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ABSTRACT

Jordan, Edward E., M. S., Purdue University, June
1959, The Effect of Environmental Factors on the
Carbohydrate and Nutrient Levels of Creeping Bentgrass,

(Agrostis palustris).

PART I GREENHCUSE

Common creeping bentgrass, Agrostis palustrisg, is

widely used for putting green surfaces in temperate
northern United States. 1Its performance 1ls highly depen-
dent on proper management, especlially during the warmer
portions of the summer.
- Temperature 1is considered to be a major environ-
mental factor during such critical times. It seems
to alter the enzymatic systems within the plant tissues
These enzymatic systems carry on thé ma jor functions of
f .the plant, soﬁe of which afe critically affected by
ftempérature lévels such as resplration, photosynthesis,
and growtha or tissue assinilation. '
.Fructose, a simpleAhexoée sugar, is an excellent
= indiéator‘for resplration aﬁd photosyntheéis in cool
seaébﬁ'grésses. The level of fructose present 1s the
net or baiance'beﬁﬁeen these competing systems. Growth
when measured és dry weight is an excellent indiéator of

of the assimilation function.




Established bentgrass sod was gzgrown under constant
light, moisture, and nutrients at temperatures of 60,
70, and 30 degrees F. The fructose levels in leaf
tissues and the dry weights of the leaf clippings indi-
cated that 7O°F was the best of the thre temperatures
for leaf tissue development. Tae 60° and 80° temperatures
imposed blocks u§on the systems which were involved
in the assimilation process. This decreased the dry
weights of clippings; but, at the same time, there was
a measurable build up of fructose levels in the leaves,
since respiration and photosynthesis systems were functioning

at near normal rates.
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ABSTRACT
(continued)
PART II FIELD STUDY
Common creeping bentgrass was grown in the fleld
under natural putting green conditions. Tairty-eight
different ecological and physiolcgical factors to which
the grass was subjected were simultaneously measured.
The relatlonships of each upon the other were observed
and two were selected for further analysis.
One study compared yields of clippings against
seven ecological and eigat physiological parameters.
Using 2ll fifteen variables, 73.1% of the variations

in yield could be accounted for. However, by using the

7;fivedmost important varlables: reducing sugar levels,

per cent light brown roots at five inches, fructose levels,
maximum soll temperature at one-half inch, and moisture
at one inca, 5o 57 of the variations Sz yield could be
accounted for.

A second study was run using this same data, but

compared leaf fructose levels against the same fifteen

= variables. Using all fifteen parameters, 88. 6/ of the

variations could be accounted for. However, by using the‘i

five_most,important variables: maximum soil temperature

at one-half inch, soll moisture at one inch; yield,




light intensity, and per cent white roots at five inches,
70.7% of the variations in fructose levels cculd be

accounted for.




THE EFFECT CF ENVIRCNMENTAL FACTORS
ON THE CARBCHYDRATE AND NUTRIENT LEVELS
CF

CREEPING RBENTGRASS (Azrostis palustris)

INTRODUCTION

Common creeping bentgrass, Agrostis palustris,

is a:perennial stoloniferous grass, used extensively for
putting greens and fine lawns in temperate northern
United States. It requires intensive management to
maintain its fine grass gqualities, especlally during the

warm and humid periods of the year. Greenkeepers: : have

- long realized that high temperatures can destroy or

weaken established sods and thus allow and ingression

--of less desirable grasses and weeds. But, 1little is

known about the actuai effecﬁs of temperature on the
physiological functions within the bentgrass-tissue.
-Previousvstudies using vitro reactions with a
number of different plant tissues haﬁe shown scme general
rélatiénships. But, these studies'may te misleading,
since they destroy the physical order and structure of
cells.i‘These disruptions may critically affect rates df
réactions. AN génerai, increases in teﬁperaﬁure accel-
erate respirétion, but fall to increase rates of photo-
systhesis. Therefore, at some temperature the rate of

respiration will, theoretically, begln to exceed photo-




synthesis. It will create a condition 1n which the plant
must mobilize its storasge compounds to continue to
respire and maintein life.

In ccol season grasses, fructose, a simple hexose
sugar, 1s the major sugar and constituent of the storage
compound, fructan. It was theorized that in vivo studies,
fructose could be used as an indicator tc measure the
balanqe between the photosynthesizing, respiratory, and
storage systems, and the effectiveness of the assimulation
system.could be measured by dry weight lncreases in new
tissue.

Two methods were used to study the effect cof temperature
upon the physiolcgical'systems.

1, Plants were grown at selected constant tempera-

tures, and the fructose levels and growtn rates
were recorded. The effect of temperature was
considered to be one of direct nature with no
consideration given td indirect effects.

2. Temperature along'with other ecological and

- physiological factors was measured as it existed

fﬁnder_natural conditions. The relativé impqr-
tance of each was glven consideration wnen their
combined effect was compared: against yileld.
Their effect was then compared with fructose

= léfels.




REVIEW OF THE LITERATURE

Two general methods are used 1n studying the
effect of an envircnmental factor upon ocne or a grcup of
physiological systems. The most commonly used is a simple,
direct éomparison between changes of the factor and thae
changes in the physiological system. Other factors are
maintained or considered constant, and all changes of
the physiological systém are considered to be a direct
result of the changes of the varied factor. Little
consideration is given to interaction among the related
physiological systems.

A second approach is to measure as many natural or
artificlal changes of the factors and as many corresponding
changes of the physiclogical systems &s 1s feasible. The
advaﬁtage is that interactiéns may be studied. The
disadvantages 1s the number of samples which must be
taken to gilve statistical significance to the conclusions.

- - These methods and biostatistical techniques are
demcnstrated by Houseman and others (15, 16, 5, 32).
They consider every factor as well as every physiological

function to be inter-related in either a positive'or

‘negative manner. Tae magnitude of the relatidnship

can be approached by statistical methods.
Norman (25) strongly endorses the biochemical

approach to determining the relationships among ecologiéaliv




factors, differential organ growth, and internal physi-
ological systems, Each constituent's relation is consid-
ered in & number of plant tissues. However, in order

to deteranine wnetherthis relaticnsnip exlsts in bentgrass,
it 1s necessary to determine which one of the carbohydrates
serves as the energy and structural substrate. Archbold(l)
and Weinmann (41) stress the importance of the fructose
polymers. The name, fructan, is frequently used tc
describe the speciflic fructose polymer foundvin mono-
cotyledons; fructosan is used to describe all of thne

fructose polymers. Waistler (44) elaborates on these

classifications and adopts the term, fructan; for only

those'polymers found in monocotyledons. .The chemical
descriptions of the_pqumérg are given by McDonald (21).

DéCugnac {6}, in‘analyzing thirty-eight species of
grass for their variéus photosynthate and storage compounds,
was able tb separate thé grasses into two datagories.

Graminees levulferes are the grasSeS'which store fructan

but contain no starch; however, there may be sucrose

present in their tissues. Graminees sacchariferes

are the grasses which store sucrose and may'hévé starch
present but have no fructen pélyﬁers.

A general‘ecologiCal separation may be made upon
these two gfoups. The ores which are adapted tc the cooler

climates, called cool-season grasses, are found in the




Graminees :'lgyulferes : group.

Temperature will effect the bzlance between the

concentration of the simple photosynthate and tae
complex storage carbohydrate. Winkler (45), Hopkins (14),
and others have shown that low temperatures generally
favor the transformaticns from complex to simple suger,
and that nigh temperatures favor the transformations
from simdle to complex sugars.

The greatest effect of temperature seems to ke
upon the balance between the two major physiological
systems of resplration and photosynthesis. Platenius (28)
hes shown tnat respiration rates within the range of
10° %o 30°C are usually dcubled for every ten-degree
increase: in temperature,_”yhile Thomas and Hill (37)
and Childers and White (4) have found that within this
107 BOoerange there 1g little effect upon the rate of
Photosynthesis. Temoeratuies abcve 30°C actually resulted
in a rapid decline in phOtOSJuth°SlS.‘ With these rela-
tionsnips between Dfoduction and consumpoion of photo-
synthesis, it Would be possible for respiration to
consume‘mofe Carbohydrates than were‘being produced
Werner (43) shows that’ at lower temperatures, around
20°C the greatest portion of pnotosynthate was available
and utilized in tissue aSSimulaticn or accumulated as

storage compounds. Nightingale (24) grew tomatoes at




various continuous temperatures and showed that tlssue
develooment and storage of carbchydrates ilncreased up to
a temperature of 70°F. Above this temperature, tomato
plants failed to store carbohydrates or to consistantly
assimulate tissue. Above 95°F these failures brought
about death of the plant.

Temperatuwes also effect nutrient uptake, because salt
accunulation ig highly dependent upon root cell respir-
aticn, which, in turn, is greatly effected by temperature.
This has been confirmed experimentally by Hoagland (13) who
snowed that there was an indicated Q1p of the ion
accumulation process of two to three between 10° and 30°C.

l Relationships between tissue lon accumulation, car-
bohydrate levels, and g;orthuby Graber'(B; 9), Sullivan
(33, &), andAPinck'(27) further indicate no one system
should éé studied separately from other systems.,.

Gfeber'sﬂand Ream s (8 g) work on nitrogen levels
aandncarbohydrates indicated a strong inverse relatlonshlp
between the two; ,High levels of niurogen fertllizer
bwith nigh levelsnofdleaf fissue nitrogéntWere accompanied
By 1ow concentratlons of oarboaydrates.' Sullivan end’
Sprague (j,,’24) showed a decrease in fructan with nitrogen
fertiltization, Pineck andvAlllson (27) snowed nigh nitrogen
levels created a condition where photos&nthate was converted

‘ into 1eaf tissue rather than translocated into roots.




Similar work by McLean (22), Dexter and Johnson (7, 18),
and Harrison (11, 12) saowed that there was a decrease

in root development under higa nitrogen and an additional
decrcase by defoliation to tane marked effect of death

to such species as Agrostis czgonillaris.

Lawtcen and Shephard (19) have shcwn an inverse
relationship between potassium and fructose in corn.
Low levels of potassium were accompanied by aigh levels of
fructose in the lsaves. But there were marked reductions
in root and ear development, apparently, because tae
plant was unable to mobilize and translocate these
carbohydrates to the non-photosynthesizing organs.
This was substancilated by Wall (4C) who showed that
potassium deficlencies were -acccmpanied by inorganic
nitrogen\accumulations in the roots and ears, which
indicated that carboahydrates were not availatvle to be
utilized in the Kreb's cycle. i

Both quality and intensity of light effects the
physiologicalvfunctions of plant materials through the
auxin, growth and photosyntaesizing systems. Under field
condltions, work by Thomas and Hill (38) and Schneider and
" Childers (29) has shown‘that apparent-photosynthesis
18 diréctly orooortiénal té light'intensity~1n vegetation
such as apple and alfalfa foliaﬂe, because of mutual

. shading. But in worx with tae individual tlssues, peak




photosynthesis ratés were reached at light intensities
from one-fourth to one-third of full sunlight.

Low light intensities favor stomatal closure, which
restricts the entrance of carbon dioxide, which further
reduces zhotosynthesis. Hizh intenslities ralse the leaf
temperatures and they, in turn, directly increase res-
piration, -as indicated by Weintraub and Joanston (42)
and Shirlsy (30,.31).

Meyer and Anderson (20) state:

"Tahe dynamic condition of water in plant tissue
is largely controlled by the onposing effects of
the transpiration and absorption processes.”

These ars then inter-related to the other physiclogical
functions, so taat adequate sbillmoisture is ﬁot always
an.assurance of piant tisspg hydration. Work by Hogan (10)
indicates that blants:ééﬁﬂapparéntly obtain with equal
facilit§“a supply of water from soils from the point of
field»dapacitj to negr_the pefmanent wilting nolnt. No
measurable decfeasevin.growth, phbtpsynthesis, or'respira-
was obsérved until soil moistufe passed ;hevwilting

point.  However,.Schnéider and Childers k29) have shown
thét once:plantvwilting océures,.a definite decrease 1n
photosynthesis occures and'normai ratéé willlnot bé

attained until leaves have been rewetted from two to

- seven days.




PROCEDURE PART I
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LOCATICN AND MATERIALS

The following greenhcuse study was ccnducted in the
controlled climate chambers located in the bascsment of
the Plant and Soils laboratory on Purdue's campus. The
work began cn December 7, 1957 and was terminated on -
February 22, 1958, a total of 77 days.

The fall weather had been unusually mild, but the
bentgrass sod was not actively growing. Six strips of
dormant established common creeplng bentgrass sod were
taken from the practice putting green on Purdue's campus.

- Excess scil was removed ffom the roots until the sod pleces
were about one-half inch in thickness. These pieces
were placed in a greeﬁhcuse for a two éday édjustment
‘period. SN,
The strips of sod were trimmed to fit into eighteen
by ninéminch flats whica ﬁére filled with common, unwashed
sand ‘to a depth which‘gliowédkthé'soil'sior;ginél,Aj
surface to be.flush Wiﬁﬁ"ﬁhé'tbpﬂpf the flat. “This
facilitated sample'collegting and provided aboutjsix
_inches'of sand in which new roots could develop. A
MANAGEMENT
Afteritwo-days,.ﬁhe flatsAwepe transferred to the
controlled climate Qpamberé; Two.flats were placed in
each of the three chamberé‘which had maintained temperaturesa

of 60, 70, and 80 degrees F. Each cheamber had e vari-
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ation of plus or minus two degrees.
The sod was placed undesr a sixteen-hour light perioed
“and an eight-hour dark»period. The long day and short
night photoperiods prevented flower initlation, whicha
would alter normal metabolic procedures within the
plant tissue. The light period began at 07:00 hocurs and
ended at 23:00 during the experiment.

Light intensity at the sod surface was 1000 foot
candles gs  measured with a direct reading Weston light
meteﬁ. 'The intensity decreased to a low of 800 foot
candles as the fluorescent tubes aged. Tae fluorescent
light which is low in red and fer-red light rays was
"supplemented with unfrosted incandescent bulvs. Light
quality was not determined tut was ccnsidered uniform
thrcughout‘the.temperatureﬁcbambers.

The flats were,watered daily-with deionized water,
until excess water dralned from the bottom of the flat._

e Moisture .was not considered a-limiting factor, because 2
'temporary wilting was not observed on any of tne sod
oieces. " The flats were watered tw1ce a week Monday _»
and Thursday, with Hithrow 8 A nutrient solution. The
solution was applied in the same manner as the water,
until moisture drained from the bottom of tne flats.'
Tnis was tne only fertilization that the flats received

No- observed disease ‘or insect troubles were encoun—




e

tered during the entire experiment.

SAMPL ING

The leaf samples were taken byhand clippers which
nad a special pan attacned to ene blade to catch the
leal clippings. The grass was cut at a one-inch height
above the soil surface.

The clipoings were placed in a besaker and cevered
with a moist towel to prevent the tissues from losing
molsture while taree one-grem samples were being removed
for fructose determinations. The remaining material
was oven—dried at 170o F for twenty-four aours before the
dry weights were recorded.

The samples were elways takeh at 13:00 hours cn the
specified daye. This tﬁmewwas rigidly maintained because
of daily fluctuatlons An- fructose content c1 leaf tissue.
~ Such diurnal changes in sugar conuent are brought about by
:production and storage of sugars dur*ng the light eeriods
and mooilizatiop and translocatlon of the sugars into
~the roote and stolens dur:ng the dark period

g study of these daily variat*ons of 1ea¢ fructose
-'concentrations was made Fegruary 10 and 20, after the :
main study was completed It vias accomﬁlﬁﬂmﬁ.by’taking
samoles -of leaf tissue every four hours during the 1ight
periods, oegining at tqe f;rst neur of light.

Clippings'were taken'whenever‘the growth wafrantedl'




them until December 30. Then a schedule was established
and observed until the end of the experiment.

Semples were taken on Tuesday, Taursday, and Sunday
of each week. By alternating  from one ‘flat to the other
at each temperature, sufficient time was allowed for
regrowth. This allowed samies to be teken three times per
week, and the changes in fructose concentrations to be

recorded more closely.

‘ ANALITI_CAL 'METHODS
Fructose was selectesd ag the indicztor sugar for the
bentgrass plant because of the work of DeCugnao (6),
who classified tne main storage compounds in grasses
as eithe; sucrose and starch, glucose polymers, or fructan,
: asfrﬁctose polymer;i;BentgnasseSsare“tnwtneuGraminee;;
' 1evulferes, or ffu¢£$ﬁ7é£;r££é'g£oup. : ‘
McDonald(El) exolained tnat oa31cally the fructan
polymers are made up - of numerous fructose molecules added
to ‘a sucros e olecule.; In living tissue, concentrations
ﬁdof the dlfrerent carbohydrates are constantly changing, as =
is true of any dynamic system Wibh diurnal es wellas day
to day, fluctuations." For fructose, these changes are'
dscnematically reoresented in Figure 1 8 chart taken
from M. R - Teel: (35) » '
It was advantageous to deternine not only the total

: concentrations of the storage‘compound, fructan, in relation.
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to the concentrations found in sucrose end as free fructose
in the tissue. Whistler (44) has shown that it is
possitle to separate different lengths of carbohydrate.:
polymers by extraction and using varying concentrations
of ethyl alcohol and water. The polymers of longer
chain length are mors soluole as the ccncentration of
water increases in the extraction solution. A preliminary
extraction using absolute alcokol was used to remove
the simple fruotose and disaccharide sucrose from the
tissue. A gecond extraction was made with water, lwhich
removed the lees soluble fructan polymers.

The extracts were kept Seoarate, then they wers
acild- hydrol1zed to break dovn the sucroee into glucose
and fructose and to break down lructan into fructose .
molecules. The concentratlons of fructose were measured
.in each solution oy the procedureemployed by McRary and
¥Slatu ry (29) By u31ng modlfications, tbe excess
'chlorophyll whicn had been extracted from tne tissue

et the prlmary alcohol extraction was removed
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LABORATORY PRCCEDURES FOR FRUCTCSE
AND FRUCTAXN ANALYSIS

Clippings from growing grass at a one-inch height
were takenat 1300 aours each day.

The clippings were placed in a beeker and covered
with a molst towel to prevent excess loss of moisture
during the welilghing processes.

Taree representative samples of approximately one
%ram were welghed, but significant to 0.0C0
thousandtas).

The remaining fresh material was W’iOhcd to 0.0
(tenths) of a gram and oven dried at 170° F to
determine dry weight.

These taree representative samples were lmmediately
transferred to a 50 ml test tube, covered with 30

to 35 ml of absolute ethanol, and placed in a 90° C
water bath for ten minutes. Excessive water absorp-
tion’by the alcchol was prevented by ligntly stoppering
the tubss while they were in the water bath. The
alcochol was filtered off in a Buckner funnel and
saved,

An additional 30.ml of absolute ethancl was added to
the plant material and returned to the water bath

-for ten minutes.  Thls was flltered off and added

to. the first fiTtrate.;

- The plant material was washed abain witn 20 ml' of

absolute ethanol and passed through the filter alial
addition to the two above filtrates. :

Tne filtrates were transferrcd to tae water bata and

- approximately two-thlrds of the original volume was

evaporated. . This solution contained 2ll the mono
and disaccarides from;the plant material.

One-fourth teaspoon of actlivated carbon and 10 ml

of HpO were added: to the solution and it was agasin
-filtered through a Buckner funnel and washed with

20 ml of water and 5 to 10 ml of absolute ethanol
to wash the mono and disaccrides from the carbon. -

The filtrate was transferred to a 100 ml volumetric
flask, diluted to volume, and saved for the colori- S

_metric test._
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11.. The alcoholic extracted residue (from T ) was trans-
ferred to its original test tube and dLgested with
30 ml of water for 30 minutes in the 90Y C water
bath. It is filtered and washed with 30 xml more
of water.

12, This Filtrate was transferred to a 100 ml volumetric
flask, diluted tc volume, and saved for the colori-
metric test.
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COLORIMETRIC PRCCEDURE

1. 1, 2, 3, 4, and 5 ml were delivered from volumetric
flask to five 50 ml test tuces. &4, 3, 2, and 1 ml
of Hpo0 were added respectively to the test tutes.
This was used to determine which was in the range
of the standard curve.

2. 15 ml of 20% HCl were added (one volume of water to
5 vol?mes of HCl1l adjusted to . specific gravity of
1.145).

3. 5 ml of a 0.1% alcohol resoricinol solution was
added. (one gram of resorticinol to one liter of
95% ethanol).

. The solution was heated in a 80° C bath for twenty
minutes and stirred cne or twice to mix solutions.

5. They were read in coloriméter, ané 540 millimicron
filter (green) was used.

6. The readings were compared against standard curve,.

7. The per cent frudtose was determined on a dry weizht
basis by the following procedure.

chart reading in mg fructose 50"

o d _
ol fructose of dry'wg;gbﬁ = ml used in color development
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RESULTS AND DISCUSSION
. Temperature Study

The three different sugar determinaticns were recorded
as per cent fructose found in the dry weight of the
leaf tissues.

(1) The fructose found in the alcohol extract. This
ccntained the free fructose in the cells and the fructose
released by acid-hydrolization of the sucrose found in
the tissue.

(2) The fructose found in the water extract. This con=
tained the fructose pclymer fructan which cn acid-hydro-
lization broke down into simple fructose units.

(3) The total fructose found by the two preceeding
extractions. :

Each of the recorded figures was an average of six
determiﬁétions, made up of threé iaboratory analysis
taken from'the’clippings'of each of the two replicéte
flats.l | . '

AThe growth rate was recdrded és average in grams of
dry Weight per fiat per day. An analysis of variance
was détermined upoﬁ growth rate, total'fructoée, fructan,
fructose, and free and sucrose fructose. It was deter-
mined that changés in all were significant at the one
per cent level between days~and between thé temperstures, .-

Thebfructose concentrations and the grdwth rates of

leaf tissue grown at 60° F are given in Table 1; the graph
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of these results is found in Figure 3.

TAEBLE 1
Growtnh rates znd per cent fructose &as determined
on the basis of dry weights of bentgrass leaf tissue

grown at 60° F

Fructan Free & sucrose Total Growth

fructose fructose fructose rete
Day 7% 7 7 - gms
11 = 1.09 1.30 1.6
14 .19 .65 ' .84 3.9
18 .57 1.45 2.0 3.4
21 W5 1.64 .09 = - 2.8
@ S L 28T 2.6
30 .56 1,80 - <0 e 2,36 1.4
35 BE 1.80 _ 2.33 1.1
0 18 < aig S 3.é7 3.2
M. i o 4.02 30
49 1.64 2.357 | = Ay L0
54 1.64 S oh 3.86 1.0
av 8% 1.5 v sE8 - 39

Total‘growth - 180 gms
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The largest accumulations of fructose were found
at the 60° F temperature. This was true of fructan
fructose, free and sucrose fructose, as well as total
fructose, Total fructose varied from 0.84% to 4.02% of
the dry weigat over a 400% increase in total fructose.

Fructose from fructan was always present in quanti-
ties which were less than those of the free and sucrose
fructose. However, as total fructose increased in tne
tissue, a greater proportion of the total was in the
form of the storage polymer fructan. The increace in
fructan frucfose was fraom 16 to 43 per cent c¢f the
total fructose, which indicated a shift of equilibrium
in the reaction towards fructan forzatlion as shown telow.

- transfructosidose
Sucrose / n(fructose) - M Fructan

This SurongTy 1ndicates that at 60° F, pnotosvnthesis
is functioning at a rate sufficiently above that of res-
'piratlon, and above the rate which photosynthate is_belng‘
‘used ih“growth; so. that the}excess ffuctoee musf be .

transferred into a storage comﬁeund.

Aatotal of 180 érams.of'clmnﬁhgs bas ed on dry:
weighté were'proaueed at 660 ; The growth started very
slowly w1th a pepiod of elevs n days neOded before the
first havest could be made. © The growth rate 1ncreasedf
and peaked at the hlghect dally rate obce'vod dt any of

“the temperatures tetween the ll't‘h and 18th days. The
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nigh rate of growth was short lived and rapidly declined
until the end of the experiment.

A definite negatiive relationship exlisted between
the growth rate and the levels of fructose found in the
leaf tissues. This relationShip is in agreement with
McCarty (46), who established that carbohydrate accumu-
lations were inversely proportional to the rate of
vegetative growth. The magnitude of this relationship
is shown with the simple correlation and regression of
fructose upon 5rowth rate in Table 4. |

The decline in growth rate can not e attributed to
a lack ofvphotosynthate, used for energy or material
with which to build neu tiSsue,vbecauSe the concentraticns
of sugar increaced as the growth rate declined.. The
enzymatic syStems which asuimulate these Sllee carbo-
'hydraues into the complex comoound of new tissue seem
to function at a progressively lowep rate at tne continuous
60° F temperature. ‘ i V

‘ The growth rates‘and fructose 1evels for leaf tissue

grown at 70 F are found in Table 2, and the graph of the

tables are found in Figure 4
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TAELE 2
Growth rates and per cent fructcse as determined
on the basis c¢f dry weights of bentgrass leaf tissue

grown at 70° F

Fructan Free and sucrose Total Growth
fructose ructose fructose Rate
Day % % % gms.
9 0.21 s 0.96 3
12 A 1.00 1.3 2.7
38 % .64 .04 3.0
o1° . - i 5 36 1.7
B 1.46 1.5
dp o 0Be 8 R 1.4
L i ng - g 1
e 1.36 1.8
E A s sy
49:: ff’,#e' kRt gl e 163 1.2
'54.-‘-} ;51 . e e 1.0
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The lowest levels of fructose, two per cent of the
dry weights, were found at the 700 F temperature. An
increase in ccncentration frcom 0.92 to 2.05 per cent,
an increase of 200%, occured during the growth period.

Fructan fructose was always present, but at a con-

contraticn less than the free and sucrose fructose. The

RS

fructan exnicited little increease, a change from 22 to 25
of the total fructose., This indicates that the reaction
shown below was not belng affected at thlis temperature.

transfructosidose
Sucrose £ n(fructose) < > Fructan

Growth began mnore quickly at 70° F than at 600 F,
requiring nine days‘of gro&th tefore the first harvest.
There was no sharp peak i the grow*h rate, but there
was a gradual increase in grozth zate which reached a
high of 5.0 grams per flat per day between the 12%2 ana

Btn days. This was followed by a very gradual decline;

in the growth rate duang tne rest of the experlment o3
‘The total dry weight yield of 196 grams was,tne highest 5
yleld of “the three temperatures. This strongly 1ndicates
' that the systems of photosynthes‘s, respiratlon, and growtb

- are aore in balance at 70 ~than: at e;ther of tne two

other temper tures. The. fructose sugars DroduCﬁd were

fbelng used in growth of new tiscue rataer taan being
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accﬁmulated in the leaf tissue. Tne smallest negative
relationship is exhibited at 700 tetween fructose levels
and growth, tecause the three systems are 1n better
balance. This is shown in the simple correlation and
regresslion of fructose upoﬁ growth rate in Table 4,

The changes in fructose levels and growth rates at

80° F are given in Table 3 wlith 2 grzphic representation

of the material in Figure.5.




TABLE 3

rowth rates and per cent fructose, as determined
on the basis of dry weights, of bentgrass leaf tissue

grown at 80° F

Fructan Free and sucrose Total Growth

fructose fructose fructose rate
Day % - 3 % gms
5, 0:3535 7 15 1.68 2.8
e .- A4 1% 1.86 1.4
14 .30 = Coaa e 1.9
21 ine 1:50 : 2.08 1.5
= a7 10 1.3

307 .56 - Syokk %66 G
35f‘if;r.44' . 137 e 1.8 1.2:.>
o 1.0 ‘; = eaag 'o;gv_f
49 ,?;?1.30 S agh sy Y o
R f1.955‘7 5 L3009 o4

BV - }f;yli_ = 1.60l.’v*"zf 2.31 336

'*'Tbtal growth = 140 graﬁs




Figure. 5
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At the 800 F temperature the fructose ccncentraticns
incrzased 2007 over the initial levels focund in the leaf
tissue. The 3% fructose level of the dry weizhts of
the leaf tissue was between the highest concentraticn
of 473 at 60° and the lowest, 2%, found at 70°.

The fructan'fructose level was always less than
the free fructose and sucrose level. Fructan exhibited
an increase from 207 to 4C% of the total fructose found
in the leaves as total fructose levels rose. This inidcates
that the reaction below was being forced toward the
formation of fructan by a large supply of fructose.

: transfructosidose
Sucrose # n(fructose) < > Fructan

Growth began most gquickly athOo; clippings nad to be
taken on the third day. The initlal burst of growth
- was. the highest rste that occured at thils temperatufe.
.After which it rapidly declined and remained low duriﬁg‘
the remsihder of,the experimént.e,The-aﬁersge'srowtn.i‘
rate and total yield, 140 grams of dry matter, was the‘.
1owest of ‘the three testeratures.

B strong negative relaticnshlp exists between'
: growth rate and leaf fructose 1evels at i This, agaiﬁi
indicates, as 1t did at 609 that the nroducts of photo-
syntae3is are not being utilized *n the production of i

new tissue as rapidly at taey are beins Uroduced The ,

?

 "magnitude of this block is snown in Table 4,
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TABLE 4
The simple linear regression and correlaticn of
ver cent fructose with a one gram increasesin growth rate

of bentgrass leaf tissue

Coefficieht of Correlation
regression Coefficients

Source o 0 80° e 7" 80°
Fructan = 2 = = s 0,50 i
Free &pd .. a6 ‘._@ ' ' o G s
Sucr‘ose" V' L ] 39 .29 - .44 .74 . 66 .57*
fructose: s : :
SolAL: s L3 o3 .01 (70w g7 61N

fructose

: *ASignificant S%.level; r =0.42
e Sighigicant l% level; r = 0.54




The regression figures in Table 4 give the predicted
chang=s8 of per cent fructose levels for every one-gram
increase in growta rate. ©Since tais is an inverse
function, every one-gram decrease in growta rate creates
an expected increase in fructose. The magnitude of this

PSS

increase is proportional to tne numbsrs found in the

Figure 6 repreg:nts, in tahe form of a graph, the
expected cnanges of total fructose percentages with
one-gram changes in tne growth rate.

The results of Table 4 also indicate that in future
work analyses of tissue for fructen fructose or total
fructose should be used. They should be used, because
of thelr greater range in variations at thae respeetive
temperatﬁres.

(a) Fructan fructose had a range af 0. 06 to. 0. 47,
a eight fold variaulon. : :

(b) Total fruCuose had a range of 0.35 to- 0. 91 a
2.8 ;old variation.’ A _
. (c) Free and sucfose fructose nad a range of 0;49
to O 44 a l 5 fold var;atlon. _

However, tae fructan analySLS 1s more troublesome
to run when compared to the total fructose analysls.
anerefore, future wor& will be based upon total fructose:

analysis ratne”'tnan the fructan determlnation.
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The summary graph, Figure 7, gives a
total dry weight yields and average per cent total fructose
in the leaf tissue at the three temperatures. The
strong inverse relationship between growth and fructose

accumulation at the three temperatures is clearly shown.

Diurnal Variaticns in Total
Fructose in Bentgrass Leaf Tissue Grown Under
Controlled Conditions

At the end of the preceeding study, an experiment

=

was run to determine the daily changes in total fructose
levels in thé leaf tissue during the light and dark
periods. The primary purpose was to check the concentra-
tion of sugars at the sampling aour, 13:00, against
concentrationé found at cthér times during the light
period.  Variations>hévé’ﬁééﬁ shéﬁﬁ;tb exist under
‘natural conditions ByVThomas and Hill (37) withvappgrent
rates of photosynthesis, and M. R. Teel-(55) by measﬁre-
ment Qf chaﬁges in'fructosé'léééls in brome grasé.v
Total'fructose determinations were run. Théy pegan
at 23:00 hours, the end of that day's light period, cn
‘February 19.  Samples were taken at the start of thé
light period;'OT:QO, the following day, Febfuafy'20.
Sampling was contihuéd throughout the day at four hour
intervals. Threerlab analyses were run at each temperature

for every sampling. The average total fructose levels

by temperatureé_are given in Table 5.




TASLE 5

Diurnal fructose changes found in bentgrass leaf

tissue
Time 60° 70° 80°

% 7 %
Feb. 19, 23:00 £0 = i 4.9
Dark period ( no samples could be taken )
Feb, 20, 07:00 3.8 1:4 1.6
! 1300 .2 2.4 Bt
. e Lt s s 5.0 2.5 -
. #3900 6.0 4,8 6.0
gl bk 5.4

Table 5 clearly indicates that the translocation
system is functioning during the dark period and is removing
fructose from the leaves. It also suggests that removal
takes place at different rates at the respective temp-
eratures. 13:00 hours may not be the best time for sample
collection, but the time must be held constant before
sampling in relation to the start of the photoperiod or in

relation to the accumulated.intensity hours of light.
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PROCEDURE  PART II




METHOD AND MATERIALS

The second phase of this study was conducted on the
experimental putting green on the Purdue Universlity
campus from June 9 until Cectober 1, 1958, a period of
115 days. During this time, data was collected on light
intensities, soil moisture, and scil and air temperaturses.
A co-study was run by a fellow student, J. E. Beard, and
ais data on root numbers, depta, and color were used in
the statistical comparisons.,

Clipnings of bentgrass leaves were taken at specific
times durling the experiment, dried,bweighed and analyzed-
for total nitrogen, phospaorous, pctassium, fructose, and
reducing sugar.

The daily light data was taken on the green with a
light iq}egrater, a machine designed by Dr. A. J. Ohlrogge
(26) of the Purdue agrondmy‘department. Basically, the
machine ccnsisted of a phoﬁocell encaséd 11 én Qpaqﬁe
glase globe, which dirésted all light received from
vafious angles on to.the phbtocell. When light intensity
rose above 400 fobt—candles, tae éell develcped a chérge
sufficiently large to activate a counter which then
draihéd the charge from the cell., The speed at which this
reaction took place was proportional to the ligat intensity
within the 400 to 7000 foot-candle range. The accumulated

counts per day ranged from 500 to 5000. - These numbers

had no specific value but gaVe a comparitive value of
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daily light intensity conditions.

The moisture conditions of the rootzone were recorded
at depths of 1,2,4, and 6 inches at two locations on the
green. Readings were taken at 03:00, 12:00, and 18:00
nours and later averaged to give daily molsture conditions.
The readings wcre taken on nylon Bouyocicous moisture
blocks, covered with plaster of Paris, model CEL-WHD3%,

The range of rsadings was from 0.1 to 12.0 milliohms
resistance or from comnlete saturation to approximately
20% availatle moisture.

Temperature recording equipment was set up and data
taken by J. B. Beard (2). Temperaturss were taken-at 17
different locatlons every ﬁwenty minutes. The sensing
elements were copper and copper constintane thermocouples
attached to a spéedoﬁéx"multiple_point recorder. Three
points were located at 1, 12, and 36 inches above the
green; two points were locéted in the mat of the green,
~and twelve points were located at 0.5, T 5, 3, 6, 12, ;i
18 iacbes below the sod at two 1ocations.'

Root data was recorded by J. B Beard (2) at specific

times during the experiment. Root rumbers were counted at

2, 5, 10, and 15 inches from corss taken on the green.

e

* Block and meter furnished by.the courtesy of
Industrial Instruments, Essex,County, New Jersey.
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There were four categories of root color: white, slightly
brown, light brown, and btrown. The percentages of the
roots ineach category present at 5, 10, and 15 inches
were recorded in their respective color groups.

The ventgrass leaf cliposings wers repeatedly collected
frcm 12 plots, each 3 feet by 48 feet in size, which were

recelving variable nitrogen applications. Tha lote

[0}

b

consisted of two replications of six treatments: heavy
and light applications of urea, corn gluten, and uramite.
The amount and number of applications were the variables,
while turf quality and appearance were the constants.
Other treatments such as disease and insect control were
maintained constant throughout the plots.

The samples were collected with a 22 inch reel green-
mower. Tfirst a border cut was made along the ends of each
plot and the clippings diséarded. Then a full.length
swath was taken out of the center of each plot from
bordef cut ﬂo border cut,'wbich ccllected a sample
fromfépproximateIYiSO:sq Th. Ali of the sample was
cafefully transferred to a paper bag for drying, weighing,
‘and analyzing.

- The green_was éampled'Bé times during the experiment.
_Clippings were always collected before sunrise on the
second day after a fegular maintenance: mowing. This

standardized the regrowth period and alleviated diurnal
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fluxuations . in leaf fructose content.

Analytical procedures
Yield

The samples were »nlaced 1n open vaper bags and oven

dried for two days at 170° F. The dry welghts were taken

and

multiplied by th

(D
Hh
4]
(@]
ct
O
k3
o
[

2.2, to convert to vield in

grams per 1000 sq ft.

Fructose

Total fructose in all 432 samples was determined by

a method adopted from McCrary and Slattery (23) which

was very similar to the metnod used in the greenhouse

study in Part I.

1.

24

250 mgm of dried plant material dried at 170°F, or
lower, was welghed out and delivered to large test tube.

15 ml HoO was added, and it was heated at 507 0 for
20 to 60 minutes. ( Time was consistant.)

Extract was filtered and delivered into 100 ml volume
flasks and deluted to volume.

3 2, 3, 4, and 5 ml of solution were delivered into
color develooment tubes and 4, 3, and 2 ml of H, ~0
were added r=spectively.

10 m1 of 30% HCl was added to extract.

5 ml of a 0.1% alcoholic resorcinal was added. (1 gm
of resorcinal in 1 liter of ethanol.)

The solutions were placed in an 80° C water bath for
20 minutes.

They were read in colorimeter using 540 Mu (green)
filter.
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The readings were compared against a standard curve
ccnstructed with xnown azounts of fructose (.01 to
.10 mgm) by the oprocedure used in stess 2 tahrough 8.

Resdings from standwrd gurve were multipllied by
40 and equaled % fructcse on dry weight basis.
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Reducing Sugars
The total reducing sugars were determined for all

the samples The method used was adopted from Benham

and Despaul (3) using aliquots from the water extraction

of.

rec

-

basi

the fructose procedure. Readings were converted and
orded as per cent reducing sugars cn the dry weight

EB

Xeducing Sugar Determination
10 ml of water extracted from 100 ml volumetriec flask
(from fructose procedure) was delivered to a colori-
metric tube which contained the extract from 25
mgms of dry material.

5 ml of 0.02 M potassium diaydrogen phosphate and
5 ml of 7 5% ammonium molybdate were added.

This was mixed and placed in a steam bath for 30
minutes (tiuse was kept constant). The tops were
covered tc orevent'éteam contamination.

The solutions were recad immediately in colorimeter
using 660 M, filter.

The readings were compared to the standard curve.

Per cent rcdu01ng sugars on a dry welqht basis were
determined by the-following: :

Curve readings x 4

SN B e Standard Curve

Prepare fresh glucose solutions containing 5.0 to‘
50.0 mgms of sugar per 100 ml of solution.

Deliver 10 ml of each to‘colorimeter tubes.

Follow above procedure from step32 and plot results.
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Nitrogen

a method develcped by Umbreit, Burris, and Stahffer (39).
Total phosphorous and potassium were determined by a
procedure develoved by M. R. Teel (36). Basically, the

methods are micro-Kjeldanl techniques using a Nessler's

cclorimetric procedure which rsplaces the usual ammonia

distillation and tritration. Aliquots of tae digestion
solutions were used in the phosphorous and potassium

proeegures

1.

L

ried leaf material, was digested
1 and bath at 170° to 190° C with
HoS0y (centaining 150 mgms of copper
per liter) <for 24 hours.

0% HoOs was added one drop at a time and nsated in
the samd bath until the solutions became clear.

The szmple was cooled and diluted to 10 ml volume in
the digestion tube.

0.5 ml of digestion solution was transferred to a
colorimeter tube. 1.4 ml of modified Nessler's
reagzent and 0.1 ml of 5.5 N KOH were added and
volume wasg adjusted to 10 ml with water.

Affter ten minutes, it was rsad with a 520 Mu filter
in a colorimeter. :

The sample cclor was compared to a standard curve
prepared with NH2504 in the range of 3C to 100
micrograms of nitrogen.

The readings were converted to per cent nit

rogen
by multiplying micrograms by the fzctor of 100.
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6.

Potassium Determinations
A 1.0 ml aliquot was taken from the 10 ml nitrogen
digesticn process, 9 ml of lithium nitrate solution
( 2,213 gms of lithium nitrate per liter) was added.
A Bechman flame pnotometer was used to determine
parts per million of votassium in the soluticn.
The Internal lithium nitrate standards were used

in all solutions.

The readings were converted to per cent elemental
potassium by multiplying milligrams in the sample by
500.

Phosphorous Determinations

1.0 ml aliquots were transferred tc cclormetric

-tubes from the nitrogen digestion process.

6 ml of ammonium molybdate sclution ( 63 ml of con-
centrated HClL and 5 gms of ammonium molybdate)
were added.’ :

3 ml of -elon solution (lO gms of elon in one liter
of 39 NaHSOB) were’ added

The - solutWons were mited and 1et atand 10 minutes.
They were read in colorimeter with a 660 Mu filter.

The solutlons were comparﬂd to a standard curve
based on p D. m. of PO4. :

-.Readlng was converted to milligrams and multiblied

by factor of 50 to convert to per cent P04 on a
dry weight basis. :
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RESULTS AND DISCUSSICHS

To determine whether the raw data¥ cculd be simplified
for use in the multiple correlation calculations, an
analysis c¢f variance was run on the N, P, X, fructose,
reducing sugar, and dry welght of clippings data. It was
used to detecrmine whether significant differences existed
between the individual plots, treatments, replications,
and sampling dates. The results are focund in Table 6.

The F tests of the table indlcate that within all
parameters, a significant difference exlsts among sampling
days. However, no significant differences were found
among plots, treatments, and replicaticns except in
yield data and possibly one case in phosphorous data.

By using this analysis it was possible to simplify the raw
data to daily avérageslof the twelve plots in each of

the six parameters.

# The data for individual readings are available on
I B M cards from Dh W. H. Danilel, agfonomy department,

Purdue University.
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Table 6
Summary of F tessts from the analysis of variance
on nitrogen, phosphate, potassium, fructose, yield,

and reducing sugar data.

F test values

Reducing
Source N POy K Fructose Sugars Yield
Plots 1.9 D 2695 2.5 .0 9.2%
Treatments 3.0 = 6.2% 3.8 4.4 2.0 ' 18, Giese
Tl & & e <k 5 3.4
Dates : .54.9?*.27.1*% 30 5 81,7%% 1G, 6%% - 9f, TH*

%.Significant 5% level

%% Significant 1% level




Sixteen Tactors were selected from the 38 which
were measured, and these were used in the multiple

correlation analyses, They are listed and explained

below,.
Xl Yield in grams.of clippings per 1000 sq. ft.
X The average per cent fructose (on a dry weight basis )

of the collected clippings on that day.

X3 The average dally per cent reducing sugars of the
collected clippings on & dry weight basis,

X4 The average daily per cent nitrogen of the collected
clippings..

p 58 The average daily per cent phosphorous of the

= collected clippings.

X5 The average daily per cent potassium of the collected
cLliDpingas

X7 The average moisture condition on the day preceding
clipping at a one inch depth, measured in milliohms
resistance,

X8 _Tbé average molsture condition on the day preceding
clipping at a two inch depth, measured in milliohms
resistance.

X The light intensity number from the light integrater

2 of the preceding day.

Xio - The maximum temperature on the day preceding
elipping at the 0.5 inch siol depth as measured
in degrees F.

Xli - The minimum temperature in degrees F on the day
preceding clipping at the o.5 inch soil depth.

X12 The daily temperature in degrees F at the 0.5
inch depth on the day preceding clipping.

Xl} The average daily temperature in degrees F at 36
inches above ground on the day preceding clipping.




49

X4 The root numbers found at
ppin

the two inch depth on
the day preceding clipping.

X315 The per cent of the total rcots which were lizht brown
in color at the five inch depth.

X16 The per cent of the total roots which were wanite in
color at the:five inch depth.

Data was collected on all 16 parameters 23 times
during the experiment. This data is listed in Table 7%,

The analyse€s were run on an elsctrical digital com-
puter, operated by the statisticel labvoratory at Purdue
Uvinersity. The data usinz 15 independent and one depen-
dent variables were run in a multiple linear regression
model. Theée»computations were necessary to develop a
matrix which were used to select the multiple correla-
tion coefficients (R®). This term is an estimate of the
- per cent of ihé éependent‘variable which can be accounted
for by one or by & céﬁﬁination:of independent variables.

The technidgue ﬁsed is the Wherry-Doolittle method
which selects independent factbrs only when thelr addition
créateé”an upward increase in R>. This method selects the

variable with the greatest correlation coefficient,

3 The data are gvailable on I B M cards from Dr. W. H.

Daniel, Purdue University.
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conbines it with all other variables, and selects the
vair with the greatest R2 value. Then, combining this
palr with all other variables, it selects the third
variable which adds the greatest anocunt to the R< term

ntil all wvariables arec combined.

o

The multiple correlation results with yield as tae
dependent variable and the other 15 factors as independent

parameters are found in Table 8.

Table 8
Multiple correlation coefficients squared (RE)

with yield as the dependent variable.

Predicted variations

Independent ve.rizé,'bles'7___.:~ of yield

, : - ' %
Reducing sugars el s 24,1
Reducing sugars £ % light browm roots : - W8

Reducing sugars # % light brown roots £ fructose" 42.7.

Reducing su ars‘% % light brown roots # fructose
- ‘ § maximum soll temperature at 0.5 inch 47.9

Reducing sugars # % light brown roots £ fructose

# maximum soil temperature at 0.5 inch
# moisture at 1 inch ‘ 52.5

All 15 independent variables 751
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2 - s -3
The R values of Table 8 give an indication of what

fu

factors are important in predicting gield of clippings.
This gives indications of which factors should te studied
more closely and which factors could be abandoned in
future work.

Using tnis model, reducing sugar has the greatest
simple correlaticn with yield.(-0.4907), whiecn is
significant at the 5% level. This indicates that a
negative relationship exists between tais component and
yield, which 1s in agreement with the work by Sullivan
and Sprague (33, 34) and Wernsr (43). If thies paramenter
were studied by itsnll, 24.1 % of the variations in
yisld could be accounted for.

_The'next most important parameter selected by tae
Whéery—Dﬁblittle method (17) ‘to be considered when
comblned w1th redchng sugars was ver cent 1lght brown
roots at the 5 inch level. Thils Da”ameter s correlatlon
withryield‘is 40.3625, :Although~this figure is not
significant at the 5% levél, it indicaﬁés tmﬁfthé_relation-_-
shi? is positive and_thatraniinéfease.in light brown
roots causes an increase in yield. This is in égreement
with Dexter (7), since browning Qf ﬁéots indicatés a
decrease in roéot vitaliLy and saould enhance'tdp devel-
opment. Using ﬁhe two factors combined, 37.6 % of the

variance in yleld could be explianed. This i1s an increase
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of 13.5% in variance.

The third parameter selzscted by the Wherry-Doolittle
metaod was fructose, which has a simple correlation cf
0,07382, which indicates almost no correlation. However,
its direct influence and its interazctions with reducing
sugars and light brown roots increase the prediction of
variation of yield to 42,7%, an inerease of 5.1% over
1e importance of fructose
in contributing to the pnysiological systems of growth
as was 1ndicated in Part I, the greenhouse study.

The fourta factor selected was maximum temperature
at g 05 ineh depth  in thé soll. Its simple correlation
was 0.1845, waich shows poor correlation with yield in
tais straight”liﬁe model. - -dowever, the increase of
predicting variatiéhé:iﬁ yield was 5.2%, increasing the
total to 47.8% for the combined foﬁr paraieters.

The  fifta factor,éelected was soil moisture at one
inch depth. Ita simple c'orrelation_wa's -0.1290,>which_'
agaln shows poor correlation. ‘However; its simple effect
upon yield enabled a 4.6%.increase in the total 52.5%
in the ability to predict variations. in yield.

The computations of the Wherry-Doolittle procesé
were stopped at tais point,.because of decreasing increments
in predicting values and lincreasing costs involved in

procuring the next parameter. A multiple correlation
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coefficient was run for all 15 variatvles to detesrmine
the total amount of yield wvariation which could be
predicted. Using all 15 parameters, 73.1% of the vari-
ations ceculd be acccunted for.

A second similar multiple correlation study was run

using the data from Table 9, but making fructose the

(03]

variable, dependent upon the other 15 factors. This was
run because tne preceeding greenacuse work snowed the
importance of fructose in the physliological systems of
bentgrass, and it appeared as " one of the flve parameters
selected for predicting wvariations in yield in tae pre-
ceeding work.

The same simple straight line model was used in this
procéss as in the first, and the same statistlics were
calculated. The results from the multiple Qorrelation
_computations are found in Table 9. v

Uaing!A SerEighisl1hee nblelo 4RA ERe Wdlry-Doslitile
method bf selecting.parameters; maﬁiﬁum'soil ﬁémperature
at 0.5 inches was selected as the greatest pfediéting
variéble.- It has a simple correlation of -0.6518, ‘
which is signifiéant at tne l% levél. It indicates that
a negative relationship exists‘bétWeen this variable énd ,
.fructose levels of the clippings. = Thig rélationship is
in agréement with work by Wérnerb(43) and Nightingale (24)

and others who have snown a Strohg inverse relationship
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between temperature and photosynthate accumulations.

Table 9
Multiple correlation coefficients scuared (RE)

with fructose as the dependent variable

Predicted
variations
Independent variables of fructose
%
Meximum scil temperature 0.5" 42,5
Maximum soil temp. 0.5" £ soil moisture at 1" 57.8
Maximum scil temp. 0.5" # soil moisture at 1"
# yleld - 63.9
Maximum soil temp. 0.5" £ s6il-moisture at 1" :
A °yield £ ligat intensity 68.6
Mamimum soil temp. 0.5" / soil moisture at 1"
# yield £ light 1nten31ty / white :
roots at~5iinches 1 iour . 5 i YO T
- A1l 15 independent variables : e 88.6

If this parameter were studied by itself, 42.5%

of the variations in fructose levels could be aCcounted
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for.

The next selected parameter combinsdc ﬁith saximum
soll temperature, was soll moisture at the cne inca
depth. The simple correlation between it and fructose
was 0.4580, which is significant at the 5% level and
indicates a positive relationship with fructose. This
could be explained because high moisture conditicns are
usually accompanied by lower dally temperatures and lower
tissue temperatures.

The combining of the two parameters accounted for
57.8% of variance in fructose lsvels, an increase in
per cent of 15.3. This increase can be attributed to the
direct and indirect effectis of moisture

‘The third parameter ee}ected was yleld which had a
0.0782 derrelatidn which.is very poor. However, when
included it enatled 63.9% of the variance in fructose to
be accounted for, andeincrease in value o i, lp. vThe
large increase brlngs out the interrelatlon bwtween
carbohyd”ates and growth which was denonstrated in the
greenhou work.,

The fourth independent factor thaﬁ WaS'seleeéed wesv'
light Lnten81tj —_— correlatihn with ffuctose was -O 3287 —_
wnich is not significant at the 5% level. However, it
indicates that a negative relationsinip exists.. Tais is

feasible, since high light intensities are usually




57

accompanised by higher scil, air, ard leaf temperatures,
while maximum pnotosynthnesis can be carried on at
one-fourtn to one-third of full sunligat. Therefore an
increased light intensity over these values would have
little effeft on increasing levels of pnotosyntaate.
Adding light to the predicticn equation of varisations in
fructose, increased the total by 4.7% to 68.67%.

The fifth factor selected was the per cent of white
roots at the 5 inch level, The addition of this variable
enabled 70.7% of the fructose variaticns to be accounted
for, an inecrease of 2.1%. The :selection . process. was.
stopped at this peoint, because additional parametzrs added
such small increases to the total prediction #alue.

A final calculaticn was run using all 15 variables
to determine the total amount of variation which could be

predictéd.




SUMMARY AND CONCLUSICHS
Yars 1
Carbohydrate accumulation when measuerd by fructose

accumulation is an inverse funection of growth.

Fructan 1s the best carbohydrate indicator in
ventgrass leaf tissue. Total fructose is the
next best, and free and sucrose fructose is the
least helpful when considered zs a comparative

indicator against growth.

Diurnal varriations of photosynthnates do exist and
are . important . considerations in timing of sample

collection in a comparative study.

The gr owta svst ms §f-bentgrass leaf tissue are
reducsd at the constant 60° and 800 F tempersatures,
The systems of leaf growth seem to operate best

and for longer periods of time at 70O F.

FPapt I
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Variations in yiéld can best be explained byimeasur—

ment of a limited number of phySlOloglCal and

ecological factors. As listed in order of descend ing

importance, they are:
: _ rcduClng sugar
% light brown roots
‘fructose

s L L e
(ONNe T ¢ B o g 0
Nt N N N

- g0l1ll moisture

maximum soil temberatures
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2. Verlations in fructose can best be explained by
measurcxzent of tnese five factors. As listed in
descending importance, they are:

(2) macimum scll temperatures
(b) soil moisture

(e¢) yield

(d) light intensity

(e) % white roots

3., o one factor should bve studied irrespective of all
others that make up the total system, because

every factor imparts direct as well as indirect

effects upon every other ccmponent of az system.
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