will
makefsatisfaotOry gr0wth.' This eXperiment does~not‘preclude
that bebber growth could not have been ommed if the phos-
phate had become avallable at a higher rate.

Theeanalysis of the plant material isiuseful largely as

a check.on the conclusions drawn;from the yield ourVes. In
- this experiment withloats, forkexample,‘important information.

has been gained on the extra absorption of nitrogen and
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‘potash, and,:as already pointed out, the figures on total
nutrient absorption in the,check treatments served as an im-
portant check on tne soil anaiysis,data.'

- The relation between soll fertility; nutrient absorption,
and plant‘yieid nas been demonstrated. As the nitrogen fert-
iiiZer‘is etepped up byiunit increments, bcth.the:absorption
of{nitrogenfend the yields go up by deminishing increments,
Furtnermore,enhen‘the'fertility 15710w, the yield is also low;
butfthe plants take practically all of‘the hitrogen from the
soil. As the nitrogen fertility level is raised the ylelds
increase by deminishing increments and it takes a greater and
greater nutrient “reserve“ in tne soil to produce & smaller
and‘smaller increase inﬁyield. This fact has an’ important
bearing on the costliness of over-fertilization. Thus, 91 mg
nitrogen gave an 88% yield, but in order to gain 7% in yileld
over ‘this, the nitrogen in the soll/had to be doubled to |
180 mg per pot. Running the risks of excess‘fertilization,
it is doubtful if this small increase in yleld would pay for
the extra fertilizer. B | |

~ The plant analysis, expressed as percentege compostion,
proved relatively uninfcrmative as compared to the total com-

position of the plants,
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General Conclusions on the Application of the Mitscherlich

Method to Ragpberries and Oats

The general conformity to the Mitscherlich growth law

exhibited by both the raspberries and the oats, as well as
the information gained on soll fertllity and the nutrition of

these ~plants, certainly warrénts*more extensive use of the

Mitscherlich method

Although these two experiments dﬂ_ffered in plant type,

soil texture, size and type of pot, 1oca11ty, and year, they

Jare directly comparable. This seems scarcely possible when

it ia remembered that the values obtalned in the two experi-

ments differed greatly in magnitudez

Raspberries
Proportionality constants 0.74
"Fobd“units“ of nitrogen - - ‘0&4"gm
Méximum yields , ~ 193,2 gm

Oats

10
0.028 gm-
11.4 gm

Never-the-less, these results are proportional to one‘another

in the following manner:

0.74 0.028
16 0.4

0,07 oC 0,07 - =

11.4

193.2

0.06
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As a result of these computations, we may say that,

cl . ) ‘r x2 - ‘ » A‘;'A,2

where the subscript 1 1ndicates the values from the raspberry
;experiment and subscript 2 indicates the values from the oat
experiment. "The fact that thisvrelation holds, demonstrates
‘that,therMitscherlich~law is fhndamehtal asd‘remains'valid
regsrdless offplant species, soilfelass,‘er}atmOSpheris“eon-
ditions, ”From this general validity, therefore, it is con-
cluded here that, although most of the attention paid to the
:Mitscherlich me thod in the past has been concerned with . its
value . as:a soil testing~agent it also presents a standard-
k‘ized basis for carrying out comparable plant nutrition
lexperiments.

‘ The evalustion of nutrients in terms of. plant yields by
‘means of pot trials, however, still presents -someé 1mportant
”‘problems. One “food unit“ in the raspberry experiment was
foﬁnd,to,be 60 mg nitrogen per kilogram of air dry soil,
whereas one "food unit“ in the’ost experiment was 28 mg nitro-
:gen per kilogram of- soil | These experiments‘provide,little
grounds for an explanation of this difference. ‘It must be
pointed out, however, that in the oat experiment a1c4 gm of
plant material grew on 6ne kilogram of soil ‘whereas in the

‘;raspberry experiment 193 2 gm of plant material grew on only
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v6.5.kilogrems of soil, This differencetin‘"food"unit“kresults
may be due to a difference in crowding effect In future |
experiments of this sort the relation of pot sige to plant
’size:should be,taken into account more carefully in order to
make,thegexperiments more comparable, ”

" Since the acre welghts of the two soils differed by -

1,764, OOO pounds, the breach between the Baule unit determin

ations is widened still further when calculations are made
'on an acre basis. Thus, one. Baule unit as determined by the
oat experiment was 56 . pounds of nitrogen per acre, whereas
one Baule unit as determined by the raspberry experiment was
230 pounds of nitrogen'per acre.m The latter figure checks .
satisfactorily with the ~proposed Baule unit of 225 pounds of
'nitrogen per ‘acre, It is suggested that experiments with
rdifferentysizes of pots inkconjunction with a field trial on
the same soil be used as ankapproaoh to this problem,
o In regard to thepnaking‘of fertilizer recommendations,
~an inportant’feature of these investigations 1is the feot that
the:bestrgrowth is obteined when thefarailable soil nitrogen‘
1s much higherkthan the availablekphosphate'and,potash. The
evidence obtained tends to support the Mitscherlich ratio
5:1;2kas the Optimnmkbalanoe]for 30i1~nntrients.

The amount’of sPace, time and equipment required for the
plant method, however, eliminates it as & practical routine

.method for testing large numbers of s0ils, although it would



=60~

be of considerable value to British Columbia agriculture if
1t was knqwn how the different soil types and classés from
the different agriculture districts responded to the
Mitscherlich treatment, It is concluded here also that more
extensive use of the plant method in conjunctidn’with chemical
tests, may lead to the adoption of more relisble chemical
tests and may also serve to give the results of chemical test-
ing & quantitative meaning in terms of plant yield,

It is also comcluded that the analysis of the plant
material gives important supporting informatlion to the results

of the Mitscherlich method.



(1)

(2)

(3)

(6)

(7)

(8)

B (4 ) _

(5)

-61=

Bibliography

A,0,A.C. Officlal and tentative~methods. ,(1936)

‘Baule B, Zu Mitscherlich's Gesetz der physiologischen

Begzlehungen, Landwirtschaftlich Jarbucher,
Bd 51: 363-385, (1918) -

British Drug Houses, Lovibond Nesslerizer colorimetric

methods and standard color discs,

Cépé B.G., 4 modifieationkokoitscherlich's method for the
‘ i determination 6f the~ﬁutrient contents of a ﬁ"k
soil., Jour. Agric. Univ, Puerto Rico,
2(2): 137-169. (1928) -

Hartung W.G, The Mitscherlich method of soil testing and
interpretation of results. The Hawaiian

Planter's Record, 33(4): 439-448, (1929)

Macy P. The quantitative mineral nutriéntﬂreguirements

of plants, Plant Phys., 11 749-764, (1936)

Magistad 0,C, Comparison of Mitscherlich trials on

- Hawalian soils in Germany and in the Territory
of Hawalil, Jour, Amer, Soc, Agron.,

- 30: 692-698, (1938)

Mitscherlich E,A, Dile Bestimmung des Duengerbedurfnlisses
des Bodens, (3rd Ed.) Paul Parey, Berlin, (1930)



-62-

(9) Mitscherlich E,A, TUber das Gesetz des Minimums und die

sich aus diesem ergebenden Schlussfolgerungen.
Landwirtschaftlich Versuchs-Stationen, Bd 75:

231-263, (1911)

(10) Morgan M,F, Soil testing methods. Conn, Agric., Exp. Sta,

Tech, Bull, 392

(11) Sherrill E, Centrifugal method for determining potash.
Jour, Ind, Eng. Chem., Vol 13; No, 3: 227-228,

(March, 1921)

(12) Spurwey C.H, Soil testing. Mich, Agric. Exp. Sta. Tech,

Bull, 132 (2nd revision), (1938)

(13) Stewart’R. . The Mitscherlich, Wiessmann, and Neubauer
methods of determining the nutrient content of

soils, TImp. Bur, Soil Sc., Tech., Comm, 25 (1932)

(14) Report of the British‘Columbia Raspberry Committee (1935~

41), British Columbia Department of Agriculture,

(15) Willcbx 0.W. ABC of Agrobiology. W.W.Norton, N,Y,.(1937)



