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ABSTRACT
SEASONAL FESPONSES OF SOLUBLE CARBOHYDRATES IN THE LTAVES OF
FOUR COOL~SEAGON CRASSES TO FIVE NITROGEN TREATMINTS

by David G, Creen

The quantitative effects of applying 0, 3, 6, 9 and 12 pounds of
actual nitrogen per thousand square feet on the soluble suyars in the

leaves of Agrostis palustris, Festuca rubra, Lolium pereane and Poa

pratensis were studied to determine the degree of carbohydrate depletion
at higher nitrogen treatments., The mono-, di-, and oliogosaccharides
were extracted with boiling 80 percent ethanol, separated via paper
chromatograms, and the resulting sugar spots evaluated quantitatively
with a densitometer. The polysaccharide fraction was observed to Le a
glucopolyfructan, extracted with boiling water and quantified colorimet-
rically by a ketohexose test.
The greenhousz environment produced leaf tissue considerably lower
in oligosaccharide than field samples, Effects attributable to nitroren
treatments were most precminent in the oligosaccharide fraction, particu-
larly oligosaccharides other than sucrose., The di- and monosaccharides
failed to produce concentration differertials directly attributable to the
nitrogen treatments, Treatments previding more than one and one-half
pounds of actual nitrogen per thousand square feet per application pro-
duced near identical carbohydrate responses, Fegrowth in the dark estinates
of food reserve apreed favourasbly with chemrical determinations, particu-
larly values for oligosaccharide minus the sucrose fraction, Temperatures

in the 80 F range and higher appeared to exert an adverce effect on rrowth
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IRTRODUCTIOA

Cne of the objectives of nitrogen fertilization of grasses is to
maintasin plant growth. This growth is a result of the interaction between
nitrogen taken up from the soil aad reserve food materials already avall-
alle to the plant, The utilizaticn of nutrients, primarily nitroyen,
al.sorted from the soil sclution requires metabolic energy and a supply
of carbon skeletons, specifically oryanic acids., The major storage forms
of this energy and organic aclds are the soluble sugars, which are re-
ferred to as the carbohydrate reserve, or more generally, reserve food
raterial, The objectives cf this study werej; 1) to determine the nit=-
rogen treatrents at which the carbohydrate reserve in the leaves became
a growth-limiting factor, and 2) to determine the quartitative effects
of various nitrogen treatments on these individual leaf sugars under

sreenhouse and field environments,



REVILCY 07 THE LITHERATUSE

The irportance of the supars and sugar polyrers, which are referred
to as reserve or storage carbolydrates, to the utilization of available
nitrogen by the plant is most eacily elucidated by conzulting a general
textbook of biochemistry, Carbohydrates can ke brcken down via the
glycolytic (Embden, Myerho®, Farnas) pathway and the citric acid (Krebs)
eycle to various orgamic acids such as pvruvie, oK -ketoglutaric,
fumaric and oxaloacetic acids, These organic aclds may combine by well
established enzymatic reactions with amnonia, ATP and in the presence of
magnesium ions form the corresponding amino acids, Chloropliyll synthesis
from glycine and succinic acid is another reaction which uses orginic
acids, ATP, which stores tlie energy for these synthetic reactions, is
also a product of this carbobydrate catavolilsm. Without eithier the cavbo-
hydrate to supply the energy and orianic acids or a supply of available
nitrogen, the plant is in an unfavorable position to carry out the syn-
thesis of new materials,

Thomas (cited by Trougliton, 23) defines a reserve food material as a
substance that has a preliminary period of accumulation followed by a
period in which the substance is maintained in situ at a relatively high
concentraticn, and that later, in associaticn with physiological processes
taking place in the immediate vicinity or elsewhere, the concentratioa
dirminishes., Accordiag to Weinman (cited by Troughton, 23) certain groups
of carbohydrates viz. sucars, fructosans, dextrins and starch are the

most important reserve substaaces in grasses., FPentosans, hemicellusocse



and true cellulose were considered structural materials anl not further
utilizable as food reserve by the plant, MNcCarty, Brown, (both cited by
Troughton, 23) and Sullivan and Spracue (22) hold similar opinions, The
dominant form of reserve carbonydrate in cool season grasses according to
De Cugnac's 1931 (4) classificatlion are fructosans, Chemically the type
of fructosan in grasses for the most part is the phlein structure, that
is with a carbon 2, 6 linkage as contrasted to inulin's carbon 1 to
carbon 2 linkage (9).

Archbold's (1) exhiaustive review of fructosans in monocotyledons cov-
ers research prior to 1940, Troughton's (23) 1957 review of the under-
ground orguans of herbage grasses cites three workers, McCarty and Weinman,
McIlvanis, aad Aldous, who studied seasonal affects on food reserve
naterial, They noted a decrease in concentration of reserve carbchydrates
in the roots concurrent with early shoot growth and then a gradual in-
crease during the late spring and suinmer followed by a decrease at the
time of secondary herbage growth, Mcllvanie associated maximum reducing
sugzars with rapid vegetative growth, maximum sucrose with differentiation
and greatest quantities of "reserve polysaccharide™ with the bhrief rest per-
iod prior to secondary growth,

These three authors plus Bews and Bayer, (23) and Arber (23) all
noted carbohydrates are accumulated in the roots during the autum,

Sprague and Sullivan (21) noted in orchard grass that high-nitrogen
fertilization tended to reduce the percentage of fructan and low-nitrogen
fertilization tended to increase it., They also noted that the stulble

and lower 2/3 of leaf blades contained the highest weights of fructan,



The roots and upper 1/3 of the leaves were much lower in fructan. Sucrose
was highest in the upper 1/3 of the leaves, and next highest in the roots,
An inverse sucrose-fructan relationship existed. Sullivan and Sprague
(22) also noted the regularity of loss of fructosan with temperature in-
crease was similar in beth stubble and roots,

Baker (23) working with I»linm perenne also observad that ths per-

centage of total soluble carbohydrates was always greater in the stubble
than in leaves or roots, Elara and Tanaka (6) noted the fructosan con-
tents of each organ of Italian ryegrass, Timothy, Bermuda grass and Bahia
grass decreased as temperatuvre rose, the concentration of fructosan in

all four grasses being higher in stubble than in other plant organs,
Hansen, et, al., (9) refer to Waite and Boyd's observation that the stems
of growing plants comnonly contain much higher levels of fructose polymers
than do the leaves,

A direct method to reasure organic food reserves in relation to groith
of alfalfa was developed by Craber, et, al., (8)., They transplanted
alfalfa plants into pots which were placed in a dark growth room, Before
and after dark regrowth values were recorded for dry matter, total sugar,
dextrins and soluble carbohydrates, and total nitrogen. They concluded
no very specific conclusioas could be male from these studies por se, but
that these procedures migiht be useful when Interpreting results from chen=-
ical determinations for plant food ressrves, Harrison, (13) and Juska
(12) have used this method for evaluating bluesrass food reserves,

Jordan (11),used a mcadified version of the McPary and Slattery (18)

Seliwanoff test for ketoses to study the effect of environmental factors



on the carbohydrate reserves in the leaves of bentgrass (Agrostis
palustris), ile concluded fructan (phlein t;pe fructosan) to be the

best indicator of reserve cartehydrate in bentgrass, total fructose next
in erder of reliebility, with free fructose and fructose from sucrose
of least importance, A constant temperature of 70 degrees Farhenheit
produced the optimal growth response with the corresponding negative
effect on reserve carboliydrates,

The discovery of paper chromatosraphy by Martin and Synge (1£) and
its subseyuent application to carboliydrates provided a techlnique wheraby
the individual fractions of the carlohydrate reserva could be studied.
Using these teciniques as adapted by Laidlaw and Reid (13), Lopatecki
et, al. (15) followed the gquantitative changes of soluble carbohydrates
in the stems of three wheat varieties during two growing seasons, They
noted the presence of glucose, fructose, sucrose, olligosaccharide and
fructosan (phlein type). The oligosaccharides (a number of low molecu-
lar weight monorlucopolyfructans) soluble in 80 percent ethanol were the
dominant form of carbohydrate stored in the stems prior to ripening of
the grain, Clucose showed maximum accumulation around heading and pro-
grescsively decreased towards maturity. Fructose showed two peaks of

accunulation, the first at heading and second during the dough =

ot
£
™
o
.

Sucrose concentration was appreciable at heading and gradually increased
throughout the milk stage when monosaccharides were decreasing, Accumu=-
lation of fructosan in stems occurred after the initial build-up of
sucrose, 0Oligosaccharide trends paralleled fructesan but in ruch preater

quantities,



These references illustrate that the relationships between nitrogen
availability and total solulble carbohydrate levels have long bean estab-
lished, They also indicate a lack of information regparding the effect
of nitroren on the carbohydrate fractions of which this soluvle carbo-

hydrate or food reserve is composed.



SECTION I
THE INTLULNCE OF NITROGEN TREATVENTS ON THE SOLUBLE CARBOHYDRATLES IN

LEAVES OF LOLIUM PCRENNE, AGROSTIS PALUSTPIS AND PDA PRATLNCIS

UNDCR GIILHAQUSE CONDITIOHNS

The objects of this experiment were; 1) to develop a suitable tech-
nique for analyzing large numbers of samples for soluble carbohydrates,
and 2) to observe the quantitative effect of varying nitroren treatments

on these carbohydrates under greenhouse conditions

KATLRIALS AND METHODS
Plant Culture lMethods

Pure stands of beatgrass (Acrostis palustris, var, Toronto), bluegrass

(Poa pratensis, var, Ferion) and ryesrass (Lolium perenne, var, common)

were planted October 15, 1962, The seeding rate used for the bluegrass

and ryegrass provided 2,500,000 yerminatable seeds per thousand square feet,
The bentgrass was vepetatively planted, A randomized block experimental
design was used with three replications, The flats were 8 inches deep by

9 inches by 24 inches containing a soil mixture of 50 percent sand, 40
percent loam soil and 10 percent vermiculite by volume, Approximately u
pounds of 15-15-15 per thousand square feet (.6 pounds actual nitrogen,
phosphorous and potassium) was mixed into the top 2 inches of soil in the
flat prior to planting, The grasses were cut weekly to 1 inch height of
cut with hand clippers. Water and fungicides (weekly application of Mildex
from December 15 to kMay 27) were applied as needed. The plants received

no artificial illumination during the course of the experiment.



No additional fertilizer was added to the treatment flats between Oct-
ober 15, 1362 and March 25, 1363, On March 25 a complete harvest was taken
for chermical analysis, Treatments totalling 0, 3, 6, 9, and 12 pounds of
actual nitrogen per thousand square feet using ammonium nitrate dissolved
in two litres of water as the nitrogenous material were then applied in
one application, Subsequent harvests were taken April 6, April 13, May 1,

and ay 27,

Analytical lethods

-3

e selection of a suitalle analytical tecunique was governed by the
nurber of sarples to be analyzed and the degree of accuracy reguired for
following seaconal variations in solulle carbohydrates in a realistic
fasnion, The analytical procedures employed Ly Lopatecki et, al, (15)
were based largely upon methods previously reported by Laidlaw and Reid
(13), Laidlaw and Feid’s (14) extraction and elution technique was com=
bined with Dubois et, al. (5) phenol-sulphuric acid colorimetric deter-
mination and ccnsistently accurate results were obtained, A more expedient
method conbined Laidlaw and Teid's extraction and separation on descending
paper chromatograms with the utilization of a direct photometric reading
as described by McFarran, Brand and Ratkowski (17), but without a record-
ing iateagrator. This method eliminated the time required to locate and
elute the sugars from the paper for coloriretric determinatiocn,

A procedure evaluation uzing D-xylese showed an average recovery for
eight replications of 87,32 percent with a variation cf 8 percant, These
values were judged to be satisfactory for seasonal carbohydrate studies,

A comparison of extraction methods using a Soxhlet apparatus versus
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alcohol fracticn contained mono-, di- and oligosaccharides, If
tissue moistures within cn2 grass variety varied more than 1 per-
cent between treatments, cilculated pevcent moisture and aliusted
to a final 80 percent ethanol concentration in the filtrate,

4) Vcter fraction, Extracted with 150 rl, bolling water the filter

resjdve from C-2, This water fraction contalred the polysaccharides,

P

j&2]
A d

"ade alcohol fraction to 250 rl., sampled 50 ml, aliquot and evap-
orated in Flash Evaporrtor at reduced pressure and £5 decreces C,
to 10 ml, ¢Slwrilarly macde water fraction to 150 ml,, sampled 30
1rle alinuot and evaporatel to 10 ml,

6) Hydrolysis, Divided alcchol fractlion into two 5 ml, volures,
¥zde cne S5 ml, volume 1 norral with HCL, Sirmilarly divided 10
ml, water fraction into 2 ejual volures and hydrelyzed one fraction
as alove,

D, Ceparation

1) Prerared No. 1 Whatraan (18-1/4 inch by 22-1/2 inch) az followsy
dres lines at 1 inch, 2-1/2 inches, and 4 inches from top of paper,
Larelled paper and spots (kept 1 inch minimum separztion batween
gnotg),

2) Tolded paner and pliced hair drisr (cold air) on opposite ends of
crigin lire, Using lambda pipettes snotted 50 lambila volumes of
alcohol and water fractions from C-5 to labelled origin. Similarly
srotted staandards (10, 50, and 109 wicrograms glucese, fructese,
sucrose, and D-xvlose),

3) Clipped paper to antisiphon rod and lowered iuto dry solvent

trourh In Chrormatocab, Placed support bar in trough., Added solvent

10



4)

5)

6)

7)

(7) to trouph and renoved artisiphion rod clips (solvent used;
n-propanocl, benzyl alcohol, 85 percent foonlic acid and water
50/72/23/20 v/v)., Developed papar for 30 hours,

Removed papeir by rfastening clips to paper and antiziphon rod and
placed in drying hood (room temperature) for one hour.

Sgrayed with p-anizidine indicator (1 gram p-anisidine in 490 ml.
n-butanol, plus 2 ml, 19 perceat HCL), Dried 1 hour in hood,
Color was developed by placling paper 3-5 minutes in oven at
95-100 degrees C,

Scanned spots under Photcvolt Densitoweter (model 52-d) using a
445 mm, filter, and recorded maximum optical density, Con=-
structed granh with optical densityv as the ordinate and concen-
traticn as the abscissa usinz readines from the standard snots,
Converted optical density readings of unknowns directly to sugar

weic.ts per 50 microlitres,

E. Percant Dry Weight

mforosrams cugar x 106 = microrrams sugar = percent drv
10,000 times percent mcisture nolstire walght

11
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Ccluble carboliydrate percent of dry welghts for Toronto creeplng
bentgrass are In Table 2, Clucose and fructose levels were similar re-
gardless of nitrogen avallability,., However, between lay 1 and 27 frctose
in the O nitrocen treatment showed a significant increase., Tructezan
treatrents showed an initially wile dlvergence on April 6, but by April 13
the 3, 6, 9, and 12 pound treatnents had forred one group while the O
treatnent maintained a greater value., FMay 27 the 3 pound treatment also
increased in value, The increase in fructose corresponds to the increase
in fructosan, the fructose increase showing a lag in response relative to
higher fractoszan levels,

Sucrose, the dominant carbohydrate did not show a consistent response
to the nitrosen treatments, As with the lerion kentucky bluegrass, sucrose
trends in the bentgrass paralleled the check treatment.

Total carbohydpate with the exception of the April 6 harvest was high-
est in the C nitrogea treatment throughoat the course of the experiment,

Traces of oligosaccharide were noted in all bentgrass plots prior to
fertilization March 25. Fay 1 the 0 treatment and lay 27 the 0 and 3 pound
treatments contained oligosaccharide. Environmental factors in addition
to applied nitrogen effected the oligosaccharide fractiom, May 27 the 3
pound treatment again contained oligosaccharide, presunably an indication
of depletion of available nitrcgen., The disappearance of oligosaccharide
in the 0 treatment on April 6 and 13 is attributed to environmental factors,

Table 3 represents scluble carhchydrates for commcn perennial ryegrass,
under conditions identical to the Merion kentucky bluegrass and Torouto
creeping bentgrass, No oligosaccharide was present in leaf extracts,

Fructose and fructosan values were vary low in all nitrcgen treatments,

14



Tawla 2, Leaf carbohrridrate rercantaras daterinad on a dov welcht
basis occurring in Toronts creeping bentirass wmder five nitroren trente
ments. 1303,
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Tibla 3. Lea? gorhchvireta parcentareas datereined on a dry waliysht
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The O treatmeat recorded slighly higher fructose and fructosan levals,
Clucose values, while greater than fructose and fructosan did not illus-
trate a varying response to nitrogen, OSucrose was the doninant carbo-
hydrate in ryegrass under gren~nhouse conditions, However, a poor

correalation existed betweewu soll nitrogen levels and carbohydrate values,

17



o) IR

Tetal ciartol:ivirate viluaz fer all nitrocren treatsents geqnrally were
love= tian the ciwck treat-ent in all three rrisses, Mo cousintent jl’e
Terances betuaen altroren traatzants occcurred (2xcluding cheaak tecatrent),
Sivty~three days eplter nitresen zoplication tie 3 ~ound treatwent values
for tctal corbohiydrate wave inter-edicta betsesn the 6, ¥, ard 12 rroup-
in ani 9 treatwent {cr Toronto ereu;ins Lent rass (T4 le ). litec,en
dupletion in the 3 pouad tiwat.xeat {8 evilenced lalirectly Lv thiz accuiu=
latiosn of carhohydrate, The dincle nltresen anplicationg an,eared to pro-
viig axcos3 nitrogea for plant urtaxe da a1l traat-ents and hatucea
nitro en teratnent (exclaling the cleck), ¢l ereces [Gld non cocur,

Sueresa wzs the doundinaat surar o the threa raoses (Tililas 1, 2,
corina dentueky Bluesrass oaml Toronts crae;la; tente

. PETEPT R T S B T L L K T I I B
cracsd were uesl LJohwot (el tt basis)e Theso results are consittent wich

ovasm an ! sullliveats (7)) aalinis o orvencrd srans (Coor il vlarer ta),

They ol sosvad sucrose to he assrox’antaly eul to ‘ructoson $n the urrar
tvoethirds of laz’” bisdas, Lut for all lower leaf snd stunble - oty
Tructesan win dorinzst over cuccesa and the orthars wyrars crvenant, Cone
si:lerin:g the rmany M- er:nt toias of oll toasccharides tresent in rlantsy
dmsen ety 21, (1) rolit cat thot sacrese in *he ot I-pertanty Yoty in
quentity a3nd In Ix ovtunce, to wlart metiloliss, There Ls eviience that
sucreie Lo utilized ia the -orratica ¢f “rvuctawrn by troasfractosvlatica,
Thaece eenzideritions ex loln wiv in us

ns leal tinsus, sucrocs valued

Foanter thon Sructoassn wara ohtaiueld,

-t

)
DA



Jordan's studies based on leaf tissue of Arostis nalustris indicated

fructan to bz a nuch better indicator of reserve carbohvirate in bent-
grass than sucrose. TPaech and Tracey (20) pointed out that the !"~Pary
and Slattery method for amnalysis of fructosans can bhe used cnlvy when 80
percent ethiinol insolubla fructosans are present, Jordan used the ahove
mettod on material extracted with water (380 degrees C, for 39 to €2 mine
utes), This extract would eomantaln 80 percont ethanol soluble snugars, The
poacibility exists than Jordan's values for sucrose are low,
0ligozaccharides ware noted in the Torouto creeping benterass on
March 25, May 1 aad May 27, and also in Yerion bluegrass in preliuinary
investigations, but not hatween March 25 and ¥Yay 27, No oliposaccharide
and only low values were recorded for fructocan in ryegmirasse Bacon (2)

also reported the presence of fructosans in Lolium nerenne but little

oligosaccharile, He also noted raifinose to be present in green rvesrass
leaves, PRaf{inose was not cuserved In any prass during greenhouse studies,

The low values for oligosaccherida are attributel to environmental factors

other than nitrogen treatments,

.
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SICTION 1I

THE IHTLULNCD OF NITROTZEN TREATIENTS

&)

N THD SOLUBLE CARBOHYDRATE FRACTIONS

IN LTAVEC GF ACDOCSTIS FALUSTRIS, FESTUCA PHUBRA AND POA PPRATENATS

UNTHR FTILLD CONDITIONS

The objectives of this experirental series were; 1) to improve the
analytical metheds used in section 1 for deterrining fructosan, 2) to
observe the quantitative effect of varying nitrogen treatments on the
soluble carbohydrates under environrental conditions, 3) to corpare the
addition of soluble nitrogsn to turf n single seasonal applicaticus
versus fractional amourts distributed over a five-month period, and u)
to conpare the technique of measurin; plant food reserve zs indicated by
regrowth In the dark with carbchydrate rezerve values deternined by the

chemical methols later described,

HATECRIALS AND METHCODS
Flant Cultars Methods

3 *

These experiments were located at the Crop Science Farm, Uichigan
State University., Prior to 1361 the plot area was a low managemsnt orass
sward, This turf was removed with a sod cutter and the soil aucmented with
course sand to produce a sandv loam sail to a six to eight inch depth, The
area has a 1/200 foot slope which provides adequate surface drzina-e,
Toroato creeping bentgrass was dormant planted Novembee 19581, Fenn-
lawm crespinr red fescue, Merrion kentucky bluegrass and corion kentucky

bluecrass were seeded at 2,530,000 szeds per thousand square feet (seed and

stolon source, Hiram F, Colwin aand Sons, Detroit). The exzerimental design



was a randomized block with three replications, Individual plots measured
three feet by 25 feet, These areas received four pounds actual nitvogen
prior to Aurust 18, 1952,

Differeutial nitrogen treatwments of 0, 3, €, 9, and 12 pounds per
thousand square feet per season of available nitrogen (ammonium nitrate
carrier) wers applied with a Scott's 3 foot spreader on Auzust 18 and
Septerber 14, 1562, (each application 50 percent of sezsonal total),

The 1783 treatments were applied in one-sixth season's tctal nitroren amounts
April 15, Lay 15 and 31, June 15, July 16 and August 15, The amrmonium ni-
trate was watered lmmedlately after arplication to prevent fcliar burn to
the leaves, Analytical samples were harvested June 8 and 22, July 8 aud 23,
August 8 and 22, 1363, In addition, the Merion kentucky bluegrass was
sarpled Mav 11 and 23,

Similar methods were used to avply 0, 6, and 12 pounds per thousand
square rfeet of actual nitrogen in single treatments August 5, 1963,

No foliar bura oncured, Samples were obtaired August 5, 6, 8, 10, 12 and 16
and analyzed by the methods subsequently described,

Ye hluerrass and fescue areas were mowed at one and one-half inches
tirice weeakly., The bentegrass was mowed four times per week at one quarter
inch, Supplemental moisture was supnlied by sprinkler irrigation, Cther
maintenance practices such as herbicide and funpicide treatments were ap-
nlied as required,

Scil temperature data was providad by the Departrent of Arricultural
Enpinserinn's microclimate station located at the Horticulture Farn,

Mich!gan State University,
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fnalytical ltethods
A modified version of the analytical technijues described in Section I
was used for all field samples, Experiments wera conducted to ZJatarmine

v

the sugar moieties which compozed the water fraction (palysaccharide) i

fu]

the three grasses, Water fractioas of Toronto creeping bentgrass and

Merion kentucky blueprass (Section I, analytical methols C-4) were applied
in a 15 inch solid origin line to Whatwan No, 1 chromatographlc filter
paper as descoribed in Section I, analytical methods D, The paper was run
for 133 hcurs using descending n-propanol, benzyl alcoliol, 85 percant forric
acid, and water (50/72/20/20 v/v) as the developing solvent, VFarker strips
1 inch by 22-1/2 inches were daveloped with p-anisidlne-HCL to locate
non-migratory origin lines, he orisins were eluted using thz techniqus

of Laidlaw and Reid (14), hydrolyzed with 1 N HCL and rechLromatovraphed.
Clucose and fructose standards were also included, The only supzr remain-
ing after this procassing was “ructose. Clucose was not observed, Fructoce
was coacluded to ba the deminant sugar woiety in the water fraction, The
McRary and Slattery (12) method for the colorinetric determinztion of

fructosan was used to evaluate the watar fraction., This moldificition elim=
inated the photometric deterninaticn of the hydvolyzed water fracticn.
Tetermination
A, Samplas
1) Sanpled 10 grams fresh weight material at 10 a.me on clear davs,
Harvested fescue and bluegrasses with a mower set to 1-1/2 inch
ieicht of cuty bentrans was cut at 1/4% inch.

-

2) Denatured for 5 minutes in bolling 80 percent etlanol,



B,

Ce

D,

L.

3)

Stoppered and stored in refrigerator (minus 9 degrees F,),

Butraction

1)

3)

y)

5)

6)

7)

~

oe

rarat

Addel 2 microgram per 1 microlitre of D-xvlose to A-3 25 a
vecovery check,

Macerated A-3 for 2 minutes in a Waring Blendor,

Alzohol Fracticn, Poured B-l threugh Buchner funnel (1 sheet
Whiatran No, I filter paper) connected to a vacanm flask, UWhen
Ary added 150 ml, beciling €0 percent ethanol, This fraction
containel the mono-, di- and oligosaccharides,

Water fiaction., CUxtracted (Buchner funnel, a second vacuum flask)
residue from B-3 with 159 rl, beiling water., This fraction con-
tained the polysacchariides,

The alecchiol fractlion was made to 250 ml., 100 ml, aliquot sarpled
and reduced under vacuum in a Flash Evaporator to 10 ml,
Hydrolysis, The 10 ml, alcohol fraction was eanally Jdivided.

fne 5 nl, sample was made 1 N with HCL aand left overnight at room
terperature, Both the hylrolyvzed and unhydrolyzed carples were

snotted as in C,

-

on

Icdentlcal to Section I, analytical methods D, only 25 micrclitres

spotted (versus 5) microlltras in Sectlion I),

Percent Dry Velght,

Identical to Section I, analvtical methods E.

Water Iraction

1)

25, o554 1, 2, 3, 4, and 5 rnl, of water fraction B-U4 were

pipetted into 30 ml. text tuhes and male to 5 ml., Preparzd a
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in a dark growth chamber at 70 degrees Fahrenheit, June 15, 1963, The
plants were watered every second day and fungicide (Kromad) applied week-
lye On July 11, after 26 davs in the dark, the height in Inches of re-
growtl: one-quarter inch above the crown was recorded, This leaf material

was subsequently removed, dried, and weighed.

25



T
t

. . s - R L . .
ey odieaaae ael Te etz and tortal covralbdeate i carion Ventuchky

M-
L
LAty

Llue 36, S Twactier conralng muoerare olas

ch.ain

.-
rartuie os

surrition

valiua w3

nlvenoam

Trnatrants Jatled to show oonaisteat Al 7 Tgrencas in their €770t on the iy
wol neg For suernne, plucese, and cructose, 0 treansent Tmactonan values

excrietad the 3 pouad traatvent,  The G 3, Al 1T twaatounts e t

Townut At exeesd ans rerceit,

"

IR SRy

lod )

STter Juna 37 in the oilosccanahiarita

frestior, VRtiuna woers thae lnaor ple-

tro.an tecatantn,  Aluc, o)liyamoonborl lo was nelul Lo ecarhae

ool wers Bichoey Joorhe 3 teantae

the @ anl 12 truvivent lavals the loww.t,

Comon runtachy plugsraor ear ~hsivate (ractions are Janlotot prarhile

T ™ N P e Y0 N J P P T, . R AT W opeea R 4
cally dn Tlouvres Qe mnd 2eble Wi Qesuniantent oarLolerds Trania yalativy
, .
to uitreren traetrer bty coouere i, foononal resronses were sulte proounesl,

W Ay,

-
T SER S S S PN

Tha monosannhoeiityg frs viorg lagven o0 Fron oearliy Joae

Frastiere siovsd g mil 02 pameyase ageaed St oo § 204, Tluch e reralned in

nowalien

anly traca gqaantitian «7toer Julvy 747, Caareas ond allcosaesd

sy

-~ . .
uras leA to -0 jlluectrate tecsonal levels of sucrote, slienue, Traae



2o *Sny g *Bny gz Atnp g Atnp ¢z sunp g sunp g2 AmN  TT Aen 2 ey g cany Zz Ay y ATnp Zzz sunp g suny ¢z Aew T Aey
v — T + v r

T T

T
———— s S ll..lrl’\
_—

ydren Aag jo usdasg
wl

e "By g *wy zz ATnp
e

Zz tény 8 "8y zz Ainp g AR Z¢
r Y T T T

Iysyey Aug jo 3jusdusy

Zz iy 8 *dny gz Atnp g LInp gz eunp g ounr ¢z Aen  TT Aew
r T T v T T Al

q sprawyoesosyT0 J o
ZZ *¥ny g Iy zz Atnp g Atnp Zz sump g sunp g2 Aey [T Aey

sasemeeqy [TV
wemeey - — — 1z

wsmIeeyl 6 —-— —
Jusmyeeal 9 —~ ——
emeey g--——
Jwemiweexy 0 ——

Iysyep Aag jo jueduey

T uesolonyy 4¢€

*siusEleea] USSOITN SATJ O3 SATIvI®Y ssexdenyg
AXONJusy UOTISK jJO SSARS] Y3 U] SUOTINIIUSIUO) SIMPAyoque) °T eumdyy

yByen Axg jo Iusdasg

Iydten Axg jo Jusdaeyg

IySyen Lag jo 1uedueyg



ZZ *3ny g °3ny gz Ling

ZZ *dny g csny zz Atnp g AIrp gz sunp g eung gz ey TT

€z Amy

Iysyen Aag jo uedasyq

3

eso1onyy

€z Aew

T

Zz *¥ny g *Bny zz LInp

Iyayen Aag jo uedaeq

ol

apyaeyoowsosTIT0

T

800N

8 "oy Zz ATnr g ATRr zZz sunp g eunt €z AeW  TT

[ TR TIT IR

sjussywea) [TV
Jusmavanl T
usulesal 6
Juswaweul 9
Juswiveul ¢
usmavell o0

3yByep A1g jo juedaey

*siuswivea]l USBOIIFN SAT] O3 SAYIETSY sswalentg
£%9n1us)y UOWEO) jO SGAR®] Syl U] SUOTIVJIUGIUCGY SINIPAYOGIE)

esouong

U Aey

yByen Lag jo Iusduey

Key

o~
ysyen Aag jo Iuedueq

]

IyByen Axg jo jusoueg




were nearly identiecal, This would indicate tha* sucrose almost eyclusive-
ly macde up the cligfosaccharide fraction, Also, elicasaccharide volues for
June 8th to August 72nd dewiated ver;y little from the 2 percaent level,
Fructosar: was present only in trace anourts, Tetal carbolvwdrate lewvels
decreased very sharply frou Jure € until July 22, This decline paralleled
the depletion in the monosaccharide fractlcns,

Figures 3-A to 3-E illustrate dry weichts for the solulle carbohy-
drates Ia Tcoronto creepling bentgrass, Clucose, fructose, and sucrose show
definite seasonal variation, buat lack differences attributahble to the
nitrogen arplied, Onlv trace amounts of fructosan were pre<ent, FProrres-
sively hipher oligosaccharide vealues resulted with decreasing nitrocea
treatments., Total cavbohydrate values showed two peaks of accumilation;
the first in late June and the second in late Augcust,

Sucrose, glucose and fructose concentrations in Pennlawn creeping red
fescue (Firures 4#-A, k- and 4-£) were independent of the nitroran treat-
ments, Sucrose values maintained approximately 1.5 percent dry weight
throughout the sumrer season, Clucose and fructcose decreased from a June 8
peak to trace values in rid-July., A slight recovery in fructose was noted
in late Aucust, Oligosaccharide (Figure 4-D) values showed a tanlency to
saintain values nesr 2 percent, but lacked a pattern related to the nitro-
gen treatments, Total carbohyvdrate values produced the wmost striking re-
sults. On May 23 the 0 treatment was O.4 to 0,8 percent higrher thaa the 3,
8, 9 and 12 treatments. On June 8 the €6, 9 and 12 treatments recarded a
peak value (1 percent greater than the 0 and 3 treatments), and then de-

clined until August 8, The 0 and 3 treatments showed a lag effect in
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reaching their peak concentration on June 22, after which they similarly de-
clinede The 3 treatment was intermediate between the 0 and €, 9 and 12
treatments June 8 and 22,

Tlie results of applying 0, 6 and 12 pouads of actual nitrogen per
thousand sjuare feet per seasoa in one application August 5, 1963, are il-
lustrated (Appendix Table VII) for lierion kentucky bluegrass. In general,
the 0 treatwent values for all four carbohydrates were higher than the 6
and 12 treatments, The 12 treatuent Jdepressed the concentration of sucrose
oligosaccharide and fructosan more rapidly than the 6, Seven days after
nitrogeﬁ application, vegatative growth and carbohydrate responses were
indistinguishable for the 6 and 12 treatments.

Commoan kentucky bluegrass (Appendix Table VIII) maintained relatively
stable valuves for oligosaccharide (predominantly sucrose), irrespective of
the nitrogen treatment., Fructosan values were less than 0.4 percent, Less
growth response in terms of green colour and vegetative growth was observed
for the common as contrasted to the Merion kentucky bluegrass, Merion
contalaed both sucrose and lonyer chain olipgosaccharides, Conmon kentucky
bluegsrass contained only the sucrose oliposacchariae Aucust 5 to 18,

Sucrose concentrations for Toronto creeping bentgrass (Appeandix Table
IX) did not vary more than 0.4 percent between the three nitrosen treat-
ments, The 0 treatment oligosaccharide concentration contained 1 percent
more sugar three days after nitrosen application than did the & and 12
treatments, This large differential continued for the next nine days (ex-
periment then terminated). The highest values obscrved fer fructose and

fructosan were 0,15 percent and 0.09 percent respectively,
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Sucrose (Appendix Talle X) was the predominant oligosaccharide in
Pennlawn creeping red fescue fugust & to 16, No differential recponses
attributabhle to nitrogen treatrments were observed, Glucose concentrations
ranged from 0,2 percent to 1,5 percent with an over-all increase in values
from Auzust 5 to Auguct 18, Uuring this period, soil termporatures at tie
3 inch depth decreased from 020 to 70 degrecs lahrenheit, Ne consistent ni-
troren response was observed,

Fesults of the regrouth in the dark experiment (Appendix Table V) for
the biuegruasses and bentgerass showzd greater heipght and weight of regrowth

occured in the lewer nitrogen treatrents,



DISCUSSION

Clucese, fructose and sucrose are not typical reserve food materials
according to Thomas' definition., These sugars are active metabolically
as intermediates between the initial products of photosynthesis and
storasee forms of carbohydrates, specifically oligo- and polysaccharides,
Values for glucose, fructose and sucrose (Figures 1, 2, 3 and 4) for all
four grasses studied under environmental conditions failed to exhibit
characteristics directly attributable to the nitroren treatments, Con-
versely, oligosaccharide, and fructosan when present, were in highest
concentrations in treatments with the least nitrogen applied.

Leaf tissue, as Sprague and Sullivan (21), Baker (23), Fhara and
Tanakea (6), Hansen et, al. (3), and others have noted, is lover in
fructose polymers than is the stulible., This may account for the low
oligosaccharide and fructosan values encountered, Leaves of Toronto
creeping bentgrass and Merion kentucky bluegrass contained move sugar
polymers than common kentucky bluesgrass and Pemnlawn creeping red fescue,
and also produced more consistent carbohydrate responses attributable to
nitrogen treatments, Ferion kentuzky bluegrass and Toronto creeping bent-
grass responded faster in terms of vegetative growth to nitrogen than Adid
common kentucky blueprass and Pennlawn creeping red fescue, This possi-
bly was due to the availalility of leaf oligosaccharide. Carlohyirete
differences betwesen treatments during May for lerion and Pennlawn werve
negligible, Soil leaching and plant growth during auturn of 1752 nulli-

fied nitrogen differentials established in August and Septembav, April 15,
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May 15 and May 31 treatments were necessary to restore these differentials,
After June 8 oligosaccharide trends in Merion bluegrass and Toronto bent-
grass were consistent, the low nitrogen treatments containing the highest
concentrations of oligosaccharide,

Tre single nitrogen applications of 0, 6 and 12 pound treatments
August 5, 1963, did not show any relationships between nitrogen treatments
for grasses lacking oligosaccharide other than sucrose and fructosan, The
12 treatment oligosaccharide concentrations of bentgrass and Merion ken-
tucky bluezrass, plus fructosan in the bluegrass dropped below the 0 treat-
mant less than 24 hours after nitrogen application. The 6 treatment re=~
quired more than 48 hours to produce similar results. No differences
could be noted between the 6 and 12 treatments during the balance of the
experiment, The tendency for the 6 and 12 treatments to parallel one
another also occured with 3, 6, 9 and 12 treatments applied in one appli=-
cation as described in Section I, Nitrogen differentials for an experi-
ment conducted over a period of several months should be applied in several
applications to preveat the apparent excesses of nitrogen as observed in
Section I and during the single-application field experiment., The grasses
studied under the glasshouse environment lacked appreciable oligosaccharide
in their leaves, hence no rapid carbohydrate-nitrogen interactions similar
to those obtained in Merion and Toronto creeping bentgrass could be ex-
pected,

Jordan's study of Agrostis palustris under varying environmental

conditions did not record the presence of oligosaccharides, other than
sucrose, He concluded that fructan, the specific fructose polymer found

in menocotyledons, was the best carbohydrate indicator in bentpgrass leaf



tissue, This was not the case under the environmental conditions en-
countered in this study., Oligosaccharide cther than sucrose (Figure 5)
was the most reliable indicator of differential carbohydrate reserves.,
Fructosan levels in leaf tissue were consisteatly low. Jorilan's fail-
ure to note the oligosaccharide fraction is likely due to the imability
of the method he employed to clearly distinguish the several sugars pres-
ent in the alcohol extract,

Soil tenmperatures (Figure 6) at the three inch depth Increased from
61 dearzes F, May 22 to B3 degrees F, Jure 8, Sucrose values for Merion
dropred from a mean of 3,48 percent on May 22 to 0,56 percent on June 8,
The hipgh nitropen treatmnents showed the largest decrease, the 0 and 3
treatment combination dropping 1,86 percent versus the 9 and 12 corbined
decrease of 2,53 percent, Soil temperatures (Firfure 6) remained in the
hirh seventies and low eighties until August 12, Glucose and fructose
values for Merion and Pennlawn, (Figures 1 and 4) in contrast to sucrose,
inrreased in concentration with increased soil terperatures, After June 8
(June 22 for bentgrass) glucose and fructose in the bluegrasszs and fescue
decreased steadily until mid-Aupust, Oliposaccharide regained values in
late Juna and August which were considerably above the June 8 depression,
and maintained these near coastaant levels regardless of the eighty degree
soil temperatures, The advent of warmer soil temperatures (Figure 6) in
early June produced responses in ollgosaccharide similar to those caused
by nitrogen fertillization, This iInitial heat effect appears to have
diminished by late June and July as evidenced by a decr =ase In hexoses

and increases in values for sugar polvmers, Higher temperatures appeared
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to preduce an adversa effect on percent total carbohvdrate values for
Merion bluegrass and Tennlawn fescue, with values decrezcing from rid-
June until mid-August,

Kentucky bluegrass and creeping red fescue are cool sz2amon grasses,
Merion kentucky Lluegrass and Toronto crzeping hentgrass, while also coonl
season grasses, generally show lass tendency to become dormant in hot
weathter, Lopatecki and VMcIlvanie both noted the highest hexose values
to be associated with veretative growth, Lower hexose valuss were noted
during maturation, diffeventiation and dormancy, Late ¥ay and early June
results with Merion and Pennlawm rroduced levels of hexoses whizh acreed
with these worker's oltservations, All four grasses produced less vereta-
tive material when 3 Inch depth soll terperatures reached the hish seven-
ties, lerion and Torento gluccse and fructose values, whils low, vevre
higher than similar hexose values for comron kentucky hluerrzss znd creco=

.

ing red fescue during high tempervaturs periods,

sion of hexoses in the reserve carbohvdrata classiflization was guecstioned
due to their active role metabolllizally, However, dus to theipr tendency
to be most prominent in concentration during perlods of maxinum vepata-
tive growth and of lowest concentration during recst periods, a relation-
ship which susgests a very direct association with sugar poiyners, they
represent an Integral corponent of the total carbohvdrate reserve,

Total carbohydrate reserve values recorded minirmurs with the 12 treat-
ment in Merion kentucky bluegrass and Toronto creeping benteorass of 31,43

’
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percent and 1,02 percent respectively, Nitrozen treatments did not dif-
ferentially lower the carbohwdrate reserves cof common kentucky bluerrass
and Peanlawn creeping red fescus. The glucose, fructoss and sucrose
fractions were affected lit+tle Ly nitrcven treatments., Terperature nway
have Lean the doninant faetor, Clignasazcharide other than sucrose
(Figure 5 and Appendix Table il), nresent only in Merion and Toronto
ceening bentgrass leaves in appreclable concentrations, showed an In-
verse relationsLip between nitropzn treatments and olleozaccharile cen-
centration, Under no treatwent J2id oligosaccharide show much variation,
tiore extrema Tluctuations were caused by other enviromwental factors,

T

Total cariohydrate valaes for Peanlawn (Appendix Table X) conta’ned

a lag in peaks for the 0 and 3 treatments relative to £, 9 and 12 treat-

v

rents, 501l temperatures prier to June 8 weire censiderably below 70
demmees P, 5Soll organisms involved in orzanie dacompozition and ralieace
of nitrorsen moy have responded to the wirmer soil temperatures arcund June
Soluble nitrogen appllied Arril 15, Hary 15 and Hay 21 in the b, 9 ad 12

trmatrments mar have overcome this nltrozen shortage and stimulated plant

ensyme systens cf produce carbohydrate, Trle 0 and 3 treztrents lacked

[¢]
ct
Y
%)
[¢]
]
N
.
«
Q
rt
e
<
[or
et
-
.
-
£)
:
®
Y
~
o
3
i

sufficient soluble nitroren to Ifnitiat

peratures June 8 to 22 appeared to accomplish an effect similar to the

6, 9 aud 12 treatrents June 8, All treatrents steadily decreased in per-

cent total carbohydrate as zoil temperatures remained near 80 Jdegrees F,
rfesults of the regrowth in the dark experiment lacked the pracision

and speclficity of chemiczl determinations, The tendency ef values hLe-

tween treatments to overlap decrcased their reliability, TIata relating
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treatments to height lacked consistency, However, the lower nitrogen
treatments produced the most dry matter, This agrees pesitively with
chenical indications that the lower nitroen treatmeunts generally contained
tha maxinmum reserve carbohydrates,

Total leaf caruvohydrate corcen:trations for all four grasses with
80 degree tewperatures and the 1?2 pound treatment only Adecreased to leve-
els one-quarter or greater ¢f thelr seasonal maximum. Tetal carbohydrates
did not decline to zero. Thls sugrests the possibility that carbohydrates
are not the only factor which might limit growth under high temperature

conditions, leyer and Anderson's (13) exhiaustive coverage of tempera=-

ture-plant relationships exemplifies the complexity of the problem. A
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logoiecal explanation could po: by censideringz the relation-
<

ships between tenperature aad the reaction rate of an enzyme-catalyzed
reaction. LEnzyme-citalyzed reiction rates are temperdture depenient due
to temperature affecting the kinstic eanergies of the reactants anl the
enzyres' nrotein stiucture, Temparatnures in the 80 s rauge and hligher
arpeare ] to exar: an adverse effect cn carbohydrate reserves cf the four

cool season grasce2s studied, and this effact exceelzd that attributable
& ]

to the apnliied nitrogen treatuents,
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SUMFARY AND COHCLUSIONS

A technique for quantitative carbohyldrate determinations using
densitometer readings from paper chromatograms was shown to be prac-
tical for analyzing largse numbers of sarples,

The greenhouse environment produced leaf tissue considerably lower
in oligosaccharide than were field sarples,

The polysaccharide present in all grasses studied was identified to
be a .glucopolyfructan and quantitatively analyzed by a sirmle
colorimetric test,

Effects attributable to nitrogea treatments were observed in the
olipgosaccharide and polysaccharile fractions containing more than
two lhexose moieties, OCligosaccharide concentrations greatly exceed-
ed fructosan under field conditions., The di- and monosaccharides

did not show differential concentrations related to nitroren treat-
ments,

The addition of more than one and ocne-half pounds of actual nitro-
gen per thousand square feet prodaced excess nitrogen conditions,

as evidenced by parallel carbohydrate responses,

Nitrogsen differsntials for an experiment in time should bhe applied
periodically to maintain reliatively constant treatment differentials,
The techiniqua of measuring plant food reserve as indizated by regrowth
iIn the dark, produced resuits which, although less specific, agreed
with chiemically determined carbohydrate reserve values, particularly

the oligesaccharide anl polysaccharide concentrations,



8.

9.

Temperatures in the 80 F., range and higher appeared to exert an
adverse effect on the carbohydrate reserves of the four cool season
grasses studied, and this effect exceeded that attributable to the
aprlied nitrogen treatments,

Ilnder the conditions of this study and the nitrogen treatments used,
the total carbohydrate level in the leaves of the four grasses did
not appear to be present In concentrations which were inailzquate

for growth,
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AFYPENDIX

Table I, Leaf oligosaccharide percentzpes determined on a dry weight
basis for four grasses under five nitrogen treatments June 8 to fugzust 22,
1363,

A terion kentucky bluegrass
June June July July A, Au:r,
Trﬂﬂf?@ﬂt 8 22 g 22 8 22 Yean
0 3.66 6,37 6,28 5.63 4,54 Bou43 2,60
3 3.47 5.56 5.66 5.04 4, u8 4,51 2,33
6 .83 4,65 4,28 4,21 3.79 4,19 1.90
9 1l.14 4,57 Y2 3.23 2.70 3.63 1.63
12 1,52 4,23 4,28 3.43 2,42 2.72 1.64
Mean 1.08 2.5% 2455 2.16 1.79 2.05
B Toronto ereeping bentgrass
Treatmant
0 2.79 1.86 4,72 4,23 4,42 6,21 2,02
3 2,25 1.1 4,24 2,97 3.88 4,81 1.59
6 1.93 o1k 3.85 2,50 2,89 4,31 1.31
S 1,01 0 J.ul 2.36 2.33 3,42 1.10
12 .1 0 3.13 2,34 2,03 Je34 1.04
Mean 1.02 «31 1,94 1,45 1.54 2,21
C Pennlawn creeping red fescue
Treatwent
0 .28 4,36 4,62 3.50 2,75 4,52 3.66
3 1.68 3.56 3.42 4,08 2,64 4,08 3.28
6 1.78 3.28 3.22 3452 2,94 3.28 3.00
9 2,20 3.22 3.16 3,42 3.40 3.20 3,10
12 3,34 2.86 2.94 3.50 2.92 3.50 3.18
tean 2,22 3,45 3.53 3.60 3.13 3.72
D Common kentucky Lluegrass

Treatnent

0 3.70  3.78  W.22 3,34 3,30 4,30 3,77

3 1.9% 4,78 4,46 3,54 3,84 4,42 3,83

6 3,04 W.gh  WHO 3,28 3,86 3,78 3,80

9 4,30  5.46 4,24 3,22 3.88  3.96 4,18
12 2,78 5,46  4.36 3,30 4,16 US4 3,52
Mean 3.15 4,85 4,34 3,34 3,73 4,16
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Table 1I, Leaf Ollgosaccharide winus sucrose percentares determined
on a dry welght basis for four grasses under five nitrogen treatwments
June 8 to August 22, 1963,

A terion kentucky bluegrass
June June July July Aug, Auz,
Treatirent 8 22 8 22 8 22 M~an
90 L .75 1.12 1.12 75 29 70
3 .08 37 «75 o T4 «71 15 o7
6 0 «07 «37 37 38 .08 21
9 0 0 0 +06 0 .07 .02
12 0 0 0 0 0 «06 .01
Mean «0L o2 o U5 JU6 «37 13
B Toronto creeping bentgrass
Tr‘catmﬁ
0 .07 65 .80 .67 1,06 1.0 .71
3 .07 o34 46 +06 «67 67 .38
6 0 Lo 07 .13 0 26 o34 13
9 0 0 .11 0 o13 14 086
12 0 0 .05 0 «06 o 14 Ol
hean .C3 .21 .31 .15 .uu 0‘46
N frennlawn creeping red fescue
Treatrent
0 0 «t9 .70 .01 0 «€9 35
3 0 «35 o140 « 35 0 21 22
6 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
Vean 0 21 22 .07 0 .13
D Common kentucky bluegrass
Traatrent
0 0 .07 .31 0 0 4] «06
3 0 .07 .31 0 0 0 .06
6 0 «07 .11 0 0 4] 03
9 0 .08 .08 0 0 0 .03
12 0 .08 .C7 0 0 0 .03
tean 0 .07 +18 0 0 0

u7



APPLCNDIX

Table III. Analysis of variance for oligosaccharide concentrations
in the leaves of Toronto creeping bentgrass under five nitrogen treat-
ments, June 8 to Aurust 22, 1963

Source or [3S)
Replication (R) 1 «0052

N treatments (N) y 1.,8352 #*
™, E, Y .00uL
Dates (D) 5 4,6011 **%
RD, E2 5 <0546

ND 20 LOUOY
RND, E, .20 L0114

%% Significant at the 1 percent level

* GSignificant at the 5 percent level

Table IV, Analysis of variance for oligosaccharide concentrations
in the leaves of Merion kentucky bluegrass under five nitrogen treat-
ments, June 8 to August 22, 1963

Source nr MS
Replication (R) 1 « 1540

N treatments (N) 4 22,3451 %%
BN, Ey 4 0358
Dates (D) 5 3,0245 **
RD, E, 5 1766 *
ND 20 «1200
RND, Eqy 20 L0571

*% Sipnificant at the 1 percent level

* Significant at the 5 percent level
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Table V., lean values for height (inches) and dry weight (grams)
for reprowth In darkness of four grasses under five nitrogen treatwente,
une 15 to July 11, 1987,

Cy

Pounds nitoogen Toronto Pennlawn Hericn Cammon

pee thousand creeping creering kentuck » hentucky
sriire feet benterracsg red fescne  Dbluegrass blue ~rass

Heicht Weicht Hoight Weight Height Yeicht Helsat Welipht

0 2.63 «23 o63 .0l 3.25 «37  2.88 20

3 1.63 32 3.33 04 3,75 U5 2.13 12

6 1,25 «33 1.12 .04 5,00 JU5 0 2,53 «16

3 .63 15 1.12 .01 4,38 «30 2,38 12

12 1,25 28 1.5 <02 3.28 «21 2.6 o 14

Table VIe A coaparison of two methods for soluble carbohydrate
extraction ucing a Soxhlet zppararus versus a Buchner-flask-funnel
arvangement,

Percent of Dry Welgnt

.

Vet hod Suarose Clucose Fruntnee Tructosan
Trial A Buchner Flack 1.5 - «0u «115
Pca pratensis
Soxhlet App. .41 - .08 #9035
Trial B Buchner 1,22 - - I
Poa prateasis
Soxhlet 1.08 - - +075
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Table VII, Leaf carbohvirate pnercentaces deterunined on a dry wei-ht
bazis oeccurrin~ in ¥erion kentuckv blua:rases under three sinzle applica-
tion nitrogen treatmants, Aacust 5, 1363

c 5
¥ - o
£ : E
L 69 < 3
e @ 2 < (o
[ %] . /] -
ol b} ¢ ¢ m G =
I T S T T
. i ] 5 3 ;
heen £sf 3 g f = £ 53
Aur, 5 0 346 « 37 - 4,21 36 5.37

6
12

Aur, 6 0 3,02 «97 - 3.76 o34 5.17
8 2.94 ) - 3.69 o 40 4,82
12 2443 Jui8 - 3.18 e Al $,506G
Auge 8 ) 2.27 45 - 3.61 .52 .53
G 2,25 o2 - 2.58 o572 3.5%9
12 2.28 o2z - 2.53 o0 3,45
Ayr, 10 0 2.21 o2 - 2,68 oFF 3.53
6 1,52 e 30 - 1.5? o 0 2,18
12 2,40 o142 - 2.43 28 3.13
Aur, 12 n 3.03 b3 - 3,03 o 57 4,23
) 2.79 o3 - 2.73 « 10 3.12
12 2,79 L35 - 2.90 W12 3,38
Rug, 15 0 2,145 - - 3.58 e 17 3,35
6 2,30 - - 2.30 o021 2.3%
12 2.3) - - 2.20 o 01 2.31
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Tacle VIII, leai carvonylicata pecceata 33 deterrii=d on a diy waiclt
basis occurriag in comaon hantucky Liuwesvan, woder tirds sin-le 4
tion nited e treatrents, Aucast 5, 13063
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Talla Ik, iwal carbobyirute parcenta;=s drtertined on & dry welsht
¥

3313 occurtring Ia Torento coosing bent-vais unier thees siacia acwlica-
tion nitvo en treat mnts, fuutt G, 1%,
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