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1. Carbohydrate-nitrogen Relationships

Urmnn E. Street(1)

Connecticut irricnlture Txneriment Station

. Introduction

A voluzinous literature has grown up on the

subject f the balance between the organic constituents

in plants. The greater part of the evidence has supported

the hypotheses advanced by Kraus and Kraybill (13), but

not all the results have substantiated their views. The

tendency has been to employ radical treatments, especially

as regards control of nitrogen supply, conclusions being

advanced on comparisons between a very low and a very much

higher level of nitrate nitroqen in the culture medium.

Such wide differences of treatment were perhtps necessary

in order to prove or eisprove the soundness of the primary

hypothesis. However, in the present work, it was considered

advisable t0 keep the nitrogen snnply within the same order

(1) The writer is inéebted to Fr. H. ?. Fibbnrd, iichiqnn

State College, for patient guidance flaring the course of the

experiments. He is further indebted to ?r. H. F. Clements,

tnshington State College, for suggestions in the planning of

the work, and to Dr. P. J. Anderson for permission to

complete the necessary analytical work in the laboratory of

the Tobacco Sub-station, Connecticut Agricultural fixperiment

Station.

1.0381,. 53



of magnitude in all cultures. The employment of

differential water cultures of the same total osmotic

concentration permitted this control, as well as that

of the other nutrient materials.

as use of several light exposures was a

necessary complement to this study, in View of the well-

eetabliehed effect of light duration on growth and

reproduction.
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Historical

The literature on water cultures has been

thoroughly reviewed by a number of writers, among others

by Tottingham (26), Chive (22), Hoagland (10) and Hibbard

(C) and (9). In view of the divergence of theme under which

workers have published, it hardly seems necessary to I

enlarge on the renoral literature. A great variety of

salt combinations have been develOped, but the simplest

and the one most widely used at tie present tine is that

of Chive (23). It has been shown by rcfiargue (16), Sommor

and Lipman (24), Brenchley (3), haze (18) and »others

that plants require very small amounts of variOus elements.

The requirements for such elements as aluminum, zinc,

chlorine, manganese, silicon, iodine, boron and perhaps

others are so small that they are usually supnlied by im-

purities in the chemicals used, or by dissolution from

containers. This very interesting phase of plant nutrition

was touched upon only incidentally in the present work. '

The exhaustive studies of Garner and Allard (5),

(6), (7), on light effects in plants have been extended

by Nightingale (19), (20), taxinov (17), icClelland (l5),

Tincker (25), an} 'anser (27). i recent publication of

Arthur, Guthrie and flawell (1) summarizes the greater part

of this work. The last named authors also attempted to

control other climatic factors, such as moisture, temperature,
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carbon dioxide concentration of the air, as well as the

intensity, quality and duration of light. The general-

ization that an increase of light period brings about an

increase in carbohydrate content and a decrease in

nitrogen content is so well established by different

workers with various plants that it barely needs

repetition.



Elan of 'Xperinent

The eXperimerts of Clements (4), reported in

1928, were perferned in the same laboratory as the present

a some of his
&)

work, and it was with a view toward testis

conclusions that the following experiments were initiated.

Fe used the triangular system of Tottingham (26) and Shiva

(23), growing single cultures or 40 plants in three gallon

creeks. his nest important conclusion was that the supply

of potassium has a very marked influence on nitrogen as-

similation, at least under longer light exposures. In

order to test this finding, it was decided to use the same

salt combination, KH2P04,Ca(N03)2, and “$804, and grow

duplicate cultures in selected culture solutions. The

following were chosen as being representative of different

portions of the trianfile, as well as giving different com-

binations of potassium and nitrogen, under the conditions

recommended by Livingston (14).

Table 10

Differential Culture Solutions, Type 1

Osmotic Concentration, 1 atm.

Solution molecular Prepcrtions Partial Volume molecular

Eunber P ortions

KH2904 Ca(§03)2 P3804, KH2P04 Cs s03)2 NgSO4

1-1-6 1 1 6 .0027 .0027 .0161

1-6-1 1 6 1 .0020 .0122 .0020

2-2-4 2 2 4 .0049 .0049 .0099

3-3—2 3 5 2 .0068 . ” .0045

5-1-2 5 1 2 .0123 .0024 .0049
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In addition to the salts employed above, small

amounts of iron, manganese and boron were added to the

culture solutions. Preliminary tests showed that 2.2-4.0

p.p.m. iron in ferric tartrate, 0.66-2.0 p.p.m. boron in

boric'scid, and 0.55-2.0 p.p.m. manganese in manganous

chloride were the Optima, and the lower amounts were used

in subsequent experiments.

The culture solutions were cianged once a week.

Transpiration losses tore made up by the addition of

distilled water during the latter part of the growing

period. The cultures were aerated for a period of two

hears every day.

Light exoosures of ten, thirteen and seventeen

hours were chosen as representing the range of light

period under which normal growth might be expected. The

longer periods were in part artificial light, the ten

cultures of each group being arranged under a battery of

lights suspended five feet shows the greenhouse benches

and supplying 2000 watts at 110 volts. heasurcments of

light intensity were not made, as the duration of light

has been found by Garner ct a1 (7) to be tte most signi-

ficant factor, provided the intensity is not too law.

However, comparison of illumination per unit area, as

used in these'experinonts, with that encloyed by Arthur

et s1 (1) would indicate that the intensity was Quite high.



-7-

to water screens hots on the lights and the plants were

available, but the heating effect was not noticeable.

As the plnnts grow teller, the lights were raised.

The 10 hour plants received only solar light,

altered, of course, by the glass of the greenhouse.

These cultures were grown in large wooden boxes which

were fitted with light tight covers and ventiltted by a

shutter arrangement similar to that employed in photo-

graohio dark rooms. The period of illurinetion of these

cultures was 8 A. 3. to 6 P. H.

The 13 hour plents were protected from the

artificial lirht source of the 17 hour plants by curtains

of fine weave, block centric cloth. These curtains were

drawn around the bench at the end of the 13 hour period

and withdrawn early in tTe morning.

Knott's Excelsior field pens, obtained from the

richignn State Perm Bureau, Lansing, Richigen, were used

throughout tle experiments. They were found to be an

excellent type for this work, having a sturdy growth

habit and flo erin; freely. Before being placed in the

germinstor the seeds were sterilized in 1-250 formalin

for 20 minutes, washed in tap water and soaked for a few

hours. They'sere then placed between layers of moist

peper towelling in a large galvanized iron pen. After

about three days a uniform lot of tie more vigorous
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seedlings with reefs .eusuring owe inch in length was

selected For the experiment. 5% so selectel sccfillngs

were fitted into perforated corFs eec“ o? :Hich hcl? five

plants. The three gallon culture jars were fitted with

perforated aluminum covers, each of which held.eight

corks, mckinf a total of 40 plonts cor culture.

In the first two series, the seedlings which

were damaged in handling were replaced during the first

few days of the exceriment. In the final series a number

of extra corks were precared and allowed to remain in con-

tact with tap water until the experiment had progressed

about two fieye when replace ent of corks not having a

corplete stand was rude. By the latter technique, a

sareuhet more uniform stand was obtcinod.

The chemical analyses refs in connection with

this work rere only on the torn and pods and were as follows:

filtrate nitrogen, total nitrogen not including nitrates,

single sugars, sucrose, starch and heal-cellulose. Physical

measure ents includefi top length in cent netera, green

weight of top: (anfl pods when found), dry weight of t0p8,

roots and pods.



Chemical 1'56 “10:13

In order to ottein coaperetlv results, the

Che icel rethofis for carbohydrates and total nitrofien not

including nitrates (organic n‘trcgen) were the same as

those reported 1y Clonencc (4). 111 samples for carbo-

hydrate finvlrres “crc yrcscrred in alcohol to Which a

smell qu"ntity of ammonium hydroxi e the adjed to

neutralize plant acids. A laboratory exferinent with

ripe tomato pulp stowed tret this base wee Koch preferable

to calcium cerbonnte cswecislly when the letter wee used

in excess of requirements to neutralize plant acids.

The fieverdn method for nitrate nitrogen was

tried rut gave such unreliable results that it was soon

discarded. The impossibility'of preventing the breakdown

of the simpler nitrogenous compounds such as amino-acids.and

anidea,end tre consequent high results, renders the method

eerthless for plant material. The rodificstion of the

Gilbert method by Foltz and Larson (11) gave very good

results. 311 figures resorted are on a drybweirht basis.
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inoHrArontsl Iiesults

Series I wss started on Lurch 13, 1328 snfl ran

until ray 14, 1928, a period of’nine weeks. Blossom.

spoearefl unfier 17 hour light three weeks after trans-

planting of the seedlings. Both the louver light periods

;roduced pods sbunclsntly and at the tLie of harvest the

#
7
3

*
505s core beginning to ripew. The rt 11Lt plants

blossorod t0wsrd the end of the yeriod, but developed only

a very few )ods. Control of the t qweratir; in tle greens

house was not difficult durinr tines months, eni ulture

conditions were goncrully sntisfectory. It was necessary

to use "Lemon Oil Spray” to control rod solders in the

greenhom1 e and to give the cyanide treatment for white

flies and aphids. The plants were not at any time

seriously affected by tiese insocts.

Series II ran from Jrne 13,1928to Tulv 31,1928

a period of seven weeks. Due to tie h finer air temperature

in the greenhouse nt this time, tre plants matured more

rapidly, and the unifcrxity of plants in a single CLzltzlre

was not as sntisfnctor.. The light intonsit ;<: was 9150

hiyhor at this lotcr time, and tFis appcrcntly hqfl some

offocc on the are th in Lcirbt on? carbohyfirsto content

of the pls‘.ts

In Series III it was forfied to ligit the experi-

ment to 10 and 13 hour ligt‘ pcriods, to have trcotnsnts in
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‘

mate tn? exteriment when the plantsj
—
h

triplicate anfl to term

were ve3etatlvelv develoyad but had not set fruit. The

cultures were startad“.714, 1929 and ran until June 12,

199.9, a geriod of fox? weeks. *t this season of the year,

the days were long enoufh to qn1t the use 0’ artificial

light for any pfirt of the 15 hour period.

The average tap length v.an USHfl 313 3reztost in

the solutions supplying the highest preportion of nitrates,

indicating the greater tendency for vegetative growth with

a pore liberal S’pply 0f nitr'tes he dry vci3ht of

tops ».-9 Imi.hest with hi13h nitrntca in fin o:_un1 number

0” 5ronos but not 1.n trJu Sfififl cultures in ovary case.

In order to establish the relative value of

the various treatments in dry weiwkt profinctinn, the

totnl dry weight per plant, exclusive of_pods, was re-

duced to a ratio, Malin3 the beat treatrent in each group

as unity. TPcse t1os are 31vnn in the last column of

tables 2, 3, uffl 4.
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Table 2

PHYSICAL E'LRASURTT?3'YZT~ITS OF PETS- GY‘EO"?! IN T‘.‘.’.’f‘T~‘."-..’ CULTURE.

Serial 1.

M't- P8P plant in 33:9. pr (2)
 

 

- :7
heatment ( 1) Ave . 1201) length ‘5 'e 131': t

in centimeters Top. Roots Pods Ratio

17 hours light

1-1-6 ' 52.5 o o 1860 o 6390 O 90

1-6-1 52.5 1.0865 .2774 .7719 1.00

5-1-2 4700 .7649 .1904 .5500 .70

3-3-2 51.6 .0184 .2755 .6210 .87

2-2-4 45.5 .6216 .1559 .5206 .57

13 hours livht

1-1-6 50.8 .7886 .1555 .4051 .70

1-6-1 50.6 .8404 .1817 .3264 .76

5-1-2 49.9 .9025 .2549 .5704 .85

3.3.2 5309 .9300 .3826 :04515 .98

2-2-4- 50.8 1.0812 .2527 .5277 1.00

10 hours 11 ht

1-1-6 39.0 .45 .1058 .67

1-6-1 45.6 .7007 .1561 1.00

5-1-2 53.5 .4195 .1066 .62

5-5.2 40.8 .4984 .1429 .76

2-2-4 41.5 .4402 .1506 .71

(1) Culture solution, Shivo's 1.00 atmosohere. lat figure

KHz(PO4), 2nd figure Ca(N03)2, 3rd fi3ure $3834.

(2) Dry weight: of taps and roots, but not of pods, were

commuted to a ratio by giving the highest weight in the

group the value of 1.00, and refiucing others to decimal

arts of this value.
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Table 5

PIPISIC-‘L 1'77157‘13777‘ 3378 O? P7335 GHQ"?! If} 17.17772 CUL’JiMT-f.

Series II

Ave. dr3;wt. per lent in 3mg Dry(2)
 

 

Treatment(1) Avo. top length Veight

in centimeters T0ps Roots Pods Ratio

17 hours light

1-1.6 30.5 o .0962 .1854 .71

1-6-1 38.8 .9160 .1456 .2703 1.00

5-1-2 36.3 .7541 .1328 .2105 .83

3-3-2 39.7 .8785 .1297 .1171 .94

2-2-4 34.4 .7158 .0979 .1248 .76

13 hours 11"ht

1-1-6 33.8 .5183 .0824 .0578 .75

1-6-1 42.0 .7092 .0806 .1000 1.00

3.3.2 3609 .6142 00:98 .1153 08

2-2-4 31.0 .4919 . 792 .0828 .77

10 hours light

1-1-6 21.8 . .0337 .81

1.6.1. 24 o 2 0 2296 o 0400 o 70

5-1-2 24.3 .2604 .0527 .79

3-3-2 25.3 .3313 .0624 1.00

2-2-4 23.5 .2233 .0467 .38

(1) Culture solution, Shivo's 1.00 atmosphere. lst f13*“e

KH2(PO4), 2nd figure Ca(fi03)2, 3rd figure 33304.

(2) Dry weights of taps and roots, but not of pods, were

computed to a ratio by giving the highest weight in the

group tho'valuo of 1.00, and reducing others to decimal

parts of this value.



Treatment(1) Ave.

hfwnIf‘l"7

1-1-6

1-6-1

5-1-2

3-3-2

2-2-4

1-1-6

1-6-1

5-1-2

3-3-2

2-2-4

1-6-1 was

3-3-2 was oeconfi host

reuniting three trcntc

weighted average of these ratios

'89 98.9% as effio

From these rrtios it can~ on

$13!),

dry'voig-t.

(1)

(2)

C1‘1‘npn solar?- 1hr,

KH3(?O4),

?'Y.19‘h1
1?-'1~’..

.‘...Trflo

I
‘ 1

- o.-.'~.I --4 ‘.a
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Series III

Ave. d5: wt. uer giant in 329

to; lenqth

in centimeters

24.6

32.4

000°

30.6

05.

24.3

25.7

20.5

2.8

24.?

test in :13

Both of these

13 the

Tape

‘13 hours linht

10 hours

‘73756

.5852

.0275

.3526

.3327

livbt
 

3n:::0 Iii-“’1‘:

.2509

.2758

.2760

.2500

5:71-35:58 that

Shive' s 1.;0 Pt..swuoie.

.-1"01

solutwi

9.- ~~nav. -“

I

0.141.;

Root-

.0830

.1012

.0936

.0939

.0785

o0504

.0722

.0624

.0657

.0614

lbt f1

2nd figure Ca(flOs)2, 3rd rib“e “3304.

n

:1 9.). CF".

'...

{317(2)

Weight -

Ratio

.89

1.00

.86

.92

.84

.92

1.00

.86

.98

.80

soon that solution

-113 solution

a . The

:onts were all iictinctlv inforior. a

O

iont an solutionJ-Gnl in profiuction of

solutions are the highest in

f-II‘O

Irv woivhts of tora and roots, but not of pods, wo*o

m~uut9d to a ratio by giving the h best height in the

3roup the value of 1.00, and re.ucin" others to deoinial

parts of “19 anf8
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achum nitrate of those c¢,loye&. Solution 5-1-2, with

. .s .- ,.,'v-‘ ‘I' 1-.‘ ." fill " _§‘ 1. ' g

in 23233221”, Ioauucu 22.9% of L33 wry 232

1-6-1 CPeflt ant, afiile 1-1-8 and 2-2-4, bo*h Iigh in

o ._ . .' . .I

magnusmum, each yvondcod 83.2?. 2320? L~V

.1“

O
aengloyod, a LIQL sunglg 0. calcium nItP2te has thn Most

favorable f0? vo3etativo growth.

V

Results of car ohydrato anal"ses 'f Series I,

taps, are shown in Table 5. The term "tepc", as us.d in

(
I
?

L
.
.
.

5'
-»

L
.

t
o

paper, inclnTos t(25, petioles, and leaves, and

do’
3

C
D

(
7

not include pods. It uws not 3022EL10 to separate

‘

1:110 aerial paints and seems 3:1,-..12 .4359 met-3h f:~3‘ analy-

eis. £1.11 0.»‘ool3dr: fuss {.20 co13:3in to (1% luccse 1.253.113

Funson and Talker's table (2).

' The f13u3;5 p:(:sontcd 13?, are tic average of

tie implicate culturcs, 21th duplisfte deter inltions of

each sample. TYus cash afitry represents the average

aralysis of a groan of 20 plants.

’9 an 216 to Interpret1tSr-n of the results, the

rrfio systefi was again 9 yloysd. fintios \cre cuznuted

upon the total sugars (sum of the eigwle sugars anfl

sucrose), total non-sugars (sum of starch and homicellulose)

and total carbohydrates.

I1 t3.29 302198, tie cu ture solutions supplying

8 ”135 pronort103 4” .93m1311" afiljflnto rare he most

efficient in 3r030t133 tVO elaborat‘on of sugars. This



J

.Hmbmoumh.AAbofipwo

HduOflSaw»6vafimcwvrcffabpvc.emchmfirruu+VCALare?

murctm05A{Aw.mpcuruurnLcvuwmpru;uLoAmm+arkcvwnwhp

cup(wmpL0.pvohwES“muAcm0AuwrympcvrmgoraAvc:n.xp

\..

Cr?“r.va2.5L.....-.+39-1%in..rmr(A?A.L.0...:A.“CTF0rcwwrroncmC.TrQC

Charcoafi5our“...wenC+“AVG.”LtrmmMUMc03.00%mflbwufficm€$~fi+H50

CfuvrAfiCawarvdUMGprnnrc..c.CPA“...ouqflfim“Verecu#06:»...Grn

AAHA«saw»cm-crt(AuEganCAmmonmuzofiuuuruo.Aonwvnga

i...-t.1....\..~~.1..\50..q\-.uI,...au.a..n.I.v.1v.t....
Ctrc(riluowyrvrxficfl»0+FrclAr...w(.Cf.I»0(5on1*?(r!rug-Hit.V.“(r-AG U

‘
i

C

4
.

n

r
-
i

(
'
1

\.i.it.4n!r\I1‘..4...I.A.-.aA1:“aut..‘|..

uhHfloH.9»..-thfrt...:........&..«1....Car...“.._r6.51.0but..."A...Haiti.”

rOuASHyuAwéfc+rcrHsACu90H(A.q
.
—

’1C(
I

(
d
.

O
r
-
i

"

9f

0

I

'.
.
-'
0
!

‘

L
;

amokcAA.wvuuhmbAonzwuwcuoyaspmy{mnwucfr

0;“(HmAuAuacwcfinmtAuernxucmu;may.n1msfirrwawnm

omrcmoAAcwAmwocgtrmAAci4caprmwfiHwycanquAch

ca“k0Shvahc6%.«map?09mmAarmmfin;antrofihmmuou

Immrauno;awnAwCAAwAAuu.uuc:AFfiwuuopomAu».Vw

mp0Amr:.mmatS-AAbrcut“:worktc«an;nA+.umnfnmzuo

o+cArLAthasvauru::e_we:nAu.humvxwfir

Onwwrw...+C.Lfnum.

cimtfi0AAcgma2mfiAHAAcAKnflmrAA;«A,cnewatancmcfi

@uwhuanfipfiofinoanALwACUWAthnmapp:Hfis;acycfiw:.Acnr:ux

0AAo¢.AchcAuAma:we:ma:.uwwmaA.cman:mAA.mtfiam

1..t‘IAEo.,J..~.A'.)1-4:4.1.0....c..4‘...1.........A.i.1m.1.\'U.A‘....

Elfi‘u'ldrcotw40.0!q”IPrvrrua”h?(h.0.+Crrfvt.,tqlruflth‘tt'cIfw+fie‘xclwrvp

homdmcnomfimhaaoegg«masrcouvop.Hfi~.mcAAAAA;ma?



caconuwoghfim0AAowhHoLwAHnarm.mzn:mwAmavmfiow

AvvmuKQJCHurmAamaronchrfiAcrL.cweumrcscnwncmuctAa:

.\...“...-IIoaA......uIda.0-.I....-II!

“...“...rhv“rcrfluv“Par\Pho'(wafir.‘Fir»:“fibvhr““0t:r.\f£\sr~l\.ffiv

HmnoiiAwL.A;AAA»AAA.$LL.chtgV»cwmagi.uncfiwULu

F...“.C..CWt...“u...C....u...‘.tofu...r.pU......A.LC.Qtflnbusr......”..AP.“5...“;-..h-..«C.W......Ir.“A...W...»...C+.lvrv

(.{It(PWs“J.I.ACJ.....r.r......rv..asru.lv.b\..JI“b..,Jp...«I.K.(HMALJ..X...Ou

0*.A......w§.'~4.\,AV........rQa-.....

#43.he‘3...JI....o...;.\J....:..I.......,

hf-..»9.].Ry‘1.!!!IFfP'(PUH.L4K¢PvQ...\\FII-.“H”...vm£rof(w.ruAPLtrro.(r.\(.((PPQ‘Ar.$(«r0'u

“K.4u...«l,.-1".I.AIn..u¢....4..I.43..1),sl13\;\a..

’V"!p;I.+v...”IV‘C0.fr”"1‘...‘(frankI“..fut.Pf!..\V?!“r”rCJs.‘grur'N

...!.u.....u..3........-...‘»a...‘0.1...\I.A...II)I....a.

'1‘..r..P.p—(U"0.0..l..f’..\.‘t~LufiO/.\IuM..Pn.’'n.l"fiH;n'.from”'wc..1<oOW’firor'*(..kif.‘C

‘1-)3.‘14...AJ.. A.ax....A.......u..~.......:‘Ju:1!.\.I.....r.\......u...~

.‘rrLCr-....IV....rC...Ac..,..0‘(..v%6-HI)I\nW-..v.4tr.\rflksmrbk(“pk-wk.Ir‘lxlrk

:4...n:‘-I......I\C..Ia§.t..ll4".oI....‘4!.\'J.‘\v0..0..\..JJ.‘0‘tuiix..-

'P‘Acr.A'.+P!.lLLu»O...rrVIAr.oyrorkr..lb..0.!7o....raawAK“(9."(..f\Nlfiubsu‘fx‘rltc

.‘.‘

4.“.19....q....3.00..A...‘xnlq.A........\I.t..;........

r..bi*cf~(A.QCfW......”I?#3.,.+.rkgvtrkrwtit.»...Lr.rvfi-r..l\o...cPCAH4A3C.fi.\o..

V.ar

“0140...:1.....3.“....o..\A.....2.3a.......1.......A...l..,A..~l..(U

'Io’fln.I27(...QL)I\.:bbrur‘..Fffi...#§plr+..r.v..rr(r\rtp'erA..r.‘"er!!(..'\r

(Auhwt.c.rfiAAALLvzumuup».4“{GmoflHASMa};



T
a
b
l
e

5

C
O
N
T
7
Y

9
F

.
‘
A
J
O
P
Y
3
9
fi
9
3

F
H
A
C
T
I
O
T
S

A
w
.

\
3
”

r
'
!
-
,
'
.
,
'
\

'
I
‘

-
\

.
"
-
.

A
_
L

A
l
l

4
9
.
9

J
x

“
d
z
“

S
e
r
i
e
s

I

S
i
m
p
l
e

S
u
c
r
o
s
e

T
o
t
a
l

8
a
r
c
h

F
o
m
i
c
o
l
-

H
o
n
-

T
r
e
a
t
m
e
n
t

s
u
g
a
r
s

s
u
g
a
r
s

l
u
l
o
s
e

m
n

P
3
t
1
0

p
p

G
o
t
a
l

C
fi
g
a
r
i
c

‘
I
i
t
r
a
t
e

s
u
g
a
r
s

C
u
g
b
c
h
v
fi
v
a
t
o
s

n
i
t
r
o
g
e
n

n
i
t
r
o
g
e
n

r
a
t
i
o

%
r
n
t
i
o

%
%

1
-
1
~
6

1
-
6
0
1

5
-
1
-
2

3
-
3
-
2

2
-
2
-
4

1
-
1
-
6

1
-
6
-
1

5
-
1
-
2

3
-
3
-
2

2
-
2
-
4

1
-
1
-
6

1
-
6
-
1

5
-
1
-
2

3
-
3
-
2

2
-
2
-
4

5
.
3

3
.
1
2

5
.
3
1

2
.
7
7

4
.
9
3

3
.
7
4

2
.
6
9

3
.
0
5

3
.
3
8

3
.
4
1

2
.
5
0

2
.
3
0

2
.
9
1

1
.
2
2

2
.
7
6

.
9
9

.
5
6

.
8
9

.
9
3

1
.
0
0

1
.
0
0

.
7
5

.
8
8

.
9
9

.
8
2

1
7

h
o
u
r
s

l
i
fi
h
t

.
M
m
O

1
.
8
5

2
.
6
2

.
7
4

4
.
1
7

.
9
8

4
.
6
5

.
8
7

.
2
2

4
.
3
0

1
.
0
0

 

1
3

h
o
u
r
s

1
1
~
h
t

2
.
3
5

4
.
0
7
6

.
8
5

1
.
7
7

3
.
0
9

.
7
6

5
.
5
0

2
.
9
6

1
.
0
0

2
9
3
‘
;

1
.
9
4

.
6
7

2
.
5
5

2
.
5
4

.
8
0

1
0

h
o
u
r
s

1
1
"
h
t

0
.
§
h

2
.
7
3

.
8
1

0
.
9
3

0
.
9
7

9
.
7
3

3
.
8
3

2
.
9
0

3
.
2

3
.
5
3
'

q
r
:

w
o
w
“
)

.
8
7

.
9
7

.
9
7

1
.
0
0

1
‘
1
0
7
5

9
.
3
6

1
1
.
3
.
4
.
)

1
5
.
4
8

1
5
.
7
5

2
.
6
2

1
0
.
6
"

2
.
7
6

1
1
.
4
3

1
1
.
0
1

8
.
8
1

8
.
2
2

9
.
0
5

9
.
3
8

9
.
9
0

.
9
4

.
5
9

.
8
5

.
8
6

1
.
0
0

.
9
9

.
8
1

1
.
0
0

.
8
”

o
f
“
:

.
8
9 r
)

A
.

c

.
9
3

.
9
5

1
.
0
0

5
.
1
7

5
.
3
9

5
.
5
1

5
.
€
2

3
.
2
7

3
.
5
1

5
.
5
0

3
.
0
6

8
.
6
6

5
.
2
1

4
.
5
6

4
.
6
7

4
.
6
8

4
.
7

4
.
8
2

.
1
5
0

.
1
8
6

.
1
0
5

.
2
2
2

.
1
6
3

.
1
9
2

.
7
4
5

.
0
7
2

.
6
5
5

0
‘'
1
6
8

.
2
6
8

.
6
9
8

.
3
8
8

.
4
0
0

.
5
0
5

-1293-



 

 

 

     

 
  

 

... firm", :
\

—*“‘—

1

$3

|

9 TOPS

We‘-
3

_ L 6

a

It)

69 \\

'1‘,

.

k:

k

I:

__ __ __ __ .—-—-1

i
///

I

/

<
IN

61/.
f

-\T

4

<

k

E
filial” "‘~’:‘/‘ g

3‘1" 2-5-4 I‘I~6 2,2

0;-

|

_____5E
9_&——-'\£!§H

 
 

O
R
G
A
N
I
C

N
I
T
/
(
0
6
E
N

v
4
“

n

T

 
,1. x "f“ if: 17-6 ' .5 r}.-

1"! CULTURE SOLUTIONS

 

uwfi "3 . 1. n -P‘ __ 3 .‘-‘:" ... C _. ‘,‘

nitrorun canL mt w? toys a; “U.LQS L.



-93-

Srnlyticn' 3:, 3333. The 011: v11:3 5? t1“ ufitfl on nitrate

nitréian 333 to *36f31t3 +33 reserve sgpyly £1 :53 glint,

C'r13nfi EEC”? *Fé nfévnt it is sfiln to elis1r“?c. It 18

rfturallv inc“ £1:}3? 13’33 S““T+ 11“%t nefi?{tiens

T”3 c1ht13t of 1331313 nit?o :n 323 catively

ihc1nsfls‘onf with €33 sufiply of nitrogen in tl1 unflium.

-?r3* firfiro 1 it 313*5 to 8.3nHttcfl t . {n t‘a longer light

flurfit'sns tkefic was 2113 fiimunttion cf orjanic nitragen

as tfic sunnly of nifritos became lirfited, but this is

u“rwly worb t“1n tic 11 its of r:lovi13rt31 exrev.

T113 1121.1: 7"“IIMN n so!»8 150110~ t‘ 0 rent 1"“mortant

factor in ”rt““"'fifnj +33 11331 Cf fiifvngcn assimilation.

The? is n3 afiifinmca L? 1 corralrfi11 bc‘.:cn uotnsnium

- v .3 ,., -,. 1. $1-. , a

aggrlv 133 ,rgqnic {tvé on syngma,-3.

U393? 17 haurs 33% 13 qurs lifihf in tFis series. This

title is of firtcrcst hocnnne it she":s tYn high Invel of

o~~b"“"a”°+o ogn‘nt in t c pfirtl" “1tnre f“"’t tut it

fails to 6&331030 nnv ccn=£9 rt relnt ions‘flps rith treat-

ront. Lnr3 n in solution 1-6-1 has tk1 10 est total

corbohydrntes in 13 hour light, Thila Pflgh potassium leads

in longer lizht. It is evident trat tho con:ent of

organic n1tro~on is not affected by nutrient treatment

or 7177“!) OKf>~*-s:;‘.1?0.
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CLL- 0‘11

Trentfiont Sugars Sucrose Starch collu- Carbohy- Hitrogen

1-1-6

1—3~1

5-1-2

'1' ‘9, O

\""L-Q

2-2—4

1-1—6

1-6-1
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Vitrate

filtrogon
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.021

.006

.017
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.088

.014

.070
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211,11- : {3. ”LIL .‘ :1".- fftff "1111;“37‘t-i,

nitr0“3n contvnt of po‘s in kcrios I.



Peries II wss n repe%1t10n of Series I, as far

as t“o cvtliwe of the exverimflnt w“? concernefi. “0

analyses of 9033 were rude. Starch and bani-celluloses

were analyzed separately, but are rowovted t1fietkcr Os

acid-bv1”01yzable c”rbnfiydr1tes. The avnrnfe contnnt of

starch wa° very low, and did not justify separate mention.

The results 333 rivcn in tabla 7 nvd ftfvrc 3.

'The genervl level of c3rh3¥3733f3 nccurnlnfjon

1n t313 series vns ”Fave that of For€03 T. ‘3 rentfoned

previovPly, this won nnrrnws a rcsn1nne to t*c Pifbor nir

ternmrwfnwes in the freenhouse. In this series, tbnre

wry 31% 3 clear disfinction between the levcls of cnrbo-

hyérqte flCOH“fllfi*10fi in Wong and intermediate liffit, the

temfihrwtwre factnr °311r3“*1v overnbndowfihé tfle Jfifht

efrfict.

Tkn effect 3? hirh nntncstum on tfie arount of

auvnrs faund was stfiilnr to tht in Caries I, 91tho only

treatment 1-1-6 was able to vaintnfin a co“sistcnt1v h1~h

level, trnntwpnts 9—9-4 113 3-?-2, tfie qutcr *3 333t13u13r,

beinf so-3wkff errrftn except in 8‘1rt 11-37. In +his

serifie fhe bféh not"9r‘nm ov1rwro “3? 31? 3° efficient as

tke h*7h 03101U3 in wrofiucfton o“ 311-"3. 0%3 3¥"“ level

of nun-sufiors in ffimg'unfngainm RUT?IH”N9 *9 0? nvi”9“t

corrolnr? of tfie 10w snfnr content, a. “gave trfifislocntion

must haVn occurred.
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fovnfl 1n {Fe 31ftest wé't031nr t‘r‘f“crf

Y

of tha fibree 11?”? fr"°‘ant$ 've rvcrcgefl. [0 av"? 1t

19 hurdly Pare to conclude that this 18 a fixnd rci¢fion,

as f?" cvlfnrns v1r1tfl widely in tfiiu resinct.

*0 or? treot ant was "rantlv SUfi€r10T in total

cnrbofiyfirnfe acnuwnlntioh, fl1.hn in

rent 10d 1n +“1s rnswcct in low: and 15tar:afiiuto lith. '

T‘o V"r7 htmh ‘9?COfi+':GS fmrvi'di+ all 1P&Q:F?it? f9h‘ed

to reek nfi? effbct" and f0 nu+r1h“fq.

The nitr~~nfi flfitq.é*d¢e€ nl~36t no fiffcvtncos

téfwev“ hwtribvf fvn“f“fihfis a? “'* 13”“t ”"r*fion. 'ho

lirht effect. mar 34, was flmflifi fi1st1mctiy 91~:n.

In +1.9 f'} {yo-f7 scn‘VnS {f- ~-n.. "(‘01 ‘0.“ LO ...-now, the

:1 “fr nh7v uhfil +‘“ ?‘v"* 113°C' C D‘fiv 1c‘, ’n Aria?

to fird 1f the diffmrrficne Gaul” 1” Cbavrv'd 13f””3 the

n

._

‘Jplnnfs were mature. 1* was also dncfficd f0 11312 *‘e l’fht

dure+1on9 f0 30 find 17 haurs, fig fk~ frow‘rr Jfl?frve”uad

had Fann Thuvfl bafwhnn fbéce fiwr"finn9. Tri.1’é"tn cultdres,

involvififi **“ fro tb PP 190 filfinfc uh’cv at" are arigfition.

were v"9”, ’“P*“°4 “V *'“ dvrlfrrfn 041+“Trc 1n 5““ fnr or

series.

Ffifilvticnl rcsu1*s “w tF1a series are jrdSOhted

1n Tqbln 8, and a "wafh*c ”ehfioso*+h+16“ 9* *1"U“9 4. Tn

tbia table, +70 chnmn "vcifi-“vfirolvz"“1” carbohvdrvtcs"



~07-

represcnts 'M‘fi" 05-0 ’ET‘flljJI1’3'1] 5103, 7'10 nt‘ewft bnin’: made

I ' . 'L ’ ‘5 ~‘~. ,- \ d!

to 373.72? 1".0 (3 fire: .1“ "“9 1-0

to fiafuritv. '1th 10 Lavrs lizht, thfi final level was

rrro fi~wrlfi thét fauna in Series I.

“*0 Eirkfirt level 9? sv*“” 939“W"1‘*ifin $¢3 found

rfit? treaf’ert 2-2-1, 9: an vverafe 0? Moth 11v“? dvr'*1ans.

¢fifié+mnn+ 1-1_5 was “rficnfiuquer low in fhefla fr"c‘1ons.

vk1lc *Vn Vifh pfifir*1Wfl +rnnfwnvt wnv var? ?nod 1n fife

:?cwt 11~E+. VFC 3’2? trontfinht “or nroin cmiducivo to

nor-sugar fnvmntfion 1n t’fls ror1n9, Pltho rfit runnr1or to

tr7-.a'---1v\v\t 2-63-4. ._'I"~‘;~:.~f_§ t'z'" tylfs‘t “"f'F “Ivory: W153i“) 1509f 1n

tot/‘1 73“.?!»er '17-?”2‘ ‘ 4'05; .

'T‘m cm”: 33+. 0*“ fi?i":‘f’¥?".1’3 r*’."7°0*i '- ' .16 ""0 Tr“!"'}‘.e).‘3t

1? ans? cdve 1% tFe P1~h rfi"finvinu tv‘atrn“t. 0‘“ d1f9or-

, ‘ . - - Q 7 ‘ 1 -‘ a .1 IF.

nvncs .nrq a“)? Q ?Qr ‘ufirrefifhs 0- n «aficzfit 9:4 0??

Fir-(17" ‘.*..'r‘:7fl‘.1“r 6"“ 0' find. T50 17-4411; bfpec’i “T". “7:? 391391

of ”Y‘Ofcgh (3.1.‘HbO'I‘Qt‘1PT'Q VII!!! Y7"“"§.(‘.‘.‘83‘19 n? “VIC“. #1139 gf-wme
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VAVIGUS LIST? EiParfifitS

II Ease element relationships

01".”an E. Fitreet(1)

Connecticut Atricultural Experiment Station

Introduction

The ressonse of’plnnts to the supply of various

nutrient elements and the positive correlation between

the amount sup lied and the percentage found in the plant

have been the subjects of numerous investigations. The

dorrce of response is largely governed by environmental

factors, vhich may even nullify the effect of v: gins treat-

ments. 8011 as a medium of growth is apt to be much more'

inflexible than a less dynamic material such as qusrtz send,

which in turn is a less flexible podium than water cultures.

It is possible to obtain siinificant differences in growth

and consosition of plants in water cultures wtere the

diff,rcnccs in nutrient supply are rather small. Altho

the intake of any one element may be a function of the

relative supfily of other elements as well as the one in

question, or intake proportionate to the supply will obtain

(1) The writer wishes to express his appreciation to

Dr. ?. J. finfierson for permission to perform the analyses

heroin reported in the laboratory of the tobacco Substation,

Connecticut irricultursl fingeriment Station.





under Optimum conditions.

In connection with cooperative research studies

on salt requirements, attempts have been made to control

many of the governing factors, especially with pleats

growing in water cultures. Factors such as the degree of

acidity of the culture solution and its effect on the comp

position of the plant have been quite thoroughly evaluated.

As a continuation of the study of the growth of

peas in water cultures, it was decided to investigate the

effect of light duration on tic intake of base elements by

the plant. Such problems as the effect of the season on

the composition of the plant are portage rel ted to 1152

duratiOn.





Historical

Gilbert and Eardin (8) working with a variety

of craps under field cenditions conclude as follows "In

general tte current concantrations of ninoral elements

in the solutions of crop plants were found to correlate

directly with the applications of cbemical fertilisers."

Parlier work by rcCool (15) shows the same relation in

tie exvressed sap of corn, beets and onions.

Arena the fertilizer elements applied to the

soil that cause a marked response in the plant, potassium

is usually foremost. Otryganjew (18) raised the potassium

content of tobacco from 0.45 to 7.22 per cent K20 on a

poor sandy soil. Anderson, Swanback and Street (2) re-

ported a range of 4.07 to 6.69 per cent K20 on field

tobacco, sVile greenhouse tobacco ranged from 1.48 to

6.78 per cent £20 in soil cultures and 1.16 to 5.35 per

cent in sand cultures, with fertilization varying frmn

O to 300 pounds per acre of V20. On the 013er rand

Laley, Lonfonccber and Vlsen (10) FPO it; tobacco on a

calcareous soil were able to increase the percentage of

potash to enly 3.27 per cent by the addition of 450 pounds

K20 per acre, as censured with 1.74 per cent with no potash.

Siniler results are reported by Eartholomew and Janssen (4)

for several legumes and grasses. Fender (7) has noted

consistent differences in potash content of alfalfa frown





on several soil types.

In water cultures an extremely wide range of

potash content has been reported by Sayre (19), working

with canning noes. filth Coo/K20 ratios varying from

0.029 to 18.3, he obtained potash percentages ranging

from 0.87 to 8.70 per cent in leaves and from 0.68 to

7.60 nor cent in stems.

Responses to calcium and magnesium apolications

in soil are usually related to the relative abundance of

these elements as compared with the potash supply. A

relative abundance of :otesh deeresses the intake of either

or both, as shown by Eorgan (16 3,905) and Kass (9).

The use of hydrsted magnesium line containing

57 nor cont Cao and 29 per cent :30 niyht be expected to

increase both the calcium anfl magnesium, but such was

not the case, as is shonn in the following table from the

work of Anderson, Ewanback and Street (2).





Table 1

EFFECT 01' 113."):2331333 LIX: CT: :’f§.'I(J".:Z':.".'37L C? C.-“-..JCIUI£,

3-". «'13::318 U77 9.13;“ POTifitlU; 71"; TUL7CCO.

(Air dry basis on unfernented leaves)

Pounds magnesia anelied Percentage founfi in our d loaves

per acre K20 030 L30

150119 4.85 6.75 1.52

100 3.98 6.22 2.47

200 3.12 5.65 3.13

400 3.09 5.26 3.83

600 2.40 4.95 4.59

It may be seen that the potash was notably

depressed and the calcium quite strongly reduced. The

reciprocal repression affects all three bases, as has been

noted by Ponder (5), (7), for alfalfa.

It is only where both potash and magnesia are

available in relatively snall amounts that the slant is

able to take up calcium freely, as has been shown by

Uorgan (16, p 905) and Kaley, Longenecker and Olson (10)

working on tObacco in soils and Sayre (19) with peas in

water cultures. Ponder (6) did not find as great differences

on peas grown in several soils in the greenhouse, but the

differences in calcium content of the various soils was not

great and no fertilizer was added. Nightingale, fiddoms,

Robbins and Scheruerhorn (17) in a study of calcium

deficiency in tomato plants obtained results that clearly

indicate mutual calcium and potassium reeression. The





absence of calcium permitted an intake of as high as

10.62 per cent potassium, as compared with as low as

2.23 per cent in its presence. Calcium varied from a

trace to 3.84 per cent. .

.Heferences to the effect of light on the intake

7

t

Aof bases are not numerous in tie literature. Bartholomew

and Jannsen (4) by means of analyses at different times

of the day, conclude that potassium is taken up as freely

at night as during the day. Tyson (20) grew sugar beets

in shaded compartments having from one to four layers of

cheesecloth, and one group under too layers of cheesecloth

and one of black calico. He found that the ash content of

the leaves increased with a decrease of lifiht. Calcium

and usgnesium content of leaves was inversely preportional

to the intensity of light while potassium content was

decreased with one and two layers of cloth, but increased

with greater shading until it was about the some as in

leaves grown in full sunlight. This would indicate a

greater base absorption in weak light. Nightingale et al

(17) in the studies previously noted, found that plants

grown in a calcium deficient radium, when placed in dark-

ness showed the presence of "uncoubined" calcium, 1.6.,

calcium that could be detected microchemically by the

usual treatgent with oxalic acid, and that the presence of

calcium in this fora permitted growth and ncrhaps protein

elaboration.
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Plan of Experiment

The material for this work was the oven dried

samples of the pens used in Part 1 for determination of

nitrate and total nitrogen. Analyses were made for

crude fish, potassium, calcium, and magnesium on the tape

of all three series. Yo analyses of pods were made, as

previous results had shown no consisten? trend. The

reader is referred to Part 1 for details of treatment

and physical reasuremcnte of the plants.





CLemical Eethods

Crude ash on: calcium w re determined by the

official methods 0? the f. O. A. C. (3). Tegnesium was

determined by tre velurctric not Ci of Randy (11).

Potassium dCtCPTlHRtIOHS of the first series were made

by the sodium cobalti-nitrite metLOd of idle and Lood

(1). A comparison of this method with the official

chlorOplatinete procedure showed that the foruer method

did not give consistent results, most of the percentages

being too high. Series I was therefore repeated and

all potassium figures reported are by the official rethod.



Table

.5330: i.-;;(-3ntn1 3:0 Stilts

‘. r": ' " ' I ' W ‘. \ ~

Lats on crude ssh tor all series are “iVon in

n

 

 

 

Table 2

“"‘P’V’ CI 1511 It! firrrs

Trestment* Percentage crude ash

Series I Series II Series III

1-1-6

1-6-1

5-1-2

3-3-2

2-2-4

15 hours light

1-1-6 3.41 12.80 11.80

1-6-1 15.é8 15.00 16.43

2-2-4 16.55 14.71 13.20

10 hours light

1-1-6 14.95 “714.96 15.31

1-6-1 16.32 16.71 16.09

5-3-2 15.05 15.77 15.12

2-2-4 15.97 14.97 15.25

The average amount of crude ash was greater under short

light than intermediate light in every case. Lon; light

was not consistent being the 10 est in Series I and tho

higfiest in Series II. 30 plants were errn under long

light in Series III.

z"Culture solution, Shive's 1.00 atmosphere, let figure

'K22704, 2nd figure Ce(305)2, 3rd figure F5804.



The ef ect of nutrient materials on the crude

(
Jash was quite clearly shown. In every case except on-,

the lowest figure was found with the high magnesium treat-

ment 1-1-6. Ike hijtest percentage of crude ash was noted

with the high potassium treatment in five out of eight

groups, and with high calcium treatment, or a centination

of the two, in the other croups. This is in accordance

with the relative percentages of the three elements

cosmonly found in plents.‘

Table 8 presents the analyses of the three

dowinnnt bases in tFo tops for all series. Teps include

all serial psrts of the plents with the exception of pods.

The data for Series I ere else oresented in

graohic form in fifure 1. In this graph the increments

of potsssium, represented by the first of the trree figures,

increase from left to right. The increfients of calcium,

represented by the second figure, and of :sgncsium, by the

third figure decrease from left to right. To more clearly

illustrate the regressive effect of potassium on the other

two bases, the trestfleet 5-1-2 was placed at tfie right of

all sections of the graph.

Considerin: first the correlation between the

surely of any one base in the cnlture solution and the

percentage in the plents erodnced in that solution, it

can be seen that a vet? mooi rfreo on existed. In all
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but 0?.e of tbe ther 0livte li;ht t?08t#0&t8 a regular

increase in percentnju of patssh was it he found. ”hile

calciun did not vnvy 3 113017, yet it also showed a

higher content

in the culture solution. The cor“019t10n in tLe case of

rayesium was r35:r p0or in t.v:eh1:19r treatnonta groxn

U‘
with 13 h urs light, but as‘de frozn this "roup, t dis-

F7156 02 an the mutually repressive effect of

the bases was 2 ltd apgnrcnt. ' lfirgc a aunt of potash

in t‘c alt” e soluticn (treatgent 5-1-2) rcsultefi in a

lower calciu: latM19 unr‘le“ all conrltions 11.nn a Li;

“WOpO?tlon of magnesium (treatnont 1-1-6). Furthermore

solution 1-1-6 permitted graater calcium intake than

solution 2-2~4 in two light durations, fail*fix only in

intere-di to lljit. This was perhaps due to the fact that

.1;113-soluticn 9-2-4 furnished twice as [axon calc um as

solution 1—1-6, it also supplied twice as much potassium.

Tie offgct of potassium on hsgnosinn intake was

quite 31711 r. In every ca :3 solution l-t-l permitted

ETGFtCP ruyJesium 1n*1W than solution 5-1-2. Dotwcen

solut19m5-1-2 andHs—--2, both of 31101 supplied equal

trrovnts d? rvfrns’u; but varied in rotassiur, tic intako

, v v“ ' .3 . “ ‘< l' G ' ..'u

of mnthSLun 1:9 Incroaae- as {”6 _otusslu1 supply

decreased, 91 pt unlcp short 11 Lt.
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Calcium ShOng a gecnter_repressive effect than

magnesium on the intake of potassium. In all cases solu-

tion 1-6-1, Fish in calcium, produced :1 his lover in

potfissium content than did solution l-l-G.

Tte nest corked effect of the Question of light

on the obsoretion of bases was upon the intake of potas-

siue. 71th 10 hours lifbt tFe level of petassiza intake

was significantly Rifle? t roughout its range of cultural

treatment. Intermediate lifiht gave ii; on gerccntcgcs of

this element toan lonj 11 fit, with the exccotion of one

treatment. Between long and short light c1 av race differ-

ence of over one per cent in potassium content was found

for all treetocnts.

Calcium content in reference to aeration of light

sFOVCd the 13 hour any length able to rsintcin the highest

level. Short light was featured by the lowest relative

level of calcium absorption, and except in the highest

concentration by a rather low absolute content.

lith resecct to regnesium, the intake was not

consistent. Intertcdicte litht flotation oermftted a

greeter intnbe then loci 11 fit in all but one treatment.

7

Unfier 10 hour day length the "
3

no.0 of ragwesium content:‘-. L

Q

was nerrower, tne low angnet

l J J

Ra CVItPVCS havinf a slightly

hither intake, ewe tie ii"h conccotrstions somewhat 1088J

.hcn under greater light suretions.
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a”: 3 31‘0 flata :03 333103 I: are also rrcrcnted in

o

I

Table 3, 03d $.33n gvnyEicnlly 13 71jur3 2. 4‘3 correla-

‘ 37p .- ., -\. - . ... ‘ ~ —.,1 ‘I‘ _- ‘.p-‘ f" w.-.'. n \.

tiimu‘betamun1 1‘0 :‘33 1, guw3331t Eva. .3; L1; Argtififil\;08

ceasifiernE13 Eettor 13 “3v? r3r303t3. “etasstum ntako

. Q I {2" ' \ x - ~ ' c - 0

1hCPCfiCGQ In‘ulwl7 » increASQ In 110 sipply aid the

trrfiestwm.yas F12 o cowslst33t. TEG 0310511 '33*03t of

tEe 132: lféEt 312,8 $r3vn En s3lut103 3-3-2 was lower

tEan in solution 2-2--1, Eat 1313 #53 £73 333? 13003313-

tency in this respect in tEe serlcs.

The var13fs Ee3ressive eff at: 20133 1: "cries I

wera again ev113nt 1n tfiis series. 219 Eigh ;%083113

cultur3, S-l-E, was p3rticulnrly PegrcsgL‘e to calcinam

are *3‘30312 absowwifimw in all cases.

Very flcfinite differences in pothssiun sEsorp-

tion wifE r32300t t3 light exyoswre wore fauna. CEort

lfifEt plants were ngafin the higant En patsssium content,

wh1le 1ntnwwnllwte IETEt was clenrly more conducive to

otassium 1nt9“e t‘an long light. 53 mifiht be exgccted

‘
6

13 View of EEO ant33331n of nntnssium and c31c1um, the

abort liflht plants E3G the lowest level of calcium intake.

7E0 fitfferences hetrean 1033 313 12f3r33d13t3 light were

not as conclusive, E33 favorefl tVP £33 or in 3111but one

treatrento

Eng-1.3394311 1.33.0. cawsir’cru‘olv 3.1;;va “raster long
* u

113Et than in Series I and fie fin1+ely greater tEQn 1n the
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Figure 2. Graph showing intake of base elements
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General niseussion

Consifierin: +re evidence 0? the first two series,

it seems conclusive that notessiuw was most abnnflsnt in

plents grown to firtvrity under short lirht. $3 the light

period was lenotkened, the level of ootsesiun intake

firewood. In yovng plunts t?ose otenorena sere not as

well definei.

0n toe other bend, calcium wcs_:nst sbunfinnt

unoer longer lifiht periods, with 13 or 17 hours about

equally efficient in promoting absorotion of this element.

refinesium wss similsrly effected by the rhotOporiod.

In attempting to explain the results of those

exocriments, it is well to remember that on those same

plants, determinations of organic and total nitrogen

showed that the shorter the light varied, the higher the

percentape of nitrogen. This was in accordance with the

rinsinzs of rsny other investigators. Foreovcr the length

of day was practically tPe only controlling factor, as the

plants were 3519 to get an adequate suowly of nitrogen

from the lowest increments, and therefore failed to

resnond to ineressod.smounts.

Thus it may be assumed that in a series of

culture solutions having the same OSfiOtic concentration,

but varying pronortions of the ttree sslts, all the plants

in the series would Pave on equal supgly of base elements.



. " v" , ”fl 0 ~ .q- . .-\ ‘ -. s

It, is 1 its :6 1:.- .1-.__;.r .1.,r*-:e..1 that 51.1 soil-base

a - ~v . ’ 9 .R . ,H L 2 ,--‘u ,r -. . - - _.

OQ“111bPlJ; e i‘pc u; wl~-rs. If is " cgfl51i§ons xare

9’10“. 51?. to 1V“? "7“ “ “vs-J" ivz'r‘m o“ -“n~:““o ex 9071in-b . -' \ .. .~- t.. I -- .s.. -‘«- I. ’ 1--

lort nzount of 130 e“ roe: tone. WW“? 9130 Peter ‘0

. LA... , -. . . .-l L. V. ,‘ _.._ - L ..

F1°3to Tn L too UT-v I ¢n~s. grosssx‘; W?” 2.;1r _ 1'

“, J.‘ . ..e- ... - .. . Q- i i A" 2 A , . , a .3 ... ~ ,

P‘Jfitl-‘H‘lo {1‘ :‘J 3 v:1 t ‘ f3 5 ‘I' Jilin-4.1!" .‘1 *‘73‘! ' r1." . 4.33309.) 1.133

hioh level in tfio short 11 F? e1"n‘s 4’ a? “see all eitally

bi"% in orragis filtre on. Th-
ea“ ‘...' ' " \_.

is ylso 9:“xlficnnt thvt it

was only win» sfiovt 3i;bt tan s? rite *‘fro on use present

to soy afiownt in tTrse ollrts. In orxgri tits on L

‘fonorol.+*uyto

vitrojofi In the plants goers in sVort 13;?f, preportionsl

to tte Rffififlt of on aim . In this case, calcium was

apparently *Ee rest ubwndant cation, alt’o no rnnlysos of

t ‘3 . a ..-, ..- I, -, .\ l ‘5 _. \ $ .
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Conclusions

Crufle ssh was biobcr is sens TPGWfi is 10 hours

liyht than in 13 hours, but not corsistontlv Fiftor then

ir plants rTerror: in 17 hours li‘ht. A cvlture solstice

tioh in wqrhcsinm resulted in the lowest crude fish in 811

but one case. Wifh DoressiWfi or “if% 0”1P{VT solutions

grow plwnts which were the Pifhest in crude 99%.

The correlation between tfin reintive Sfif‘lf of

spy one slewont in 9 group of celtrrcs, one the relative

intake of thnt element by the plants grown in tiese cultures,

was vorv clearly parted.

Potassiue displssed a street repressive effect

on the intnko of calcinfi and magnesium, often ovorshnfiowing

otter factors where the supply of potassium was high and

the gvfiolv of the other hoses rstVer 10W.

Calcium End a sorewhet firnnter rewressive effect

on ootcssififi ran hnd “sjnesiun, in cultures where these

bases were nbundsnt.

Riéht erbosnrcs o? 10 Pours flcily oroflucefl olqnts

biqh in ootnssinr be? low in calcinr or? "W”PCPiUfi.

Li“rt etoocures of 13 towrs ”seaweed plants lower

in potash ova hifiher in oslcivs coo ~nfreu’uo than 10 hour

plnntfl. Ttis esoosuro in Series T the tto hiqtest level

of calciur intote.
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