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INTRODUCTION

The development of the concept of photoperiodism by
Garner and Allard (L4, 5, 6) reintensified the experimentation
on the effect of external factors on the development of planta
which began with Klebs {11) and was popularized in the Unlted
States by Kraus and Kraybill (12). Working from the concepts
of Kraus and Kraybill, Loomis (1ili) has attempted to olassify
plant reactions under the two headings of growth, whioch
includes cell dlvision and enlargement, snd differentiation,
which covers all other phases of development, Fruiting is ocone
sidered by Loomis to be an alternation of the differentiation
of flower buds, growth of flowers, differentiation of spores,
and growth of gametophytes and later fruits,

The conocept of photoperiodism does not fit readily into
such & acheme of plant development, and this study is intended
to explore the interrelations of photoperiod, or relative
length of day and night, and of other factors which might be
expected to affect differentiation.



REVIEW OF LITERATURE

Garner and Allard (4, 5, 6) have shown the importance of
photoperiodism in relation to the growth responses of plantsa
and performed the basic experiments on the problem. Hamner (7)
glves anlexcellent reviev of early work. Since the publishing
of his paper, Long (13) has showed the effect of variation of
light intensity, temperature and humidity upon the length of
the critliocal dsrk period for Biloxl soybeans (Glycine Max).
In his experiments Biloxi soybeans flowered only after exposure
to consecutive, long, dark peiiods, each alternating with a
short light perlod, aﬂd plants dld not flower regardless of the
number of long dark periods»they recelved, unless at least three
of the dark perlods were in consecutive order. In order to pro-
duce a second group of flower primordia the plants had to be
exposed to another induction period of three or more long dark
periods. Borthwlck and Parker.(lf, 1liustrating the photoperio-
dic responses of several soybeans, state that old Biloxl soybean
plants initiated flowver primordia on light periods longer than
16 hours, but that 12-14 hours of light was the critical upper
l1imit for normal flowering and fruiting. ‘

The influence of the duration of the dally photoperiod

~ *upon reproductlveﬁess is the outstanding, but by no means the

only effect of this climatlc factor on growth. Some of its.
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other nore important effects are upon: (1) rejuvenation
(Garner and Allard, 5), (2) sexual expression (Schaffner, 17,
18), and (3) production of storage organs.(21mmerman and
Hitchoock, 19).

The observations of many investigators indicate that
the carbohydrate content of plants, in relation to. the amount
of nitrogen avallable, strongly influences the typo of growth
which 1s made, partieulariy gince the work of Kraus and Xray-
bill (12). vworking with tomstoes, these investigators found
that flowering and frultling can only take plasce when the
carbohydrate and nitrogen content of the plant lies between
sertain 1imits. In their analyses a correlationbetween the
change of the carbohydrate~nitrogen ratio and tﬁe sequence of
reproduction activities appeared to exist, whether this ratio
was the cause or the effesot of éhe reproductive sequence, As
& result of thelr studies, this carbohydrate-nitrogen hypothe-
s1s has found wide acceptance. FHightingale (16) and others,
however, clearly show that there 1s no simple or consistent
relationship between the ratio of nitrogen to carbohydrate and
the growth response of the plant. On the other hand, exper-
ience of growers and ressearch workérs is sdequate evidence that
there 18 a relationsiiip between the commerecial fertilization of
an apple orschard and its fruiting. Loonis (14) has shown in
his work that groéth-differentiation balance differs from the
carbohydrate-nitrogen balance in (a) assigning an independent



and major role to molature, (b) including with nitrogen the
other equally essential Aif not so commonly limiting faotors
concerned in the synthesis of protoplasm, (c) recognizing the
effects of temperature, and (d) emphaslzing the importance of
active carbohydrates és opposed to storage forms., He states
thls concept only as a convenlent and simplified scheme for

predicting or explalning plant bshavior,



HATFRIALS AND METHODS

Materials

Plant nmaterials ussd in these experiments wers grown in
the greenhouse at Ames, sither in flats U4 inches deep or in
g~inch pots. The Biloxi soybean seed was furnished by Dr.

A. D, Buttle, Professor of Agronomy at isslssippl State College.
The Cosmosg and Salvia seed were commercisl stocks purchased fronm

docal deslers.,

Hethods

The purpose of the gtudy was to compare photoperiodism
with differentiation induced by stunting. Plants were grown
accordingly in two groups, one with fertile soll, high molsture
and a double cheegecloth shadé to reduce the greenhouse light
to 40 per cent, and a second group in poor soii, lower molsture
and full greenhouse light. Plants from each group were then
given the normal April to August day length of 14 to 16 hours,
or were transferred dally to s dark roon at 5:00 p.m, and
returned to the greenhouse at 8:00 to 9:00 a.m. for & short day
of 8 to 9 hours.

The "fertile® soll was composed of 1} bushels of sod and

manure ocompost thoroughly mixed with 2 pounds of superphosphate



(17 per cent P305) and one pound of ammonium sulfate. The low
fertility soll was prepared by mixing one part of compost and
three parts of river sand, High molsture pots were watered
dally to optimum molsture. Low molsture pots were watered
lightly to prévent wilting.,
Obgervations included:

Height of plant growth

‘Density of plant growth

Health '

Time of flowering

Root developuent

Dry welght differences

guantitstive analyses of selected sanmples

In all there were 3 groups of & pots each in the 1935

experimenta, 4 groups for the Cosmos and the same number for
the soybean., The soybeans were kept on Sne side of the bench
in the greenhouse to theméelves while the Cosmos}were placed on
the opposite side. This arrangement prevented any shading be-
tween the different plant groups. However, the plants of all
groups were close enough ﬁogether to have simlilar expoaures of

sunlight. The central bench was used for the best light advan-
tage. | |
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Factors Influencing the Growth of Plants

Group I Group II
' Low light intensity Low light intensity
High soll molsture . High soll molisture
Fertile soll ’ Fertile soll
Long day S Short day
Group III | ‘ | Group IV
High light intensity High 1light intensity
Low so0ll moisture : Low soll melsture ,
Hediun fertile soil Hedium fertile soll
Long day o Short day :

In addition to the regular groups a second selt of expere
iments was fuﬁ on the Cosmos and soybean, These experiments
used geedlings grown in fiver bottom sand in flats; three flats
of Cosmos and three flats of soybeans. Instead of watering
these flats with tap water, a.manufe compost extract was used,
This was prepaered by plsolng e shovel of horse manure in a flve
gallon crock and covering with tap water., The process was
repeated to supply additlonal water for the flats,

The flats were treated as follows:

 Flat I
Optinum amount of water
Low light intensity
Long day
Flat 11
Optinun amount‘of water

High light intensity
Short day
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Flat III
Optimum amount of water
High 1ight intensity
Long day
In the early part of this experiment, the seedlings of
the Cosmos began to "damp off%®, This condition was corrected
by spraying the soll with a weak solutlion of organic mercury.
The solution was made by dissolving a gram of mercury dust
in a gallon of water. After an application of this spray to
the top soll there was no further evlidence of "damping off¥,
During the spring of 1938 this experiment was repeated
except.that the growing of plants in flats was omitted, A%t

this time Salvia was grown instead of Cosmos,

Sampling and Preserving

The material for chemlcal analyses was gathered and
divided into duplicate samples of 25 to 75 grams. All plant
parts, whether leaves, stems, frult or roots, were handled as
rapidly as possible to avold enzymatlc changes. The sémples
were weighed, ocut into 2- or 3-mm, sectlons and dropped into ma-
son jars containing 500 co. of boiling 95 per cent ethyl aleohol.
The Jjars contsining the samples were placed on a boiling water
bath and allowed to simmer for 30 minutes. At the termination
of this perlod, the Jars were sealed tightly and set aslde until
extractions were made. '

The material was extracted 20 times by decentation
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with 80 per»cent redlatilled ethyl alcohol. Further extractions
showed the process to be conmplete, The combined extracts were
made to volume (1000 or 2000 cc.) at 20 degrees . The insolu=-
ble residues were dried and welghed, after which they were
ground in s Wiley mill and then in a ball mill until the mater-
{al was in a powdpred form, ' The residues were atored in

fightly sesled botﬁles.for:polysaccharide and insoluble nitrogen
determinations. The extracts were used for determinations of

sugars and goluble or non-~colloidal nitrogen fractioné.

Hethods for the Analysis of Plant Material .

oﬁe—tenth aliquots of the alcoholilc eitracte were trange

ferred to water, cleared with neutral lead acetate, deleaded
with anhydrous sodium oxalate, and reduclng sugars determlined
by a modification of the Kunson-Walker and Bertrand methods.
Sucrose was hydrolyzed with invertase and determined as invert
sugar (15). |

| The total nitrogen of the slechollc extract was detere
nined by the unmodified Kjeldahl method and reported as non-
oolloidal or soluble nitrogen. Total nitrogen of the alochol
insoluble residue ia reported aa colloidal nitrogen and consider-

ed to be a measure 0f the protein content of the tissues,



- 12 -

EXPERIMENTAL RESULTS

Growth and Flowering Responses

Experiments with Uosmos

_ In a series of experiments with Cosmos plents observaf
tions were maéé on the general growth of the plants in height,
bfanching, first blossom dste and'color of leaves duriﬁg a
limited growth period.

Plantsvgrown in poor soll watered with liquid manure,
and receiving varied treatments of 1light intensity and photo-
periocd from June 28 to Auguet 22, 1935, showed differences in
their growth reaponses as shown in table 1, Plants exposed
t0 a 15-16 hour photoperiod at low light intensity elongated
most but showed no evidence of flowering., These plants pPro=-
duced the greatest area of leaves. Planis receiving long days
but exposed to a greater light intenslty did not grow quite as
tall, did not produce as much leaf area, nor did they show any
indication of flowering during thls growth perlod. Plants gilven
& short photoperiod with high 1light intenslity developed less
elongated stems but differed from the above mentioned groups
by producing flowers in L& days.

In another experiment with Cosmos plants given different

treatments of 1light intensity, molisture, fertility and photo-
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. period as shown in table 2, 1% will be noted that the growth
responses of the plants showed nmore veriation., Plants exposed
to low light intensity for a long photoperlod were weak and
aheft, while plants given the same low light intensity treat-
ment with a shorter photoperiod grew even less, Plants
exposed to high light intensity and subjeeted to a short
photoperlod flowered on August 6, having few leaves and plenty
of flowers whlle plants glven the same light intensity but
exposed to a long photoperiod flowered 6 days later, having
plenty of leaves and the best elongated stems of all groups.
The elighﬁly later flowering of this particular group as
coipared to the earlier flowering of plants subjected to
short-day snd high 1ight influences may be attributed to the
difference in the length of the photopericd, since both groups

grew in poor soil with minimum molsture.

Experinents with Soybeans

A serles of simlilar ezperiienta was conduoted with Biloxi
goybeans, The treatments given the beans grown in flats and
pots were identiocel to those given the Cosmos plants,

The soybeans grown in flats watered with 1iqu1d manure,
showed distinct variation in growth and flowerling responses as
may be seen in table 3. The group of plants given a 15-16
hour photoperiod with low lighﬁ intensity developed many
branches and elongated in height to L5 inches, while the group



asyou 3day IT08 3
Axg aveto yYirta L2ppPiH o

qao0ad }
ey _
usodp  ~vBUOT: " 0°2¢ " " " 91~41

ueasad Y aoa3d ) ¢
ROTTOX 884800 " # "9ny  0°€2 " " 000°g 6-8

_160

usaa? Buyyouwaq .
IWT1 Aaep ©AT3T80d 0°64 no7 aUSTH oo2‘¢ 9T~GT

ggABaT ¢ squeld § 98983 : 8319p "Awmnocavuhpdﬁap&m&“m&zpmaoﬁu «°0°3 {sanoy)
JO_J0TOD: I0 UjsospiyodulsSiIWOssoTq: Judtey: : t£yysuaquy: ujduet
UCTIIPUOD D JEoY f 38Jyg f CBAY 2 13108 s _uydyy s Aeq

(G£6T *Bny spacoea Touty g2 sunp pajuerd peeg)
(eanuew PINDTT HITA POJIOIBa ©938TY uy sauetd TIV)

gusaqLog JO YIHO0JD 813 UC UOTIBAJISEQO £ OTABL



- 17 =

receiving the sane length of photoperliod with high light inten- -
sity elongated in height %o only 32 inches with no branching,
The other group of plants subjlected to and-9 hour photoperiod
with high light intensity, grew to. be cmrse in leaf and stem
development, attained a height of 23 inches and flowered after
37 days of growth. The great height attained by the long-day
plants 1s attrlbuted to the influence of the low light inten-
sity while the flowering of the plants subjected to high light
intensity might be attributed to the chort photoperiod.
Soybeans grown in pots and glven different treatments

of so0ll molsture and fertility, light intensity and photo-
period showed additional varlation as nay be seen in table 4,
Those planta given a 15-16 hour photoperiod at low light inten~
sity, growiﬁg in rich soil and receiving high noisture, devel-
oped to 5S4 inches in height. This group had leaves much
lerger and thinner than the leaves of any of the other groups.
The low 1light intensity and higher humidity probably account
for this morphologicsl leaf chanée. The plant internodes were
much longer than any of the other groupé. Plants recelving s
long phofopériod of high light intensity, growing in poor goil’
and reocelving low molsture, developed the second highest
growth of 29 inches. The leaves of this group were:aeoond
largest in sigze, however, the plant stems of this group were
the largest of all groups, Plants given an8-9 hour photoperiod
of high light intensity, growing in poor soll and receiving



SuraTia woay saqustd desex o] £
3stou gjdey TIo8 3
- A8 a88TO U3TA LBDPPIN

. ygmoad
T8a83 8T
g T4
uesap  payousag Gl 2x42't 62 Lne  0°02 " " " 6-8
!
wm ueos3d sue 8 .
\ MOTTOX eduael §'¢X0°G 0°62 . MOT  MOT 0008  9T-ST
yamnoald , ‘ ’
1810987 - ) v
usead ue(q #0T§ 0°2X0°¢ 9 ‘v 0°02 " # u 6-8
3ust - - _
ueesd JU3TT  BOPOUIOUI  O°#X0'9 0°¢ udTH ,uw  oog't  9T-4t

S9ABOT ¢ squBTd “Ammzo:ﬂv“. 038D : (SOUOUT)tA3TTTIIeaN] ¢ 40T (Banoy)
JOo JO0TOD & JO ujmoaf ¢ 028 iwossolq! qudtey :_ -I93:-070K: L3 TEUSGUT: UJ3uST
~ UoTAtpuUosy . . ! 79077 . ! 184 ! 63BISAV! TTO8 ¢ au311 ¢ Asg

(G261 .mm.wmwwmd gpJI008 I Hmmww ige mcim ﬁwawwwmsmomm - mwom youty m.nw;mpcwﬁm Aﬁ<v
gsusaqAog JO UiMOJ) Y] U0 SUOTLIBAJISBAD ‘4 eTqsvy



1’-19-.-

low ﬁoisture, flowered in 31 days, These plants were small
in leaves and stems., FPlants exposed to ané~9 hour photow
pericd of low light intensity, growlng in rich soil and re-
ceiving high molsture, graw to the sane helght as the short-
day, high-light plants but flowered 8 days later., This group
of plants had very little lateral growth. 1Its leaves were
the smalleat of all the groups. In regard to all the groups
1t seems that the large leaf development 1s agsociated with
long photoperiods, however, low light intensity secmed to
have augmented the size of leaf even more, Height of groups
may be looked at in the same regard, As to the differences
in the flowering dates of groups mentioned only plants on |
short photoperiods flowered, and flowering was retarded 8
deys, but not prevented by the low light intensity.

In 1938 the experiment with the Biloxi Soybeans was
repeated, ueing the same treatments and procedure as in the
experiments of 1935, Salvia was substituted for Cosmos., The
flat grown groups were omitted and only pot grown plants were
observed, The obsgervations on the bean experiments grown
in 1935 were confirmed by the experiments of 1938, as 1s shown |
in table 5. Long-day, low-light plants grew vine~like and
developed the largest and thinnest leaves of all groups. These
planfs elongated to a height of 34 inches to be the tallest of
=21l the groups. Long-day, high-light plants developed a coarse
type of growth with the lower leaves mostly dying, and thoae
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leavea that matured and.remained on the plant were the second
largest in size and_measgred.about 3% x 2% Ainches. These
plants developed very suall buds during a limited growth period
which were -not identified as flower buds. Thils group attained
28 inches in helght to be the second talleat, DPlants oxposed
to short days of high light intensity grew 21 inches 121l and
flowered 32 daye after planting of seed. The stens were medium
ag compared to the other groups., The other groun of plants
glven a short photoperiod of low light 1ntehsity developed the
gnalleat and weakest plants in eveéy respect., At the time of
harvesting (June 4) the plants of this particular group had
buds about to open. In regard to these groups, it seems that
plants subjected to short photoperiods were induced to flower
regardless of the degrec of light intensity, anount of molisture
or fertility of the soll; however, the 1nfluence of high light
seems to have forced flowering. Plants subjected to long
photoperiods regsrdleesa of light intensity, moisture and fer-
tility were much taller and lerger. Plants of these long
photoperiod groups éere influenced to grow vine-like by low
light intenslty, while high light caused a coarse development,
Large leaves are also aassoclated with long photoperlods,

partlicularly when shaded.
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Experiments with Salvia

These experiments were conducted in the same manner as
thoee with Cosmos and Blloxl soybeans grown in vots. Obaerva-
tions were ngde with the sane point of view of ncticing the
general grcwth of all the groups as to tneir hei&ht size of
1eaf branching, flrst blossom date and color of leaves during
a linited growth period as shown in table 6. 'lanta growvn in
rioh soll, reoeiving plenty of moisture and aubjpctea to long
photoperiods with low light intensity, developed stems 10
inches long, being the tailest of all the'gréupsi Thege plants
had the largest leaves meszsuring 2% x 3 inches. Other geheral
characteriatics abéerved were that the group had large stens,
small leaves 1n the lower leaf axlls and buds in leaf axils
higher up on the plant s?em. Plants gilven an8-9 hour photo-
period with low light intensity grown in soil with plenty of
moisture developed small planté I inches tall with leaves 1 x
3/4% inches lorge. These plants produced buds very slowly.
Plants exposed to a 15—16 hour phoéoﬁeriod with high light
intensity grovn in woor so1l with & minimun moisture elongated
to 6 inches in height This group had leaves measuring 1l x 1
inches. There were branches in the 1ower leaf axlls and small
vegetotive budé in leaf>éxils highéf up the plan®t stem. Plants
a&bJected to an8-9 hour photoperlod with high light intensity
grown in poor soll with a minimum amount of molsture elongated

to 3 inches, the least in helight of =21l the Salvia groups.
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The leaves measured 1 X 1% inches. The stems were the
smallest, There were buds and small leaflets in the axils of
all leaves, }Thisglast faot inaicates probable early flowering,
In regard to ail'the leaf slzes of the varlous groups, it
seems that the plant subjected to long photoperiods and

grown in rioch or poor soll developed the largest leaves,  The
leaves of plants grown in rich soil were considerebly larger

~than those grown in poor soil.

Harvesting Data |

In the harvesting of all material the plants grown in
one flat were treated as a group., All tops were gathered for
the green welght, being handled as rapidly as possible in
order to avold enzymatlo changea in the nmaterial, and then
placedlin an' oven for 30 minutes at 100 degrees C. This meter- .
1al was then dried at 70 degrees C, for 24 hours to constant
| ~welght, All other plant parts were'given'this‘same treatment
after harvesting, Followlng this period of dehydration the
plant parts weré welghed and sealed in separate deslccators
f&r future uée.v The same treatment was used for obtaining
green and dry welghts of stems, leaves, roots and nodules’ of

plants grown in pots,

Harvestlng,éata, Cosmos plant material

Hervesting data of Cosmos plants grown in flats and
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Table 7, Harvesting data;

Cosmos Grcwn in Flats -~ 1935

Long day

3 tAverage: : : . Plant welght (gr.)
: sheight of : : . Green .. : L Dry '
Growth tHo. ofiplants ¢ : T3 L SAVEY~ & T H TAVEr=—
Qonditiona,,”: pl&nt:(incheg) Buds :Flowers:ATons : roots ¢t Total .: age : Tops t roots 1 Totel ¢ age
High moisture : | - | ‘
Low light 59 16,0 " None HNone done  U7.25 L.i2' 0.87 5.50 0.91 6.41  0.187
Loag day '
- High molsture : ' o -
High light 10.5 a7 L 15  23.25 3.72  0.674 3.50 1.25 L.75 0.118
Short day
High molsture , | '
High light 75 12,0 3 Nonme  None 135,83 27.55 2.19 20.39 8.60 28.99 0.380
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watered with liquld manure revealed some interesting facts in
regard tq final helght at time of harvest, number of buds,
flowers, frult, green welghts of tops and roots, average dry
welghts of tops and roots, average green and dry welghts of all
plants,~and the average individual green and dry weighta for
plants of all groups, as shown in table 7. Those plants
subjected to low lipght intensity for a long photoperiod
atteined the greatest helght, produced no buds, flowers or
frult, and had an average green weight per plant of 0,87 grams
which dried out to 0,187 grams. Plants exposed to high light,
long daoy conditlions attained 12 inches 1in helight, produced
3 buds, no flowers or frult, and had an average welght per
plant df 2,19 grams green and 0,38 grams dry. Plants given a
high 1ligh% and short dey treatment remained the shortest of
all groups but developed 27-buds, I flowers and 15 fruit and
had an average green velght of -0.674% grans whioh dried out to
0,118 grams, In regard to the accumulation of dry matter,
it seeﬁs that the plants subjected to long photoperiods
regardless of light intensity were most productive; however,
the higher ilght intensity caused an upward trend in dry
matier produoed.

Cosmos plants grown in pots gave the data shown in tsbhle
&. FPlants given long days of high 1light intenslty and grown
in poor soil of low molsture grew to be the tallest of all

plants, They attained an average height of 17.8 inches,
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Table §. Harvesting Data. GCosmos Grown in Pots - 1935,
o , : B saverage G : 2 ] B Plant weight (gms)
Growth t Pot .ﬁo. ofitheight of : : : , I s Green : ' Dry
con ong - snuaperiplanigiplancs N. uos 3 overss u 4 Op8 s Hoots H 0 sAverage 2 ops H Q0%8 : O sAverage
daiti b lantsiplants (in.):Buds :F1 Frult ¢ 1 Root Total A To HOOYT Total A
1 2.0 . 11,00  None aone None u.gz Q.49 5.18 0.7%  0.19 0.93
2 2.0 = 8,50 # # 4 6. 0.37 6.81 0.90 0.21 1.11
High molsture E 8,0 . 10.00 # # ] 16.37 1.50 17.87 1,50 0.38 1.88
Fertile soll 10.0 4,00 # ® # 9,71 0.75 1046 1.09 . 0.20 1.29
Long day 5 2.0 7 00 - A # # i,70 0.25 1.95 0.50 . 0.0 0.60
Low light ? ni'g 8.00 " # # 1,00 0.12 1.12 0.30 . 0.05 0.35
- 8 Died e - - - - — o — —
fiverage . : v. 0 . . . 3 . . . - 0o . 2 5
“B.75 - o '1?75; 0.58 ~7.23 1.76 0.8% 0.19 1,03 1
1 1.0 7.00 None  Hone None 0.57 0.12
2 1.0 7.50 " # 4 0.60 0.15
High molgture Z Died —— - - -
Fertile soll Dled - - - -
Short day 5 Died — - - -
Low light g gieg —-— - - -
5] ——— - - .
& Died - - - -
Average 1.0 7.25 0 4] 4) 0.58 0.580 0.13 0.130
1 8.0 14,00 1.0 HNone None 27.98 6.31 34.29 L,96  1.99 6.95
. 2 15.0 16.50 None # # 21.38 6.71 8.09 5.00 2.27 7.27
Low molsture E 12,0 14,00 # " r 35,75 9.78 5.53 6.18 3.03 9.21
Poor soil 6.0 13.00 # & # 30.85 g.28 39,19 L.g3  2.60 7.43
Long day 5 11.0 18,00 L.o 1.0 1.0  22.65 6.70 29.35 3,38 2.09  5.u47
High 1light 6 10.0 16.00 Hone None  None 25,20 7-33 33.13 3.98  2.35 = 6.33
7 14,0 13,50 k.0 1.0 " 35 go E' 5 39.35 3.39 0.86 L. 25
& 10.0 18.00 2.0 1,0 " C1h,.80 61.22 6.%% o 6.81 1;.20
A?erage Ia.i » Iy; 6.) B.IE ﬁ f EOOG ) 00 307“’ . . 2.;!; . . ) 0.701
1 14,0 19.00 9.00 Z.oo 10,00 28.30 2.63 30.93 3.89 0.7 4,63
2 8,0 16.00 6,00 .00 6.00 20,56 2.42 22,98 2.26 0.61 3.17
Low moisture z 6.0 1k,00 E'OO 2.00 7.00 12,20 1.35 13.55 1.45 0.47  1.92
Poor soll 14,0 13,00 14,00 2,00 8,00 22,70 2.99 25.69 2.52 071 3.30
Short day 5 8.0 15.50 15,00 1.00 3,00 16.92 2.25 19.17 a0k 0.6  2.69
High light 6 .0 20.00 10,00 None 5.00 11.50 1.67 13.17 1.4k2  0.55 1.97
é 18.3 %2 58 %1.00 1,00 6.00 22,00 3.80 2; gg g.so _ g.gz . 3-;3
. .0 2.00 .00 2.00 28.2 . 3 .93 . .
”573 ] g. . g?ﬁﬁ B.87 . V“%Té% - 22. 2.b5 2. 0. 3. 0.337

Average




These plants developed few buds, flowers and fruit. They hsad
an average green welght of 3.74 grams which dried out to 0.701
grams., Plants given short days with high light intensity and
grown in poor soll with 1ittls molsture grew second in height
to 16.25 inches, These particular plants had an abundance of
buds, flowers and frult as compared to the other groups. This
group had an individual green welght of 2,45 grams which dried
out to 0,337 grams, Plants subjected to long days with low
light intensity and grown in fertile soil with high molsture
developed to only 8.75 inches in height, Just one inch more
than plants glven the short day, low light intensity treatment,
Long-day, low-light plants produced no buds, flowers or fruit,
as was the case of the short déy; low 1light intensity treated
plants; however, long day, low light intensity treated plants
had an individual green weight of 1,76 grams which dehydrated
to 0.251 grams while the short-day, low-light-intensity plants
mostly died with only 2 pots remalning wilth one plant each
averaging 0.58 grams in green welght and 0.13 grams dry weight,
In considering the growth of all these groups, plants of long
day, high 1light lntensity treatment grown in poor soll with
low molisture, accumulated the greatest amount of dry matter,
which may be accounted for by the favored position of the
group for maximum photosynthesls. The short-day, high~light=-
intensity plants falled to produce as much 4ry matter as the
high-light, long~-day plants but did produce more buds,
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flowers and fruit which was probably due to the short photo-
perlod, The other groups 28 shown in table & seemed to be
inhibited in dry matter scocumulation because of a lack of
11ght intensity, or an inoreased humidity caused by the cheese-

cloth incloswre,

Harvesting data, Billoxl soybean material

vBiloxi soybeans grown in flats and watered with liquid
manure produced nearly the seme results as Cosmos but differed
somewhat in regard to the green weight, and dry weight, of
plant materials as shown inétables 7 and 9. This difference
1s particularly noted in the average individual plant welghts
and was due, ln part at least, to differences 1n stand,

Soybeans grown in pots produced the harvest data shown
in tables 10, 11, and 12. Plants eipoaed to long days with
low light intensity grew to an'average height of 63.87 inches
at the time of harveat as shown in table 10. They produced
no buds, flbwers or fruit but had &n average green weight of
41,45 grams and an average dry weight of 10.62 grams as shown
An tables 11 and 12. Only oﬁe blant in this group had any |
nodules, Plants glven the ghort day, low light intensity
treatment produced plenty of buds, flowers and fruit but were
later than plants given the ehoft day, high llght treatment,
A slow rate of photosynthesis in the short-day, low-llght
plants probably accecunts for this delayed bud formation,
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Table 9, Harvesting Data: Soybeans Grown in Flate-1935
: (A1l plants watered with liquid manure)

:ﬂ°0 br}EVerage ‘
Growth : . thelght of

»e 4o

H

conditions !plantsiplants (in.): Buds Flowers Fruit
High molsture
Low light 13 he Rone Bone Hone
Long day
High moisturs
High light 7 o118 " 4 19
Short day )
High moisture , _
High 1light 35 3 " None None
Long day
» .. Green weight (gms.)
Growth : : : : : : :
condition iLeaves: Fruit : Stems: Rootgi:Noduleg:Total :Average
High mois-~ |
ture

Low light 34,49 None &7;89 54,55 None 136.93 10,53
Long day ' '

High moiature ' |
High 1light 10.54 10.15 13.79 19.23 ¢ 53.71 7.67
Short day , ' ,

High moisture - '
High 1ight U49.15 FKone 6L.38 69.89 1.89 185.31 5,29
Long day .

Dry welght (gms.)
Growtn t : : : H

condition :lLeaves: Frult § Btems: Hoots:Nodules:Total :Average

High molsture ,
Low light 7.89 Hone 12.00 22.40 None hz,29 3.25

Long day

High nolgture ,
High light 2.95 3.00 3.68 6.79 # 16.4h2 2,34
Short day :

High moisture
High 1light 12.35 HRone 15.78 18.54 0.59 47.26 1.35
Long dsy
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flowering and frulting. The average welght per plant

for shartaday, low-llght plants wes 11.02 grams for green weight
and 3.&2_gramé?for-&ry weight;::Thia-grcup falled %o develop
any noduleg on;its roots., The general fallure of nadnle formae
tion on the roots of the plants exposed to low light intensi-
tics probably may be accounted for by the low sugar content of
the rootas of plants grown in a moist, rich soil wlth a reduced
rate of photosynthesis. Fred and his coworkers (2, 3) have
emphaslzed the stimulating effect of carbohydrate synthesls on
nitrogen fixation; and the conclusion may be reached that any
factof, e.é., light intgnalty or day length, that will increase
the carbohydrate level in the plant will tend to 1ncbease.
-nodule formation and nitrogen fixation. COConversely, any method
which decreases the carbohydrate concentration, such as short
expoaurs to light and addition of combined nitrogen to the
subgtrate, will 1owér nodule production and total nitrogeh
fixed.

Plants exposed to long day, hiéh light intensity had
elongated stems to a helght of 36,75 inches, There were no
buds, flowers or frult formed; however, with this group, there
was the greatest nodule formation as shaown in tables 11 andhla.
These plants averaged 38.69 grams green weight and 12.62 grams
dry weilght per plant, The lnoreased nodule formation in thils
group may have been due to higher éugar content of plants grown
in poor, low-molisture soil (3). Plantas given short day,
high light intensity treatment had fruitvonly at the time of
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Table 10. Harvesting Data. Soybeans Grown in Pots - 1935,

urowtn : 2o, of't Av, nelghv 3 : . -
conditions ¢} Pot .plants.plants (1n )4 Buds :Flowers: Fruit
1 2 72.00 N:ne Ngne ugne'
High molsture R 2 68,00 - # "
Fertile soil 2 69.50 " " "
Long day 5 1l 71.00 ¥ L b
Low light ? 2 go 00 : : z
. 2 9.00 by ,
g 2 1.50 # " 4
Average 1.87 . 0 Q 0
1l 1l 23.50 6 i 11
2 2 20.00 6 9 5
High moisture R 2 20,50 7 8 12
Fartile soil : 2 23.00 9 15 9
Short day 5 2 25.50 3 iz 8
Low light ? i 36 .00 g 10 8
) c..GO 3 5
8 1 2%.00 9 7 g
Average  TI.625 Ny S ey e T
1 2 32 00 Rsne Hgne Hgne
g 2 36,00 : '
Low molsture 3 2 39,00 4 " u
Poor soil 3 Eg .00 o # #
Long day 5 2 090 Y by "
High light ? g gg 38 : g :
§ 2 %6100 . i "
Averasge <. of ] (4] 0
1 2 18.00 None  None 20
2 2 Z .00 # o 22
Low molsture E 3 o # 22
Poor soil 3 17. 00 # o 27
Bhort day 5 2 20.00 # o 26
High light 6 2 1,00 L # 16
7 2 %7 .50 g g 2%
3 .70
Average . 7.375 . 0] Q g}+
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harvest whlch showed that the Ilowverlng stage had been passed.
This group had an sbundance of root nodules which &t the tine
of harvest did not weigh quite as nmuch as the nodules of the
long-day, high-light plants, indlcating probably that foods -
had been translocated to the newly formed fruit, These short-
day, high-light plants had a green weight of 21.74 grama and a
dry weilght of 6.23 grams per plant,

Soybeana grown in pots in 1938 znd subjeoted to similar
growth conditions as the beans grown in pots in 1935 reveal
some contradioting results in regard to average plant welghts,
but the experimentis of different years otherwise agree in
harvesting data. Biloxl soybeans grown in pots in 1938 were
harvested after 43 days of growth. The green welght of
varioug plant parts is shown in table 13. Plants exposed to
longwday; and high light intensity devsloped the greatest
average green welght of 26.1%0 grams, and this group had more
root nodule development than any other group. Long-day, low-
light plants averaged next in green weight at 18.438 grans,
1.269 grams more than the average green welght of plants glven
the short-day, high-light treatment, These short-day, high-
light plants were the only other group to have nodules. Plants |
grown in molat fertile soil with low 1light and long or short
photoperiods produced no nodules. The short-day, low-light
plants grown in moist fertile soll developed the least green
weight per plant, 8.164 grams.
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Chemiocal Analyses

After consldering the observable effects caused by the
various growth conditions upon the plants, an attempt was made
to see.what might be revesled biochemically. In the summer of
1935 a study made with plants growing under the various condi-
tione ofilight intenslty, length of photoperlod, soil molsture
and fertliity, revealed the following blochemical faots:

Experinments with Cosmos

Cosmos grown in pots developed slowly, producing only a
small amount of plant material for chemlcal snalysis. Only
two groups afforded sufficlient plant material for the analysis.
High-light, short-day plants grown ln poor socll low in molgture
did not produce the total carbohydrates or total nitrogen that
high-1light, 1ong—da& plants grown under similar conditions
produced, as shown in table 1. The high-light, lohg-day plants
contained more carbohydrates and nitrogen generally than the
highlight, short._day plants. This difference in carbon and
nitrogen levels of the two groups may be asslgned to dif fere
‘enceé in total photosynthesis.

Experiments with soybeans

Biloxl soybeans grown in flats, watered with liquid

menure and given various treatments of light intensity and
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photopericds produced the dsta shown in table 15. Highe
light, short-dsy plants developed the greateat level of total
carbohydrates and nltrogen acounulation of all groupa. High-
light, long~day plants developed a relatively hlgh carbohydrate
acoompanled by a low nitrogen accuuulation, High-light, short-
day plants differed consideradbly from the high-light, long-day
plants in having 147 per cent more soluble nitrogen and 26
per cent more residual nitrogen. It is generally assumed that
factors that decrease the carbohydrate level in plants should
inorease the soluble nitrogen level. Low-light, long-day
plants, although having the greatest dry weight per single
plant for all the groups grown in flats, developed the lowest
carbohyérate level of all groups, and a relatively high nitrogén
level when compared to the high-light, long-day group. From
this considerstion, 1t might be assumed that low-light, long-
day treatment is suitable for slow accumulation of carbohy-
drates and nitrogen; high-light, éhort—day treatment is
suitable for a faster aocumulation of carbohydrates and
nitrogen and that high-light, long-day treatment increases
the varbohydrate level while nitrogen accumulation lags.

A chemioal analysls was made of Biloxl soybean stems
and leaves combined. Table 16 reveals the data. The growth
of these plants gave interesting results., Plants exposed to
high-light, long~-day and grown in a poor soll of low
moisture developed a very high carbohydrate level and showed
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Table 14, Chemical Composition of Cosmos Grown in Fots - 1935,

growth Gt Carbonydrates

Nitrogen
condi~ iReauneling : - 3

e ov)ee

tions 3 sugars ;VSucroae H Total Soluble ; Regldual
Poor soll | | |
Low molsture .

High light 156,.50% 15.70 172.20 Ll 90 52.38
Short day - ,

Poor soil
Low molsture

High light 184,75 50.35 - 235.10 Lg,.20 82.57
Long day ,

* Mg, of substance per 100 gr, of original green plant matericl
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Table 15, Chemical Composition of Soybeans Grown in Flats-1935,
(Leaves and stems combined)
(All plants in flats watered with liquid manure)

s Carbohydrates : Nitrogen
Growth { Heducing: : : :
conditions ¢ sugars : Sucrose: Total : Soluble : Residual
High molsture
Low light 150.00% 138.00 288.00 85,20 101.31
Long day

High moisture '
High light 219.00  174.65  393.65  107.71 1ik.60
Short day , ,

High molisture ,
High light 222.35 160.50 382.85 43, 89 90.70
Long day

*Mg, of substance per 100 gr., of origlnal green plant material
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the highest residual nitrogen content when compared to the
other groups. High-light, short-day plants revealed a rela-
tively high carbohydrate level but a low nitrogen level
when compared to plants grown in fertile soil., Low-light,
long-day plants grown in very moist fertile soll developed the
lowest carbohydrate level but an intermediate nitrogen level
when consldered with all the groups. Low-light, short-day
plants grown in a very molst fertile soll developed a higher
carbohydrate level than low-light, long-day plants but a
lower carbohydrate level than high-light, long-day and high-
light, short-day plants. However, low-light, short-day plants
showed more soluble nitrogen present than all the other
single groups. 4

Chemical analye es of Biloxi sbybeans grown in 1938
with the same treatments as those of the experiments conducted
in 1935 are shown in table 17 on the chemical composition of
leaves aund table 18 on the chemioal composltion of stems. In
regard to the influences of 1light intensity and photoperiod on
the chemical content of plani material grown in different fer-
tility and molsture of soil, the leaves of the short-day groups
had low reducing sugars, but relatively high levels of total
carbohydrates and residual nitrogen, The long-day groups
developed fairly high reducing sugars and sucrose; however,
there was more varlatlon of content shown in the high-light,

long-day group. In regard to the nitrogen content of all the
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Table 16, Chemical Composition of Soybeans Grown in Pots-1935,
(Stems and leaves combilned)

: Garpohydrates : ‘Nitrogen
Growth : Heduelng: : Ol :
conditions : sugars 3 Sucroge : Total : Soluble : Resldual
High moisture v ' :
Fertile soil  105.00% 41.30 146.30 50.20 91.29
Long day : : . ,
Low light

High molature

Fertile soll 150.50 109.25 159.75 122,00 l.h2
Short day

Low light

Low moisture : v

Poor soll 328.50 106.60 435,10 121.13
Long day :

High light

Low moisture

Poor soll: 270.25 95.25 365.50 29,40 110.00
Short day

High light

#ig, of substance per 100 gr. of original green plant material
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groups, low light and high soll fertility csused an accumu-
latlon of soluble as well as resldual nitrogen.

The chemical composition of stems of Biloxl soybeans
grown in pots in 1938 is shown in table 18. Stems of long-
day groups grown in soils of different fertility and moisture
indicated a high total carbohydrate content; however, there
was & wilde dlfference in their reduqing sugar percentages.
Short-day groups showed very low reducing sugar contents. As
to the nltrogen content of all the groups, they showed a
relative even amounts of residual nitrégan, but the low light
.groups with their fertilized soll showed the highest soluble

nitrogen content,



- bh o~

Table 17. Chemloal Composition of Leaves

Pots - 1938,

of Soybheans Grown in

Carbohydrates -

Nitrogen

Growth ¢ Heducing:

conditions sugars

[ 4
[

>

*
Sucrose $

Total

e veleé

Soluble

»

:+ Residual

High molature
Fertile soil 89.91*
Long day

Low light

High moisture
Fertile soll 9.89
Short day

Low light

Low molsture

Poor soll 234,77
Long day

" High light

Low moisture

Poor soll 59.52
Short dsy

High light

87.63

162.46

172.81

177.54%

197.90

397.63

232.33

173.32

206.13

9L, 14

121.93

735.90

545.79

621.78

560.70

Mg, of substance per 100 gr, of original green plant material
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Table 18. Chemical Composition of Stems of Soybeans Grown in
Pots -~ 1938, - .

3 varpohydrates : Nitrogen
Growth ¢ Heduelng! : : :
conditions : supars : Sucroge i Total ¢ Soluble : Resldual
High molsture
Fertile soil 66,60 167.67 234,27 276.05 120.38
Long day ,
Low light

High molsture

Fertile soil 24.93 104.40 129,38 315,60 121,85
Short day

Low light

Low moisture .

Poor soil 167.75 190.99  358.74 181.47 102.79
Long day

High light

Low molsture

Poor soil 9.73 185.39 195.12 173.23 120.51
Short day

High light

#lic, of substance per 100 gr. of original green plant material
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DISCUSSION OF RESULT S

The experiments conducted in the summer of 1935 gave
results in agreement with those reported by Garner and
Allard (#). BShort-day plants were forced into flowering by
removing the plants to a ventilated dark chamber in the after-
noon and returning them to the greenhouse in the morning for
an 8-9 hour light exposure. The 1938 experiments also were
- in agreement., Biloxi soybeans were strictly short day in
response and were not forced into flower by attempts to 1n-
creasé the carbohydrate level in the plants by growing them
at low water levels on infertlle soll. Cosmos, however, were
forced invo flowering with 1ong days by stunting treatments
and prevented from flowering on short days by reducing the
light and 1noroasing the soil fertility and moisture (Table 2).
Soybeans were not prevented from flowering by shading, and
chemleal analyses (Table 17) indicated a high sucrose content
in the leaves of these plants,

Plant groups subjected to long gyptoperlods of low light
1n§§nsity deveIOped light green colored leaves, while plants
subjected to 1ogg“g§9tpperiods of high light intenslity developed
yellowlsh green colored leaves, Plants glven short photoperliods
with h;gh light intenslity developed an ordinary green color of

lesves, whille plants glven a simllar photoperiod with low
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light intensity developed the darkest green leaves of all
plant groups, indicating that the deep green of chlorophyl

in plant leaves may be a partial compensation for the reduced
light intensity. Reduoling the light intenslity, however,
normally brought about a lower dry welght and sugar level.
Plants given high light intensity regardleas of the photor
period had higher sugar levels than plants exposed to low light
1ntensit1e;/irrespect1va of the photoperiodic length.

| High soluble nitrogen content was generally evident 1ln
plants growling under the influence of low light, It will be
recalled that these plante also were heavily watered and wers
fertilized with ammonium sulfate., When a nitrogen salt was
added to the substrate of legume plants, there was little
evidence of nodule formation. An increased light intensity
on plants grown in a soll low in fertility helped nodulation,
presunably because of the ralsed level of ocarbohydrates.
Nodulation was increased still further by a longer photoperiod.
A difference in the photoperliod and light intensity caused a
variation in the carbon and nitrogen levels in the plant
tissues. Klebs (1l) arrived at the conclusion that a piling
up of carbohydrate food products favored flower production,
The work of Xraus and Kraybill (12) indicates that the rela-
tionship of ocarbohydrates to nitrogen 1s closely assoclated
with the vegetative and reproductive growth of plants., Hen=

dricks and Harvey (10) found an increased concentration of
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carbohydrates in the leaves of Easter lilles grown under
artificial 1ight to be correlated with early flowering. 1In
our experiments we found that plants subjected to an abun-
dance of molsture and mineral nutrients and exposed to long
photoperiods at low light intensgity falled in the accumulation
of the carbohydrate level above the nitrogen level, Plants
growvn under such coniitliong werec vine-like and non-flowering.
Biloxil soybean plants gliven high molsturc and an abundance of
avallable nutrients, but exposed to short photoperiods at low
1ight intensity bullt up a higher ocarbohydrate level, and ini-
tlated early flowering, It 1s significant, and characterlstic
of the ﬁhotOperiodic response, that plants exposed to light
for only half of the normal day should have accumulated higher
percentages of carbohydrate than the more rapldly growlng
plants exposed for the full day. Plants subjected to high light
intensity for a long photoperlod and grown in a soil of low
fertility developed a still higher carbohydrsate level, but
failed to flower, Plants exposed to high light intensity for
a short photoperiod and grown in a soll low in fertility de-
veloped a high level of carbohydrates and flowered esrller
than the short~day’shaded plants., Thus, 1n our experiments,
it was found that an Aincreased concentrstlion of carbohydrates
in plsnts falled to initiate early flowering in Biloxl soybheans
gréwn with long days.

The results can be explalned by assuming that eome
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essentlal differentiation product 1s destroyed by light in
short-day plants, Hemner (&, 9) has shown, for example, that
s short exposure to 1light during the dark period will prevent
flowering of Xanthium. Presumably a lower sugar level than
was obtalned in 6ur plantes would have checked flowering on
gshort days because of the lack of thls essentlial material for
differentiation (1k).
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SUMMARY

Three short-day plants, Cosmos (Cosmos bipinnatus),

Salvia (Salvia splendens), and Biloxl soybeans (Glycine Max)},

wers grown with l4-16 hours of daylight (long dey) or 8-9
hours {short day) under conditions favorable and unfavorable
for differentiation and observed for flowering. Conditlons
favorable for differentiation were obtalned by growing in a
sand nixture with full greenhouse light and watering sparingly.
Conditions unfavorable for differentiation were obtalned by
growing in fertilized compost with 40 per cent light and
watering liberally.

Flowering of Cosmos and Blloxl soybeans was hastened by
shortening a 14<16 hour day to 8-3 houra. Biloxi soybeans did
not flower on the longer days. Long-day Cosmos grown under
conditions favoring differentiatlon flowered 6 days after the
short-day plants on August 12. 7

Reduoing the light to LO per cent of normal and simul-
tansously increasing watering and soll fertllity caused a weak,
twining growth in long-day soybeans and a short,weak growth in
short-day beana, Flowerling was prevented in Cosmos, but not in
short-day soybeans.

Plsnts grown on long photoperiocds were larger, but carbo-

‘hydrate percentages, particularly of sucrose, were frequently
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higher in short-day plants, even with reduced light and high
soil fertility.

‘ Soybean plants grown under conditlons unfavorable to
differentiation falled to produce nodules while nodulation was
heavy under high-differentiation conditions.,
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