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INTRODUCTION

In recent years light rias been shown to be a definite

factor in determining the flowering time of plants. Some

plants are so conspicuous in their flowering habits that

they have come to be definitely correlated with certain

seasons of the year. This phenomenon was discovered by

Garner and Allard (7) in 1920, and termed photoberiodism by

them.

The gross aspect of plants is the result of the inter-

action of many factors, of whicn temperature, light, humid-

ity, rainfall, and soil are of major importance. The aegree

to which they affect trie plant is limited only by tneir

genetic constitution. Since the publication of Garner and

Aliards work, many investigator's have sought to determine

the internal processes responsible for the seasonal change

which may or may not result in sexual reproduction, but as

yet the actual mechanism has not been determined.

Apparently the earliest record in literature of the

influence of length of day on plants is found, according to

Garner (6), in Carl Von Linnets "Ron om vaxters plantering

grundat pa naturen,” published in 1739. Linne made observa-

tions an plants growing in trie Arctic circle and ascribed

the rapid growth and early maturity of such plants to the

additional heat from continuous light rather -.than to the

effects of light itself. siemens, (4) reported results
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obtained from experiments carried on during 1880 and 1881

when a number of species of plants were cultured with an

electric-arc lamp that was used to supplement or replace day-

light in order to secure continuous light. He decided that

under suitable conditions plants may use artificial light as

well as daylight and that they do not need a daily rest

period,

Bonnier (4) (1894 and 1895) described the anatomical

differences obtained with a large number of species of plants

grown under twelve hours of lignt and continuous light. He

found that the increased illumination above normal caused

thickening of the leaves and leaf stalks, reduction in size

of the leaf, poor development of mechanical tissue, a super-

abundance. of chlorophyll, and a marked reduction in differen-

tiation of tissues, this last being strongly suggestive of

etiolated conditions resulting from prolonged exposure to

darkness.

Kraus and Eraybill (3), in 1918, published work on the

tomato showing that at the time of flowering tne physiology

of the plant changed with respect to the carbon-nitrogen

ratio. Nightingale (12) substantiated this work in 1927 with

regard to photoperiodism in tomato.

Garner and. Allard (7) in 1920 presented data showing the

importance of day-length in controlling the responses of

plants. to 	 environment, and thus opened a wide new field

for investigators,
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Doroshenko (3) and hurd-Karrer (9) reported retarded

reproduction accompanied by a marked increase in leaf devel-

opment in wheat and certain other small grains under short-

day conditions. Maximov (3) found that wheat would bloom in

continuous light, but buckwheat was prevented from doing so

under the same conditions. Pfeiffer (3) reported the same

results for buckwheat.. Doroshenko and Rasumov (3) reported

tnat many varieties of wheat that have grown at higher or

lower latitudes for a long time possess the characteristics

of short- and - long-day plants respectively. McKinney and

Sand0 - (3) were able to obtain mature seed from wheat in 100
days by growing the plants under an eight-hour day at 50-60°F

for the first 54 days, followed by 17,5-18,5-hour days at

70°F. Working with winter rye Purvis (3) reported that ger-
mination temperature and the photoperiod influenced growth

and maturation. Eghis (3) has shown complete sex reversai

of the staminate flowers In a race of maize when grown under

12-hour daily illumination. Schaffner (3) reported that the

male flowers in maize may be. suppressed completely when sub-

jected to a suitable decreased light period. In Russia,

attention has been given to yarovisation which is closely

associated with photoperiodism.

In Various California range grasses, Sampson and McCarty

(14) have shown that flowering occurs with a depression in

the growth rate. MO0reary (11) at Wyoming rias shown that

total nitrogen in perennials remains fairly constant throughout
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the life of the plant.

The concept of photoperiodism attempts to relate the

length of light exposure to type of growth in the plant,

specifically vegetative growth and reproduction. The object

of this investigation is to ascertain the influence of day-

length upon the type of growth and some of tne internal

physiological responses in certain economically important

range grasses or Arizona when these plants are grown in a

uniform environment where the factors of lignt intensity,

light duration, temperature, humidity, ana soil moisture may

be fairly well controlled and 'accurately measured.

METHODS

Photoperiodic Technique 

Five grasses were grown from seed in a sterilized des-

ert soil on a greenhouse bench under eight-, twelve-, and

sixteen-hour day3engths. When the experiment was set up, it

Was planned to include blue grama (Bouteloua gracilis (H.B.K.)

Lag.), side-oats grama (Bouteloua curtipendula (Michx.)  Torr.),

California cotton grass (Trichachne californica (Benth.)

Chase.), tanglehead grass (Heteropogon contortus (L.) Beauv.),

Bothrockts grama (Bouteloua Hothrockii Vasey.), hairy graina

(Bouteloua hirsuta Lag.), and sprucetop grama (Bouteloua 

chondrosioides (H.B.K.) Benth.). Hairy grama and sprucetop
_	 .	 .	 .

grama were omitted because of no germination. Rothrocxts

grama also gave very poor germination; only two plants under

short-day conditions were established. In its place grew an
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annual, feather fingergrass (Criions virgata Swartz.), so

records were kept on only five grasses, i.e. blue grama,

side-oats grama, cotton grass, tanglehead, and fingergrass.

The grasses were subjected to three different light

periods between November 13, 1938, and May 15, 1939. Seed

for the grasses was obtained from the Soil Conservation Nur-

sery maintained at Tucson, Arizona, and was surface steri-

lized with Semesan jr. the day before planting, October 15,

1938. In the vacant rows left by non-germination of hairy

grama and:sprucetop grama a second planting of cotton grass

and side-oats grama was made at the time of initial cover-

ing. Record was kept Of the average height of each species

under each day-length, the average number of leaves per

plant, and any other • differences that might develop -as the

plants grew. Plate 1 shows a general vie* of the grasses on

the bench as taken February 11.

The three daily light periods were controlled by using

a series or large lightproof cardboard boxes blackened on

the inside and reinforced at the lower euge. The eight-hour

or short-day series (SD) were covered at 4:30 P.M.; the

twelve-hour or intermediate-day series (ID), at 8:30 P.M; and

the sixteen-hour or long-day series (LD), at 12:30 P.M. All

plants were uncovered at 8:30 A.M. the following morning. At

4:30 P.M. when the short-day plants were covered, the boxes

for the other two series were set up in SUCh a way tnat two

alarm clocks would trip the triggers nolding them and allow
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Plate 1. Bench in Greenhouse: Short-day plants
on right, long-day plants in center, and inter-
mediate day plants at left.
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them to fall into place at the proper time. From 4:30 P.M.

Until the last box fell, the normal daylight was increased

and supplemented by light from a 200-watt bulb and reflector.

Ventilation under the boxes was provided by forcing a current

of air from an electric fan through a light trap in one end

of each box, the air escaping underneath the edges or the

boxes.

In the greenhouse, tne experiment was set up in such a

way that light was received directly from the south end, the

west side , . and the top, except in early morning and late

afternoon when greenhouses on either side interfered. The

light was somewhat reduced due to whitewash on the glass

previous to November 1, and following March_ 25. The build-

ing was heated during the winter by means or a circulating

gas-neater operated by a thermostat set at 700F. Ventila-

tion was obtained when needed through a small window in the

peak or the roof. Soil moisture was kept just high enough

to prevent water from becoming a limiting factor, the indi-

cator being surface soil that failed to become moist during

the night.

Chemical Analysis 

Chemical analyses were made at intervals after the plants

had grown enough to supply material for analysis. Represen-

tative samples of the plants under the three day-lengths were

taken _sometime between a:30 and 11:30	 and placed in

small jars with tight-fitting screw lids. Fresh weight was
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immediately determined, and the sample chopped up fine with

a pair of scissors. The sap was immediately expressed using

two metal plates ana a hydraulic press witn a pressUre of

, 4000 pounds per square inch. The sap was then taKen up in

a pipette, placed in a weigning bottle, and carefully weighed.

An aliquot was removed for determination of amino nitrogen,

and the remainder diluted and separated for determination of

reducing sugars and total sugars as hexoses. Hydrolysis of

non-reducing sugars was carried out by acidifying .the aliquot

with 1% acetic acid followed by addition of a i, water solu-

tion of Wallerstein invertase scales. A moisture determina-

tion on the fresh weight basis was made on the remainder of

the sample after extraction of the sap by drying in the Oven

at 70°C.
Amino nitrogen was determined by the standard Van Slyke

method (10) 1 the reaction time being five minutes in order to

obtain only tne free alpha amino nitrogen. The readings

were corrected for temperature, pressure, and water vapor

tension according to tne formula, v=11.E_I, where V equals the

volume of the gas, n equals the number of mols of gas formed,

R is the gas constant, T equals the absolute temperature, and

is the barometric pressure in atmospheres minus the vapor

tension of water at the prevailing temperature. The number

of mois of gas thus obtained was then divided by one-half the

molecular weight of nitrogen times 1000 in order to convert

mois to miligrams Of nitrogen and correct for nitrogen
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liberated by the method. Determinations were not duplicated.

Soluble sugars in the sap were determined in duplicate

as reducing sugars according to hassidts method with ceric

sulphate (8). Invert sugars were determined by subtracting

miligrams of reducing sugars from miligrams of total nexose

sugars and multiplying the 'result by trie factor 0.95.

All results were calculated per gram of sap and per

gram of fresh material, a correction applied on the assumption

that the sap was 90% water.

ENVIRONMENTAL FACTORS

Light 

The light intensity was measured at 8:30 A.M. and 4:30

P.M. with a. Weston photometer. * The average mid-day light

intensity was about 425 candle feet with a weekly average

ranging from 227 c.f. to 904 c.f. The average Intensity at

8:30 A.M. was 126 c.f. with weekly averages ranging irom

72 c.f. to 153 c.f., -while 4:30 readings without supplemen-

tary light averaged 131 c.f. with weekly averages ranging

from 77 c.f. to 264 c.f. Artificial light constituted about

20 c.f., the lowest intensity recorded on' trie bench after

dark being 7.5 c.f. and the highest 24 c.f.

Relative Humidity

Relative humidity was measured with a cog psychrometer

Mid-day readings on lignt intensity, relative numidity,
and air temperature were furnisned through trie courtesy of
MV. G. E. Glendening,
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at 8130 A.M. and 4:30 P.M. The average mid-day relative

humidity was about 49% with weekly averages ranging from

27% to . 85% . The readings at 8:30 A.M. averaged 73% with

. 'weekly averages ranging from 61% to 83%, while at 4:30 the

average was 43% with weekly averages ranging from 20% to

65%. The maximum relative humidity recorded was 100% wniie

the minimum was li% at 8:30 A.M. and 4:30 P.M. respectively.

Air Temperature

• '• The maximum and mimimum .air temperatures were obtained

with a maximum-minimum theremometer. The average mid-day

temperature was 100°-with weekly averages ranging from 83.3°F

to 101.5°F. Average maximum air temperature was 99.60F with

weekly averages ranging from 88.80F to 112.8°F, the highest

temperature recorded being 119°F. The average minimum air

temperature was 65.7°F . with weekly-averages ranging .from

49.30F to 70.4°F, the lowest temperature recorded being 35°F.

Soil Temperature 

Soil temperatures were recorded daily at 8:30 A.M. and

4:30 P.M. on a thermometer placed with its bulb in tne

middle of the soil on the bench. The average reading at

8:30 A.M. was 65.5°F with weekly averages ranging from 56.6°F

to 70.1°F,. the lowest temperature recorded being 430F. Tem-

peratures at-4:30 P.M. averaged 74.1°F with weekly averages

ranging from 68.9 °F to 82.6°F, the highest temperature thus

recorded. being ,864F. Morning soil temperature readings

closely:followed the minimum air temperature; evening soil



temperatures were lower but similar to the maximum air tem-

peratures.

Daily Trends 

Light intensity and relative humidity were measured at

frequent intervals from daylight until dark on December 3,

and .again on April 7, the two days being taken as represen-

tative of snort-day conditions and longer spring-day con-

ditions without and with whitewash on the greenhouse, respec-

tively.

On December 3, the light intensity had reached 130 c.f.

by 8130 A.M., and 210 c.f. by 9:15 A.M. Following this

there was an abrupt increase to 680 c.f. at r:45 A.M., after

which there was a more or less gradual increase to a peak

of 900 c.f. at 12:00 N. There was a gradual decrease during

the afternoon, until at 4:30 P.M. it had diminished to 150 c.f.,

and at 5:15 P.M. the main source of illumination was from trie

electric light. The daily trend on April 7 was similar to

the above except for total intensity and duration. At 8:30

A.M. the intensity was 110 c.f., and at 4:30 P.M, it was

320 C.F. with the maximum intensity of 500 C.F. coming at

1:45 P.M. By 7:00 P.M. the intensity was wholly from the

electric light.

Relative humidity showed the same general trend on

both days. At 8:30 A.M., before the windows were opened,

the relative humidity. averaged about 70% with fluctuations

of as much as 15% when the heater started operating. When
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the windows were opened, the readings would drop as much as

50% in 30 minutes. The relative humidity then remained fairly

Constant at 20-30% until the windows were closed in the eve-

ning and the plants watered, at whicn time there was a rise

to the percentage obtained in the morning.

Soil Factors 

Soil moisture content was found to vary roughly between

7% and 11% over the periods between watering. The moisture

equivalent of the soil, as measured by centrifuging at a

force of 1000 times gravity, was 15.5% and the wilting coef-

ficient as calculated from this by dividing by the factor

1.84 was 8.5%. The pH of the soil aS measured with a glass

electrode on November 24 1 was 8.15, and 8.68 on April 8.

Mechanical analysis by the Bouyoucos method (1) showed the

soil to be close to a .sandy clay loam and consisting of 57%

sand, 23% silt, and 20% clay. In spite of this percentage

composition, the soil was very "tight" due to tne fact that

99.5% of the clay was of colloidal size.

Table 1 shows the results of a chemical analysis of a

:1:5 water extract of the soil according to the method_ out-

lined by Buehrer (2). It should be noticed that the soluble

salts are probably largely in tile form of sodium ana calcium

bicarbonate..
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Table 1

Analysis of 1:5 Soil Extract

Ions p.p.m.	 p.p.m.
in extract	 in soil

M.E. per
100 gms. 	soil

Ca 24 120 1.2
Mg 3 15 0.3
Na 22 112 1.0
K 15 74 0.4
Cl 8 40 0.2
NO3 17 83 0.3
804 62 160 0.7
CO3 0 0 0.0
HCOz 103 512 1.7

Total Soluble Salts by Calculation 1116 ppm. in soil
Total. Soluble Salts by Evaporation 1090 ppm. in soil
Total Soluble Salts by Conductivity 1040 ppm. in soil

RESULTS

Blue Grama

,Blue grama plants showed greater height growth under

long-day conditions than under snort or intermediate day-

lengths. Seedlings were about two inches high at the begin-

ning of the experiment, and under all conditions there was

rapid growth until almost full height was attained. On

approximately January 20, long-day plants terminated tne

grand period of growth while snort- and intermediate-day

plants terminated this period about December 30. The inter-

mediate-day plants reached their maximum height growth slight-

ly before the short-day plants. With increase in temperatures

around the first of March, the long-day plants snowed an

increase in growth which was not shown in the other two series.

Average height of tile plants under tne different day-lengths



Day
Length

LD
SD
ID

Cotton
Grass

9-14 1 '
3-4 "
7-11'1

Tangle-	 Finger-
head_	 grass 

16-18 11 	20-2411
8-10 17

10-12	 10-12TJ

Blue	 ' Side-
Gramd	 oats

16-17”
	

12-15n
10-12
	

4-6 ”
10-12”
	

3-5 1!
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as measured April 7, is shown in table 2.

Table 2

Final Hei ht Measurements on Grasses

Differences were found in the number of tillers and

leaves per culm under the three day-lengths. Short-day plants

showed the greatest amount and the earliest tillering followed

by intermediate- and long-day plants respectively. The num-

ber or leaves per •culm seemed to hold fairly constant for

each_ day-length, long-day plants having three leaves per

culm, short-day plants having four, and intermediate-day.

plants having five. None of the blue grama plants flowered

during the course of tne experiment. Plate 2 shows a typical

plant from each of the three day-lengths as taken on May 5.

A summary of the estimations obtained by chemical anal-

ysis of the sap may be seen in tables 3 to 9. These tables

represent the determinations made on amino nitrogen, reducing

sugars, invert sugars, total hexose sugars percent invert

sugars, ratio of reducing sugars to amino nitrogen, and per-

cent water in the plants respectively. The relation of these

estimations is shown graphically in figures 1,, 2, and 3.

Amino nitrogen content and percent water in all series
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decreased as trie plants grew older. Reducing sugars in-

creased until tile end of the experiment when a reduction

occurred in all except the short-day plants. Total sugars

in the long- and short-day plants became more concentrated

at first, but as the experiment progressed, gracitiaily de-

creased. Finally at the ena of trie experiment the snort-day

plants again increased in concentration while long-day plants

decreased still further. Intermediate-day plants showed a

steady increase in total sugars following an initial drop.

Percentage of invert sugars decreased in all plants until tne

end wnen there was a sudden increase. Trie carbon-nitrogen

ratio based on the relation between reducing sugars and amino

nitrogen showed a tendency to increase in all plants until

the end when there was a very abrupt increase for snort- and

intermediate-day plants, long-day plants at tne same time

showing a decrease.
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Table 3 

Amino Nitrogen in Blue Grama

Date 11 14 .	 2/4	 4/1	 4/22	 1/14	 2/4	 4/1 4122
Day	 .
Length

1

t

t
mg. per gm. Sap	 ting, per gm. Fresh Material

LD
SD
ID

I
;
;

t

	

1.22	 0.81	 0.84	 0.55;	 2.85	 1.45 . 1.22

	

1.02	 0.98	 0.81	 0.231	 2.17	 1.82	 1.22
	1.57	 0.75	 1.00	 0.08;	 3.66 	1.66.	 1.63

0.79
0.32
0.11

Table 4

Reducing Sugars in Blue Grama

Date 1/14	 2/4	 4/1	 4122	 1/14	 2/4	 4/1 4/22
Day
Length T mg. Per gm. Sap 	;mg. per gm. Fresh Material

LD
SD
ID

t
f

t

	7.82	 8.86 20.09	 11.12;	 18.25 15.74 28.91

	

8.18	 8.83 12.50	 16.84;	 19.09 16.40 18.75
	8.21	 9.96 17.20	 6.35;	 17.45 2.17 28.06

16.00
23.26
9.53

Table 5

Total hexosé Sugars in Blue Grama

Date 1/14	 2/4	 4/1	 4/22	 1/14	 2/4	 4/1 4/22

Day
Length

T

;
1

mg. per gm. Sap 	tmg. per gm. Fresh material

LD
SD
ID

t
t
;
;

!

	

18.45 22.33 22.06	 17.67;	 43.05 39.70 31.74

	

17.67 19.01 16.30	 26.13;	 41.23 35.30 24.50

	

20.40 17.46 24.51	 29.44'	 43.35 38.86 39.99

25.43
36.08
44.16

Table ,6

Invert sugars in Blue Gr ama

Date 1/14	 2/4	 4/1	 4/22	 1/14	 2/4 	4/1 '4/22.

Day	 -
Length

t
;

t

mg. per gm. sap	 'mg. per gm. Fresn Material

LD
SD
ID

T

1
1
f

T

	10.10 12.80	 1.87	 6.22;	 23.56 22.76	 2.60

	

9.02	 9.67	 3.70	 8.83 1 	21.03 17.96	 5.55

	

11.58	 7.13	 6.94	 21.:94t	 24.61 15.86 1 1.35

8.96
12.18
32.00



2/4 4/1 4/221/14Date
Day
Len th t

LD
SD
ID

58
54
60

60
54
43

9
24
30

37
36
78
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Table 7 

Percent Invert Sugars in Blue Grama

Table 8

Mg. of Reducing Sugars per Mg.
of Amino Nitrogen in Blue Grama

Date 1/14 ,.
.	 ..

214 4/1 4/22
Day
Length

t
t

LD t 6.42 10.90 23.81 20.24
SD t 8.41 9.01 15.40 72.96
ID t 5.00- 13.32 17.21 83.01

Table 9 

Percent Water in Blue Urania iiresn Material.

Date 1 14 2/4 4/1 4/22
Day
Len th

LD t 70 64 59 59
SD T 70 65 60 58
ID T 68 69 62 60
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Plate 2. Blue Grama: Long-day plant on left,
short-day plant in center, and intermediate-day
plant on right.
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Figure 1. Blue Grama: A - Reducing Sugars, B -
Amino Nitrogen..
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Figure 2. Blue Grama: A - Total Hexose Sugars,
B - Percent Water in Fresh Material.
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Side-oats Grama 

Side-oats grama plants showed the same general type of

growth as that shown by blue grama, except that short- and

intermediate-day plants were suppressed to a greater degree.

Intermediate-day plants reached maximum height approximately

January 1; short-day plants, January 20; and long-day plants,

March 11. Plants under both short- and intermediate-day

conditions snowed a loss in neight until the advent of warm

weather when there was again a slight increase. Table 2

snows the heights of these plants as measured April 7.

Tillering was shown first and in greatest amount by

Short-day plants followed by intermediate- and long-day plants,

and number of leaves per plant followed the same trend. How-

ever, -long-day plants showed a decrease in the number of

leaves after flowering. Flowers were produced only by long-

day side-oats grama plants during the course of the experi-

ment. Plate 3 shows a typical plant grown under each of the

three clay-lengths as taken May 5.

Estimations obtained by chemical analysis of the sap

may be seen In tables 10 to 16 showing the same determinations

as are shown fOr blue grama. Figures 4, 5, and 6, SLOW the

relation of these estimations graphically. Amino nitrogen

content decreased under long- and short-day conditions, but

showed an increase with intermediate-day plants at the end

of the experiment. In the case of short- and intermediate-day

plants, reducing sugars decreased at first, but maintained an
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almost constant concentration during the remaining period,

short-day plants being highest throughout in tnis form of

pugar . Long-day plants were almost completely constant in

rP414ang sugar content even from the beginning. Total

hexose sugars decreased under ail three day-lengths until

the end of the e34eriment 'when there was a rise in concen-

tration in intermediate-day plants. There was a - fairly con-

stant moisture content in all cases except short-day plants

where there was a sudden increase near the end of the experi-

ment. Invert sugars in short- and intermediate -day plants_

showed considerabfe fluctuation, but long-day - plants showed

an initial increase followed by a decrease to the end of the

experiment. Long-day plants, which flowered at the end of

the experiment showed a continuous increase in the car bon-

nitrogen ratio which was not noted under tne other day -lengtns.
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Table 10

Amino Nitrogen in side-oats Grama

Date	 1/14
Day-	 1
Length t

1

Date
Day
Length 1

1
LD	 1
SD	 1
ID	 1

1/14 2/4 4/1 4/22	 1114 2/4 4/1 4122

mg. per gm. Sap	 tmg. per gm. Fresn Material 
1

	

1.14 0.75	 0.41,	 2.12 1.47	 0.76

	

1.32 0.65	 1.001	 1.98 1.01	 6.71
	1.36 0.57	 3.681	 2.31 0.93	 6.26 

Table 11 

Reducing Sugars in Side-oats Grama

2/4 4/1 4/22	 1/14 2/4 4/1 4/22 

mg. Per gm. Sap	 'mg. per gm. Fresh Material

Li)	 22.23 19.82 21.76 18.851 41.28 36.81 42.24 35.01
SD	 4 65.34 22.84 23.40 22.961 102.20 34.26 3660 153.66
ID	 ! 32.71 18.45 17.47 16.631 58.14 31.41 28.50 28.34 

Table 12 

Total hexose Sugars in Side-oats Grama

4/22	 .1/14 2/4 4/1 4/22
t

Date
Day	 t
Length t

Li)
SD
ID

1/14 214 4/1  

mg. Per gm. Sap	 tmg.

1 35.82 35.81 24.59 21.28; 6
t•	 37.92 29.63 30.00, 	
1 49.41 35.54 28.91 50.291 8

per gm. Fresh Material

6.52 66.50 47.73 39.52
56.88 46.34 200.77

7.84 60.51 47.17 85.63

Date	 1/14
Day
Length 1

Table 13 

Invert Sugars in Side-oats Grama 

2/4 4/1 4/22 .:_1114	 2/4 4/1 4/22 

t-
Img. Per gm. Fresh Materialmg. per gm. •SaP

Li)
SD
ID

	t 12.91 15.19 2.67	 2.31 1 	23.98 28.21 5.22 4.28

	

14.33 5.92	 6.69 1 	21.49 9.25 44.75
	! 15.87 16.24 10.87 31.98! 	28.22 27.65 17.74 54.43



Table 14 

Percent Invert Sugars in Side-oats Grama

Date
Day	 t
Length t 

LD	 t
Si
ID 

1/14	 2/4	 4/1 	4/22    

38	 45	 12	 li

	

40	 21	 23
	34• 48	 40	 67 

Table 15 

Mg. of Reducing-6-ugars per Mg.
of Amino Nitrogen in Side-oats Grama

Date	 1/14	 2/4	 4/1	 4/22 
Day	 t
Length t 

t
LD 	1	 17.38	 28.87	 46.03
SD	 17.30	 36.12	 22.93...
ID	 13.59	 .30.65	 4.53

Table 16

Percent Water in Side-oats Grama Fresh matericd.

Date	 1/14	 2/4	 4/1	 4/22
Day.	 t
Length 1 

t
LD	 f	 65	 65	 66	 65
SD	 1	 61	 60	 61	 87
II)	 t	 64	 63	 62	 63
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Plate 3. Side-oats Grama: Long-day plant on the
left, short-day plant in center, and intermediate
day plant on right.
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Figure 5. Side-oats Graina: A - Total Hexose
Sugars, B - Percent Water in Fresh Material.



70 — MINIMONI

A. mg. of Reducing Suyans
per

Yak of Amino Nitrogen

L Day

B Percent Inveol 5 .5nar

60.0 ...ft”

sao -

404-

300-

20.O_

/0.0—

0.0—

60 —

—

40 —

30 —

20 —

/0—

29

1/4	 2/4
C

4/22 Date

Figure 6. Side-oats Graina: A - Mg. Reducing
Sugars per Mg. Amino Nitrogen, B - Percent Invert
Sugar.



30

Cotton Grass 

For some unknown reason, cotton grass snowed much vari-

ation in growth even under the same day-lengths. This differ-

ence could be seen from the beginning, and for trie first few

weeks the plants were heavily pigmented with a brownisn

purple. Soon after the experiment started, the plants nad

lost most of their coloring, but the variation in growth

within any day-lengtn remained throughout. When the first

data on growth of cotton grass were taken the average height

of the seedlings was about one inch. Long-day plants then

continued growth for the duration of the experimental period,

while the short-day plants reached a maximum neignt about

December 1, follewed by a reduction in height and then by

a very slight increase in growth with the coming of warm

Weather. Intermediate-day plants showed the most fluctuation

in growth since there were two maximum heights, one on Jan-

uary 1, and the other sligntly higner on Marcn 11. Average

measurements were difficult to obtain because of tiae great

. variation in growth, and this fact probably accounts for  trie

discrepancy in the average height measurements as given in

table 2 (measured April 7), and the evident neight compari-

sons in plate 4. Also, there was probably a deerease in

. height of the intermediate-day plants and an Increase in

_height of the short-day plants between the time of measure-

ment - and the time of photographing. The growth curve given

by 1ong:-day cotton grass plants was probably not normal due
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to competition of adjoining fingergrass plants whicn were

removed from all three aay-lengtns on February JJ. because of
this undesirable effect. In cotton grass tiliering and num-
ber of leaves per plant varied inversely witn day-lengtn.

The plants showed no signs or flowering during trie course of
the experiment.

Cotton grass planted at trie time or initial covering

seemed to outgrow the iirst planting under all three day-

lengths. This was especially true after warmer temperatures

instigated spring growth.

Because of the slow rate of growth shown by cotton

grass, the first determination on trie soluble products in tue

sap was not made until April 1 1 so only two determinations

were made over a three-weex period. These determinations

on soluble products serve to give some indication of trie trend

in the physiological responses of trie plants. A summary of

the results of these determinations is shown in tables 17 to

23 and graphically in figure 7 and sections A and B of figure 9.

Concentration of amino nitrogen increased in long-day cotton

grass plants and dropped in snort-day plants. Only trie final

concentration of the intermediate day plants was determined

and found to be between tne bong- and snort-day concentrations

in amino nitrogen. Reducing sugars in snort- ana intermediate-

day plants remained almost constant while the long-day plants

went down in concentration. Total sugars as hexoses in snort-

and intermediate-day plants decreased while that in long-day
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plants showed a gain. There was no consistent trend in

moisture content for plants under the three day-lengths.

Although there was no flowering during the experimental

period, long-day cotton grass plants snowed a lowering of

the carbon-nitrogen ratio while short-day plants snowed an

increase.
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Table 17 

Amino Nitrogen in Cotton Grass

Date
Day
Length

LD
SD
ID

1/14 2/4

mg. per

4/1 .V22	 1114 2/4 4/1 4/22
t

gm. Sap	 tmg. per gm. Fresh Material
t

	

0.53	 0.771	 1.60	 1.99

	

1.07	 0.561	 3.78	 1.19
	- 0.551	 1.47    

Table 18 

Reducing Sugars in Cotton Gras s

Date
Day
Length t

LD
SD
ID

1/14 2/4 4/1 4/22	 1/14 2/4 4/1 4/22

tmg. per gm. Fresh Material

16.93 11.941
14.73 13.87;
24..21 24.27;

50.79 30.70
52.22 46.43
53.89 59.42

Table 19 

Total Hexose Sugars in .Cotton Grass

Date	 1114 2/4 4/1 4/22	 1/14 2/4 4/1 4/22 
Day	 4
Length t	 mg. per gm. Sap	 Tmg. per gm. Fresh Material

t	 t
LD	 1	 18.56 19.821	 55.68 50.97
SD	 t	 18.15 13.771	 64.35 46.10
ID	 1	 27.97 20.461	 62.26 50.09

Table 20 

Invert Sugars in Cotton Grass 

Date	 1/14 2/4 4/1 4/22	 1/14 2/4 4/1 4/22 
Day
Length t	 mg- per gm. Sap	 !mg. Per gm. Fresh Material

.	 I
LD	 1.55	 7.49t 4.65 19.26
SD	 3.25	 0 1
	3.57	 0	

11.52	 0ID	7.95	 0 



Date
Day
Length

LD
SD
ID 

1/14	 2/4	 4/1	 4/22

	75 	 72

	

76	 77

	

69	 71

34

Percent Invert

Table 21

Cotton GrassSugars in

Date 1114. 214 4/1 4/22
Day
Length

1
t
i

LD t 9 40
61) l 19 0
ID r 13 -	 0

Table 22

Mg. of Reducing Sugars per Mg.
of Amino Nitrogen in Cotton Grass

Date 1/14 2/4 4/1 4/22
'	 Day

-Length
t
r

LD 1 31.84 15.47
SD I 13.79 38.78
1r- t 44.28

Table 23 

Percent Water in Cotton Grass Fresh Material
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Plate 4. Cotton Grass: Long-day plant on the
left, short-day plant In the center, and inter-
mediate-day plant on the right.
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Figure 7. Cotton Grass: A - Reducing Sugar, B -
Amino Nitrogen, C - Total Hexose 'Sugar, D - - Per-
cent Water in Fresh Material.
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Figure 8. Tanglehead Grass: A - Reducing Sugars,
B - Amino Nitrogen, C - Total Hexose Sugars, D -
Percent Water in Fresh Material.
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Tanglenead Grass

Tanglehead plants grew very slowly for the first part

of the experiment, but Showed distinct differences with day-

length by the termination of the experiment. The tangle-

head seedlings were about one inch high at initiation of

light treatments, and grew slowly until about January 20, at

which time the intermediate-day plants and long-day plants

were only slightly taller than the short-day plants. An

abrupt increase in the height of long-day plants then followed

until the end of the experiment; the intermediate-day - plants

reached their greatest height about April 7, and snort-day

plants reached their greatest height about marcn 11. Sià in

cotton grass, the long-day plants might have started the

grand period of growth sooner had not competition with finger-

grass been a limiting factor. It was noted that soon after

removal of fingergrass from the bench, both cotton grass and

tanglehead showed accelerated growth. Increased growth was

noted under all three day-lengths for both grasses at about

the same time, so growth suppression may not have been entire-

ly due to competition from fingergrass. As in the other

perennial grasses, the amount of tiliering and trie number of.

leaves per plant varied inversely with the dayiength. The

height of the grasses as measured on April 7 wild. be found in

table 2, and a comparison of the plants under long- and short-

day conditions may be seen in plate 5. The intermediate-day

plant is not snown in plate 5 because all plants under this
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day-length were used in making the final chemical determin-

ations. Flowering in tangiehead did not occur under any of

the -light conditions.

As in the case of cotton grass, tile rate of growth for

the first part of the experiment was so slow that only two

determinations on the soluble products in tne sap were made.

These results are summarized in tables 24 to 30 and ehown graph-

ically in figure b and sections C and D of figure b. Amino

nitrogen in plants of all three day-lengths decreased with

age of the plants. Reducing sugars decreased in long-day

plants while un increase was snown in short- and intermediate-

day plants. Total hexose sugars remained almost constant

for long-day -olants, decreased somewhat for intermediate-day

plants, and increased in short-day plants. Tue moisture con-

tent in both long- and short-day plants decreased uniformly,

but because of a questionable determination, OILL the final

moisture content on intermediate-day plants is given, tills

being somewhat nigher than the otner two. Both long- and

Short-day plants exhibited a gain in percent of inveit sugar,

but a decrease was noted in intermediate-day - plants. A greater

increase in the carbon-nitrogen ratio was noted uneer short-

and intermediate-day plants than -In long-day plants.
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Table 24 

Amino Nitrogen in Tangiehead

Date	 1/14 2/4 4/1 4122	 1/14 2/4 4/1 4/22
Day - 1
Length t	 mg. per gm. Sap	 ;mg. per gm. Fresh Material

LD
	

0.53 	0.321 	1.72	 0.87
SD
	

0.29	 0.111
	

0.95	 0.30
ID
	

0.80	 0.31?
	

5.05	 1.15

Table 25 

Reducing Sugars in Tanglehead

Date	 1/14 2/4 4/1 4/22	 1/14 2/4 4/1 4/22 
Day	 1	 t
Lengtn t 	mg. per gm. Sap	 ?mg. per gm. Fresh Material

t	 1
LD	 t	 25.92 16,39' 	82.08 44.31
SD	 1 	16.48 17.041	 45.13 48.50
ID	 1 	15.23 15.90?	 101.92 59.81

Table 26 

Total hexose Sugars in Tanglehead

Date	 1/14 2/4- 4/1 4/22	 1/14 2/4 4/1 4/22 
Day	 __I	 t
Length t	 mg. per gm. Sap	 %lag. per gm. Fresh Material 
	t	 1

LD
	

22.23 21.61?
	

70.69 58.43

SD
	

13.43 20.36' 	44.96 5.37
ID
	

22.11 18.75?
	

147.97 70.54

Date
Day
Length t

;

LD
SD
ID 

Table 27 

Invert Suaars in Tan lehead

1/14 2/4 4/1 4/22	 1714 2/4 4/1 4 22
t

mg. per gm. Sap	 'mg. per gm. Fresh material

0	 4.961
	

0	 13.41
0	 3.661
	

0	 10.63
6.54	 2.71?
	

40.75 10.19
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Date
Day -
Length

LD
SD
ID

Table 28 

Percent Invert sugars in Tanglehead

1/14	 2/4	 4/1

0	 24
0	 18

- 31	 15 

4122

Table 29

Mg. of Reducing Sugars per Mg.
of Amino Nitrogen in Tanglehead

Date 1/14 2/4 4/1 4/22
Day
Length ;

LD ; 48.31 51.08
SD 1 47.00 158.29
ID T 19.05 51.65

Table 30

Fresh MaterialPercent Water in Tanglehead

Date 1/14	 2/4 4/1 4/22
Day
Length

LD
SI)
ID

;
T
;

76
77
87

73
74
79
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Plate 5. Tanglehed Grass; Long-day plant on the
left, short-day plant on the ri ght.
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Feather Fingergrass 

The annual fingergrass showed a marked difference in

growth under variation in day-length. When the seedlings

were about two inches high the controlled day-lengths were

started. Long-day plants increased in height until they

were removed from the bench. Snort-7. ana intermediate-day

plants terminated the grand perioa of growth about January 1.

With this grass, the amount of tillering and tue number of

leaves per plant varied directly with the day-length instead

of inversely as in the perennials. The final height of the

plants as measured January 20 is shown in table 2 1 an  a com-

parison Of a typical plant from pacn day-length may be seen

in plate § taken February 11.

Flowering in fingergraSs was first observed in long-

and snort-day plants, simultaneously on November 25, ana in

intermediate-day plants on December 10. Even snort-day

plants only two inches high, and bearing seven leaves pro-

duced flower stalks. The size and shape of the inflorescence

varied directly with the day-length, short-day plants having

short club-shaped inflorescences; long-day plants, long slen-

der inflorescences; and intermediate-day plants, a median

type. A greater proportion of mature seeds was noted under

short-day conditions than with other day-lengths, but seed

viability was not tested. When removed from the bench, tne

snort- and intermediate-day plants appeared to be near the
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Plate 6. Feather Fim7trp:.r:..ss; Long-jay plant on
the right, short-day plant on the left, and inter-
mediate-day plant in the center.



end of their life-cycle, but the long-day plants were still

in a strongly vegetative condition.

Only one chemical analysis on the soluble products in

the sap was made, and this at the time the plants were re-

moved from the plot. The results are shown in tables 31, 32,

and 36. Amino nitrogen was highest in long-day plants and

lowest in short-day plants, intermediate-day plants more

closely rollowing tne snort-day plants. Reducing sugars were

highest in long-day plants with snort- and intermediate-day

plants having about one-hair the concentration shown by -long-

day plants. Concentration or total hexose sugars was highest

in long-day plants, but not much nigher than in short- and

intermediate-day plants. Both long- and snort-day plants

ahOwed about the same percentage of invert sugar with inter-

mediate-day plants being somewhat lower. The carbon-nitrogen

ratio was much nigher in snort- and intermediate-day plants

than that shown by long-day plants.
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Table 31

Feather Finger Grass'

mg. per gm. Sap	 .

Day	 t	 Amino	 Reducing	 Total	 Invert
' Length 1 Nitrogen	 Sugars	 Hexose Sugars	 Sugars 

t
LD	 1	 0.67	 3.98 '	 18.11	 13.42
SD	 !	 0.14	 6.47	 14.90	 10.86
ID	 1	 0.22	 6.87	 15.28	 7.99

Table 32 

Feather Fingergrass
.1	 .

,	 mg. per. gm. Fresh Material
1

Day	 t	 Amino	 Reducing	 Total	 Invert
Length 1 Nitrogen	 Sugars	 Hexose Sugars 	Sugars 

t	 _	 .
LD	 ?	 2.87 -	 16.97	 77.21.	 . 57.23
SD	 1	 0.41	 9.88	 42.41	 30.90
ID,	 0.66	 20.61	 45.84	 26.97

Table 33

Feather Fingergrass 
r	 t	 1

Day	 1	 Percent 1 mg. .dieducing Sugar _ 1 Percent Water
'Invert Sugar'er mg_ 	Nitrogen 'in Fresh material
1	 -	 !	 t

LD	 1	 78	 1	 5.96	 1	 81
SD	 1	 77	 1	 24.49	 1	 74
ID	 1	 55 	1	 6 1 .23	 1	 75 
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DISCUSSION

Growth Responses 

The growth responses obtained in this experiment show

the same general trend as found by many investigators follow-

ing the initial work of Garner and Allard in '1020 (7).

According to the generally accepted idea, plants may be

classified in regard to flowering response as long-day plants,

short-day plants, and ever-bloomers according to the day-

length under which flowering takes place. In the present

experiment, two general types of response were noted, namely,

that in which snort- and intermediate-day plants were extreme-

ly suppressed as shown by side-oats grama ana cotton grass,

and that in which there was a lesser degree or suppression as

shown by blue grama and tangleheau. Garner, as quoted by

Burkholder (3), states:

iWhen . exposed to a day length in excess of the crit-
ical, there. is in the short-day type pronounced
long continued elongation or the stem witnout flower-
ing; while exposure to a clay-length shorter than
the critical quickly initiates reproductive activity.
On tne other nand, in the long-day plant, exposure
to a length of day in excess of the critical results
in elongation of the axis, which is promptly followed
by flowering, while exposure to a length of day
below the critical tends to limit development to a
leaf-rosette stage. ,

On the basis of the type of vegetative growth - obtained,

both side-oats grama and cotton grass appear to be long-day

plants, although flowering was obtained only in sicle-oats.

Cotton grass is hard to classify because or its variation in
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growth under intermediate- and long-day conditions, but

probably belongs in the same group with side-oats because of

its limited height growth under short-day conditions. The

fact that blue grama and tanglenead did not snowsucn a pro-

flounced dwarfing may indicate that these grasses are snort-

day plants altnougn there was no sign or flowering under

snort-day conditions.

Sampson and McCarty (14) nave shown that flowering

occurs with a depression in the growth rate, so it may be

assumed that flowering occurs with completion of the grand

period of growth in plants grown under optimum environmental

conditions. If this is true, then any one oi the environ-

mental factors may nave been limiting for all the perennial

grasses used except_side-oats graMa, since an Inspection of

the growth data recorded snows this plant to nave tile most

uniform growth rate and the only one to flower at completion

of the grana period of growth.

The annual, fingergrass, showed entirely different

responses to the daily lignt periods than did the perennials,

This grass flowered simultaneously under both long- and

short-day conditions, but it can not be classed as an ever-

bloomer because flowering was delayed under intermediate-day

conditions, Under all three day-lengths, flowering began with

initiation of the grand period of growth, a condition exactly

opposite that snown by side-oats grama. Another difference

between the growth of fingergrass and the perennial grasses
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occurred in the number of leaves per plant, ana the amount of

tiliering whicn varied directly with day-length in the annual

ana inversely in the perennials. In both tac annual_ and the

perennials neignt varied directly with tne day-length Tnese

results suggest two different conditions witn regard to des-

ert annuals and perennials. Annuals appear to flower under

favorable moisture and temperature conditions, while peren-

nials seem to have a greater number of factors that may con-

trol development. Tills suggestion will bear considerable

more investigation.

Environmental Factors 

While the environmental factors were not completely con-

trolled, the variation in any one factor except light was the

same for ail plants. AS already stated, natural daylight was

increased and supplemented with 7.5 to 24 candle feet of arti-

ficial light. Withrow (l5) recommends 5 to 7 candle feet for

a series of horticultural plants with the exception of 8 to

15 C.f. for Iris tingitana and 30 c.r. for Lilium sp. Other

investigators report between 5 and 20 candle feet as being

sufficient for the plants wita whicn they worked. It would

seem that light was not a limiting factor, ii one considers

the type of_growth obtained in this experiment.

many investigators believe that light is tne factor re-

sponsible for initiation of reproduction, but as yet the

exact mechanism is unknown. Burkholder (3) believeS that

flowering is not due to any nutritional difference, but seems
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to be brought abut by a low intensity of red light, and is

dependent on the length of exposure ratner than tne quantity.

Evans and Allard (5) nave concluded that flowering in timothy

requires an optimum light period above and below ‘Nnicn flower-

ing is suppressed. Tnis has been brought out by other inves-

tigators for other plants.

Light alone does not seem to be the all-controlling fac-

tor, nowever, as temperature has been shown by Roberts and

8truckMeyer (13) and other workers to be a definite factor in

controlling flowering, in general it seems that most plants

initiate early flowering and show retarded vegetative growth

at relatively low temperatures. It has been shown th at for

various day-lengths the optimum temperature for flowering is

different. The fact that the temperature and day-length are

related could very well explain the suppressed flowering

obtained in tue present experiment where the average temper-

ature was relatively nigh.

Inasmuch as the grasses used in the experiment grow

normally Under low relative humidities, the type of growth

obtained under greenhoUse conditions was undoubtedly modified

by this factor. The high relative numidities maintained dur-

ing the experiment may nave been responsible 'or  trie apparent

lack of wilting of the grasses even though tne soil moisture

content fell before the calculated wilting coefficient.

Depression in growth of tangiehet,d, and variation in

growth of cotton grass may have been due to the texture of
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the soil used, since these grasses normally grow on more

porous soil. As already pointed out, the soil was "tight"

in spite of the high sand content. Thus depression in growth

of cotton grass and tanglehead during the early part of tue

ekiSeriment may have been cue to a limiting soil texture as

well as competition with fingergrass. Tnere was no evidenee

of any nutrient deficiency in any of the plants In spite of

the nign calcium content which would tend to cause a phos-

phorous deficiency, and the high pri. which would tend to pro-

duce an iron deficiency.

Pnysiologicai Responses 

Soluble carbohydrates ana amino nitrogen content as

determined on the basis of sap ana fresn weignt snowed a

variety of trends in the various species. Tnere was some

similarity in pnysiological responses in plants of the same

species grown under varied daY-lehgtne but no generalized

statement concerning all species can be made. Estimations

on the basis of sap weight are probably the most significant,

since tney give some indication of the anabolic and catabolic

processes taking place in the plant without involving the

insoluble products present ana undetermined.

For nearly all plants, the amino nitrogen concentration

seemed to decrease Ni -,Lia age, although tne differences shown

are probably not very significant. Sueh a decrease should

normally take place in well-nourished plants since at matur-

ity the plant ceases active manufacture of proteins to a
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large extent. Intermediate-day side-oats plants and long-day

cotton grass plants seemed to be an exception, but the results

in general probably indicate normal development of tue grasses.

Sampson and McCarty (14) have shown that carbohydrates

increase in concentration with maturity of tne plant, and that

flowering occurs at this time. In long-day side-oats grama

that flowered, both reducing and total sugar concentrations

remained almost constant although the percentage of invert

sugar showed some fluctuation. Similarity in the trend of

percentage of Invert sugar was sflow n by blue grama and side-

oats grama in one case and by cotton grass ana tanglenead in

tie other. Long-day side-oats snowed a tendency to depart

from the general trend in carbonydrates for the two species

following flowering, and at the same time snort-day cotton

grass and tangleneaa plants snowed exactly opposite trends

although neitner snowed any signs or flowering. it seems

doubtful tnat the soluble sugars in tne plant sap were of

any significance in this experiment other than to show tnat

the plants were all being affected by one or more factors

causing various changes in their metabolism.

The carbon-nitrogen ratio as here determined, was cal-

culated on the basis of reducing sugars and amino nitrogen,

inasmuch as these are the end products as well as the pri-

mary products of carbohydrate and protein metabolism respec-

tively. The trend snown by the ratio obtained for blue

graina was very similar to that snewn by side-oats grama until
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near the end of the experiment when all three day-lengths

for blue graina changed in exactly the opposite direction from

that shown by side-oats grama. As already shown for suppres-

sion of growtn in blue grama, tnis opposite trend may also be

an indication that tne plant is a short-day plant. The

curves shown for cotton grass and tanglenead seem to snow no

correlation at all. Tile variation between species is so great

that it is doubtful if any significance can be placed on the

ratio as here determined. Various investigators have shown

that u nigh carbon-nitrogen ratio does not necessarily indi-

cate flowering, and that sucn a ratio OCCU2S us a result of

flowering. This is well shown by long-day side-oats grama,

in which flowering occurred at least three weeks before an

increase was noted in tne Carbon-nitrogen ratio.

There seemed to be no significant changes in moisture

content for the various species except in intermediate-day

cotton grass and snort-auy side-oats graina where an increase

occurred. This was correlated with increase in growth of

Some of the cotton grass plants and all  of the side-oats

plants under these two conditions, and is probably indicative

of a changing growth rate. The results in general are con-

sidered indicative or uncnanging nealtn in tne plants.

As already stated, the gross aspect of a niant is deter-

mined by the sum total of all tne environmental factors

affecting its development ana limited only by genetic consti-

tution. Genetic constitution in itself is determined largely
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through the action or environment over a long perioa of time.

So • it is not unreasonable to suppose that the physiological

responses of a given plant or group of plants also reflect

tne environment in wnicn growtn taies place. Tnis Wa6 shown

by Klebs (3) who found that vegetation and flowering coula be

controlled by altering the environment in a suitable manner.

From the data already presented, it is readily seen that

all plants except those that flowered snowed changing growth

rates and soluble-product concentrations. The ones that

flowered snowed a nearly constant growth rate and soluble

product concentration; flowering occurred with depression in

- the growth rate in the case of tue perenniai4 while it occurred

with initial increase in growth rate in the annual. From

this evidence it would seem tnat flowering with depression in

the growth rate of perennials ana initiation of tue growth

rate in annuals is determined by environmental factors any

one of whicn may become limiting and in so doing upset the

equilibrium of factors necessary to produce flowering. In

the case of the present experiment it must be born in mind

that the data from Which this conclusion is drawn are inade-

quate.
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SUMMARY

1. Photoperiod studies on five Arizona range grasses were

made during the period October, 1938 to May, 1939 in the

Botany greenhouse at the University of Arizona. Blue

grama, side-oats grama, cotton grass, tanglehead grass,

and feather fingergrass were grown from seed in a desert

soil under three day-lengths of 8, 12, and 16 hours.

2. A record was kept of environmental factors and growth

differences obtained under the three day-lengths, as well

as any physiological differences that might develop as

indicated by determinations made on amino nitrogen, re-

ducing sugars, total hexose sugars, and invert sugars in

the plant sap. Calculations for the percentage of invert

sugar and a carbon-nitrogen ratio based on reducing sugars

and amino nitrogen were also obtained.

3. Flowering occurred in side-oats grama plants under long-

day conditions following completion of the grand period

of growth. None of the other perennials showed . any signs

of flowering. The annual, feather fingergrass, flowered

under both long- and short-day conditions simultaneously

with initiation of the grand period oi growth, and fol-

lowed two weeks later by flowering under intermediate-

day conditions.

4. For the perennials, tillering and the number of leaves

per plant varied -inversely with the day-length while, the

annual showed these characteristics to vary directly.



Both the annual and the perennials showed height to vary

directly with the day-length.

5. The type of vegetative growth obtained in the perennials

suggests blue grama and tanglehead grass to be short-day

types while side-oats grama and cotton grass are sugges-

tive of long-day types. Feather fingergrass seems to be

a type that apparently does not rit any day-length class-

ification.

6. Amino nitrogen was found to remain nearly constant for

all plants while soluble sugars showed a great deal of

fluctuation.

7. The percentage of invert sugars showed a similarity in

trends for both blue grama and side-oats  graina, but in

no other case.

8. High carbon-nitrogen ratios were not necessarily indic-

ative of flowering, and occurred following flowering in

side-oats grama.

9. Growth responses and physiological trends obtained would

seem to indicate variations in the environmental factors.

As observed in the plants that flowered, a more definite

change_in...the growth rates and physiological trends was

noted  whien suggests the presence of a favorable equi-

libriumHof,-environmental factors resulting in flowering.
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