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-

Ormon =, Stroet(l)
Connecticut “~ricultural xpcriliiecnt Ctation

. Introduction
A volu inous literature has "rown up on the
sub Joct of the brlance botween the organic eonstitucnts
in plants. The granter’part of the cvidence has supnorted
the hypotheses advanced by Kraus and Kraybill (13), but
not all tho results have subtstantiated their wviews. The
tendency has been to ernloy radical treatments, especlally
as regards control of nitrogen sunnly, conclusions being
advancod on eorparisons tatween a very low and a very ruch
hisher lovel of nitrate nitroven in the culture rediunm.
Such wide differences of treatment wcere perhans necessary
in order to prove or cisprove the soundness of the primary
hypothesis. I'owvever, in the nresent work, it was considered
advisatle to lcep the nltrosen sunply within the same order
(1) The writer 1s incedbted to Tr. He 7o Iidblard, ! icliican
State Collese, for patient guildance dring the course of tie
exnerinontse ile 1s furtler indcbted to I're e i'e Cloments,
Tashinzton Ctate College, for susmestions in the planning of
tke work, and to Dr. Pe Je 2Anderson for permiission to
complete tho necessary analytical work in the laboratory of

the Tobacco Sub-station, Connecticut Agricultural Ixperinent
Statione
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of masnitude in all cuitures. The employncnt of
differcntial water cultures of the same total osmotic
eoncentration permitted this eontrol, as well as that
of the other nutrient materials,

The use of several light exposures was a
necessary complenent to this study, in view of the welle
established effcet of 1light duration on growth anmd

reproduction,
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Iistorical

The literature on water cultures has teen
thorouchly revicwed dby a muiber of writors, a:ong others
by Tottinchanm (26), Chive (22), Foagland (10) and libbard
() and (9)e 1In vicw of the divergence of thome under which
worlters have putlished, it hardly seems nccessary to |
enlarge on the seneral literaturees A great variety of
salt combinations hav: been develoncd, but the simplest
and the one most widely used at tle vresont ti o i1s that
of thive (23)s It has been shown br lellarcue (16), formor
and Lipman (24), irenchley (3), l'aze (18) and others
tl:at plants require very snall anounts .of various ele:cntse
Tho requirericnts for such ele:cnts as aiuninum, zine,
chlorine, mansancse, silicon, iodine, boron and perhaps
others are so s:nll that they are usually sup-lied by ine
purities in t!lc chemicals used, or by dissolution from
containers, This very interestins phase of plant nutrition
was toucted upon only Inclccrtally in the present worke

Tho exhaustive studies of Garner end 2Allard (5),
(¢)y (7), on 1i-ht elfcets in plants have Loen extended
by Nightingale (19), (20), axinov (17), ' cClellend (15),
Tincler (25), an! anser (27). . rocent putlication of
Arthur, Guthrie and ! well (1) sw: arizes tlio greater part
of this work, 'he last na:ed authors also atte:pted to

control other clinctie factors, such as moisture, temporature,
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carbon dioxide eoncontrstion of the air, as well as the
intensity, quality and duration of 1i:t. The gonerale
1zation that an increase of 11kt period brincs about an
inerease in carbohyirate content and a decrease in
nitrogen content is so well establistied by differunt
workers with various plants that it barcly needs

repetition.
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The ex»crlierts cf Clenonts (4), renorted in
1025, were perfor-cd in the sarme laberatory as the present
work, snd 1t was with a vicew towerd testing some of his
conclusions that the followin exnerl:ents vere initiated,
Fe used the triansuler systen of Tottinsham (26) and Chive
(22), growing single cultures of 40 plants in thirec allon
crocks, :i1s rogt irmmortant ceconclusion was that the supply
of potnssium has a very i:arked influence on nitroson as-
8irmilation, st least under longer 1lirsht exposures. 1In
order to test this finding, it was decided to use the same
salt combination, ¥IpP04,Ca(N0z)g, and "'5S04, and grow
cuplicate cultures in selected culture solutions. The
followinr were chosen as beins representative of different
portions of the trian—lc, as well as siving different come
binations of potassiwai and nitroren, under the conditions

recormended by Livingston (14).

Table 1.
Differential Culture Solutions, Type 1
Osmotic Concentration, 1 atme
Solution I‘olecular Proportions Partial Volume !olecular

rber Proportions
KIigPOg4 Ca(l0z)p 1'cSO4 KIoPO4 Ca(l0z)s VeSO4

1-1-6 1 1 6 0027 <0027 L0161
l=Gel 1 6 1l 0020 «0122 (0020
2-2=4 2 2 4 0049 0049 0009
S=3=2 3 3 2 «0068 «0068 0045
S=1=2 5 1l e «0123 «0024 0049
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In addition to the snlts employed above, srall
arounts of iron, menganese and boron werce cdcded to the
culture solutions. Preliminary tests showcd that 2.2=4,0
Pe.Pem. iron in ferric tartrate, 0.66-2,0 p.p.m. dboron in
boric'acid, and 0.55«2.0 p.pemes manganese in manganocus
chloride were tle optima, and the lower amounts were used
in subsequent experlicnts.

The eulture solutions were c!anced once a weeks
Trenspiration losses wcre mace up ty the aldition of
distilled water durinz the latter purt of tle growing
period, The cultures were aerated for a noriol of two
ho1rs every Gaove

Light ex»osures of ten, thirteen and seventeen
hours were chosen as reprosenting the ranse of light
period under which normal pgrowth misht te expoccteds The
longer periods were in part artificlal 1light, the ten
cultures of each group being arranced under a battery of
lichts suspended five feet above the greenhouse honches
and supplying 2000 watts at 110 volts. Ncasurcments of
1lisht intensity were not made, as th2 curation of 1ight
ras been found by Garner ct al (7) to te t!e rost signi-
ficant faector, provided tha intensity is not too low,
However, cormarison of i1llunination per unit area, as
used in these experirionts, with that ernloycd vy Arthur

et al (1) would indicate that the intensity was quite high.



Yo watar screens tvetz.en tvs 1lirhts and t'e rlants were
avallnble, Tt tle leating effeoct wns not noticeable,
As tre plente orew taller, the 1i1-hts were raised,

The 10 hour pnlants received only solar light,
altered, of co'ree, 1y th» zlass of {»a rreenhouse.
These cultures were grovm in lorse woorlcn boxes which
were fitted with 1ight tight covers and ventil-ted by a
shutter arranse-ont si~ilar to thnt ernlored in photoe
grashié dark rooms. The period of 1liu-ination of threse
cultures was 8 A, e t0 6 Pe e

The 13 hour nlants were protected from the
artificial 1li-ht source of the 17 hour plrcnts ty curtains
of fine weave, black carbric eloth, These curtains were
drawn arovnd the Lench at the cnd of tho 13 hour period
ard withdrawn earl: in t'e morninge.

Knott's "xcolsior fisld peas, obtained from the
Yietizan State Parm Purcau, Lansingz, i“ichigan, were used
throurhout tte experinecnts. Thoy were found to be an
excellent tvpe for t'is .ori, ravin; a sturdy growth
habit and flo.erin; freely. DBefore beilns plsced in the
germinator thn seceds wero storilized in 1l-250 formalin
for 20 rinutes, w:shied in tap wnter and sonked for a few
hours. They were tlion rlaced between lavers of nmolst
peper towellinz in a large galvanized iron nan. After

etowt threce days a unifora lot of tie more vicorous
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geedlings with roots  eneuring one inch i lcazth was

——

selected for th- sxnevimant, Thoce geloele) seo’liln:s

o

wera fitted 1ato porforated cor''s ean 07

Al

leh hel? five
clants. The threse ;;21lon cultura jnfs were fltted with
perforated nlw.lmm covers, oeach of which held elght
coritg, matint a totnl of 40 nlants wer culture.

In th2 firet two scries, the secdlinss which
vere demnred in handling were replaced durins the first
few days of the exserimente 1In the final series a number
of extra cor’s were prevnared and sllowed to remain in con=
tact with tap water until tle exneriment hnd.pro:reseed
about two days when renlace-ent of corks not havins a
ccrplete stand wes nude., DBy tho latter technique, a
sorewvhat more unifor: stund wes cbirinecde

The chemical onalyses .22 in conncetlon with
tr1s work vere only on tho toprs and nods ar»ld were as follows:
"1trata nitrozen, totnl nitrogcen not including nitrntes,
s1:-le sugars, sucrose, starch and hemi-cellulose. hysicael
rmeasure ents included teop lencth 4in centircters, green
weisht of tops (and nods when fomd), dry weicht of tops,

roots snd podse
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Chiemical letihods
In order to ottaln eomparail: results, the
ciec.lerl rethols Tor cartchyivatos and totel nitroszen not

ineluling nitratss (orgenic nitrogen) were the sauze as

treose ranarted Ty Cle~ents (4). "1l sanles £or carboe
Yydrete anelrres cre preceorved i nlcokol to which a
g8uall auentity of cqoulonfu: hydroxtie wrn Cled to
neutralize jylant acidse 2 laboratory ex-erl..cnt with

rire tomato pulp showed tlet this tase wee rch prefereble
to calcium carbonnte csi2eially when “he 1lntter wos used
in excess of remuirerents to neutrelize plant acicds,

The Tevarda rinthod for nitrate niltrogen was
tried tut gave such unrcliable results that it was soon
cilrcardeds Tha 1mnossihility of proventing the breal~down
of the sinpler nitrozonous compounds such 2s anino-acids.and
arideg,»nd tre consetuern?’ Lish results, rencders the method
vorthless for nlant materinl. The rTodificatlion of the
CiIhsrt mecthod bty Foltz and Larson (11) gave very éood

results, *1]1 Ti-ures rosorted "re on a éry-wci~ht tasls,
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Txpecrlac:tal lesults

ferics I way started on Tureh 13, 1923 end ran
until ay 14, 1928, a period of nine weels. Tlossoms
sprneare’ unteyr 17 hour lisht three weel:s after trense
planting of tlhe s3eedlin;s, Toth the lonrer licht perilods
rroduced pods ebundantly and at the tie of harvest the
posg wsre besinning 4o riven. Tao short 11t plants
tlossoimed townrd tliz end of tle seriod, bnut develop3d only
a very few podse Zontrecl of th: toi-aratir: In t'e rrecene
house warc not difficult curinc~ tiaee ;ionthsg, &n’ culture
conditions were gcincrally sntigfactory. It wns necaseary
to use "lLemon CZ1 Znray” to eontrol red e;ldcrs 1n thre
greenkouse and to give the cyanlde treat::ent for white
fliss and aphidse The plants =are not at any time
seriously affected ty these 1incocts,

Sories II ran fron Jwre 13, 1920 to My 31, 1928
e rerlod of seven weeks. Due to the higler air tornorature
in the groenhouse st this tire, tle plints rutured nore

ronidly, and the unifermity of tleants In a ginslo culture

""J

wes not £ entisfacterye The 11zht Intensity wac elso
hi:her at this l-ter tilme, and t-1s apprrently had some
effect on the prowth in hetl~tt v curbobylrate contant
off thir 3larts,

In fcrica IIT 4% wins “ecflad to 1%04t the experie

rent to 10 and 1% rour 1irt” perlords, 9 have treet-onts in
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trirllicrte end to terininate thz ex»erirent when the nlants
vere vepctatlively develorned Yut head not set frit. The
cultures w.ore startad oy 14, 1229 and ran until June 12,
1922, a period of four wicel:se -t this seuscn of the year,
tlie doys were lorT enou~h to mit the use o7 crtificisl
iight for any p~rt of the 13 hoar neriod,

The averaze top lenrth was usunlly srentecst in
tiie solutions supnlying the hishcest proporticn of nitrntes,
incdlcating the grecter tendeney for vegeteative grovth with
g rore lidbersl susply »f nitretes. The dry vwelisht of
tors wos hirhest with high nitretes in an c7unl nunter
of rrouns tut ncot in the sane eltures in cvery ceso.

Tn order to esteblish the reletive value of
tte various trestmen*s in éry welrtt proistion, the
total dry velsht psr ulant, exclusive of nods, was ree
duced to a ratlo, talzin: tlis beat treatrent in each group
fe unitye Trese r-tlos are £iven In the last colimn of

tatles T, T, a1 4,
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Table 2

PEVSICAL EFASURTYINTS CF PT*E GHO N INW WATWw CULTURE.

Series I.

Ave. dry wt., per plent in gins Dry(z)
Treatment(l) Ave, top length veirlht
in centimeters Tops Roots Pods Ratio

17 hours light
l=1-6 ‘ 52¢5 P 1) ¥4 «1860 «6390 «£0
l=6=1 5245 1.,0865 « 2774 o 7719 1.00
S5=1=2 47.0 «7649 «1904 5500 «70
S=I=2 51,6 «0184 « 27565 « 6210 «87
Lel=4 45,5 « 6216 «1559 «5206 e 57

13 rours 1li~ht
l-1-6 508 7856 1535 « 4051 70
l-6=1 50.6 «8404 «1817 03264 «76
5=1-2 49,9 « 9025 02349 e 3704 «85
S=le2 53.9 « 9300 03826 ‘04315 «98
Le2=4 . 50.8 1.0812 e 2527 5277 1,00

10 kours lirht
l-1-6 39.0 YLy A «1058 e 67
l-6=1 45,6 7007 01361 1.00
S=l=@ 335 04195 «1066 o 62
==l 40,8 04984 1429 76
=24 41,5 «4402 «1506 e71

(1) Culture solution, Shive's 1,00 astmosvhere. 1lst ficure
KHo(PO4), 2nd figure Ca(NOz)g, 3rd figure 1'gSC4e

(2) Dry weights of tops and roots, tut not of pods, were
computed to a ratio by giving the highest weight in the
group the value of 1,00, and recucing others to decimal
parts of this value,
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Table &
NIMCSICAT, YTASTIR N TS 01 PWrs GRO'N TN vATTT! CUT,TTIRT.
Serles IX
Ave, dry wt, per plont In (s Dry(z)
Treatment (1) Ave. top length velrht
in centineters Tops Roots Pods Ratio
17 hours light
l-1-6 ECeD o GOZ0 «00862 <1854 o711
S=l=2 3063 ¢7541 01328 « 2105 <83
S=l= 29,7 « 0785 «1297 «1171 94
2=2=4 3463 «7158 « 0979 «1248 76
12 hours l11-ht
l=1=6 333 00183 «0824 «0578 75
l=6=1 42,0 7092 <0896 «1000 1,00
S5=la?2 39,0 2 0C12 01152 « 0507 Ie)
Bal=2 3Ce9 00142 «0008 «1153 el
Caleld 3160 «4919 « 0792 « 0828 77
10 hours 1icht
1-1-6 21.8 ® 00357 .81
l=6=1 24,2 02206 « 0400 70
S=l=2 24,3 02604 «0527 72
S Zwe 2 2063 03313 «C024 1,00
2=2=4 2365 02233 «0467 Prets!

(1) Culture solution, Shive's 1,00 atmosniiere. 1lst figure
KHp(PO,), 2nd figure Ca(NOg)p, 3rd fisure ¥gSO4e

(2) Pry weirhts of toss and roots, but not of pods, were
conputed to a ratlio ty gilving the higlhiest welght in the
Froup the* value of 1,00, and reducing others to decimal
parts of this value,
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Series III

Avee dry wte ver nlont In s Dry(g)
rrentmont{1l) avn, ton lenrth Veirht.
in centiueters Tops Roots Ratio

13 hours lirht

1-1-6 24,6 — X788 .0830 .89
Swl=2 0.0 03275 o 092G e L5
==l 30e6 23526 «0839 e 92
2-2~4 5.4 03227 «07ES e84
10 honurs 11-bt
lel=6 24.3 2009 « 0604 e 92
l=6=1 D87 27158 « 0722 1.C0
5-1-2 20. 5 .23)15 .0624 .80
b Tt 20«3 « 2760 0657 « U8
2=2=4 Cle7 « 2500 «0C14 «£0

"ot these rrtios 1t eor Lo scen tihnt eclution
l1=6=1 wnz *hn kast §3 clx cout of 21t srowis, wiil: zolution
S=Z=2 TRg eéconﬁ ozt Ar the 3eone makor O cacese Tho
re-nining threge trentionts wero all Zilatincetly inferiore A
wrli~hted averaze of thagy ratlios chovs that solutlo:n J=l=2
war 90,07 as sfflictent a3 solutiond-G-1 in procuctlon of
dry weight, PRoth 29 these sclutlfona nre tlc hishest in

(1) "ultnre eolutton, fhive's 1,72 rtacodhicre. 1ot firire

4 4,

1n(P04q), 214 fizure Ca(NO3z)2, Srd figure ''gSO4e

(2) I'ry weoirhts of tors and roo*s, but not of pods, were
eooomted to 2 ratio by giving the histest woirht in the

croup the value of 1,00, and ro- ucinﬂ o‘hers to decinal
narts of *hlg volue,
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calcitm nltzate of thuse c¢i.loyald. Colution 5-1=2, hich

1n potasclv, 1olucad 20090 of Lhie Jry wellt of the
l1=0=1 Trest..ont, «w1le 1-1-6 and 2-C-4, betn 15
ragneaing, each prodicod 6l.Z%e  Tnler thic eccndlitions
e: ,loyody a N1 L sunl; of calciua nitrute uce tho Lost
fovorable for vegetalive grovtle
itosults ¢ carlchydrate 2.alysec of Sorlee I,
’ 4]

tors, are showvn In “ubtle 5. The terz "toni", as used in

this paper, incla’es ste.s, pelticles, and lcaves, and

P

dces ne Include poldse Tt wis n0oft nonuille to sepnrate

tre aerlsl onts end zez2yre sa il 2 lurge cacuh £33 annly-
gls. 111 carbolydr:tes nre couted Lo d- luccse i ivng
runson and Talkerts tstle (2)e

' Tho T15u: s presented 1202 ars e avernze of

tie Iuplicule cultures, vwith dullilz te deter.inntlons of

Tt

Lius eoch entiey repreocents tlc aversge

]

eacl: scrivle,
rrolvets of a crovp of 20 nlants,

‘s s 21d to lrterpretoticon of tlic results, the
retto syster woe ognin orsloysde Tatlos vere corouiled
unpen tre tot:nl susers (sua of tre egl.nle augars and
gucrose), total non-surars (sum of starch: @.d henfcellulose)
anc totrl eartohylrates,

Ta thls sorles, t!e culture solutlions supulying

T

e HYirh nronortlon renestu enlohnate vara thoe riost

efficient in -rootirs the clrbnorat
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VA INUS LIGTT WiDdoodr 8
II llase elemont relationships

Ormann Le Street(l)
Connecticut Arricultural lLixperiment Station

Introduction
The resnonse of plonts to the sunnly of wvarious

mitricnt elements end the positive correlntion between
tlto amount sup 1lied and the pereenta~e found in the plant
have been tre subjlocts of nuierous investizectionse The
derrce of resnonse 1s larsely coverned by environmental
factors, vhich niay even nullify the effect of varying treat=
ments. S01l as a medlum of growth is apt to te ruch rore '
irflexible than a less dymamie mrterlal such as quartz s=sand,
which in turn is n legs flexiile :odiwm than water cultures,
It s possitle to ottein si-niflcant differences in growth
and comrosition of plents in water cultures vere the
differcnces in rutrient sunnly are rother srialle Altho
the intake of any one elenont may be a functlion of the
reclative sup-ly of other elermcnts as well as tho one in
question, ar 1ntake proportionate to the supply vw1ll obtain

(1) The writer wishes to exnress his anirceiation to
Ir, P. Jo “nderson for ner-ission to rerform ti:e analyscs

herein renorted in thre laboratory of tle Jobacco Cubstatlonm,
Cornecticut ‘ricultaral iixnericent Statlion,






uncer onptimm conditionse

In connection with cooperative research studies
on salt requiremcnts, ettempts have been mado to control
rany of the roverning factors, esneclally with plents
growine in water cultures. Factors such as tlie degree of
acicdity of the culture solution and its effcct on the cone=
position of the plant have been quite thorowhly evalunted.

As a continuation of the study of the grovth of
peas in weater culturcs, it vas decided to investiate the
effect of li~ht duration on tic intal'e of bace elemonts.by
tre plante Buch protlers as tle effcet of tlc season on
tre corposition of tlie plant arc porl'ans rel-ted to 1izht

duratione






"istorical

Gilbert and Yardin (8) working with e variecty
of crons unler fisld coniitions conclude &s follows "Tn
gencral tro curre::t ccne:ntratiors of -lncral clements
in the solutions of eron plants were found to correlate
Aircctly with the epplications of clomical fertilirerse”
Tarlier work by »cCool (15) shows tle sanie rel-tion in
t'e ex>ressed sap of corn, beets and onionse.

Arong the fertililrer eleronts an-lied to the
eoll that canse a wmarked resoonse in the plant, potassiun
is usually foremost. Otryranjow (18) railscd the potassium
content of tobacco fron 045 to 7,22 ner cent o0 on a
roor sandy soill. Anderson, Swanback and {trecet (2) ree
rort~d a ranso of 4,07 to 6,62 por cont ¥o0 on fileold
totaceco, w'ile greenhouse tobliacco ranged from 1,48 to
6673 ner cont 100 in 8911 cmltures and lelG to 5435 per
cent in sand cultires, with fertilization voryins from
O to 300 pnounds per ncre cf Vol0e Cn tho olior I'nnd
Ilales, l.on~onecker nand i‘'lson (1C) ;rro.1:: tolacco on a
calcareous soil were able to incrcace tlo ncrecntaro of
potash to mnly 3.27 -er ccnt by thie addition of 450 pounds
¥ 20 per acre, as co:nared with 1.74 per cent «1th no potash,
€1-11nr results ar: ronorted by Fartholomew and Janssen (4)
for several le~unes and gressese JI'onder (7) has noted

corsistent Q1fforences in ~otosh content of alfelfa rrovm






on several soil typese.

In water cultures en extre-cly wide range of
potach content has been r=norted by fayre (13), working
with canning ~ease T1ith Ce0/K.0 ratios varyins fron
0.029 to 18,3, he obtained potash percentazes ranging
from 0.87 to 8,70 per cent in leaves and from 0.68 to
760 ~or cont in stems,

Pesnonses to calctum and mnsnesiwa apnlicntions
in so0i1l are usunlly related to the relative abundance of
tresec elenients ns comnored with the potash sunnly. A
relative abundance of -otash denrcsses the intske of either
or both, as shown by ! orzan (16 p 905) and Faas (8)e

The use of hyirated marnesian 110 containing
57 nor cent Cal and 22 per cent ! 50 ri~kt te expected to
increase both tl'ec calcium and rasnesiu, but such was
not the case, es 18 shown in tlie followin~ table from the

work of Andorson, Swanback and Street (2)e
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Toble 1
ETCCT Qo VACUHASTIAN LTLE o oo, o7 C.'-.LCIT.‘.,
VAGUREIL T PCTNELTIUL TH O TCLNCCO.

(21r dry besis on unfer:rente? leanves)

Pounds ma/mesla annlied Percentn-e foun! in enrced leanves
per acre Ko0 Cal 120

None 4,83 6675 1,32

100 3498 6e22 2047

200 3012 563 3613

400 309 5626 3«83

600 2,40 4,95 4,59

It nay be seen that the potesh wes notably
denressed and the calelum quite strongly reduced. The
reciprocal repression affects all thrcee bases, as has been
noted by Ionder (5), (7), for alfalfa.

It 1s only whero toth potash and rognesia are
evailable in relotively s—all amounts that the nlant is
able to take u» calciua freoly, as hes been glown by
Lorgan (16, n» 905) anl I'aley, lLorgsnecier nand Clson (10)
working on tobacco in soils and Cayre (19) with pens 1in
woter cultures. Fonder (G) did not find as grent differonces
on neas grown in soveral solils in tle greenhicuse, btut the
differences in calcium content of tie variou:s soils was not
great and no fertilizer was ndled. Nightingale, fddoms,
Robbins and Scher-erhorn (17) in a study of calciun
deficicney in tomato rlants obtained results that clearly

indicate rutunl calcium and potsssiwm recression.e The






abtsence of calciun permitted an intake of as hirh as
10.G2 per cent potassium, as corpered with as low as
2eC0 per ecnt 1In its prccencee Calcium veried from a
trace to 3.04 rer ccnte .
References to tiie ef’cet of 1i:I:t on the intalke
of bases are not nuuercus in tie litercture. Iartholomew
and Jeannsen (4) by mears of analyses st differcnt tines
of the day, concliude that potasciwn is teken up as frcely
at ni~ht as during the daye Tyson (20) grew surar beets
in shaded corpartrmente having from one to four lawers of
cheesecloth, and one croup under two layers of cheesecloth
and one of black cnlicoe !'e found that the ash content of
tte leaves incrensed with a decrease of 11-hte Calciunm
and »ngnesium content of leaves was inverscly proportional
to theo intensity of 1lir-kt while potassium content was
decrenced with ono nnd two layers of cloth, but Increased
with grester shadins until it was edbout the sarie as in
leaves gro:m in full sunliz't. This would indicate a
grenter taso obsorpiion 1n vweal: lizhte Ilghtinsale et al
(17) in the studies previously roted, [ound thnot plants
groom in a calciuwn deflelent rediun, w!en pluced in darle
ness showed the vnresence of "uncouined” calcimi, 1.6,
calcium th:t could be detected microchenicelly by the
usunl treat..ent vith oxallc scid, and that the presence of
celciunm in tlis fora cermitted growth and nernops ~rotein

elaboratione.
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Plan of Fxporiment

The materisl for this vork was the ovon dried
sarples of the reas vsed in Part 1 for detcrminntion of
nitrate and totsl nitrosen. ~2nalyses were made for
crude rsh, potassium, calciun, and magnesiun on the tops
of all three series. 10 anrlyses cf nods were made, as
previous results ind shown nc consisten' trende The
reader i1s referred to fart 1 for cdotrils of treatrent

and physical reasnurericnts of tre plantse






Chenlcal ethods

Crude aslhi a1l calclum were deterriined ty the
official rethods ¢© thn ', C. A. Co (7)e 'nzneslum was
deter=ined t7 tre voluctrie ret ol 5f Vandy (11).
Potassium deter—inatlions of tlie first serles were nude
ty the sodium cotaltienitrite wctiod of “dic uni ‘ood
(1). A cornarison of this method with the offilclal
chloroplatinate procedure showed that the forier method
did not glve conslstent recsults, moct of tlie percentages
being too hishe Ceries I wns therefore renzanted and

all notasslwun firvres renorted are by the officinl recthod,



Lxoeriiental llesults

Tata on cruda ash ror 1l serics wre [1lven in

Teble 2.
Table 2
PIRCITAG, CP CLUDT ACID IH LA PLANTS
Treat:ent® Percentare crude ash
Soriocs 1 Sories II Serics III

17 hours 1lisht
l-1-6 12.71 1000
l=6=1 12,76 15.91
S=l=2 15647 13,05
S=d=2 14,59 17,27
L=l=4 14,5 16,685

17 Yours 1isht
1-l-6 13,41 " 12.50 11,60
1=6-1 15,43 15,00 16,43
S=3=m2 1643 14,12 14,09
Cml=d 16,55 14.71 13,20

10 hours 11-ht
1-1-6 14,85 1l4eTu 1.7
S5=1=2 16610 13,22 14,38
S=3=2 15,05 15,77 15,12
Calmé 15.97 14,97 15,85

Tro average amount of crude ash wac greater under short
117+t than interncdicte lirl't in every cocce Lons ligzht
was not consiectont beinz tho lovest in Series I and tho
Yisrest 1in Zories TI., 10 plants wers ¢ro.mn unier long
13~ht 1In Zerics III,

“Culture solution, Chive's 1,00 atmosphero, lst fizuro
'0704, 2nd ficure Ca(li0z)g, 3rd figure Y04



The ef cet of nutrlent iiaterials on the crude
ash was auite clesrly shovme In every casc excedt one,
tre lowest fisure wué fund with the hish =omegiwm: treate
rent lel-6, Tl2 ki lest vercentace of crule ash wes noted
with the hi:h notnasslum trectrent in flve out of elstt
groups, mmd with kish calctiun treati-ent, or a centination
of the two, in the cther croups. Tlds 1s in agcordance
with the relativo nercentares of the three elements
cormonly found in plantse

Tabtle 3 nresonts the analyses of tho three
coinant baces In t''e ltons for all gerless Tops include
all merinl parts of tl.e nlantsg with t'.e excention of pods.

The data for Series I nre nlso =resented in
grachie form in 1’1 ure 1, In this gra:h tiie incrcrients
of potesgslum, renrccented by the first of the tihree figures,
increase froa left to ri~hte. The incrercnts of caleiun,
renrecented by the sceond figure, and of  n mesiwt, by the
third fi~-ure decrense from left to risl:t, To 1orc clearly
11lustrate t'e roroscive effect of potassiua on the other
two basges, the troat-ent 5«1«2 was pluesd at tho risht of
all sections of the gravnh.

Considerin~ first the correlation tetween the
sun-~ly of anr ore bhase in the cnlture solution and the
percentare in the rlonts ~roduced In that rolution, it

can bo sgen thnt s vesv 001 ~~rco cocrt existede In all
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but one of the inter ¢dinle 1i 4t treat ents a repular
increase in feorconia: ¢f potach was Lo ke founde “hile
calelx: i not vrry es videly, yet 1t alco cloed a
Fistter cortent in tliie plant with each incrence 1a amount
in the culturc solutione The correlation in ti.e ence of
rarnestun was ratter poor in the hisher trectaents pro
with 1% kours 11:2Mt, but as®de froa this group, it dice
pl:z2? a resulnr inercosce

Tviferer on tlio umtuclly rocressive effect of

the Ttnses was Filto apporent,  C 1lorsc a-cunt of potash

N

In t'2 cult-e goluticn (treastiert 5-1=C) resultel 1n g
lover erleiun 1lntalke under 211 concdlitions thian 2 Lig
rroportion of muasnesiwa (treatront leleG)e urtieriovre
sclution l=1l-6 perpiitted groater calciuwa intclie tran
solution 2=2«4 'n tvo 1isht durations, f2ilirn~ only in
intorvedi~te l11-tte Thls was psrhans c¢ue to.%he fact that
rhile‘solution C=2«4 Tarnistied twilce &8 ruch cslelwm es
rolution lel=6, 1t alsd suvplled twice es ruch sotassiunme

Te ¢flf:et of potassivum on rosmaslier intae was
quite 111 re T every casa esclutlion 1-C-1 scrmitted
grester ragnesium intalta than solution 5-le2, I'otween
solutiong 5=1=2 and J="=2, both of wl.ich supplicd equal
g~ ornts o7 recncgti, tut variced In rotogsiuwe, tie intake
of mn~mesiw: v g Incrence’ g th~ cotuasslw: onnly

l

decrcascd, except unler chort 11 L.t
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Crleiw: sho.cd a grenter renresslve effect than
rmermesiun on the Intalke of potessiwse In all cascs solue
tion 1=-6-1, ish in calelum, preduced »1:.ts lovwer in
potresiwn eantent thin 413 solutlon le=l=C,

Ire rost o~rled effect of the cduratlon of 1isht
on *he obgsorntion «f bases was upen the intalec of rotase
slute T1th 10 lours 1171t the level of potassiun Iintoke
was girmiflecantlsy 11-ler v rshiont Lo rangs of culturel
treataecnt, Inter:edli:ta 11-7.t gave 17 or serccntases of

thiis elcricat then lon- 11 *»t, «with trec cxeostion of ono

-~

treatient, Petween lons and short 1i Nt on averanss differs
ence of over onc per cent 1n potasciuvr: content waz found
for all trent-cnts.

Calciun content in reference to duration of lisht
g} oved the 12 hir day lencth able to ~aintain *'e hishest
level, Chort lirht wng featared by the lowest relative
level of calecium atsorntion, and excedt in the hichest
ccnecentration by a rothor low absolnuta contaont,

71tk res-cet to resnesium, the intals was not
conslisctent., Interiedicts 1i~ht Jduretion nerm'tted a
grenter intn'e th-on lon- 11 1t 1In all but one treatient.
Under 12 hour ﬂﬁyilvﬂft& te rnre of rommesium content
was norrover, tre lov :nrnes’ur erlivves Lavinst a glishtly
kizker irtrle, erd trn V1-h conce-trations scucihat less

tren under rroater 11-ht Jdrrations,
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Tho data Tnr forviecs IT ere nleo mrocentad 4n
Table 3, ord g’ = m gra-lleally I- Tlmiry £, Do corrcloe
tilon betveon #te vy 1 vresont ol o cloorction ves
coreiferalil— Yetter In oot poracztz Totncestun intal

..!.

Ircrenced rormlsrly increaco In the srly 23 tre

reomegitam was 2100 conctlstant, 2 enleiy: contont cof
tre 1on~ 137t 2ltnts croon In eaxlntion 3-T=2 was lower

tran In solution Z=2=4, 't t1ls g Te only ircors)se

Q]
0
o]
g
g
a
.

terey In tiils resccet In tle

| Tre verlore recressive effoctz not-2 4w Torlzs
worz e~ain evidont in t1c series. Tle Vizgh potossiu
culturs, TeleZ, tns porticnlorly renrcecive to caleivm
a~? arrestat avesorntion in all cases,

Vers Jdefinlte dilffereonces In notrssiizi shoorpe
tion vith reshcet to 11 -t exnosire were £ound, Short
117t plents were emain tho histest 4n notassiuvm content,
while Interqeliate 11-:% was clz20rlv ~ore conducive to
potaseiim irte’e tian long 11-nE, fs rmisrhit be exneccted
in view of tle antaconism of potngsiwr snd ealeiuvm, the
short 1icht plants bal the loveet level of celelun intaltee
T di1fferences hetieom lor~ o dntoredlcte 1isht were

not a= enmeclugive, Lt favored &' forrer in 211 but one
treantrent,
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"lrure 2. Gravh showing intako o' base elcments
wr ar o yernl 1490t evaoerres 10 Corles IT,






-i7=

gshorter 1471+ ernogur-g ~7 thie sorice. Tho J1fFfernnees
brtaen Intarroiicts and evordk Vel g wavn yover #1500t ng
toth hed o 1o7r 1owel o7 sheovrrticn, The avorara faor nll
treat-ante of Yotk darctinne pore vocplT the s,

Poanamea of thr fant tbeok $t e nlente An the third
rerlaa vnana ~rarm onlwe tn $le 3o of Tl "7, 8 monin

f Py vasta, V0~ roenlia cg eghem An Tat s ToenA

S o ' e
I, era nnt entirnly connrrehle £n thoee of tre proendins
ecriea, Trn recnonsa to b1tk A Yo roenle of Ve AIffore
ent eleremts was net ns rract, congecsartly the re-~e of
rere~ntrrea wag cmahr pedured,  * falple Wi~ lovyel of

Bl

nataegim aontent waae ranchad bt ealofirn an” warnesliun
were vary laz, The ercee’inn 12w rroevasiun enr bt of
tra wvAamMms lecveg vag tn frpea~ert vitk reenlte ~of Tatron
en? Tolhridwa {14) an rotatoss "nrlvzed at eavercl stacns
of rrorth, Potoagesl v woec an evhat snte~origtic to tre
oty ar hasee, tut tho rolotively cracter ron-escive effact
of raletlm toword mofaseiy: VoA mat hemim to he evidont,
™A affeet Af 1icht Auretion vea - ova elacrly
glFovm in the ecmtant of ealetun o209 @ smvpalss £em of
notnectitm, Toth bacse viars ahaorhed 1n Jrnct pelation
to **e 11 %t porind, f-morantlvr tha oheoarctinn of theeo
ele ~rrtg vwag anits rermlar domiene~ tie enrle ctr~ra of

eroeth . an? i rreaed pocirmlotion £Anl- nleea in any

cultiro.
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tare~ up 1In eccordance with tho sunily, ot least In the

lovwer Ineraentg, 17 14 o enlvti contalningy
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In th~ atbaer enltuarss, one part of not-ch in the =olutlion
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see:2d o nemtt as reat an intele oo thicc.e Thiis wonld

%

1»71ente trhat a 1lsver concontratlon of rotoch 1g alcguate

for voung »lints,
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Teneral Mescussion

Corsidnrin~ *re evidenc~ o7 the first twn sories,
1t ceams conclusive that noteggiym yrna mnet a'nmdant in
rlents crmvm to0 mtority amder ohord 1i~ht.,  fg the 1icht
neriod wasg 1lonrivened, tha 1avel of motnocatin: intnle
Adronned, Tn vorng nlentg Y ece nhenoreons fere not rs
well ce=fined,

tmn the other hand, cnleclwr: wros ost sburidant
under lon~er 1liclit nerfods, vith 13 or 17 horrs ahout
equally efficient i» nrorotins absorption ~f this olanont,
'a mogiim weg eimilorly affecterd by the rhotoreriod,

In ottorpting to erxnlain the results of thnse
exnoritents, 1t 1s well to recre~ter thnt on thcse sane
plonts, determinntions of orpganic ard total nitro-en
gshowed that the shorter the 1lirht =—eriod, the biflier the
percentare of nitrosen. This wae in accords—ce with the
findin~g of rmoany other Investirntors. !Moreover the length
of dny was nractically t'e only controlling factor, as the
plants were aﬁle to rat on adequate sun»ly of nitrogen
from the locst incre entsg, and tlerefore fallzd to

resnond to increzsed sroumts,

culturs solutions having the sane osotle comeentration,
but varving pronortions of the t'ree sslts, all tle plants

in the scries w2ild l'ave on equal sumnply of tase clerentse
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evallahle A 812 Treadtrelt prlativy aoamly, a0l Tizres its
Ri-h lovel 2a o ghoart 1A NE al-onts el oon 21) ediiwlly
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Corclusions

Cruta nah vae hi~her» 11 nenag ~rovm 41 17 hours
1170t than in 17 hourg, but not cormglotantlr Kichor then
1= plartg rram in 17 bonra 11wk, A enldana golution
Pirh In marmesivm resilted In tha lowest erado rah in 2ld
but one eace, i-h potegsinn or VAL ealatna nnlutions
crew nlants which wora the Fi-hect 4n crude ook,

Tha eorrelation betuween tha rolantive -l of
ary one elemnt in e o of evltvrez, and +tho relntivs
Inta¥e of thnt eleent hHr the nlants - rom in tese cultures,
was vers clonrly rarled,

Potagalu displored a stromr renressive effect
on the Intnlo of eerlefitm and marmesivt, often overshedowing
otver PFoctore vhare the sunnly of notagstw woe hish ani
the aummlvw of thoe nther baaag rator low,

Caletim Had a gorewhict ~rantar resraoscive effact
on notrssiut tien hed sommesthir, in emltures whern these
Taena wore sbhyndant,

Ti~ht erroenrng of 10 Fours Aellw ~rodnured nlants
bicsh An notngedas an? 1oy In ealein- ~v0 rasnarium,

T1~+% ex~nrures of 13 Frmrg »matveecd nliarts lower
in notagh ang hi~ha» 41 ~alplym en? aswestiyn £1an 19 boup
planta, e exmacure In ferfag T Rrd $1a Nistend level

of enletnn Intnl-o,
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