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Abstract:

The response of Bonny Best tomatoes to soil application of skim milk and selected proteins has been
studied. The studies were directed at obtaining information on plant growth and on the distribution in
the plant of phosphorus, nitrate-nitrogen, and Kjeldahl nitrogen. The actively growing top of each plant
was pinched off and subjected to chemical analysis separately from the remainder of the plant. Roots
were not analyzed.

It is pointed out that phosphorus is more greatly concentrated in the actively growing top of the plant.
Also pointed out is the accumulation of nitrate in greater quantities in the older portion of the plant,
Nitrogen detected by the Kjeldahl determination is shown to be more highly concentrated in the
growing tops.



THE EFFECTS OF PROTEINS FROM SKIM MILK
AND. OTHER SOURCES ON TOMATOES

nby
. FREDERICK O, DAWSON

A THESIS
Submitted to the Graduate Faculty
in
pa?tial fulfillment of the requirements
for'tﬁe»degree of
:ﬁé;tér‘qf Science inVChemiétry -
at |

‘ﬁbnténa State Colléege

Approved:

- Head, Majo;'Depariﬁént.r

éjﬁéan Graduati(aivision
L S ' ‘ Bozeman, Montana
June, 1951

i Kl W

/‘/v/‘[,/‘/

"‘./,.2!/1’,,;




oot —

N37¢
D3lde _

CLﬁf' X o - P =

’ TABLE OF CONTENTS
$ection

I, A&bstract . w.,', s s o o e
II.. Introduetion ., » o o o o o o o o o
IIl, Bxperimentsl Procedure , . . . . o « »
Stafementtof Problem . ., ... o . .« &
Conditicng of Bxperiment I ., , . . . .
Conditione of Bzperiment II ., , . . .
Snzlytical Procedures , , , ,l, . o s
17, - Experimental Results . . o o o o o o
Tables of Regulte . n.a o o ;-o o o

Graphs of Results e 5 o 5 o ; o-o o

V. Digcuassion of Experimental_Regulté o o

Photograph of Experimental Results ., .

vzc‘smmaryo'aoaooo'auopo‘oon

VII, Acknowledgements ., . o o« o o 0.0.0 o o

VIII, Literature Gited and Consulted , , . »

~~

Pag@ N® °

. o 3
. 4
o o b
o o b
o o 5
- '8
o o 9
- 15
. . 16=20
. o 21=26
o 27
o o 29
oo 3k

. 36
o o 57

88383




> -3 r—
I, ABSTRACT

The response of Bonny Best tomatoes to soil application of skim
milk and selected proteins has been studied. The studies were directed
at obtaining information on plant growth and on the distribution in the
plant’ of phosphorus, nitrate-nitrogen, and Kjeldahl nitroegen. The
actively growing top of each plant was pinched -off and subjected to
chemical analysis separately from the remainder of. the plant, Roots
were not analyzed,

It is pointed out that phosphorus i's more greatly concentrated in
the actively growing top of the plant; Also pointed out is the accumu~
lation of nitrate in greater quantities in the older portion of the
plant, Nitrogen detected by the Kjeldahl determination is shown to be
more highly concentrated in the growing tops,
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Il, INTRODUCTION
_ Prom a consideration of fhe'oitrogen and phosﬁhorug content bf
skim milk, it was decided to use skim milk as a fertilizing material for
plants, It was.also thought that small quantitieg of trace elements
found in milk might be of some ‘valiie° Thus, in 1946, the Department of
Horticulture of ths Montana Agricultural Bxperiment Station conducted
exploratory experlments to determine the effect of soil application of
skim milk upon the growth of Bonny Best “tomato plants,
The prelimiﬁary experiments and subsequent experiments conducted
by Dr. V.E, Iverson of the Agricultural Bxperiment Station, (4) (5)
showed that milk treatad tomato plants possessed larger and more fibrous
.root systems, larger and taller‘soéms, and greater leaf areas, Studiesi
'on the fruit indicated increaéea early yields, and a more fleshy fruit
with less soeds; _
I, Eﬁ’ﬁﬁIMENTAL PROCEDURE
AS a continuatlon of the previous work, the present work wae set up'
to accomplish the following obgective
l,. To ascertain the component or components of nilk whlch
contributed to the accelerated growth
2, o determlne changes in chemiCal constitution of the treated
plants | .
3. To inveqtigate other protein materials which may give the
above mentioned results
To achieve these objectives, experiments were conducted as followss:

1. An exploratory experiment to determine proteins which give oest
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growth results as well as to establish technique,

2. A second experiment using milk and selected proteins from

the first é;poriment,

The first experiment uoed a-stock so0il consisting of 25% sand, 25%
well rotted maﬁure, and 50% loam, The tomatoes used were the Bonny Best
variety, =~ Transplants were made on the tweoty—ninth day of November, ten
days after plahtiﬁg of the seeds, Transplants were made into fourainch
pots, one piaht per pot., Appliecations of selected foods were started.tbe
fo;lowing day; Ten plants conétituted the number of plaﬁts given a pare
ticular treatment. Treatments wefo tﬁe :é'ollowings~-control9 sikcim milk,
-nitrogén pius phosphorus, gelatin; cagein, lactalbumin egg'albumin,
powdered whole egg, wheat gluten, whe at starch and lactose,

Treatments were a@m;ﬁistered‘to the soil at one weok'intervaIS'over
a period of five weeksg, A4 total-of 150 ml, of solution per plant was
administered in inerements ¢f 10 ml,_thé‘first week, 20 ml, the second
week, 30 ml, the third week, 40 ml, the fourth week, and 50 ml, the fifth
week, . |
. 'Analysis was perfor@ed on_all ﬁateriols useo as treatments, £o'determ
ﬁine thé hitrogenland pﬁosphorus content, All wolutions were then made
up so that the n1trogen and phosphorus content of milk was eaualed
Enougb protein material was taken to equal either the nitrogen or phosm
phorus content of milk whichever conoentration was attoined:first b&_the
1éast.amount of protein material with addition of either pqtassium pho3w
- phate (K3P04) or ammonium nitrate to make all concentrations of nitrogen

and phosphorus ecual to that found in milk, In the case of both lactose
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and wheat starch, since the extremely lqy content of pitrogen and phos-
phorus would necessitate such great quantitieg of solid materialD 100
grams of the solid were used and both K3P04 and NH4N03 were added plus
water to make 1500 ml, solu.tion° The golubtion containing only nitrogen
and phosphorus compounds were made up using (NHy) oHPOy, and NH,NO3, ’

Table I, page 7, shows the weight 6f material taken for each treab~ -
ment, Also shown on Table I is the amount of nitrogen and pho'sphorus
containing compounds.réduifed to bring all coﬁcentrationg of nitrogen
and phosphorus up to that of mil’k°

Also inclﬁded in thé first experiment were thirty plants in a mix=
ture of SO%Zpéaﬁ'and.5O% vgfmicuiife along with thirty plants in vér= |
mieulite alone, In eaéh of thesge jariations ten plants were used as
controls, ten piénts were given treatment of nitrogen plug phosphorﬁsn
" and ten plants were given treatments of kim milk,

Plants‘grgwiﬁg in vermiculite aﬁd vermiculite-peat received, in
addition to the above applications, a solutian.containing compléte nu=
trients, (7} Applicatiané of 50 ml, per:plant were made every other
day for thé duration of growth of the plants.

Plants were harvested on Januéry 15th, 1951, 'Thus they weré'allowed‘
to grow a total of 48 days from date of first treatment, It was felt this
was necegsary to allow a greater differentiation in the growth between
the various treatments,

Plants were removed from the pots, the soil washed from the root
systems, The roots and tops were separately wrapped, and dried af 105

degrees centigrade to constant weight,




TABLE T

TABLE SHOWING "u‘JEIGHT OF MEDIA USED, TH&IZ NITROGEH 11D PHbSPHORUS
CONTENT,;. AND NITROGEN AND-PHOSPHORUS. COMPOUNDS ADDED TO. MAKE.

s . CONCENTRATIONS 'OF: NITROGEN - AND- PHOSPHORUS EQUAL TO. THAT. OF: MILX
Media % Nitrogen % Phosphorus WEt. of Media  K3PO4 NHsNO3  (NHy)oHPO,
Skim Milk . 0,64 0.10 - 0.00 0.00 - 0.00
Casein  14.33 ' 0.74 69,033 7.199 0.00 0.00
Egg Albumin - 11.92 - 0,09 824991 10,206 - 0,00 0,00
Lactalbumin = 14,92 ' 1.60 64,343 8.225 . 0.0 " 0.00
Dried Egg 7.43 0.76 133,143 . 3,785 .00 ~0,00
Gelatin 15759 0.02 | 63.454 107635 0,00 0.00
Gluten 13.10 o 0;16 75,511 - 9,852 0,00 -'0,00
. Wheat Starch 1.40 0.05 ©° 100,000 . . 0,00 19.671 . 6,183
" Lactose 0.00 © 0,00 100.000 0.00 23.551 "6,400
Nitrogen plus . - 0.00 0.00 23.551 6.400
Phosphorus - :

*Nitrogen and Phosphorus content stated in percent. ‘Al]‘__-bi':hér values are stated in grams
and represent amounts of materials in 1500 ml. of solution. Specific Gravitys1.019
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. As a result of observations on plant size and dry weights, the fol-
lowing materials were selected to be used in the second experiments skim
milk, nltrogen plus phosphorus solution gelatln egg albumin, lactalbumlnD
casein gluten, and wheat starch,

flants were again transplanted ten days af ter plenting of the seed, -
Traneplan%@“ﬁere made individuall& into four-inch pots, Tomatoes used
weré the Boanny Best uariety, Treatment commenced the day folloﬁing trans=
plantiug'on the 25th of Januvary, 1951, Treatment consistedlcf 10, 20, 30,
Lo, and 50 ml, ﬁortions adminigtered at weekly intervais exactly as in the

fihh&hexperiment, S0il was of the eame_oomposition as was uged previously

“with one exception, Thie exception being a 10% addition per pot of soil
"in”ﬁhidh‘hadﬁpremiouei&’Beeuvgrown a tomato plant and which had been sub=-

jected to treatment with mi s In the remainder of this paper this soil

A will be referred to as inoculated soil

Also included in this experiment were a series of control plants

and milk treated plants grown in soil without this inoculation, Nine‘

" plants constituted a series which received a-particular treatment,

On March 8, 1951, the plante were removed from the eoil, “In each
seriee three plants were cut off even with the ground and «ubjected to’
pressure to extract the plant sap. The press used was a laboratory

modelicarver press, The remaining gix plants of each series were hand-

.1ed in the manner here described The roots were severed from the rest of

‘the plant wrapped 4in cheese oloth drisd, and weighed, The top of the

plant was pinched off just below the top two Bfanches, These two perts

ere wrapped separately, dried, and w=1ghed together. Drying was carriled
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out at 105 degrees centigrade to constant weight,

In the remainder of this paper "tops? shall be construed %o mean
.thgt portion of the plant which was pinched from the very uppermost
part, "Bottoms¥ shall mean the remainder of the plant exclusive of the
roots, |

After complete drying aﬁd weighing, the plants were ground in a
small laboratory Wiley mill to pass through a forty megh screen,

Analyses were carried out on the plant sap; tops, and bottémg to
determine the smount of phosph‘o,rusmnitratemnitrcgen9 and Kjeldahl
nitrogen, ‘ |

The sap pressed ffom the tomato plants was prepared for ;nalysis
according to the following procedurs, Twenty-five ml, of the sap were
accurafely pipetted into a 50 ml, centrifuge tube, To this was added 10
ml,{of 3N trichloroacetic acid én& the ﬁrotein which precipitated was
“centrifuged out, The supernatent liquid was used for analysis, Aliquot
. gize for each analysis ﬁas 0.1 ml, |

The Kjeldahl determination is an adaptation of the Official Hethod
of the A, O, A.6.(1) used by the Chemistry Experiment Stgtion at Montana
State Qollege, |

The alteration consisted of the use of approximately 12.5 gramg of
" a'catalytic miiture of K580, and HegO in ea@h‘digestign flagk, Thisg mix=
turé'contains 1000 grams K~50y and 50 grams HgO, Intipate mizing is.
obtained in a 'inail.lmillu UA nized inéicator (6) ié uged in thé $itration,
For tﬁié work 0,5 grams of bottoms and 0,1 grémﬁ-tops were uged as sa@pl@o

For the nitrate-nitrogen a cglorimetrie:method wag used, (3) The
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procedure eﬁployed follows,
In the case of the bottoms, a 0,1 gram sample was placed in a 125
ml, erlenmyer flask, Twenty—fi%e ml, of'disfilled water.were'aecurately
pipétted into the flask and approximatély 0.5 grams of magnesium oxide
added. The flask was se;urely stoppered and thoroughly shaken for a
-perioﬁ of ten minutes,. The contents were then filtered ﬁhrough'ﬁumber 2
Whatman filter paper, 4 1;0 ml, aliquot was then taken for the analysis,
In the case of the tbps, a 20 mgo'gample was placed in-a 50 ml,
flask, 5 m1; water pipetted into *the flaék:o approximately 0°1Lgrams MgO
"added and the flask stoppered and shaken as before, For the tops a 2 ml, -
aliquAt was taken, ’ | .

_ Analysis 6f ﬁhe sapldid not reguire the abo%g progedure, Samples
of 0,1 ml, of the sap wére pipetited accuratelj and carried throuéh tﬁe.
analysls as described below, | h

- The aligquot was transferred to a 250 ml, flagk with a 24 /0 ground
" glass connection, Three or four giass beads, 15 ml, of 80% by weight
sulphuric acid, and 1 ml, of a 2% in acetone solution éf é,QIXyleqolx
wers added, Thege materials were agltated ten minutés;‘allﬁwed to @e%
twenty minutes, and thgn‘diluteﬁ with 115 mi, digtilleq wéterg The solu=
tion was then subjected to.distillation until about 85 ml, of distillate
_wés collected., The receiviné flask was a 200 ml, voluﬁétr&c flask which
contained 10 ml, of a 2% N_anH.solutio'no The ‘flask was filled t§ volume‘
with distilled water, mixed, and filtered through a number 2 Whatman

paper into which had.been plaéed a plece of cotton, The filtrate was

‘collected in colorimeter\tubeg belng careful fq discard the firét tubeful,

4
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The color was read in a Goiemaﬁ Spectrophotometer ‘Model 11 at a wave
length of 432 miilimicrons; Distilled water was used as the blank, A
standard curve, Figure 1, pagé 12, ﬁlotteq on log paper was used to inter~
pret the readings, | 3 |

. For the phosphorﬁs analysis a colorimetric method (2) was again
employed, A modificaﬁion, édapted for use in the Montana Statehcollége
-Chemi stry Experiment Station gerved for.this work,i

Samples which éméuﬁfed'fo'o;l grams of bottoms and ZO’ﬁg; of tops
were placed in 1ong necked 250 mi,vflpreﬁce,flans, Appfbxiﬁaﬁ%iyZZE ml,
- of an ashing solﬁtion wére added along with a few glass beéas; jéﬁg ash=
ing solution was a mixtufe in thé proportions of 1000 ml, diétalleq‘waterp

. ! .

1000 ml, concentrated nitric acid, 100 ml,.sulphdffé-apia‘of'specific
gravity 1;8%4, and 150 ml, of 76«72;% perchloric acid, The flask with con=
tents was placed on a hot platé and boiled until the-heavy fumes of per=—
chloric acid had ceased to be evolved and fumes of 303 appeared, A&bout 1
ml, of 1iquid,feﬁained in the flask, GContents of the flask were washed
into a 100 ml, volumetric flask, The flask was then filled to the mark,

Two aﬁalysés were run on the plant sap. The first analysis wag
carrig@ ouv using,éli steps described above, This is referred to as
_“Ashed“ on Table III, 'Thé_secbndtanal&sis omitted the prépeding steps
‘and ig referred to on Table III as “Nonwashed“,. Both aﬁa}yses wére sub~
jected to tﬁe"opez?atiéhé. descrived below, : |

Kliquots which éc'[uaied 5 ml, for the bottoms, 20 ml, fér tops, and
O.i mi, of sap were introduced into a 25 ml, graduated test tube, To this

sample was added a 2 ml, of 10N sulpﬁuric acid,.z ml, of amidol solution
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Figure 1

STANDARD CURVE FOR NITRATE-NITROGEN
concentration NO3-N/200 ml.
in micrograms
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and 1 mi. of 8,3% ammonium molybdate ‘in thatiofder. Distilled water was
‘then added to the 25 ml, mérk‘and.thé solution transferred to colorimeter
tubes, Mixing of the solution was.accomflished by pouring back and forth
several ﬁimes. A period of one~half hqﬁr was alléwéd to elafse be tween
addition of the ﬁqubdate éoiufion'énd'rea&iﬁg iﬁ the_spectrbphofphete?.
Again the Géleman‘Modéljil vas uéed,Wifh reédings-ﬁakén at wave length
of 650 millimicrons, mustanda¥d curve, Figure 2, page 14 plotted on
log paper was pseé to interpref the fgading;.

The amidol sdluﬁion coggisted of llztgrams of potassium meta bi=
sulphite and 5 grams of 2,4 diamino phenol dihydrochloride diluted %o
500 ml1, It is necegsary to filter this 'solution bvefore use, 1f kept

under refrigeration it 1s of value for a period of two weeks,
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Figure 2

STANDARD CURVE FOR PHOSPHORUS
conceatratioiiggei®aiiqrol
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v, E.XPE'I?IMENTA.L' RESULTS

All results get'fértﬁ'ih the tables and graphs which follow were
obtained from the second piénting, 

The results.obtéigéd ffom weighing.tié'foots and upper part of the
individual tomato plants are_sét forth in-TaEié'II,.page 16, Average =
welghts of each treatment are il}ustratea by Figure 3, page 21 ,

’The resulte of éhal&sis oflﬁhe plant sap for nitrétevqitrogen an&
phosphorus are éhown‘on Taﬁles'lli and IV, pége 17, Pigures 4 and 5,
pages 22 and‘23 ; are graphs of the average values for each treatment,
$ince the ashed andhnén—ésﬁed pﬁbspﬁorgs,valueé show no significant
difference, no distinction is madézin Figgre 5 between these two
ana1yseé;

The analygis'for #itrafe pitf;gen gi%es values shown by Table V,
The averagé values for each t}eatmenf Té represented by Figure 6;.‘

The reé&i@s obtained in the phospﬁofus analysis gre set forth in
Table VI and Figure 7 in'the.saﬁe manner as déscfiﬁed above,

Table VII and Pighre 8 give results obtained by Kjeldahl analysis,




TABLE IT
'TABLE OF DRY WEIGHTS OF ROOTS AND TOPS*

. ROOTS
. Treatment - Plaunt Humber - .
, 4 " ) Averag
Non—inoculated Control 02%3 09%0 0»%3' 0.47 0°27 0.65 iooggé
Inoculated Control 0 15% 0.54 0,39 059 0,45 0.55 .0.50..
Non~inoculated Milk 0482 0,44 1,09 0,73 . 033 0569 10,72
. Inoculated Milk 0,78 0,90 0.83 1.09 0,90 0.84 0.89,
Nitrogen plus Phies, . . 0.60 0,52 0.35 . 039 0.32 0,99 0,53
Gelatin 0450 0,61 0,41 0,41 0,65 0,39 0,50
Wheat Starch 0,50 0,40 0.66 0.65 052 0.28 050 -
Egg Albumin 0.46 0.44 0.71 0,49 0,48 0,48 0.51
Lactalbumin 0.77 . 0:52 0,42 0,45 0.54 - 4,47 0,53
. Casein 0.73 0.54 0.46 0,47 - 0.86 0.75 0.64
Glutén 0,67 0.56 0,44 0,42 040 . g 77 0,54
. TOPS
Non=inoculated Control 1,63 2,06 2,10 1.33 I.d1 2,31 1,79
Inoculated Control 0,65 0,92 1.41 2.27 1.95 2,12 1.55
Non-inoculated Milk = 3,57 3,86 3,98 - 2,97 2479 3.21 3,40
Inoculated Milk : 2,77 3615 2,62 3.94 3.40 3.13 3.17
Nitrogen plus Phos, 4.44 2,38 1,90 1.91 1.84 4,32 2680
Gelatin 3,01 3422 2,70 2,78 3.61 2,83 . 3,03
Wheat Starch - 2652 3.84 339 2,97 - 4,36 1.38 3.08
Egg Albumin - 3.00 2,80 3.76 3,01 2,87 3,56 3.17
Lactalbumin . 3.60 - 3.06 2,55 2,43 2,73 3,34 2,95
Casein . :3:53 3.29 3.11 2,87 4,00 4,00 3,47
Gluten 3,28 3,05 2097 2.54 2,55 3.49 2,96

;R

% A11 values are stated in grams
*omitted from average )

- 9T =
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TABLE III,

TABLE OF NITRATE NITROGEN ON PLANT JUICE

Treatment ' o ' "~ Percent

Non-inoculated Control , . , e o 6 6 6 o o o s 6 ae e 0,062

Inoculated Control o o o « oo o o « o o o o s 6 o o o o o s . 0,066
Non"inoculated Milk o o o o o o o & e ©° © o o o @ 'a‘ Ooll'l'?
Inoculatedmilkenboooooéooneonau,oo‘nna 09148
Nitrogen plus PhoephoTus . . « o o o o o o 0 o s s o o o o o 0,165
Geiatinno'oonoa-ooooaonnunoooo‘oeono 00171
Wheat Starch . o o o o o &« o o o o 0 06 o « o a s s s s s o o 0,140
Bgg B1bumin . . 0.0 o o o 6 5 6 0 o 6 6 s 0 6 o 8 6 « s o o 0,133
Lactalbumin.gaogncnouooua;nooooo,eoa 0011‘4'6
Gagein -] o -] -] -] K] L] ‘00 I‘,. ] ] D" -0:0 © o -] o 1 ] 1] o Q. 2 L] ® 9 09160
Glutenaooneoepgnoougaoooueuo‘ocooc Onl68
TABLE IV,
TABLE OF PHOSPHORUS ON .PLANT JUICE®
Treatment o * Non-ashed - Ashed
Non-inoculated Gontrol , . . . o o 0o031 . & o ¢ o o o o » o o & 0,028
Inoculated Control o o o o oo o ¢ 0,022 ¢ v & ¢ o o o o o & o « 0,019
Non-inoculated Milk | . , . . . . 0.027 . v & v ¢ o o o o &« . . 0,026
Inoculated Milk , ., 4 . 00 o 6-0.00027 & o o o 0 o o o o o » o 0,025
Nitrogen plus Phosphotug . o o . . 0042 o . & o v o v o o o o o CuB¥3
Gelabdn . o 4 o o5 % o o 0 o b 50035 4 0 h 0 6 0 0 o 0 o o o OO
Wheat Starch . o . . ¢« . o oo o 0,085 . o o o0 0 0 oo 0 . . 085
Bge Albumin , o . . . . %0 0000025 . 0 . . 0. . e . . . . 0,022
Lactalbumin . . . o o o o v o 2 200023 . 4 o 0 4 6 0 e 0 0 o o 0,021
Gage’ln'.;’-.o.e nooo‘ooooooo‘jln oonan»ooo.o'OOOBO
Gluben . . o o v o o o o 6 o 5 o o 0,035 . o o . . o o s s s o 0,037

®*411 values are stated as percent,




TABLE'OF’HITRATE'NITROCEN ON CROWING TOPS™ AND  ON BOTTOMS*"

TABLE V

Treatment .
Non=inoculated Control OQ%SO
. Inoculated Control 1,075
Non-inoculated Milk 0,700
Inoculated Milk 1,063
Nitrogen plus Phos, 0.825
Gelatin o 0,413
" Wheat Starch : 0,625
Egg Albumin o 0,900
Lactalbumin . 0,438
Casein -+ 1,450

Gluten " 1,250

Non-inoculated Control 0.338

Inocnlated Control 2,325
Non-incoculated Milk 1.850
" Inoculated Milk 2,300
Nitrogen plus Phos. 2,175
Gelatin . . 2,950
Wheat Starch 1.950
Egg Albumin. 2,075
Lactalbumin 1.650
Casein 2,050
Gluten 2,500

%A11 values are stated in percent.

2
05750

0.425
0.500
0.713
1.025
0.663
0,938
0.613

0,688 *

1.000
0.400

0.575
0.350
1.950
2,000
1.800
2,600

1,560 .

1.950
2,300
2.200

2,450 °

TOPS

Plant Number

0.450
0,600
0,750
0,788
0,875
0,663
0.875
0,850
0,375
1.150
0,550

BOTTOMS

0,795 -
0,850
1.275
1,700
2,000
2525
1.875
1,725
2,100
2,425
2,375

4
0.525
0,525
0,938
0,475

0,975,

0,813
0,838
10088
0,525
1,250
0.800

0,425
0.775
1,850
1,675
2,575
2,425
1.950
1,990

24325

2,300
2,800

O,iZO
0,300
G,.600
0,838

0,475
© 0,613

0,762
0,700
0.538
0.700
0,900

0,675
0,463
1.875
1.575
24300
1,875

1.825

2,175
2,050
2,245
2,750

3
.0.375

0,325
0,675
0,925

$.838.

2,587
0,975
0,838
0.638
0,100
0,650

0.575

0,688
1.775
2,050
1.600
2,075
1,700
2,375

. 2,000

2,175
1,925

Average .

0.412
0,542
0.694
0,800
0,835
0,625
0,835
0,831
0.533

1,108 -

0,758

0,564

0,908
1.763
1.883
2.075
‘20408
1.800
2,033
2,071
2,229
2,467

.-.-8‘[ man




Treatment’

Non-inoculated Control
Inoculated Control
Non-inoculated Milk
Inoculated Milk
Nitrogen plus Phos,
Gelatin

Wheat Starch

Egg Albumin
Lactalbumin

- Casein

Gluten

Ném~inoculated Control
Inoculated Control
Non-inoculated.Milk
Inoculated Milk
Nitrogen plus Phos,
Gelatin

"~ Wheat Starch

Bgg slbumin
Lactalbumnin

Casein

Gluten

* A1l valuesare stated in percent,

‘TABLE VI

TABLE OF PHBSPHDRUS’ON'GROWING‘TUPS“ANB ON BOTTOMS*

0.705
0,688

0.830 .

0.853
1,290
0.855
0,865
0.855
0,798
1,045
0,925

0,685
0.640
0,622
0,616
1,060
0,794
0,778
0.658
0,660
0,774
0,768

0.%00

0.850
0,848
0,835
1,225

’ 0'0 863

1.143
0,963
0,830
0.993
0,943

0,590
0,655
0.656
0,682
1,102
0,842
0,994
0,728
0,696
0,798
0,752

TOPS

Plant Number

.3
0,748
0.825.
0,925
0,803
1,178
0,833
1.053

0,965

0,753
0,908
0,980

BOTTOMS®

0,565
0.568
QO 634
0,688
1,136
0,768
0,944
0.686
0.676
0,702
0,778

-

4
0,735

0,675
0,908
0.855
1.200
0.775

0,925

1,003
0,773

- 1.025
1,015

05778
0,800
0.885
0,855

1,175

0,873

1.270

0,873

. 0,830

0,968
0,955

0.825

0,473

0,738
0,670
0,940
0,794
1,094
0,728
0.664
0,746

0,802

6
0,750

0,820
0,808

< 0,783

1,083
0,968
1,175
0,873

10,820
0,963 .

0,968

0,530
0,530
0.742
0.692
1,100

0,778 -

1.018
0,658
0,640
0,730
0,728

ROUE S
0,776
0,867
0.830
10192
0,861
1,072
0,922
0.800

© 0,983

0,964

0,633
0,545
0.684
0,672
1,090
0,779
0,938
0,691
0,670
0,757

. 0,770




Treatment

Non=inoculated Control

Inoculated Control
Non—inoculated Milk
Tnoculated Milk
Nitrogén plus Phos,
Gelatin o

" Wheat Starch

Egg Albumin
Lac¢talbumin

Casein

Gluten

Non~-inoculated Control
Inoculated Contiol
Non~inoculated Milk
Inoculated Milk"
Nitrogen plus Phos,
Oelatin

Wheat Starch

Egg Albumin
Lactalbumin

Casein

Gluten

#A11 values -are stated in pericent.

TABLE VIT

TABLE'OF“KIEEDAHL”NITRUGEEWON”GRUWING”TOPS"AND ON BOTTOMS*

1
4,573
4,974
5,534
5,632

6+094
5'0 954
5‘0548

5,814,
5’0800'

5,982

2,870
3,362
3.819
3'0 744

4,858

4,231
4,158
3,968
4,054
4,371
4,357

S'ﬁ 254 ’
3,993 -

5.814

5,814

6}‘476
5,604
5.562

" 5,786

5'0 814
5,352
5,954

3.122 -

2,073

3,766

3.816
4,830
4,217
4,715
3.879
3.962

- 4,066

4,326

TOPS

Plant Number

3
4,791
5,240
5.814

5,562

5,940
5:534
5:508
5,688
5,674
5,814 "

BOTTOMS
3.178
3,080
4,046
4,012
5,001
4,130
3,990
3,786
3,940
4,382
4,298

4
3,853

5,366

5.674.

5,968
6,660
5,856

5,814

5.968
5,534
6,060

-6,080

2,803
3,287
3.830
3.990
5,194
4,158
4,438
4,040
3,990

. 4,676

44284

5
4,245
5,128
5,744,
5.184.

6,304 -

5.674

5,884

5,548
5,814

5,702

6,122

2,195
3.136
3,794
3,556
4,662
4,155

4,441

3,990
3,996

4,214 .

4,351

6

4,833

5,254
5,534
5. 660
6,304
6,234
5,783
5,730
5,814

5,074

5.814

2,232

3.315
4,032
3598

© 4,852 -

4,354
4,886
3.872
4,186
4,292
4,466

Average
4,591
4,993
5,686
5,637
6,436
5.900

5,755

5,681
5,871
5,711
5,961

2,733
3,042
3,878
3,786
4,900
4,208
40438
3,992
4,021
4,334
4,347
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Figure 5

GRAPH SHOVING CONCENTRATION OF PHOSPHORUS IN
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Vo DISdUSSION OF BXPERIMENTAL RESULTS

First Planting, The growth, as measured by dry weight, of these plants

vas considerably leés than growth which was obtained iﬁ the subsequent

" ‘planting,

The generally rétérded growth can be attributed to two factors,
These plants were grown during the winter monthe when daye were short
and ligﬁt conditioﬂs for growth were least favorable, " In addition, the
bench used ts grow the plagts on -had no gou}ce of heat beneath it, Thus
the tempefaﬁure of the soil was about ten degrees Fare@h@itvlower than
the teﬁperature of the soil used in other experiments,

It was also observed in the first'pianting that all flanté re=
ceiving the skim milk treatment showed a‘definite gtunting, This wasg in
direct.opposition.to all\preQious observations,

The serieg of plants grown in vermiculité and treated-wfth‘skiﬁ
milk showed startling resulte, The ﬁ@ight of a plant ﬁever exceeded the
original height though.two $rue leaves appeared, The color of the plants
became progressively more chlorotic;. By the end of the fourth week, two
of fhe ten plants had died, Aﬁ the time of harvesting, eight plantg %ad
aiedg with the_two remaining planté nearly dead, The ééﬁtrol plants énd
plants réceiving:the nitrogen plus phosphorus solution were equal in

&eight to those grown in soil, The plants.grown in the mixture of peat

" and vermiculite compared favorably with the corresponding plante grown in
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eoil; . ‘ . :«ﬁ _ !
-In view of .the results obtained from the plante grown in vermi-—
culite, 1t seems‘epparent that under these conditioms skim milk has

adverse effects on the tomato plants, An explanation must 1lie in the

differences in the mediums used to grow. the plants, The only adequate

explanation lies in the microorganiems naturally found in the soil but
not found in the vermicﬁlite. | |

This coneideration-ﬁey aiee explain the partial stunting of those
milk freated_plants grown in soil,- Micfoorganismslbary their activity
with temperature,.and ten fegrees 1bwering of the soil temperature could
conceivably lower thelr activiby to the point where some injury due to
the milk could ghow up, |

On page 29, ic .2 pictgfe'of seme tomato plants from this pianfing'
Wﬁich were allowed -to gfow-to frgition, Milk was omitted due to the
stunting previously_meﬂtione&,' Identification of the plante ig as fol=
lowss l;flactalbumip, é. nitrdgen'plus phosphorus, 3, gelatin, 5, caeein0
6, control, Note ehe yardstick which gives an indication of the'height‘
of the plants. |

As a regult of poor respense, the following treatmenﬁe were dropped

from the second planting? powdered whole eggs and lactose,

Second Planting, An-inspection of Table II indicates the weights of the’
tops of the two control series"vaf& to a much greater extent than those
plants receiving treatments,” Inspection of Tablee ¥, VI, and VII indicate

the same condition for nitratemnitrogen phosphorusD and ngldahl nitro=

gen respectively, Thus the treatments tend to produce, not only acceler—




%
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.ated growth, but aiso a mofeluniform growth?

To check the effect of a greater concentration of nitrogen and phos-
pharous, thé.solution containing only NE,NO4 and-(NH4>2H904, referred to |
in this paper as the nit?ogen'plﬁs phogphorus solution, was introduced,
Thié solutiog'contained identical concentrations of nitrogen and phos=
phorus as milk, '

Table 1V,  page 17°whic£nindicates thg phosphorus content of the
plant sap shows no significant difference between the ashed and non-ashed
resulte, Hence it may be stated that all or nearly all the'phosphorus
in the plant ssp is in'a soluble form, |

A study of the graphs reveals that the average concentration of
phogphorus ap@ of both foyﬁs of nitrogen is very high in the series
treated witﬁ the nitrogen plus pﬁosphorus golution, However, a study
of the average weights of all series shows that those plants receiving
the nitrogen plus phosphorus solﬁtion‘afe exceeded in weight by all the
others receiving tfeatments, ‘Thus it 1¢ a certainty tbat a ﬁere incrgase_
of the inorganic nitrogen and phosphorus added did not produce all the
growth observed in the vafious_series receiving protein.ahd étarch treat-
ment, | |

It Qili be observed that the series of plants recei%ing the wheat
@taréh parallel #ery closely‘the setles of'plaqts receiving the nitrogen
plus phosﬁhbrus treatment, In the analyses for:phosphorué and both
forme of nitrogen on the tops and bottoms as well as nitrate-nitrogen
on the plant sép, the series receiving the wheat starch show a smaller

concentration of these materials, .However, growth in the wheat starch
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series exceeds the growth'of the hitrogen.plug phosphorus seriesg, . Thus
it appears that wheat starch must aid in the growth of the plantg to
gome extentol

Again'the‘explanation may lie in the micreoorganisms of the soil,
The added food for the organiémg in.the form of wheat starch could allow
greater microbiological activity with a resulting benefit to the plants,

The: failure of the appearance of larger amounts of n1trogen and
phosphorus in the tomato plgnts grown in milk aud protein treated soil
might be due $o a binding of thesé elements in an unusaﬁle form, Kn¥ _
obther poseibility is that ﬁhéy are being incorporated into fhe bodies of
the'mi@footganisms.tb gome extenf, 84111 another possibility is the
gradual decomposition df the added organic matter by bacterial action,
.This would make available to the plant a mere gradaal supply of nitrogen
and phosphoruso

The percent of nitrogen or phoéphorusD as reported here, does nrt
tell the %total amount of rhnse two elements in the whole plant It ‘may
be that -the 1arger plants, which Were treated with sklm milk and the
.various proteins, contain as much nitrogen and phosphorus as the series
which was fed the nltrogennplu@ phosphoru. golution, Nevertheless, dug
to the greater volume- ofnthe Plant body over which these amount@ are
distributed the percentage per unit weight would be legs

& study of Table VI and Figare 7 reveals phosphorus concentrated
to a greater degree in the tops of every series, IIt ig felt that this
is entirely in line with expectations since the pﬁosphorug pla&s anrimn

portant part in the plant metabolism, Since the tops are the young part
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of the plant and growing mone rapidly the rate of metabolism in that
part of the plant is faster than in the older part,

The nitrate;nitrogen concentratien is reversed from the phosphorus
and Kjeldahi,nitrogen. Figure 6,‘and Table ¥ indicabes a grest differ-
ence in the distribution of nitrate-nltrogen between the tops and
bottoms, It-ﬁs to be noticed that in all series the bottome have the
higher concenirations, Thus it is shown that the nitrate ion is readily‘
available in the plant, The lower concentration of - nitrate-nitrogen in
the tops coupled with-the higher concentration of KJeldahl nitrogen in
the tops indicates a more rapid convefsion of nitrate-nitrogen ‘to pro=._
tein nitrogen in the tops than in the bottoms°

Obgervations coverlng the experiments to date indicate a more'uni;f
form growth between plants ie obtained by-using 1nocu1ated soi;g, The
supposition is that a large. number of certain bacteria are bullt wp
during éhe‘ceurse'qf tne first milk treatment, Sdbsequent use of a
fortion of this eoil mixed with the'eoil to be ueeé in the growing of
a new tomato plant provides ‘an initially large number of organisms for.
immediate action on the milk or other protein material added to the soil,

A study of the tables and graphe shows that the milk treatment
produced plants which were of greater weight than any others with the
exception of casein, No explanation is offered for the large growth
produced.by the casein treatment° It was observed in both plantings
that casein produced plants with thicker and‘stronger stems, In ad@it—
ion, casein treated plants blqssoned eanlier and, in the finsﬁ planting,

produced ripe frult earlier,
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From & careful consideration of all theé data collected here; it
doesg not seem 1ike1§ that all the growth of thg tomato plants can be
attributed to the:availability to the plants of ni?rate=nitrogen and
phogphorus, It.is no doubt true that bacterial decémposition of the
organic mattef aided the growth of the plants, in additipﬁ fo this
it.is postulated that the bacteria of the ﬁoil'release'a growth ac-
celerating material as a:result of their utilization of the ﬁrotein

material added to the soil,‘
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V. SUMMARY .

Due to past observations that skﬁm‘milk applied to the soil in
which tomato plants were growing éauged greatly accelerated growth,
experiments were set up tb determine what part of milk was producing
the phenoména; Purther objects of the éxpefiment woere to detefmine
other proteins which might also cause greatef growth, and to investim.
gate the distribufion of hitrates, phésphofus, and Kjeldahl nitrogen,

Materiale finally gelected for ﬁreaément were gkim milk, a
solution of nitrogen and phosphorus éontéining NH, NO3 and (NH4)2H9049
‘wheat starch, casein, lactalbumin, egg albuﬁin, gelatin, and gluten,
Al) solutions were made to cpntain thé game éoncentration of nitrogen
and phogphorus as milk, _

The moil was a atock_sdil consisting\of 25% sand, 25% well

. ‘ ;o

rotted manure, and 50% loam, In adéition9 an inoculum was: added to
the extent of about 104, This inoculum consisted of soil which had
previously been used to grow a tomato plant énd had also been sub=
Jected to a skim milk treatment, The tomatoes used were Bénny Best;
Applications consisted of 10ce, of solution the first weelk, 20cec, the -
second week, and so on through five applications, &pplication‘was onece
'a week, |

It‘was found that growth was greatly enhanced by all protein treat-
ments, | |

Analysis showed largé amounts of nitrétemgitrogen concentrated
A principéily in the eolder portioh of the plant,  Phosphorus and Kjeldahl

nitrogen were found in greater concentrations in -the growing tops. The
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ﬁost likely explanation for the added growth seems to be the great
numbers of micraorganisﬁs which normally live in the soil, It is
postulated that é growth'accelerating material is released by.the

bacteria as a result of utilization of the protein material added to

‘the soil,
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