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CaAJ?TER I 

INTRODUCl'ION 

Pue to its grpwth hab:lt and ability to gr0w on many different types 

of soils, common bermudagrass (Cynodon dactylon (L.) fers) :ls widely 

used as an erosi,on control grass on roadbanks, p0p.d dams, waterways and 

other areas requiring stabilization. 

Winterkill of bermudagrass is not µnconunon ip Oklahoma, From si~ 

years' experience with the Soil Consei-vation Se:i:-vice, the ;auther feund 

that newly Ji>lanted a;reas were particulaJ;"1y sus<::ept;il?le to winterld.U the 

first winter after establishment, The cost of est~plishing a bermuda~ 

grass sod on one m:i.le of highway roadbank can e:x:c~ed $50,0QO.OO, '.llhe 

re~establishment ot winterkilled are~s 9n roadQanks and adjacent areas 

is a major problem of the Oklahoma Department of Highways. 

~he purpose of this study is to: {a) find a quick and simple 

method of determining sugar content of permudagrass rhizomes; (b) de~ 

termine the effects of various rates of fertilizer on the sugar content 

of the rhizomes; (c) determine if sugar content in the rh:lzomes is cor~ 

related with winterhardiness; and (d) determine which sugars are present 

in common bermudagrass rhizomes. 

If fertilizers can increase coldhardiness in bermudagrass, this 

woulc;J be a simple, and relatively inexpensi,ve, method of reducing 

winterki.11 on newly planted areas; and could result in supstanti.al 

savings for the Oklahoma Pepartment of Highways, 

1 



CHAPTER IL 

LITERATURE REVIEW 

Bermudagrass is grown on millions of acres in the United States 

(41), It is one of the major forage grasses in the south and, due to 

its growth habit, is also widely used for erosion control purposes. 

Much of this area is in the deep south where winterkill of bermuda~ 

grass generally is not a ~roblem, Consequently, only a limited pmount 

of work on winterhardiness of bermudagrass has ~een done, Most of this 

research has been oriented primarily toward determining the effects of 

fertilizer on winterhardiness in bermuda (1, 21, 77), Davis and Gilbert 

(12) have investigated the soluble proteins in bermud~~rass in an at­

tempt to determine changes in this fraction during colq hardenin~, and 

Ahring and Irving (3) concentrated on a laboratory method of determining 

coldhardiness, 

Winter injury of bermudagrass in Oklahoma has been seen many times 

by the author. Winter injury of grasses may be the result of one par­

ticular condition occurring at one particular period during the winter, 

or it may be the result of several conditions occurring at one period, 

or during successive periods of the winter (95). 

The two major components of co1dhardiness seem to be (1) avoidance 

of intracellular freezing, and (2) tolerance of intercellu1ar freezing 

(48), Rowever, there is a considerable difference of opinion as to the 

mechanisms involved during these processes which actually result in 

? 
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damage to the cells. 

Effects of ~ce Crystal F~rmation 

In nature, temperatures normally drop relatively slowly. When thi~ 

occurs, ice crystals first form in the plant in areas where the water 

contains the lowest concentration of solutes, the xylem and the inter-

cellular spaces. The formation of ice crystals in these areas causes 

a vapor pressure deficit which results in water being m.oved from inside 

the cell to join the ice crystal outside the cell. This movement of 

water out of the cell results in several physical alterations; (1) a 

concentration of solutes, (2) precipitation of solutes, (3) reduction in 

cell water content, (4) cell shrinkage or plasmolysis, (5) changes in 

pH~ and (6) a reducti9n in the spatial separation of macromolecules 

(57). 

Several of these changes have been suggested as the primary cause 

of freeze injury by various ind:i,.viduals, Meryman (91) proposes that the 

cell membrane is injured by the osmotic pressure gradient being greater 

than that compensated for by cell volume change. He believes the dam-

age is unrelated to the concentration or identity of the intracellular 

solvent, but is directly related to the proportion of the cell liquid 

phase removed (62), This theory is supported by Heber (26), who be-

lieves the basic cause of injury is the alteration of permeability 

praperties of the membranes due to t\le depydration accomp.;inying freez-

ing. Mazur (57), on the other hand, believes there is a direct inter-

action of ice crystals with the membrane system which causes the damage 
I 

rather than the indirect effects associated with the loss of liquid 

water, Loveloc~ (52) thinks that the principal damaging effect 



associated with freezing is due to the concentration of both intra and 

intercellular electrolytes, 

4 

Sakai (85), who worked with twigs of woQdy plants, froze them 

slowly and then immersed them in liquid nitrogen at -196° C for as long 

as 160 days with 100% survival. He conGluded that there was a definite 

temperature at which almost all of the easily freezable water in a cell 

may be drawn from the cell interior by extracellular freezing. Cells 

and tissues in this state are not injured even when exposed to extremely 

low temperatures. l'hus, the low temperature itself could not be th<;! 

primary factor in freeze damage. 

The work by Sakai gives support to tpose who believe that the water 

remaining after the initial freezing period provides.protection from 

freezing injury. l'his water is norrnaUy termed "bound water'' and defi ... 

nitions vary with the researcher. Meryman (63) lists 14 different defi~ 

nititions. Levitt (43) found that hardened cabbage (~raasica I,.,) leaves 

retained larger amount of bound water than did unhardened leaves. Ac­

cording to Olien (71), most of the extracellular water closely associ­

ated with the cells in wheat leaves exists as a film surrounding the 

living protoplasts, Accorqing to Meryman (63), Hori, worked with films 

of water between two glass plates, and found a steadily decreasing 

temperature of spontaneous freezing as the film thickness was reduced 

from one to .01 mm, at which point the water froze at about -30° C. 

Thinner films did not freeze even at -100° c. 

Olien (72) concluded that the structure of ice crystals forming 

between the protoplasts is the most important factor affecting initial 

injury. Masses of small or imperfect crystals cause little damage, 

These.masses become more perfect, s<:>lid, and destructive as the 



temperature drops and vapor from protoplasts adds ~o their size, 

When the temperature drops rapidly, or drops low enough during a 

slow freeze, intracellular ice formation always results in death of the 

cell, This was mistakenly believed to be due to the ice formation 

ca~sing cell rupture (71). However, since the development of the elec­

tron microscope, it has been found that intracellular ice formation 

does net always result in death of the cell, 

Sakai and his associates (84, 86, 87) ehowed that rapid freezing 

to extremely low temperatures resulted in small imperfect ice crystals 

being formed within tl;i.e cells. If the cells were thawed rapidly, there 

was no damage. However, when rewarming took place slowly, the ice 

crystals gradually grew larger through a recry~tallization process, 

even at temperatures much lower tl;i.an f!l;eezing, They eventually reached 

such a size that the viability of the cells was dest~oyed. Although 

the masses of ice were occasionally iarge enough to cause rupture of 

the cells, usually the cell microbodies w~re d~maged, with a resultant 

disruption in the permeability properties of the cell membrane, Mazur 

and Schmidt (59) also provided data which supported the work of Sakai 

and his group. 

Effect OF Solutes Within the Cell 

Due to the increase in concentration of the intracellular materi­

als, many studies have been done on the various solutes found in the 

cell. Although some contested the theory (29), Chf;)nd1e;i; (10) was one 

of the earliest to recognize that the ability of plants to withstand 

low temperatures increased as the sap density of the tissues increased, 

In recent work, Mazur (58) explained the response of microorganisms to 

5 



freezing in terms of solute concentration and inte:rc~el1ular ~reezing. 

Levitt (47) increased frost hardiness using gl~cer1ne solutions and 

thought that the osmotic effects of the solute could completely and 

quantitatively explain the increase. Eeber (27) found a number of 

neutral solutes capable of providing protection, A prerequisite ap­

peared to be the ability to form H+ bonds. Sugars such as arabinose, 

glucose, and sucrose were found to be highly protective. With increas­

ing molecular weight, the effectiveness decreased until higher molecular 

weight compounds such as dextrans and soluble starch were no longer pro­

tective. 

Meryman (61) felt that the criteria far a freeze p:i;-otective agent 

were merely that it be nontoxic in high concentrations and would pene­

trate the cell freely. Lovelock (53) verified this idea when, working 

with human blood cells, he showed that glucose ~nd xylose, to which the 

cell is only partially permeable, offered only partial protection; and 

sucrose, to which the cell is impermeable, offered little or no protec­

tion. Heber (26) also found that freezing altered the permeability of 

chloroplast membranes and that they no longer functioned as osmometers 

when frozen. He assumed that ~reezing uncoupled phosphorylation from 

electron transport, He found that several energy requiring activities 

could be protected against inactivation by the addition of sucrose prior 

to freezing, 

Hardening in Plants 

The actual development of resistance to freezing injury in plants, 

or "hardening," is so closely related to freezing damage that it is 

often studied at the same time. Some plants are fairly stable and their 



hardiness fails to change much with external conditiPn$, Yet in spite 

of these exceptiqns, the autumn rise in frost tolerance is ~ normal 

phenomenQn found in the hundreds of species anQ vari,eties tested by in­

vestigators throughout the world (48), 

7 

As early as 18~8, Lidforss (51) found that all of the starch was 

being converted to sugar during the cold season of the year in evergreen 

plants. At the same time he found underwater plants, not subject to 

freezing, remained filled with starch; and they also did not acquire 

frost resistance, Rosa (81) found substantially the same changes in 

different plants, Since the~e early workers, many others have found the 

same starch to sugar conversions during hardening in many other plants 

(7. 34, 37. 50, 5(>, 75, 92, 108). 

A very precise temperature control mechanism sensitive t;o small 

temperature changes was fqund by ·Marvin and MorselU (55). A single 

degree centigrade induced a rapid hydrolysis of starch ip maple (Acer 

saccharum Marsh,) stems. Some workers P.owewer, d.:i.d not find the uni­

form change in sugar as cold increased (104), or found that th~ sugar 

content did pot vary uniformly with winterpardiness (68). 

Many other factors have been shown to influence hardening. Harvey 

(25) induced greater hardening in cabbage by a one~hour exposure at OQ C 

than he did with a longer exposure at a higher temperature, and sug­

gested that hardening is a cold shock response. Dexter (14) showed 

that low co2 lev~ls prevented hardening, and he and several others 

showed that ~hort day length increased hardiness (31, 38, 75). 

Steponkus and Lanphear (101), ad~itting toat light greatly enhanced 

the degree of hardiness.in English ivy (Hedra h_elix L.), tho1.Jght that 

it was not obligatorily linked to hardiness. 'l'hey believed that the 
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light requirement varied from species to species and that it might work 

as a phytochrome response, One explanatiQn of the influence of day 

length on plants was given by Irving and ~anphear (32) when they showed 

that gibberellin acted as an inhibitor to cold hardening. Moblidowska "• 

(65) found the same effects of gibberellic acid; however, his results 

were somewhat inconsistent. Kohn and Levitt (38) thought there was 

another factor related directly to low temperature rather than light 

exposure, 

Proteins and Hardening 

Working with English ivy, Parker (75) found a gradual increase in 

water soluble proteins as hardening occurred,as well as an increase in 

sugars and anthocyanins. in the spring the sugars and anthocyanins de-

creased along with the winterhardiness. Other workers have found an in-

crease in proteins related to increasing hardiness (11, 20, 24, 27, 34, 

35, 36, 48, 50, 88, 90, 91, 110), Jung and Smith (34) determined that 

C;llfalfa (Medicago sativa L,) was more winterhardy than red clover 

(Trifolium pratens~ L,), and then found that water soluble protein ni~ 

trogen was the only fraction consistently higher in alfalfa than in 

clover. Li and his associates (50) also found ap increase of protein 

in Red Osier dogwood (Corn.us stolonifera Michx.) as 1:].ardiness increased. 
" 

They found a decrease in amino acids while Pauli and Mitchell (76) found 

free amino acids and amides were higher in hardened wheat plants. 

Three major changes during hardening were found by Pavis and 

Gilbert (12), who investigated the soluble protein fractions of bermuda-

grass with polyacrylamide gel electrophoresis. The changes were (1) an 

increase in total protein concentration, (2) a decrease in density of 
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two closely spaced bands of protein, and (3) an increase in the total 

number of protein bands. Four of the bands appeared b~tween th~ 15th 

and 30th day, indicating that bermudagrass hardens over an e~~ended 

period, Gerloff, Stahmapn, and Smith (20) extracted water soluble prQ­

teins from hardened and non-hardened alfalfa roots. Soluble proteins 

increased during hardening in all varieties and two new iso-enzymes witq 

peroxidase activity were found in the fully har9ened samples. Perox­

idase and catalase activity increased during hardening in all varieties; 

however, they found only small differences between hardy and non-hardy· 

varieties, On the other hand, ~all and his associates (24), who studied 

enzymes. in willow (Salix nig'ra Marsh) stems, ;found the tot.al prc;>tein 

banding pattern was unaltered while freezing tolerance changed 70° C 

over a three•day period. l'hey a1so found no change in peroxidase band­

ing, l~ey thought the pQ9sibility of one or a few proteins ~roviding 

protection was unlikelyr. 

Heber (27) corroborated the work of Davis and Gilbert, and Gerlof's 

group, by isolating two small proteins from hardy spinach (Atrielex 

oleracea L.), rye (Secale: L.) and Valerianella (Mi..11,), These twQ fri;tc,. 

tions, called Proteins I and II, on a unit weight basis, were from 20-50 

times as effective as sucrose in preventing the inactivation of photo­

phosphorylation due to the freezing of chloroplast membranes. On a 

molar basis, the factors were 250q times more e:t:fective than sucrose. 

Heber felt the existence of these highly active protein factors might 

explain why hardiness is closely related to sugar content only in some 

plant species and ndt in others, With high winterhardiness and low 

sugar (pines), the protein fractions may be the protective agent. 

Siminovitch and Brigg'~ (91) research with black locust (Ro?inia 
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pse~doacacia L,) led them to believe that some factor, or factors, must 
; 

reach the cells before the water soluble proteins can be synthesized, 

This factor appeared to be mobilized from the leaves only in late sum-

mer and autumn, reaching maximal transport in September just prior to 

leaf abscission. 

Several specific proteins have been identified as being associated 

with hardening. Jung, Shih and Shelton (36) found DNA and RNA increased 

during hardening in alfalfa. A system of protein protection based on 

attachment of sulfhydrl (SH) groups tp the protein m9lecules was pro-

posed by Levitt (49), He used cabbage cells and confirmed Ma~imov's 

theory on the effect of non-penetrating, nontoxic solutions against 

freezing, However, he could find nq evidence of freezing protection by 

surface sulfhydrl groups~ He did conclude that since the protection is 

connected with plasmolysis during freezing, it cannot be explained by a 

surface effect but there must be protection for the internal cytoplasmic 

proteins. In later work, he founq that SH reagents increased freezing 

injury. This, of course, was in opposition to his original ~heory. He 

did show that they induced some noninjurious protein unfolding which 

favored the aggregation of proteins on freezing (45), Heber and 

Santarius (28) used cysteine and glutathione in an attempt to protect 

the chloroplast system of spinach based on Levitt's SH theory, They 

could detect no oxidation of protein SH groups due to freezing and con-

sequently rejected the SH theory. 

Working with black locust, Siminovitch and his group (92) suggested 

that normal hardening is a composite of three principal processes which 

include membrane replication, membrane replication in association with 

whole protoplasmic augmentation and starch to sugar conversion. Li, 
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Weiser, and Van Huyst~e (50), in their work with dogwood, also ~eund 
-

a decrease in inorganic ph0spporus as hardiness incfeased and an in~ 

crease in b0und phosphorus and total organic phQsphor~s. 

An explanation of the phosphorus changes was proposed by Stewart 

and Guinn (102). They found higher levels of ATP in hardened cotton 

(Gossyeium L.) seedHngs than in unhardened plan.ts, An explanation for 

the lack of membrane integrity found by many workers was also provided. 

At low temperatures the mitochrondia became less functional and the ATP 

in the system was used up. Without re-synthesis of ATP, a general de-

crease in phosphorylated compounds would result, ~elow a certain point 

of available energy, the tissue could no longer maintain the met~bolic 

integrity of the cytoplasm necessary for survival, Structural damage 

could not be repaired and general disorganization of cellular structure 

and metabolic processes w0uld Qccur with depletion of the usable cellu-

lar energy. This theory would e~plain the membrane changes listed by 

many workers. 

Kuraishi et al. (40), who worked with pea (Lathyrus L.) plants, 
~ ' 1 • " \ I " 

found that hardened plants had low NADP and high NADPH levels while un-

hardened plants had just the reverse conceptration. Heber and Santarius 

(28) also found that freezing damaged ATP synthesis through an uncoup-

ling effect. 

Jung, Shih and Shelton (35) found a significant reduction in winter 

injury of the nonhardy alfalfa variety, Calivarde, occurred with the 

application of guanine, adenine, and cytosine. The amino acids were 

applied in the fall as a foliar spray. lnjury to the pardy variety, 

Vernal, was significantly reduced by the application of guanine, thy-

mine and cytosine. Sometimes the chemical treatments induced 



coldhardiness in Caliverde equivalent to that of the untreated Vernal. 

Jung suggested that coldhardiness resulted from a comple~ genetic­

chemical-treatment-environment interai::Uon. 

12 

The same alfalfa varieties were used by Nath and Fisher (67) in a 

similar study. They used o~ly cytosine and guanine and found that while 

the cytosine treatment appeared to reduce histological freeze damage in 

both varieties, guanine had little or no effect, Shih and Jung (90), 

in a more recent study with Vernal and Arizona Common alfalfa, found 

that guanine and cytosine altered metabolism which resulted :i.n a higher 

concentration of water soluble protein. 

Sugars and Hardening 

In the same study, Shih and Jung (90) also found that amino acids 

had no effect on the concentration of soluble sugars. It was concludeq 

that the reducing sugars, which are only a small part of the total sug­

ars, are not associated with winterhardiness in alfalfa. These re­

searchers found that sucrose was the sugc:ir present in largest amounts, 

and it was positively correlated with winterhardiness in alfalfa, 

Heber and Santarius (28) found that the uncoupling effect o~ freez­

ing on ATP synthesis could be prevented by the addition of small amounts 

of glucose, sucrose and raffinose to the chloroplast system. It was 

found that oxidative phosphorylation of mitochrondia could be preserved 

by sugars~ Thus, they decided that sugars protect the cells by retain­

ing or substituting water via hydrogen bonding in structures sensitive 

to dehydration. During freezing, the hydrogen binds the hydroxyls of 

the sugar to functional water of the membrane system, or directly to 

sensitive sites of that system, This results in protection, since 
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sugars, contrary to water, are not frozen out under conditions prevai~­

ing in the cell, and rupture o~ the stabilizing bonds is nQ longer pos­

sible. 

A.large number of reports has accumulated over the years concerning 

the protective action Qf,sugars, and the amount of sugar present in 

hardy and non-hardy plants (4, 23, 64, 69, 82, 88, 96, 100, 10,,. 110). 

As early as 1927, Ak.erm,an (4) studied the sugars present in ten varie­

ties of wheat. The varieties varied from extremely hardy to extremely 

susceptible, In every case the sugar content was directly correlated 

with the winterhardiness of the wheat variety. ~he sa~e results were 

reported by Richter (78) who worked with rye, wheat, and rye"wheat hy­

brid~. The sugar cont~nt was highest in the most hardy, and lowest in 

the least hardy. 

According to Okajima and Smith (70), De Cug~ac showed that twp 

groups of perennial grasses could be distinguished according to the type 

of reserve carbohydrate stored in the overwintering vegetative parts, 

One group was characterized by the accumulation of fructosan together 

with sucrose. The second group did not contain fructosan, but stored 

sucrose and starch. The starch containing grasses appeared to be native 

to the semitropical or tropical latitudes, while fructosan containing 

grasses appeared to be native to the temperate latitudes, Several other 

workers found the same results working with these two groups of grasses 

(22, 94, 96, 97). 

Starch, sugars, protein, peroxidase activity, RNA, DNA, fatty acid 

changes, and mineral changes of nitrogen, phosphorus, potassium, cal­

cium and magnesium were studied by Smith (96). He found that only the 

overwinter trends of total free sugars and water soluble protein 



nitrogen were consistently correlated with the overwinter trends of 

frost hardiness. Sakai and Yoshida (88) found that sugar and sugar al~ 

coqol were the most effective amon~ 60 compounds used in preventing 

freeze injury of cabbage leaves in slow freezin~ and thawing, They al~ 

so found that non~hardy cells didn't harden, but sugar levels increased, 

depending on the species, and the stage of development of some species. 

They also considered the conformational change in membrane systems as 

the primary factor controlling seasonal variations in freezing resist-

ance. 

Frost-hardened cabbage leaves were infiltrated with de~tr9se or 

fructose by Levitt (44). He obtained an increase in hardiness which 

could be calculated prior to testing based strictly on the osmotic ef­

fects. McKell, et al. (60) grew Coastal bermudagrass (Cxnodon dacty~on 

(1.) Pers. var. Coastal) under controlled conditions to check the ef­

fect of various temperature regimes, They found that the lowest tem­

perature regime showed the largest aqcumulation of starch and no dif­

ference in the soluble sugars, However, since their lowest temperature 

was 6.7° C~ it is possible that the temperature was too warm for a sig­

nificant hardening effect to occur, 

Cortical cells of mulberry (Morus 1,) were treated by Sakai and 

Otsuka (86) with 2 molar solution of sugars. The cells were then hard­

ened for 10 days at 0° C, and were found to resist freezing at -20° c, 

Without the sugars, the cells survived only -5° C, They believed that 

the basic factor was not whether ice was formed within the cells, but 

rather the size of the ice crystals. Sakai used various sugars to 

evaluate the amount of protection they provided to cabbage cells. He 

listed them in groups which provided equal protection, In the order of 
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decreasing protection, the groups were rha~nose and xylose; glucose, 

fructose and galactose~ sucrose and sorbital;. lactose; raffiµose and 

mannitol. A similar study was done with winter wheat by Tumanov and 

'I'runova (105). 'I'hey reported that sucrose provided the most protecUon 

followed closely by glucose. !hen, in the ordet: of the decreasing 

amount of protection provided, came rhamnose, lactose, maltose and 

galactose. It was found that these sugars were taken up by the plant 

and converted into different sugars in the cells. The new sugars pro­

vided the actual protection. Tillering nodes and leaves were able to 

make this conversion, coleoptiles were not. Winterhardiness was based 

on the enzymes being present in the cells to form the new sugars. 

Sakai (83) found that the sugar concentration in the cortical cells 

contributed to the decrease of the growth rate of the crystallites which 

are formed in the course of rapid cooling. Olien (73) extracted water 

soluble polysaccharides from leaves of a hardy rye variety and a less 

hardy barley variety and found that the ice structure in the frozen so~ 

lutions of the rye polymers was much less perfect than in solutions of 

the less hardy barley~ A study of the kinetics showed that the effect 

was not on the freezing point or on the organization of liquid water, 

The polymers interacted strongly with the ice-liquid interface and in­

terfered with freezing. In a later study, qe found that the polymers, 

which affected the kinetics of freezing, interfered with freezing by 

competing with water for positions in the ice lattice, rather than com­

peting with ice for liquid water as do most anti-freeze compounds, 

These polymers acted as competitive inhibitors of a catalyzed reaction, 

with the ice-liquid interface as the catalyst~ The interference did 

not prevent freezing, but greatly upset the structure of the ice (74). 



16 

Ihis work could provide an e~planation for ~he greater coldhardiness of 

cool-season grasses as opposed to the warm-season grasses. ~he high 

concentration of fructosans results in the type of protection disclosed 

by Olien's work. Lacking the large concentration of polymers, the warm-

season grasses would be much more susceptible to freeze damage. 

Soil fertility and Coldhardiness 

As the development and use of fertilizers has increased, so did the 

research into the effect of fertilizers on qoldhardiness. De~ter (16) 

found that quackgrass (Agroypron repens L.) fertilized with nitrogen 

failed to harden while the unfertilized grass did harden. Carroll and 

Welton (9) found that Kentucky bluegrass (F?a 1rra,tensis L.) plots re-

ceiving high nitrogeq rates were less resistant to cpld than plots re-

ceiving low nitrogen rates, The plants $rown under high rates of fer-

tilizer also contained lower amounts of sugar~ and pentosans than those 

grown under lower rates of fertilizer. Carroll (8) showed that the 

amount of sugars and bound water were decreased by nitrogen fertiliza-

tion of turf grasses, Adegbola and McKell (2) studied Coastal bermuda-

grass fertilized with various rates of nitrogen, They checked reducing 

sugars (glucose and fructose) and non-reducing sugars (sucrose) in sam-

ples taken every two weeks for a full grow~ng season. Although there 
'. 

was an increase in reducing sugars in the leaves with each added incre-

ment of nitrogen, there was no change in the sugar content of the rhi-

zonies, but sucrose and fructosans in the rhizomes decreased with in-

creasing nitrogen fertilizer rates. Adams and Twersky (1/ found that 

survival of Coastal bermudagrass increased with increasing levels of 

potassium fertilization at each nitrogen level. At any potassium level, 
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survival decreased with an increase in nitrogen fertilizer, They ~ailed 

to report the level of phosphorus fertilization use4 in this study. 

MacLeod (54) studied nitrogen-pot~ssium ~ertilization of Cayuga 

alfalfa (Medica~o sativa L, var. Cayuga), smooth bromegrass (Eromus 

inermis Leyss, var. Saratoga), orchardgrass (Dactylis glomerata L. var, 

Froede) and timothy (~hleum pratense L. var. Climax). Significant in­

teractions were found between the grass species and phosphorus and po­

tassium. These results indicated that potassium fertilization facili­

tated the storage of carbohydrate reserves at high rates of nitrogen, 

and that high rates of potassium without nitrogen fertilization were 

detrimental to the storage of carbohydrate reserves. 

Howell and Jung (30) checked the l~vels of potassium, sodium, and 

calcium in orchardgrass sap. They found the levels of all three ele­

ments were, in general, directly proportional to the level of cold re­

sistance of the plants; and that the concentration of potassium was 

much higher than that of sodium or calcium. They reported that neither 

stage of growth nor nitrogen fertilization altered potassium or calcium 

content of the sap, although sodium levels were affected by both. 

Fourteen hardened cool-season turf species were checked for hardi~ 

ness by Eeard (6). He decided two of the most important cultural fac­

tors. leading to reduced coldhardiness were excessive nitrogen and a de­

ficiency of potassium, Wang, Attoe and Truog (108), who worked with 

alfalfa, found that the addition of lime, lime plus phosphorus, or lime 

plus potassium, or lime plus phosphorus plus potassium, all gave in­

creased non-reducing sugars but no change in reduciµ~ sugars. The ad­

dition of phosphorus plus lime, and phosphorus plus lime plus potassium 

also increased starch, Winterhardiness was increased by large amounts 
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of both starch and non-reducing sugar in the plant tissue. The addi-

tion of all three minerals resulted in increased water soluble protein 

which also increased coldhardiness. They concluded that hi~h levels of 

lime and available phosphorus and potassium (particularly potassium) in-

crease winterhardiness of ~alfa. Jung and Smith (33), in a greenhouse 
~ 

experiment with alfalfa using nutrient solutions, found that the percent 

survival and the amount of top growth increased when phosphorus was held 

at 80 pounds per acre and potassium was added up to 200 pounds per acre. 

Survival and top growth then decreased with increasin~ amounts of po-

tassium. The maximum survival and yield came when potassium was held 

at 200 pounds per acre and 40 pounds of phosphorus per acre was applied, 

When phosphorus was increased to 80 pounds per acre, survival and yield 

decreased, The percent survival was constant when the ratio of potas-

sium:phosphorus was 5:2, 

Kuska (39) found that applications of a 4;1 ratio of phosphorus 

and potassium, with normal nitrogen (normal is not defined), markedly 

increased the winterhardiness and the total sugar content of winter 

wheat, These results are in opposition to most investigations which 

have the phosphorus:potassium ratio reversed. ije also found that in-

creased nitrogen decreased both sugars and winterhardiness, which agrees 

with the results of most investigators, ~n all cases, he had to apply 

phosphorus and potassium at greater rates than the nitrogen to get 

winterhardiness. 

The influence of cool temperature (70-85° F) and warm temperature 

(85-100° F) interactions with nitrogen, phosphorus, potassium, calcium, 

magnesium and sulfur on Midland bermudagrass was checked by Lathapipat 

(41). A complete fertilizer treatment and a check treatment were also 
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phosphorus:potassium was the best. The nitrogen only treatment was the 

least hardy. When nitrogen levels were increased at a given level of 

phosphorus and potassium, winterhardiness increased, 

Timothy was grown on phosphorus or potassium deficient soil with 

various rates of nitrogen, phosphorus and potassium by Suzuki (lOJ). 

Water soluble carbohydrates were extracted from the plants. The water 

extract was then chromatographed through sep.;i.ration columns, He found 

that water soluble carbohydrates extracted from pptassium deficient 

plants, unlike those deficient in nitrogen and phosphorus, showed an 

effluent pattern with an extremely low peak of long-chain fructosan 

and a relatively high peak of sugars. l'his indicated that potassium 

played an important role in the accumulat:l,pn of long .. chain fructosan. 

This study, when combined with those of Sakai (83) and Olien (73, 74), 

provides an explanation of the way potassium functions in coldhardiness, 

It is apparent that nitrogen atone generally de~reases winter­

hardiness, and that treatments with high level~ of phosphorus in rela­

tion to nitrogen or potassiu~ also result in lower coldhardiness •. It 

is just as apparent that high levels of potassium, with 0r without the 

other major nutrients results in increased coldhardiness. It appears 

that a balanced fertilizer treatment with phosphorus being lower than 

nitrogen or potassium, and the potassium being applied late in the sum­

mer will increase coldhardiness. 

From the studies reported here, it appears that coldhard.iness and 

freezing injury are the result of complex interactions between chemical, 

physical and environmental factors. 



CHAPTER III 

MATERIALS AND METHODS 

Field Experiments 

An investigation to determine the effects of soil fertility on 

coldhardiness of common bermudagrass rhizomes w~s initiated in the 

spring of 1970 at the Agronomy Research Station near Perkins, Oklahoma. 

The experiment was conducted on an old stand of common bermudagrass. 

The experimental design was a randomized complete block with three rep­

lications. The soil type is a Eufaula loamy fine sand. The 27 fertil­

ity treatments as shown in Table I were applied on June 10, 1970. 

Rhizomes were dug monthly from each plot from October, 1970, 

through April, 1971. The rhizomes were placed in a simple press (Figure 

1) and a few drops of juice were extracted. The juice was caught in a 

Number 2010 Atago Hand Sugar Refractometer. 

In the spring of 1971, the experiment was abandoned at Perkins, and 

a new one initiated on a long established stand of common bermudagrass 

on the main Agronomy Research Station at Stillwater, Oklahom.;i. l'h.e 

plots were on a Norge loam soil in a randomized complete block design 

with three replications. The same fertilizer treatments as used at 

Perkins were applied on April 12, 1971. Approximately 40 lbs. of addi­

tional nitrogen was accidently applied to the entire area during the 

month of April. 



Kg/ha 

56-0-0 

56-0-45 

56-0-90 

56-45-0 

56-90-0 

56-45-45 

56-90-90 

56-45-90 

56-90-45 

TABLE I 

AMOUNTS OF ELE:MENTAL N-P-K APPLIED IN KILOGRAMS 
PER HECTARE (POUNDS PER ACRE) 

(Lb/acre) Kg/he:\ (Lb/acre) Kg/ha (Lb/acre) 

(50-0-0) 112-0-0 (100-0-0) 168-0-0 (150-0-0) 

(50-0-40) 112-0-45 (100-0-40) 168-0-45 (150-0-40) 

(50-0-80) 112-0-90 (100-0-80) 168-0-90 (150-0-80) 

(50-40-0) 112-45-0 (100-40-0) 168-45-0 (150-40-0) 

(50-80-0) 112-90-0 (100-80-0) 168-90-0 (150-80-0) 

(50-40-40) 112-45-45 (100-40-40) 168-45-45 ( 150-40-40) 

(50-80-80) 112-90-90 (100-80-80) 168-90-90 (150-80-80) 

(50-40-80) 112-45-90 (100-40-80) 168-45-90 (150-40-80) 

(50-80-40) 112-90-45 (100-80-40) 168-90-45 (150-80-40) 



Figure 1. Photograph of Atago Hand Refractometer, Weksler 
Soil Thermometer, and ~ress Used to ~xtract 
Juice From BermU;dagrass Rh;Lzomes 

Rhizomes were dug and the sugar percentages were determined from 

the Stillwater experiment during July, August, and Se~tember. In both -of the tests, the sugar determinations were made on the first of the 

month. A Weksler Soil Thermometer was used to determine the soil tern-

perature so adjustments could be made to the refractometer readings. 

Killing Temperature Determinations 

According to Levitt (46), sever.al conditions must be met before a 

relatively constant frost killing temperature can be determined for any 

plant variety in a specific physiological state. These conditions are: 

(1) the plants must actually be frozen, not merely undercooled (air 
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movement will induce freezing); (2) freezing must be at a standard rate, 

(e.g. 2° C per hour); (3) a single freeze must be used for a standard 

length of time; (4) thawing must be at a standqrd rate; (5) conditions 

after thaw'ing must be standardized (e .g, returning plants to hardening 

chamber (5° C) for 24 hours, 

A Sherer-Gillette model 4608 M chest type growth chamber was used 

to freeze the rhizomes. A section of rhizome containing three nodes, 

with buds present, was termed a sprig, Nine sprigs from each replica­

tion of each fertility treatment were placed in a 25 x 150 mm test tube 

which was then sealed with a rubber stopper. Due to the possibility of 

uneven temperatures within the large free?er (over 50 cu, ft,), the test 

tubes were immersed in a mixture of ethanol and water (8:2 v/v) which 

had been brought to a predetermined temperature. When this mixture was 

frozen, it formed a thick slush which Dexter (15) had shown to be very 

good in preventing rapid temperature changes. 

The mixture was held in an ordinary two gallon galvanized bucket. 

The test tubes were held in a one inch thic~ circle of styrofoam that 

had been cut to fit the mouth of the bucket. Holes were made to hold 

the tubes by simply pushing the tube through the styr0 foam. The level 

of the ethanol mixture was adjusted to be above the level of the sprigs 

in the test tubes but not to touch the styrofoam. The mixture in the 

bucket started to freeze around the outside first. To prevent the ice 

from forming an insulating barrier, the tubes were momentarily lifted 

from the mixture and the ice crystals scraped from the sides of the 

bucket and the mixture thoroughly stirred at 30 minute intervals. 

The sprigs were frozen for periods of 4, 8, 12, 16, 20, 24, and 48 

hours, three, four, five and seven days at ~2.2, -3.3, -4,4, -6,7, -7.8, 



-8.9, and -10° C. Prior to freezin~, the sprigs were hardened at 1.7° C 

for a minimum of seven days. Previous work has shown this temperature 

to be adequate tp produce hardening (3, 5, 33>, 

After a killing temperature had been determined by using unferti­

lized sprigs, the technique was checked by making a test on 13 of the 

fertility treatments to determine if this temperature produced differ­

ences in the percent kill. 

Three sets of seven hardened sprigs from each fertility treatment 

were placed in the test tubes as described earlier and placed in the 

ethanol-water mixture which had been previously cooled to 1.1° C~ 'l'he 

temperature was lowered 2.2P C per hour until ~8.9° C had been reached 

(the predetermined killing temperature). This.temperature was main­

tained for two hours and then the entire ethanpl-wa~er mixture and tubes 

of sprigs were moved to a 1,7° C freezer and allowed to thaw. Sprigs 

harvested in each of three months, March, August, and September, were 

frozen. 

Sprouting Investisations 

The thawed sprigs were sprouted in moist vermiculite in a semi­

pe:rvious cellulose fiber container, The vermiculite was .saturated and 

excess water was poured off. The sprigs were individually dipped into 

a fungicide solution.:l(trichloromethyl) thi.Q./~4-cyclohexene-l, 2-di­

carboximide (Captan) to discourage mold growth and then placed verti­

cally in the vermiculite, with the bud tips pointing upward. No at­

tempt was.made to insure that equal amounts of various sprigs were 

either exposed or covered, However, a portion of each sprig was left 

exposed. Each container contained sprigs from four fertility trei:itments 



(see Figure 2). 

Figure 2. Photograph of Sprouting Sprigs in Cellulose Con­
tainers 

The containers were placed in a Stults germinator held at a con-

26 

stant 20° C. The germinator had flourescent lights on three sides which 

were on eight hours and off 16 hours each day. Since previous work had 

shown that 20 days were required for complete sprouting, the sprouting 

tests were halted after 21 days and readings on number of leaves, num-

ber of roots, and length of roots were made, The locations of the 

leaves and roots, by node, were also recorded. The sprigs were in-

spected daily during the three weeks and the vermiculite was moistened 

as required, Occasionally mold became a problem, and the containers 
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were moistened with a Capt~m solution, inst;ead. of water, to control the 

mold. 

Greenhouse E:xperiment 

On October 15, 1971, circular plugs 8,9 cm in diameter and 15.2 cm 

deep were cut from an old stand of common bermudagrass, Since the plugs 

were taken from an overgrazed pasture, there was little leaf g;rowth 

present, After washing away as much of the s0il as ppssib1e, the plant 

material was then planted in sterile sand in 15.2 cm diameter qlay pots, 

The pots were placed in the greenhouse in a randomized complete 

block design having four tr~atments with 14 replications, The pot;s were 

watered with distilled water as often as required. At the end 0f four 

weeks, the plants had all made good top growth but were showing definite 

deficiency symptoms. 

At this time, a new regime was initiated. A mPdi~ied Hoagland's 

solution was used to apply four fertility treatments. Stock solutions 

were prepared by dissolvin~ 236,16 grams 0f Ca(N03) 2 • 4 H2o and di­

luting to one liter for nitrogen, 25,21 grams of Ca(H2Po4) 2 • u2o dis­

solved and diluted to one liter for phosphorus, 74,55 grams of KCl for 

Potassium, 101.5 grams of Mgso4 for magnesium, 5,0 grams of iron se­

questrene per liter for iron, and one ml per liter of a trace element 

mixture. This mixture was made by adding 2,86 grams of H:3Bo3 , 1,81 

grams of MnC1 2 • 4 H2o, 0.22 grams of ZnS04 • 7 H 2o~ Or08 grams of Cuso4 

• 5 H20, and 0,02 grams of H2Mo04 • H:2o and diluting to one liter. The 

stock solutions were modified so that the ratios of elemental nitrogen, 

phosphorus and potassium were 4:1:6, 4:1:3, 1:2:1, and 4:0;0. In addi-

tion, magnes;ium, iron, and a complete mixture 0f trace elements weire 
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added to each of these four treatments. 

Fifty millili,ters of the fertilizer solutions were applied to the 

respective pots once each week for 16 weeks, Prior to ~his application, 

tbe pots were leached with 500 ml of distilled water to prevent a salt 

accumulation. During the week, the plants were watered as needed with 

distilled water. 

The plants made rapid gr<,:>wth the first two weeks dter the additi,on 

of tl:J.e nutdent solutions. A prolonged period 9f cloudy weather during 

the third and fourth weeks markedly reduced growth. Cons~quently, con~ 

tinuous f lourescent lighting was placed <,:>ver the pots for the rest of 

the growth period. During the ninth through the twelfth week, the leaf 

growth was clipped to a five centimeter height anytime it e~ceeded 10 cm 

to encourage stolon formation. During the1 last four weeks of the e~per-

iment, the plants were not clipped. ~ 

\, 
At this point, the plants were moved ~b a hardening cbamber which 

t 
~ 

was maintained at 1.1-1.7° c. The chamber iljas set to provide eight 

hours of light and 16 hours of darkness. 'I'h~ light was provided by a 
i' 
f 

combination of incandescent and flourescent b,ulbs which produced approx-,, 
\ 

imately 3000 foot candles of illumination 61 fffi from the bl,llbs. 'l;he 

~ 
plants were hartjened under these conditions for four weeks. They were 

1'1,.'. 
:.'" 

watered as required with distilled water. 

At the end of the hardening period, 

one pot in each replication until it was 

j'I 
·~ 

a thetroometer was inserted into 

in co~t;act with the rhizomes. 

The thermometers were placed in such a fashion ithat they formed a flat-

tened W, and in this position they gave a fairly representative sample 

of the temperatures i.n the growth chamber. 

After the therII\ometers were placed, the plants were frozen in the 
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same manner as described earlier, with one excep~ion, After the plants 

had been frozen at ~a.9° C for two hours, the temperature was raised at 

the same rate it was lowered until L 7 ° C w~s reached,. The temperature 

was rec0rded each hour for each of the therltlometers in the pots. An 

average of the 14 readings was used as the chamber temperature at any 

given hour, The plants were allowed to remain at l,7P C for three days 

and were then returned to the greenhouse where the leaf height was 

clipped to a five centimeter height. 

The plants were left in the greenhouse for five weeks and then 

evaluated as to the amount of free~ing injury by measuring the amount of 

regrowth after clipping. During this period the plants were watered as 

needed with distilled water. 

Electrolysis Study 

The purpose of this study w~s to determine if electrolysis readings 

could be used rather than sprouting counts to measure freeze damage in 

bermudagrass rhizomes, Electrolysis has been used for some years to de­

termine cell damage in plants, or to detect differences ip coldhardiness 

(15, 17, 93), A modified system of De~ter's (15) was used. 

At tpe time sprigs were dug for the sugar readings, a quantity was 

also dug for the sprouting and electrolysis tests. These sprigs were 

placed in (Glad) plastic sandwich bags, The bags were then placed in a 

cooler with the temperature maintained at 1 1 7° C until the sprigs were 

used. 

The roots were trimmed from the sprigs and the soil and covering 



30 

membraneous non-green leaves were removed from the rhizomes. Various 

methods of washing, brushing and rubl?ing were tried in cleaning the 

sprigs. However, any method that g0 t; the sprigs clean enough for the 

electrolysis test also removed most of the buds. Gonsequent;ly~ the 

sprigs were cleaned by rubbing gently with the fingers, and peeling the 

scale-like leaves away. Since any appreciable amount of soil present on 

the rhizomes resulted in an inaccurate reading, great care was taken to 

insure that the rhizomes were clean. 

About 30 minutes were required to clean appro~imately eight grams 

of sprigs and place them in a test; tube for freezing~ At the same t:i.me, 

sp:rigs were selected for the sprout:i,ng q:n.mts. Half of the remaining 

sprigs were placed in a test tube to be frozen along with the eight gram 

sample. The other half was placed in a test tube and stored at 1,7° C 

until after the freeze test. These sprigs were used as a pre-freeze 

sprouting check. 

Occasionally after cleaning the eight grams for the electrolysis 

test, th~re would not be enough sprigs left to provide i4 sprigs for the 

sprouting counts. Several treatments throughout the test had only five 

sprigs each in the sprouting tests. Due to t;he lapse caused by the time 

required to clean the sprigs, it was i~possible to get more material 

from the field without introducing an additional s0 urce of error. The 

data for these missing sprigs were reconstructed for statistical pur­

poses by using Snedecor and Cochran's (98) missing plot formulas. 

As each replication of the 27 fertility treatments was cleaned, it 

was frozen apd thawed as explained previously, Follqwi,ng the freezing, 

the sprigs were placed in the germinator and the electrolysis test was 

started in the laboratory, 
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The sprigs from each plot were weighed and five milliters of deion­

ized distilled water per gram of spr~gs was added to the test tubes. 

The tubes were then placed in a refrigerat9r set at 0° C and allowed to 

stand overnight. Previous work by Dexter (15) showed that after 10 

hours little, if any, exosmosis occurred. This allowed the electrolytes 

from the freeze damaged cells to escape into the water. After soaking 

overnight, the solution was re~oved and a current passed through it 

using a Yellow Springs Instrument Co. Model 31 Conductivity Bridge, The 

greater the cell damage, the more electrolytes escaped into the water 

and the greater the current which passed through the solution, Follow­

ing the electrolysis reading, th~ solution was returned to the sprigs 

and they were placed in a boiling water bath for 10 minutes to kill all 

of the cells. After boiling, the tubes were again placed in the refrig­

erator at 0° C and allowed to stand overnight. The solution was again 

poured from the tubes and another electrolysis reading was made, The 

difference between the two readings was used as a measure of the amount 

of freezing injury. The greater the difference, the less damage. Elec­

trolysis readings were made for samples dug during March and August. 

Sugar Determinations 

Since the amount of rhizomes needed to make sugar determinations 

with the refractometer was too great to be used with the greenhouse ma­

terial, a different method of determining sugar content had to be de­

veloped, 

The anthrone technique as modified by Roe (79, 80) provided a 

quicker method of determination than had been previously used and also 

provided a reagent which could be stored for as long as two weeks. 



Hudson (unpub, data, Hudson, Billy G., Pept. of BiQchemistry, Oklahoma 

State University, 1972) turther modified Roe's technique by eliminating 

the need for prec;:ipitating the proteins and reducing the amount of ma­

terials required by half, Hudson's technique was further modified and 

used in this investigation. 

To prepare 500 ml of anthrone reagent, 360 ml ot concentrated 

H2so4 was carefully added to 140 ml of distilled water in a one liter 

Erlenmeyer flask. After the boiling had subsided, 0,25 gm of anthrone 

and 5.0 gm of thiourea were added, with swirling, '!he reagent could be 

stored in the refrigerator for about three weeks. 

A small section of rhizome was removed from each pot just prior to 

freezing. The section was placed in a stoppered test tube and stored 

at 0° c. An attempt was made to obtain a section from the same node of 

a newly formeCI rhizome, although this was not always pessible. The 

sand in the pots was disturbed as little as possible~ Rhizomes were 

usually obtained by scraping aside 5-7 cm of sand to a depth of 2-4 cm, 

A two milligram section from each of these rhizomes was weighed on 

a Mettler Analytical Balance. Extreme care was taken to insure that 

exactly two milligrams was obtained. This was done by slicing off very 

small sections with a razor blade if the sample was too heavy, or by 

adding small pieces, if it was too light. By exchanging, adding or sub­

tracting these smaller pieces, the exact amount could be obtained, The 

test tubes containing the rhizomes were kept in an ice bath except when 

sections were actually being cut and weighed, 

Each of the weighed samples of rhizomes was placed in an 18 x 150 

mm test tube that contained 10 ml of 80% ethanol and a boiling stone, 

The test tubes were then placed in a water bath heated to 32.2° C until 
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the alcohol had evaporated. 

One milliUter of this alcohol solu1:>le 511.,l~ar solution from each 

sample was added to another 18 x 150 mm test tube, Five milliliters of 

the anthrone reagent was added to each tube, Each tube was capped with 

a glass marble and placed in a boiling water bath for 15 minutes, When 

removed from the water bath, the tubes were imme'.!:'sed in a cold water 

bath for about 20 minutes, A series of standard sugar solutions was 

processed at the same time, After cooling, the solutions were trans­

ferred to a crystal tube and the absorbance read at 630 mµ. in a ~eckman 

Model D~ spectrophotometer. 

l'wo individual anthrone tests were run on different days using dif­

ferent sections of the original rhizome along with a group of standard 

sugar solutions, The standard curve was CO!Ilputed by averaging the read­

ings obtained from t;hese two tests of the standard sugar solutions, 

Sugar Identification 

After the second anthrone test had been completed, a section of 

rhizome from 2.5-7.5 cm long remained from each pot. All of these sec­

tions were bulked and dropped into a beaker containing 200 ml of 80% 

ethanol which was immersed in a boiling water bath. After about half 

of the ethanol had boiled away, the liquid was poured off of the rhi­

zomes, boiling stones were added to the extract, and it wa$ returned to 

the waterbath. Tl:j.e remainder of the ethanol was evaporated and the re­

maining water fraction containing the alcohol soluble sugars was further 

evaporated until approximately two milliliters of the sugar solution 

remained. This sample was placed in a small vial and stored at 0° C, 
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Standard commercial (Kieselguhr) Silica Gel G, 20 x 20 cm thin 

layer plates we:re used in these chromatog:raphic investigations, Plates 

are referred to as being "Active" or "Inact;i.ve." The .;ictive plates were 

heated for three hours at 105,..110° C in an oven prior to spotting. l'he 

inactive plates were simply used as they came from the dessicato:r. 

The standc:ird sugar solutions were made 'by dissolving one mg of 

sugar in 9,9 ml of distilled water. The pentoses were applied at 30 µg 

per spot, and the other sugars and the unknown were applied at 40 µg per 

spot -with a micro-syringe, unless otherwise stc':lted. Tl;l.e origin was 1,5-

2.0 cm above the bottom edge of the plate, The solvent was placed in 

the tank at least 30 minutes before the plates ~ere added to allow the 

air in the tank to become saturated, 

After the plates were developed and air dried, they were sprayed 

with the detecting reagent and heated in an oven at a temperature and a 

period of time recommended for the reagent. 

l'he following solvent systems were used to successfully separate 

the sugars t 

1. one normal butanol-glacial acetic acid-ethyl ether-water 

(9:6:3:1 v/v) 

2. pyridine-ethyl acetate-glacial <':ICetic acid-water (5:5:3:1 v/v) 

(19) 

3, methyl ethyl ketone ... glacial acetic acid-methanol (60:20120 v/v) 

4. benzene-glacial acetic acid-methanol (20120:60 v/v) 

5. butanol-acetone-wate:r (40:50:10 v/v) 

The reagents used in successful identifications were: 

1. ethanol-sulfuric acid-<':lnisaldehyde (18:1:1 v/v) 
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2. resorcinol~trichloroacetic acid (one part py volume of an 

alcoholic-resorcinol solution (O ~ 2 gm resorcinc:>1 dissolved in 

100 ml ethanol) is mixed with one part by volume of an aqueous 

20% solution of trichloroacetic acid) (107), 

Solvent system number two was used with Whatman No. 1 Paper in an 

ascending tank in order to separate some sugars which had been difficult 

to separate on the thin layer plates. 

Some plates were also saturated with a 0,1 N boric acid solution 

prior to use. According to Stahl and Kaltenbach (99), manually prepared 

plates 4sing this boric acid solution instead of water were particularly 

useful for separation of mi~tures of sugars, 

The commercially prepared plates were sprayed in a hood, as if the 

boric acid was a reagent, until th' silica gel layer was thoroughly 

saturated. Care had to be taken not to overspray, as a continued 

"soaking" resulted in the binder separating f:rom the glass plate rend­

ering the plate useless~ If the plate was sprayed thoroughly and quick­

ly, the draft from the hood dried the plate rapidly enough to prevent 

this separation from taking place. 

Solvent system number one was used to develop Plate 1, an inactive 

plate, for four hours and 30 minutes, The plate was sprayed with re­

agent number one and was heated for three minutes at 100° C to bring 

out the spots, 

Another inactive plate, Plate 2, was developed in the same solvent 

for five hours and ~O minutes, developed with the same rea~ent, and 

heated for 3~ minutes at 100° C. 

!'late 3, an active plate, was developed 2~ hours in solvent number 

three after being spotted with 30 µg of the unknown and several 
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standards, After developing, the plate was air dried, sprayed with 

reagent number one and heated at 100° C for five minutes, l'his test was 

repeated with Plate 4 except that 30 µ..g of the unkp.own and glucose was 

used, 20 µ.g of maltose and arabinose and. 10 µ..g of sucrose. The plate 

was also heated after spraying for seven minutes rather than five min-

utes. 

Sucrose and fructose were spotted at 20 µ.g on the lower right-hand 

·corner and the upper left-hand corner of Plate 5, an active plate, 

Thirty µ.g of the unknown was spotted in the lower left-hand corner. The 

plate was developed first in solvent number four for l~ hours, air 

dried, tipped 90° to the left, and developed in solvent number five for 

another l~ hours, After drying, the plate was sprayed with reagent 

number one and developed at 105° C for three minutes, 

Plate 6 was saturated with boric acid solution, then activated and 

spotted with 30 µ.g of the l,lnknown in the lower ldt c:orne):' and 20 µ.g of 

sucrose, fructose and glucose in the lowet;" right and upper left corners, 

It was then developed two hours and 20 minutes in solvent number five, 

air dried, tipped 90° to the left, and developed one hour and 25 min-
. ' ' 

utes in solvent number three. After drying, it was sprayed with reagent 

number two and heated at 105-110° C for 12 minutes, The standards ap-

peared very faintly and the unknown was not discernable. The plate was 

then sprayed ~ith reagent number one and heated at 105° C for five ~in-

utes. 

Thirty µ.g of the unknown along with glucose, galactose, and mannose 

were spotted cm WQatman No. 1 paper and developed in solvent number two 

for 5~ hours. The paper was then air dried and sprayed with reagent 

number one and heated at 100° C for three minutes. 



After as many sugars as possible had been determined with thin 

layer or paper chromatography, two samples, one hydrolyzed and one un­

hydrolyzed, were processed through a !echnicon Auto-analyser using the 

system developed by Lee, McKelvy and Lang (42). 
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One hundred ~g of the alcohol soluble sugar solu~ion was hydrolyzed 

at 100° C with 0.8 ml of two N sulfuric acid for four hours in a sealed 

te.st tube. The neutral sugars and amino sugars were separated cm Dowe:x: 

1 and Dowe:x 50 re.sin columns. After the separation, 10 ml of water was 

added to the sample and then. a two ml fraction of this sample was.proc­

essed through the resin columns, and the auto,...analyzer without being 

hydrolyzed. 



CHAPTER IV 

RESVLTS AND PISCUSSION 

Field Experiments 

The fertility tre~tments used in ~hese field e~periments had no ef­

fect on the sugar content of the be:rmudq rhizomes. Two explanations for 

these results canbe suggested at this time, 'l'he a:i;ea selected for the 

experiment seemed to be uniform based upon the appearance of the 

bermudagrass and the slope. ~y checking with ~xper~ment Station per­

sonnel and faculty members, it was determined that the area had received 

nq te:i;ti,lity treatmcmts for the past 15 years.. However, after tl;le e:ic: .. 

pe:riment was concluded, it was found that this area had been the site of 

a fertility test prior to that time. Past fertility treatments could 

thus have obscured the effects of tl;le recently applied fertilizer on the 

sugar content of the rhizomes, 

The second possible explanation is that the fertility treatments 

used were below the threshold of response for in.Uuencing l!!ugar c::ontent 

of the rhizomesf This possibility is suggested by the wot'k of Gilbert 

and Davis (21) which was discussed earlier (page 19). 

The major factor influencing the sugar levels was the month in 

which the readings were made. The sugar percentages for the seven 

months in which readings were taken are sh9wn in Figure 3. Rain during 

the first week of May and June prevented the collection of data for 

') 0 
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those months. 

With the exception of the October reading, the data agree with 

.many other researchers who have worked in this field (7, 34, 3.7, 50, 

56, 75, 92, 108) •. The sugar content is highest during the :winter months 

and lowest during the summer. The low Oct.ober reading could possibly 

be accounted for by a period of unusually warm weather during the last 

week in September. The temperature for the last five days of September 

averaged 2.8° C higher than the first five days of October. The minimum 

temperatures of this period in S~ptember v;iere also an average of over 

6.1° C warmer th~m the average minimums for the October period. This 

period of high temperat1;1res could have resulted in a conversicm of sug­

ars to starch just prior to the time the October sugar readings were 

taken. 

The differences in sugar- readings betwe.en replications were .also 

significant at the 1% level as was the month x replici:ition interaction, 

The analysis of variance for the field sugar readings is given in the 

Appendix, Table VII, page 99. 

Killing Temperature Determinations 

In the initial attempts to lower the temperature of the ethanol­

water mixture to form a protective slush, it was found that it was some­

times an hour, or more, before the temperature started to fall in this 

mixture, However, once the tetnperat1,1re started down, it fell steadily 

at the rate of 1.1-2.2° C per hour. 

It was important that a fresh mixture of ethanol-water be made 

prior to each freezing test, and that distilled water be used. It was 

found that the temperi;iture in the mixture lowered at a steady rate and 
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then stopped at a level above the temperature recorded in the chamber. 

The mixture remained at this "plateau" for severaL hours before starting 

to fall again. Further investigation revealed that the location of the 

"plateau" temperature, and the length of time the mixture stayed at this 

·level, varied with the ratio of ethanol and water, and with the purity 

of the water. 

The tests started at a temperature of 4.4° C and went to a low of 

-10° C. The idea was to locate a time and temperature which would kill 

50% of the sprigs from the unfertilized plots in the field. Testing 

times were initially 16, 20, 24, 36, 48, and 72 hours, and four, five, 

six, and seven days. The percent kill varied from 45% at 4.4° C for 

seven days, to 96% at -10° C for 16 hours. A temperature of -8.9° C for 

a two-hour period was selected since it caused approximately a 50% kill 

of the unfertilized sprigs. 

Two replications of 13 representative fertility treatments were 

frozen at -8.9° C for a two-hour period. The results varied from a 

complete kill of sprigs in two treatments.in each replication, to no 

damage to sprigs from one treatment in one replication and from two 

treatments in the other. The treatments used and percent kill found 

during this preliminary investigation are shown in Table II. 

The variations within this preliminary test indicated the freezing 

temperatures and technique were satisfactory and the testing of the en­

tire experiment was started. 

Sprouting Investigations 

During the period of time the killing temperature was being de­

termined, a preliminary·investigation was also being conducted to 



TABLE II 

EFFECT OF FERTILITY TREATMENTS IN THE FIELD ON THE SURVIVAL OF 
BERMUDAGRASS RHIZOMES SUBJECTED TO A FREEZING TEMPERATURE 

OF -8.9° C FOR A TWO-HOUR PERIOD 

Fertilit~ Treatment Rhizomes 

Elemental N-P-K Percent Kill 

Kg/ha (Lb/acre) Rep 1 Rep 2 

56-0-0 (50-0-0) 66 22 

56-45-0 (50-40-0) 12 0 

42 

Avg. 

44 

6 

56-45-45 (50-40-40) 100 . 100 . 100 

56-90-90 (50-80-80) 88 66 77 

56-90-45 (50-80-40) 66 66 66 

112-0-90 .(100-0-80) 0 0 0 

112-90-90 (100-80-80) . 88 66 77 

112-90-45 (100-80-40) 66 89 77 

168-0-45 (150-0-40) 22 22 22 

168-45-0 (150-40-0) 100 89 95 

168-45-45 (150-40-40) 22 88 55 

168-45-90 (150-40-80) 22 66 44 

168-90-45 (150-80-40) 66 100 83 



43 

determine the length of time the sprigs had to remain in the germinator 

to insure maximum sprouting. It was found that after 21 days all 

sprouting was complete. A sprig was considered live when it had at 

least one leaf and one root present at any of the three nodes. The 

leaf and root did not have to be at the same node. 

A statistical an?lysis of the number of live sprigs showed no sig­

nificant di,fferences among fertility treatments in the main experiment. 

There was, however, a difference among effects due to months, freezing, 

and the interaction between months and freezing, all of which were sig­

nificant at the 1% level. 

The pre-freeze sprigs were those which had been harvested from a 

plot and sprouted without being frozen. The post-freeze sprigs were 

those harvested fr<;>m the same plot, at the same time, as the pre-freeze 

sprigs and frozen at -8.9° C for two hours before being thawed and 

sprouted. The number of live sprigs from the pre- and post-freeze 

treatments, by months, is presented in Figure 4, while the analysis of 

variance for this portion of the experiment is presented in the Appen­

dix, Table VIII, page 100. 

The number of pre-freeze live sprigs from plots harvested in Sep­

tember numbered 16.6. This was a 298% increase over the low number of 

pre-freeze live sprigs, 5.6, which was found in the rhizomes harvested 

in March~ The September count was also approximately 17% greater than 

the August count. There was very little difference in the post-freeze 

number of live sprigs. 

The number of live sprigs for the pre-freeze treatment appeared to 

be increasing steadily as fall approached. This could be expected due 

to the probability that more nutrients were available as stored food 
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reserves as the season progressed. 

When the sprigs for March were dug, the killing temperature had 

not been determined. Consequently, these sprigs were stored from March 

until July at 1.7° C before they were tested. There was some hesitation 

about including these sprigs in the test, However, under close exami­

nation the sprigs appeared to be alive and uninjured. The plastic bags 

seemed to have prevented dehydration. When removed from the cooler, 

moisture would condense on the inside of the bags in a few seconds, The 

sprigs would "snap," or break, easily, While working with the Soil Con­

servation Service, the author found this snap test was considered a re­

liable test by farmers and sprigging contractors to check the viability 

of sprigs being used for field plantings. The dead sprigs would bend 

completely together without breaking. A microscopic examination might 

have shown that there were sufficient dead, or damaged, cells to have 

influenced the results obtained in this investigation. This possibility 

should be kept in mind when considering the following data. 

From the pre-freeze data shown in Figure 4, it appears that the 

later in the season the sprigs are dug prior to freezing, the greater 

the number of surviving sprigs. 

Basic botany and crop courses teach that a rhizome node is the lo­

cation of the meristematic tissue which usually gives rise to both 

leaves and roots. As the investigation progressed, it became apparent 

that there were a great many sprigs that had either leaves or roots but 

not beth. 

The number of sprigs that had leaves without roots, and roots with­

out leaves was analyzed. The analysis of variance for these factors is 

presented in the Appendix, Tables IX and X respectively, pages 101 and 
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The interaction between freeze and rates of phqsphorus was sig­

nificant at the 5% level. These responses are presented in Figure 5. 

The best result, a leaf with every root, was found after freezing with 

no phosphorus. 

After it was found that this area had been the location of an old 

fertility experiment, soil samples were ta~en from untreated areas ad­

jacent to the test. An analysis of these samples showed phosphorus 

levels which varied from 179-246 kilograms of available phosphorus per 

hectare. 
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The worst post-fr~eze result, 0.30 of the roots without leaves, was 

obtained at the 112 kg per hectare phosphorus level, which was also 

about the same as the pre-freeze treatment with no phosphorus, Fifty­

six kilograms per hectare of phosphorus significant~Y reduced the number 

of roots without leaves for the pre-freeze treatment, while the 112 kg 

rate once again resulted in an increase in roots without leaves (i.e. 

the 56 kg rate increased the number of completely sprouting sprigs, 

those with both a leaf and a root; while the 112 kg rate damaged the 

sprig in some manner so that the leaves failed to sprout). 

The interaction between freeze and month was significant at the 1% 

level. March was the worst month having the greatest number of leaves 

without roots in both freezing treatmentsf The pre-freeze September 

sprigs were most viable and improved significantly over the August 

sprigs, (i.e. the September pre-freeze sprigs had the best sprouting, 

nearly every root having a leaf). On the other band, the post-freeze 

sprigs were just the opposite having more roots without leaves in Sep­

tember than in August, These responses are presented in Figure 6. 
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The number of ieaves without roots showed much greater variation 

.than did the roots without leaves. The number of leaves without roots 

was influenced by the .date collected and the freezing . treatments. There 

was also an interaction between the months and the freezing t+eatments. 

The variations between month~ freezing treatments and the month by 

freeze interaction were al1 significant at the 1% level. This informa­

tion is presented in Figure 7. 

For the pre-freeze sprigs, the number of leaves without reots in .. 

creased from March to August and then decreased sharply in September. 

This would indicate that prier to freezing sc;>me factor might have been 

.present in the sprigs throughout most of the gJ;"owing season which pre­

vented root formation. At some time during August, this factor was 

greatly reduced so that most of the September sprigs produced both 

leaves and roots, This factor could have been influenced by tempera~ 

ture since the post .... freeze sprigs improved (produced both leaves and 

roots) steadily from March to September. However, if such an inhibition 

occurred, it must have been influenced by more than temperature since 

the sprigs were all frozen at the same temperature and yet there was 

such a change from March to September, From August to September there 

was a rapid improvement (both ropts and leaves formed) with 40% of the 

total d~crease in, leaves without roots occurring.in this GO-day period. 

The leaves without roots also had a much wider variation between the 

pre-freeze and the post-freeze treatments than the variation between 

these treatments.for the ;i:-oqts without leaves. 

The pre-freeze sprigs collected in March had 9.5% more leaves with .. 

out roots than the post-freeze sprigs. However, in August the pre .. 

freeze sprigs had a much large:t;" number of leaves without roots (40,2%), 
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an increase over March of 30,7%, In September,.the difference between 

the two treatments was 32.2%, an increase over March of 22.7%, but a 

reduction.in the nurober of the leaves w;Lthout roots ever August of .7.6%. 

The pre-freeze sprigs had ever 31% more sprigs without leaves in 

August than they did in March, hewever, th:i,s number fell ]::iy 60.8% in 

September to a p.oint 9. 5%. lower than Ma:rch, i.e. the pre-freeze sprigs 

had a i;harp decrease in complete sprouting (both a roet and a leaf) 

from March to August. Howeyer, from August to September this decrease 

in complete sprouting was reversed and complete sprouting increased.over 

August by nearly 61%, whicp was a 9.5% improvement over the March 

sprigs. The post~freeze sprigs had the same rapid drop from August to 

September. The post.-f:reeze sprigs alse :l,mproved consistently each month 

rather than having poorer complete sprouting as did the pre-freeze 

August sprigs. 

When the actual number of leaves or roots in Figures 5, 6, and 7 

are compared, it seems that they are ;i.nsign:lficant. The numbers.in 

these three figures are·based on the total number of sprigs tested. 

However, if all of the dead sprigs are eliminated and only live sprigs 

which have a root present without a leaf, or a leaf present without a 

root are compared, the significance is immediately apparent as is shown 

in 'l'able IIr. When nearly 93% of the live sprigs have leaves present 

without roots, it would seem that some factor is adversely influencing 

root formation. 

A surnmarizi;iti<m of the numbe;t:'s of leaves and roots present at each 

node for the entire study is presented in Table ~V. There were 375 

sprigs which were dead because roots did not form at any of the three 

nodes. In ccmtrast, there were only 27 sprigs dead because of no 



Month 
Harvested 

March 

August 

September 

TABLE III 

THE NUMBER OF LIVE BERMUDAGRASS SPRIGS (LS), ROOTS WITHOUT LEAVES (R w/o L), 
LEAVES WITHOUT ROOTS (L w/o R), AND THE PERCENT OF LIVE SPRIGS (%LS), 

PRE- AND POST-FREEZE FOR THREE DIFFERENT MONTHS 

PRE-FREEZE POST-FREEZE 

LS R w/o L % LS L w/o R % LS LS R w/o L % LS L w/o R 

5.6 0.4 7.1 2.9 51.8 2.8 0.2 7.1 2.6 

13~ 7 0.2 1.4 3.8 27.7 5.3 0.1 1.9 1.5 

16_4 o.o o.o 2.3 14.0 4.0 0.1 2.5 0.7 

% LS 

92.8 

28.3 

17.5 

IJ'I 

"" 



'!'ABLE IV 

NUMBER OF BERMUDAGRASS SPRIGS WITH LEAVES AND ROOTS PRESENT OR ABSENT AT EACH OF THE THREE NODES-. 

Llll 

J.112 

Ll21 

Ll22 

L211 

L212 

L221 

L222 

R Total 

% of 
Total 

R = ROOT, L = LEAF,. 1 = ABSENT, 2 = PRESENT; TOP, MIDDLE AND BOTTOM NODES ARE 
DENOTED IN THIS ORDER FROM LEFT TO RIGHT* 

Rlll Rll2 Rl21 Rl22 R211 R212 R221 R222 L "'rotal 

155.3 0 23 1 l 1 1 -0 1580 

3 7 3 0 17 1 6 1 37 

180 0 194 l 9 7 32 6 423 

16 2 58 16 34 4 49 13 179 

16 0 7 -0 7 1 2 0 33 

44 3 11 0 13 92 4 9 167 

44 1 140 l 20 1 43 10 250 

72 11 175 17 89 119 96 75 580 

1928 24 611 36 190 226 233 114 3249 

59.3 0.7 18.8 1.1 5.8 6.9 7 .2 3.5 

% of Total 

48.6 

1.1 

13.0 

5.5 

1.0 

5.2 

7.7 

17.9 

* e.g. In left hand column above, entry L221 means: Number of sprigs on which leaf on 1st and 2nd node 
is present and absent on the 3rd node. In the row across the top of the table, entry Rll2 means: 
Number of sprigs on which root on 1st and 2nd node is absent, but present on the 3rd node of the 
sprig. For this example one would find only one sprig that was coded L221,_ Rll2. 

V1 
w 
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leaves. This is a total of 348 sprigs whi~h would have been alive if a 

root had formed at any node, or 92.8% of the total of dead sprigs :re-

suited from the absence of leaves or roots when one was present and the 

()ther absent. 

A closer examinati()n of this table sh()ws some definite trends which 

are summarized in Table V. 

TABLE V 

PERCENT OF LEAVES AND ROOTS PRESENT OR ABSENT AT THE TOP, MIDDLE 
AND ~OTTOM NODES ~OR ALL BERMUDAGRASS SPRIGS, EXCLUSIVE 

OF THE S:PRIGS WITH ALL ROOTS ANP AliL LEAVES AB~ENT 

LEAF ROOT 

NODE % Absent % Present % Absent % Present 

Top 39.3 60, 7 61. 7 38.3 

Middle 15.6 84.4 48,0 52.0 

Bottom 43,2 56.8 83.0 17.0 

It appeared that the middle node of the bermudag+ass sprigs ar-

ranged vertically in the germinator had an advantage over either the 

top ()r bott()m nodes for both leaf and root production. It also seemed 

that the bott()m node was the worst with the highest percent dead leaves 

and roots and also the smallest number of live leaves and roots. Par-

ticularly noticeable was the small number of live roots. 

These data would suggest that the technique of standing the sprigs 
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on end in the germinat:\.:nrg medium c;:ould hc:ive caused part of these dif­

ferences. There is the possibility that the additional mpisture in tbe 

vermiculite could have adversely influenced the pottom node, or that the 

vertical position could have caused the transiocation of a plant hor~ 

mone, or some other factor, in the rhizome which resulted in a lower 

viability of the bottom node, The .only obvious advantage ef the middle 

node was the fact that there was undisturbed tissue a'Pove and below, 

past another node, Both end nodes had undisturbed tissue only on one 

side, The area of damaged cells could pos~ibly have influenced the 

me:ristematic tissue at the end nodes, although in what manner the author 

cannot explain. 

The differenqe in the number of leaves and roots was als<:> highly 

significant between months and freeze as shown in Figure 8. Once again 

the number of leaves and roots in August and September for the pre­

freeze sprigs was much greater than the March sprigs, The number of 

roots and. leaves on the pre-freeze sprigs also showed a sharp increase 

from August to September. 

The differences due to the pre- and post-freeze treatments also in­

creased considerably from March to September. The March post-freeze 

sprigs had 41% fewer leaves and roots than did the pre-freeze sprigs. 

This number had increased by 27% by August, and by September the dif­

ference was 36% greater than in March. The same relationship held true 

for the post-freeze sprigs, although the difference was not as great as 

in the pre-freeze group, 

These data would indicate that rhizome viability increases as the 

season progresses. However, after a freeze, the number of leaves and 

roots formed on sprouti,ng rhizomes is greatly reduced, particularly in 
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Figure .8. Number of Leaves and Roots in Bermudagrass Sprigs Harvested 
in 1hree Different Months, Pre- and Post-Freeze 



the case of the leaves, which were nearly 20% fewer in number in Sep­

tember than in August. The post-freeze sprigs also showed a much 

smaller change from month to month than did the pre-freeze sprigs. 
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At the present time, no adequate explanation for the difference in 

the number of leaves and roots which occurred.in this study can be given 

by the author, or by any of the plant physiologists with whom this sub­

ject was discussed. 

Re>ot Length 

In addition to the ab9ve data, the length of the longest root at 

each node was measured to the closest centimeter, 'I:he pre-freeze sprigs 

had longer roots in August and September than.they had in March, as 

shown in Figure 9. The lengths in September jumped sharply above the 

August lengths increasing by nearly 39% during this period. The lengths 

increased from March to September by over 289%. 

The lengths of the po:;;t-freeze rqots did not :;;hqw such a rapid in.­

crease, differing only slig):).tly from March to September. The spread be­

tween the pre- and post-freeze sprigs also widened as fall approached, 

. increasing by 234% in August and another 104% in September. These data 

indicate that root growth is severely restricted foll<;>wing a freeze, 

It also indicates that sprigs dug.in the late fall prior to a freeze, 

and planted, would produce the longest roots. This possibility could 

be explained if late in the fall sprig:;; contained more stored nutrients 

than those harvested in March. 

The location of the roots also had a marked effect on their length 

as shown in Figure 10. The top and bottom nodes from the March and 

August sprigs had much shorter roots than did the middle nodes for both 
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the pre-freeze and post~freeze treatments, However, the September 

sprigs had the longest roots a~ the top node anq the roots at. the mid· 

dle and bottom nodes were successlve~y shQrter for both fre~dng treat .. 

ments. ~0th the month and the freeze influenced t,he root length at the 

various nodes as did the tombin~tion of the month and freeze together. 

All of these factors produ~ed differences in root len~th which were 

significant at the 1% levd. The analysis of variance for these fac­

tors is presented in the Appendix, Table JI, page 103. 

The previous explanation of the undamaged areas above and below 

the mid-node could explain the data ;fo:i;- March anc;l August, The possi­

bility that the upper node was damaged by being exposed to air and the 

bottom node damaged by excess moisture would also flt the data for these 

months. However, the changes in t;he Septempe:r :iroot lengths would S\.lg­

gest that possibly the additional. moist\.lre in the ve:tmicuUt.e might have 

caused the reduction in root length~ Since it is unlikely that the 

moisture would influence the September sprigs in such a manner a~d not 

also affect the sprigs harvested in March and August, it is doubtful if 

this is the primary cause of the root length reductions, The same 

reasoning could c:ipply to the undamaged '!Ilid-node vs the damaged end-node 

hypothesis. The apparent reasons for the diff~rences in length, such as 

those above, can be rejected due to these various discrepancies. Con­

sequently, nq reasonable hypothesis can be p:tovi,ded at the present time 

which will ade~uately explain the data ob~ained~ 

Greenhouse Experiment 

The results of the greenhol.lse experiment were unsatisfactory, due 

primarily to faulty technique used in the intended freezing test, l'he 
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growth chambe:i; used in this test was a ch~~t; .. type box, with in,teric::ir 

dimensions .of approximatdy 0,6~·1.2 111eten (two 'by four ~eet), Fans 

provided a continuous circulation of air indd~ the chaml:>er. :Pr'ior to 

placing ·the potted .plants in the chaml;>er ~ a recQrding tJi~rm0meter had 

been used to check the temper[i\tuJ;"e diffe;rep,ces at oppos:j.t;e en4s of .the 

chamber. It was ;found that t;,he tempei;-ature was appro~imately :1.1° C 

warmer at one end of the chamber than th~ et).ler. Since this temperature 

differential remained the same at any.teµtperature checked, and since the 

experiment wE!.s arranged i,m a rand9111hed bl!'c;:k d~s;f.gt;l whi~h was blocked 

in the direction for the temperatu:t;"e chan~e, if;! was felt that this 

amount of vadi;ition would ne>t be overly deterimental. 

When the 54 pots were placed .in the chamber, theY were touch:l.ng. ,at 

th.e top, and there wa-s less than an :i,,nch of space between the pots afld 

the side of the chamber as sh(.')wn ·j,:p. F:l,gu;ire 11. When t;he temp.erature 

was lowered in the actuai freezin~ test, i,t was :l;ound that with the 

J?lan.ts in the chambe·r, the temp~rat;ur~ was much more 1.p;1even, The 1.1° 

C di;fference increased at one p()i.nt to ove:r a 11, 7° C dif:f;er.ence, By 

using the average tempe:rature of the 14 ;replicatic:ms, a result was ol;>­

tained which had s<;>me plants at one end of the chamber being .f:J:;'ozen 

below .. a.9° C fo:r over three hotfrs, and $ome at j::he other end neve:t:' 

g.ett:i.ng as l~w as .. s,9° c. l'he temperatq~~a tor the indiv;l.dual pots 

were tal,c.en approximately five centimet;erl!i from the edge o:f! the pots and 

are given in the Appendix, Table XU~ page 10~. :)'.t was found after the 

plants had been returned te the g:reenhouse, that;; all except four plants 

had been killed .• 

The earlier wc;>rk on k:i,lling tea;iperatl,lres had been c;lone c;m bare 

s·prig.s in a corked .test tube. 'J;he assumption was made that rhizomes 
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Figure 11. Photograph of Bermudagrass Pots in the Growth 
Chamber 
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with a soil cover wol\ld react to tempera~ures s:imilar·~y t;o the bare 

sprigs. Since an insufficient; number of i plants survi,veq the f:i;eezing 

test, .no valid evaluation on the effects of the variol\S ferti~ity 

ratios on coldhardiness qf the plants c·ould be made. 

Laborato:ry.Expe~iments 

,Electrolysis Study 

There we.re only two factors in the elE;!ct:rolysis study which. would 

seem t;o be sign:ificant and these we'l;'e the p9tash levd and the repli"" 

cations. Both were s:ignifi,cant at th,e 1% level. 
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. l'he percent elec tro!ytes increased 1;1teadtly f:!:Qm :re~Ucati,on ene 

to th,ree. . l'h:ls would .indicate that th.ere was .a difference between th,e 

replications which resulted, in more cells being damaged in the third 

r~pli,cat:i.on by the freeze treatment th..;in in tqe second r~p!ication, and 

more ·in the second :replication .than :in the f;i.I'st. 

The same trend existed in the sp:rout:i.ng .teStE! ~ '.fh,e pui;nber of live 

sprigs decreased from the first replicat:i,.cm to the th:i.i;-d, althpugh th,e 

decrease fr·om the first replication to the second was not nearly as 

great as from the second to the third replicationf The differences in 

electrolyte percentages and the number of live sprigs is shown in :Fig-. 

ure 12. There is a definite s·lope across the field from the first t.o 

the third replication. Other than this, the only e~planati.on that can 

be offered is the one previous·ly given (see page 38), 

The differences in tpe effect of potassium levels a~e also une~ .. 

plainable fJ;om the results ebta;lned, The re~t1.lts Qf the zero and 112 

kg potassium treatments were approximately.the same, while the 56 kg 
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per hectare potassium treatment showed a 17% reduction in cell damage. 

Three soil samples were taken from areas near the test, but not included 

in it. The potassium levels varied from 297-1177 kilograms per hectare. 

With this amount of variation present, it is .obvious that little re-

liance can be placed on the fertility differences obtained in the field 

experiment. 
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Correlation coefficients were computed for the electrolysis read­

ings and the number of live sprigs in the sprouting test, for the elec­

trolysis readings and the percent sugar in the sprigs, and for the per­

cent sugar and the number of live sprigs in the sprouting test. 

The percent sugar and electrolysis readings, and the number of live 

sprigs and the electrolysis readings, were negatively correlated and 

significant at the 1% level, while the percent sugar and the number of 

live sprigs were positively correlated and significant at the 5% level. 

The computations for these correlations are Biven in the Appendix 9 Table 

XIII, page 106. 

These data would indicate that the higher the electrolysis reading, 

the fewer live sprigs are to be expected. Since the high electrolysis 

reading indicates greater cell damage, this.is what would be expected. 

The findings also indicate that the greater the sugar readings the lower 

the cell damage. This would substantiate the work of the others who 

have found that high sugar levels provide some amount of cold protec­

tion. The data also show that the higher the sugar level, the greater 

the number of live sprigs. This would also be expected if the sugar 

did indeed provide some measure of protection during freezing. 

From these results, it would appear that the sprouting tests in 

future work could be abandoned and the electrolysis test used in its 

place. Since the sprouting tests took 21 days and the electrolysis 

tests required only two days, this would be a cons:i,derable saving in 

time as well as equipment and space. The problems of mold, mechanical 

failure, and other factors which would tend to bias the findings would 

also be greatly reduced. 



Sugar Determinations of Greenhouse E~periment 

An analysis of the sugar content of bermudagrass sprigs in the 

greenhouse fertility experiment showed that only two factors were sig­

nificant in their effect, treatments and replications, both of which 

were significant at the 1% level. 
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The difference in replications could be attributed to envircmmental 

effects either within the greenhouse, or within the growth chamber, or 

both. The most probable influencing factor was temperature, since it 

was known to have varied within the growth chamber, and it could have 

varied in the greenhouse sufficiently tc;> cau,se the replication differ-

ences. 

The difference in sugar content of the rhizomes as influenced by 

different nitrogen, phosphorus and potassium r.;itios is shown in ;Figure 

13, There was nearly a 25% decrease in sugar content from the treatment 

with the highest sugar level to the treat~ent with the lowest sugar 

level. According to Duncan's New Multiple Range Test (18), at the 5% 

level the 1~2-1, 4-0~0 and 4-1-6 treatments were not significantly dif­

ferent. The 4-1-3 and 4-1-6 treatments also showed no significant vari­

ation although the 4-1-3 treatment was significantly less than either 

the 4-0-0 or the 1-2-1 treatments. 

If sugar was the primary factor influencing coldhardiness, this 

data would disagree with the findings of Gilbert and Davis (21) who 

worked with three of these same fertility ratios, The 4-0-0 ratio in 

their study had the least coldhardiness, while the 4-1-6 and 4-1-3 

ratios had the most coldhardiness. According to their findings, the 

4-0-0 treatment should have had the lowest sugar content and the 4-1-6 
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and 4-1-3 ratios should have had high sugar contents with the 1-2-1 

ratio being intermediate. 

Since all of the plants in this investigation were killed, no con-

clusions can be made. Reeves and his group (77) however, might provide 

a partial explanation of the total kill. They found that the sugar con-

tent affected coldhardiness in bermudagrass, but only in a range of 

1- 2° C. Since the variations in most of the cold chamber exceedec;t,,,,t-his 

range considerably, a larger number of damaged plants would be expected, 

Sugar Identification 

A summarization of the sugars which were tentatively identified as 

being either absent or present, and the method used in the identifica-

tion, is shown in Table VI. It is at once apparent that some sugars 

are listed as being both present and absent. The explanation for this 

is that the sugar was probably present in a very small amount, and the 

solvent system used for one determination was not sufficiently sensitive 

-

for them to be identified, while another, more sensitive system, did 

make the separation well enough for them to be identified. 

Some of the sugars identified by the auto-analyzer were also not 

identified in the chromatography determinations. Most of these were 

present in very small amounts and the same explanation would apply, the 

chromatography systems used were not sufficiently sensitive to identify 

such small quantities. 

On Plate 1 the unknown developed four spots with Rf values of 81, 

48, 24, and 20. Raffinose and trehalose were eliminated since both had 

an Rf value of eight. Galactose was tentatively identified as being 

present with an Rf of 19. The Rf values of the remaining sugars were 



TABLE VI 

SUMMARIZATION OF SUGARS TENTATIVELY IDENTIFIED AS BEING PRESENT 
AND OTHER SUGARS CHROMATOGRAPHED BUT NOT FOUND IN COMMON 

BERMUDAGRASS RHIZOMES AND THE METHOD 
USED IN IDENTIFICATION 
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SUGARS PRESENT SUGAR STANDARDS CHROMATOGRAPHED 
BUT NOT FOUND 

Chromatography Auto-Analyzer 

Ga lactose Ga lactose Galacturonic Acid 

Rhamnose Rhamnose Arabinose 

Sucrose Glucose Ga lactose 

Mannose Mannose Raffinose 

Maltose Fucose Trehalose 

Ribose Fructose 

Xylose Maltose 

Ribose 

Xylose 
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so close that identification was impossible. A reproduction of Plate 1 

is shown in Figure 14. 

On flate 2 the unknown showed five spots with Rf values of ?9, 55, 

29, 20, and 11. The spot with the Rf of 55 was apparent only under 

ultraviolet (UV) light and was quite faint, It was tentatively identi­

fied as rhamnose which had an Rf of 53 and had a blue-green color with 

a yellow cast to it. Maltose with an Rf of 11 was also tentatively 

identified. Xylose with an Rf of 44 developed a yellow-green color and 

was eliminated, as was ribose with an Rf of 39. Ribose also developed 

a bright blue-green color. Arabinose was a pale blue and mannose was 

a pale green under UV light. Fructose, sucrose, glucose, and galactose 

were all a bright yellow and ran too close together for separatian. 

Plate 2 is shown in Figure 15. 

On Plate 3 the unknown developed three spots with Rf values of 35, 

26, and 7. Galacturonic acid with an Rf of 47 was eliminateq due both 

to its Rf value and its color. The spot developed a bright purple color 

which changed to an orange-violet under UV light. Maltose was also 

eliminated with an Rf of 17. Sucrose broke into two spots with Rf 

values of 36 and 26 and was tentatively identified. Plate 3 is shown 

in Figure 16. 

On Plate 4 the unknown had three spots with Rf valu.es of 49, ,38, 

and 13. Arabinose with an Rf of 58 was eliminated. It also developed 

a bright blue color under UV light which was not present in the un­

known. Maltose with an Rf of 31 was again eliminated. Sucrose again 

separated into two spots with Rf values of 50 and 42 and was again 

tentatively identified as being present. Figure 17 shows a reproduc­

tion of Plate 4. 
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On Plate 5, in the first solvent system, the unknown developed 

three spots with Rf values of 74, 62, and 30. Sucrose had an Rf of 74 

and fructose was 75. In the second solvent, the Rf 's of the unknown 

were 26, 10, and two. Fructose had an Rf of 34 and was eliminated while 

sucrose had an Rf of 27 and was tentatively,identified as being present. 

Plate 5 is shown in Figure 18. 

In solvent number five, on Plate 6, the unknown developed two spots 

with R;f values of 25 and three. The Rf values of sucrpse, glucose and 

fructose were 24, 29, and 30 respectively. In solvent number three, the 

unknown Rf values were 38 and 16 while sucrose and fructose were both 

39 and glucose was 45. Sucrose was once again tentatively identified 

while glucose and fructose were eliminated, Plate 6 is shown in Figure 

19. 

On the Whatman paper, the unknown developed two spots with Rf 

values of 31 and 13. Mannose was tentatively identified as being pres­

ent with an Rf of 30 and galactose was eliminated with an Rf of 23. 

Glucose did not appear as being present at this concentration. Under 

UV light, the unknown spots both showed a bright orange color, while the 

galactose and mannose both showed a lighter yellow color. A reproduc­

tion of the Whatman paper strip is shown in Figure 20. 

In an attempt to verify some of the above findings, a hydrolyzed 

and an unhydrolyzed sample of the unknown were run through a Technicon 

Auto-analyzer which had been calibrated to identify and show the rela­

tive amounts present of seven sugars. The sugars which could be iden­

tified were rhamnose, ribose, mannose, fucose, galactose, xylose and 

glucose. The chart of the two samples after being analyzed is shown in 

Figures 21 and 22. It is unfortunate that the Auto-analyzer was not 



butanol-acetone~water (40:50:10 v/V:) 

·o 
0 

0 0 

.. ... 
Unk Sue Fru 

' " ' 

l 

Figure 18. Reproduction of Chromatographic Separation of Sugars Ob­
tained From Common :Sermudagrass Rhizomes Compared With 
Two Known Carbohydrates on Plate 5 Reduced to Three­
Quarter Size 



77 

~ --- methyl ethyl ketone"':"glacial aceti.c acid-methanol--• a 4~ c:: ::::> (60:20:20 v/v) 

c __ ~ 1 
C" . 
r:: 
l"t • 

i 
c::-

..... I , 
II> 
()• 
~· 
l"t 
0 
::s 
(I 

~ 
II> 
l"t 
CD 
11 -~ 0 .. 
\JI 
0 .. 
..... 
0 

< 
<-....... 

0 0 0 0 
- - . A 

Unk Sue Fru Glu 

Figure 19. Reproduction of Chromatographic Separation of Sugars Ob­
tained From Common Bermudagrass Rhizomes Compared With 
Three Known Carbohydrates on Plate 6 Reduced to Three­
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calibrated to identify the other commonly occurring plant sugars. There 

could have been several other sugars present in the bermudagrass rhi­

zomes which were not identified by either of the methods useq. 

In the hydrolyzed sample, rhamnose, ribose, mannose and xylose 

were present but made up less than nine percent of the total sugars, 

with rhamnose being less than one percent. Fucose and galactose were 

approximately five and a half and nine percent respectively of the total 

sample, Glucose made up the major portion of the sugi;irs.identified, 

comprising nearly 79% of the total, 

In the unhydrolyzed sample, the same results were obtained for 

rhamnose and mannose. E:owever, galacto&e decreased to ab9ut 3,6% and 

xylose decreased to ~.3% of the total. The biggest changes occurred in 

fucose and glucose. It was known that seme fucose was destrc::>yed during 

hydrolysis and an increase was e:l!;pected, Yet; the size of t:he increase, 

from 5.4% to 41.6%~ was not expected, The amount of glucose also de­

creased from nearly 79% to about 47%, Since su~rose had been identified 

as being present in the sugar solution, it was e:l!;pected that the hydro­

lyzed sample would have considerably more glucose than the unhydrolyzed 

sample. 

The small amounts of xylose and ribpse present in the unknown as 

disclosed by the auto-analyzer samples would explain why they would not 

be identified in the chromatography tests. The amounts present were toe 

small to be detected in the system used. 'l'he systems were more selec­

tive for rhamnose and galFtctose, and the small amounts of th.a sugars 

present were shown, 

Although both sucrose and glucose were identified, fructose was 

not, Since fructose was obviously present in the plant, three 
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explanations could account for the failure to iden~ify it in the unknown 

sugar sample, First, fructose could exist in the plant only momentar­

ily before it combines with glucose to form sucrose, and no free fruc­

tose exists in the plant. Secondly, the free fructose is present in 

very small amounts due to its rapid combination with glucose, and these 

minute amounts were not detectable in the systems used, Finally, a 

solvent system was not found which would separate fructose from the 

other sugars present. 

Since Adegbola and McKell (2) analyzed Coastal bermudagrass for 

glucose, fructose and sucrose and found all three, it is likely that 

the last suggestion is more probabie than the other two, However, 

DeCugnac (70), who determined that the Principal storage form of carbo­

hydrate in semi-tropical grasses was sµcrose and starch, also found that 

these grasses did not store fructosans. C~nsequently, the possibility 

of the second suggestion occurring cannot be completely eliminated with­

out further information. 

'.L'he following solvent systems were used with both active and in­

active plates but inadequate separation was obtained: 

1. Formic acid-methyl ethyl ketone-tertiary butanol-water 

(15:30:40:15 v/v) (106) 

2. 65 ml of ethyl acetate and 35 ml of isoproponol-water 

(2:1 v/v) 

3, Isoproponol-pyridine-glacial acetic acid-water 

(80:80;10;40 v/v) 

4, One normal butanol-glaciai acetic acidrwater (60:30:10 v/v). 
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The following reagents were used wi~h varying degrees of effective-

1. See page 34. 

2. See page 34. 

3. p-anisidine phosphate as developed by Mukherjee and Srivastava 

(66). Only the filtrate was used. 

4. A 0.1 Molar so~ution of p-anisidine and phthalic acid in 96% 

ethanol as used by Schweiger (89). 

5. Sodium periodate as used by Clark (11). 

Reagent number one gave consistently the best results except when 

boric acid impregnated plates were used. As reported by Stahl and 

Kaltenbach (99), this method of detection will not work on boric acid 

impregnated. layers, 'l'he only ti.me the re:;iorcinol reagent (number two) 

was used, the results were so un:;iatisfactory that another reagent (num­

ber one) had to be used in conjunction wi~h it. 



CHAPTER V 

SUMMAR~ AND CONCLUSIONS 

A field investigation of the effect of 27 fertilit~ treatments on 

the sugar content of common bermudagrass rhizomes was conducted in hopes 

of developing a rapid method of predic~ing quality and in turn cold­

hardiness of propagating material of this grass, A simple method of de­

termining sugar content of the rhizomes was fqund and used, In this in­

vestigation, the fertility treatments had no effect 9n the sugar content 

of the rhizomes. Based on these experiments it was concluded, after the 

investigation was completed, that the soil contained too much phosphorus 

and potassium from previous treatments to be useful in determining the 

effect of phosphorus and potassium treatments on carbohydrate production. 

A coldhardiness experiment was conducted to determine a temperature 

which would kill 50% of the untreated rhizomes. After several prelimi­

nary trials, a temperature of -8,9° C for a two~hour period was used. 

After the test was completed (with over a 90% kill o~ the plants), it 

was concluded that some changes in technique were required. Due to the 

inability to prevent uneven temperatures within the growth chamber, and 

due to the difference in the way growing plants reacted compared to bare 

sprigs, it was concluded that plant material being tested should have 

the temperature lowered to a desired point. When this temperature has 

been reached, the plant should immediately be removed from the freezing 

chamber and placed in another chamber with a temperature of l,l-1,7° C 
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to thaw. The interval when the plant remains in the freezing chamber 

for a definite time period, at a definite temperature, shquld be elimi~ 

nated. Since the killing process is a function of both time and tem­

perature, new killing temperatures would have to be determined. These 

would undoubtedly be considerably lower than the temperatures used in 

this experiment. 

Sprouting and electrolysis studies were conducted to compare a 21~ 

day sprouting test in a germinator with an electrolysis reading to see 

if results from the two tests were correlated. The latter test required 

only two days tp complete. The technique of inserting the rhizomes ver­

tically in moist vermiculite which was used in the sprouting test was 

discovered to be faulty. The top and bottom nodes of the sprigs were 

prevented from sprouting in some unknown manner while generally the mid­

dle node was favored in the formation of both leaves and roots. The 

results of the electrol~sis investigations were closely correlated with 

those of the sprouting test. ~t is sug~ested that the electrolysis test 

be used where possible in lieu of the sprouting test. 

The potassium levels caused significant differences in the elec­

trolysis readings. With no potassium, or when 112 kg per hectare were 

added, considerable cell damage resulted. The 56 kg per hectare potas­

sium level resulted in a significant reduction in cell damager However, 

the tremendous differences in potassium levels in several areas outside 

of the plot area but nearby cast doubt on any of the fertility effects 

in the field experiment. 

The electrolysis readings indicated that the higher the sugar lev­

els in the rhizomes, the lower the amount of cell damage resulting from 

low temperatures. This is in agreement with other authors who have 
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worked in the field. 

During the sprouting tests, the number of leaves and roots present, 

their location on the sprig, and the length of the roots was recorded, 

There was a significant number of leaves present at nodes which did not 

have roots. An application of 112 kg per hectare of phosphorus resulted 

in a significant reduction of roots after freezing, while the 56 kg rate 

increased the number of roots. Rowever, the best result, a root at 

every node with a leaf, was obtained with no supplemental phosphorus 

.fertilization, The number of nodes which had leaves without roots was 

also significantly. lower in Septembe+ than in August. 'l'he differences 

. in the number of leaves and roots present on the rhizomes was totally 

unexpected and as yet no satisfactory explanation can be given for this 

phenomenon, It is recommended that further wo;rk be done in this .;irea. 

Specifically, the influence of various amounts of rooting hormones on 

bermudagrass rhizomes should be determined, Fertility treatments, date 

and freeze treatment all influenced the numbers of leaves and roots 

present. The location of the node in relation to the vertical placement 

of the sprig in the sprouting tray also influenced the formation of 

leaves and roots. The importance of this whole problem became obvious 

when it was found that 93% of the live sprigs which initiated leaf 

growth failed to produce roots. 

Root length was also influenced by the date of sprig harvest, the 

roots being longer oq the September harvested sprigs than on those har­

vested in any of the other months tested. This was particularly true 

of the sprigs which were sprouted prior to freezing. After the sprigs 

had been frozen at -8,9° C for two hours, there was only a slight in­

crease in the length of roots from March to September. 
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A greenhouse experiment using plants grown in a sterile sand was 

conducted using nutrient solutions with various ratios of nitrogen, 

phosphorus and potassium to determine their effect 9n sugar content and 

coldhardiness, The ratios had a significant effect on sugar content, 

However, since nearly all of the plants were killed during the freeze 

test, few conclusions can be made. The highest sugar levels were ap­

proximately 50, 40, and 37% and were found in the 1;2:1, 4:0:0, and 

4:1:6 ratios respectively~ l'here were no significant differences be­

tween these three treatments, The lowest sugar level, approximately 

25%, was found in the 4;1:3 fertility treatment. 

The highest sugar levels were not in agreement with the fertility 

ratios (4:1:3 and 4:1:6) shown to be the most coldhardy by other authors 

(21). It is recommended that this experiment be repeated with the pre­

viously suggested changes in the freezing procedure. If the highest 

sugar levels do not prove to be the most coldhardy, this would support 

the work of Reeves, McBee and Bloodworth (77) who found that the carbo­

hydrate concentration in bermudagrass tissues only provided cold pro­

tection in a range of l-2P c. Further work could then be directed to~ 

ward identifying which factor present in bermudagrass actually does pro­

vide the majority of the cold protection. 

An investigation was conducted to determine what sugars were pres­

ent in bermudagrass rhizomes. Galactose,.mannose, maltose, rhamnose 

and sucrose were tentatively identified through thin layer or paper 

chromatography. Fucose, galactose, glucose, mannose, ribose, rhamnose, 

and xylose were tentatively identified through use of a Technicon auto­

analyzer. The auto-analyzer also gave relative amounts of the sugars 

present in the samples. Fucose and glucose made up nearly 90% of the 



sugars present which the analyzer was calibrated to identify, 

Although fructose was not identified individually, it also had to 

be present since a compound of which it is a copstituent, sucrose, was 

found to be present. 
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APPENDIX 



TABLE VIJ; 

ANALYSIS O;F VARI~CE OF SUGAR ;READ;l:NGS IN COw-tON BERMUDAGRASS SPRIGS 
AS IN,IJ'LUENCED BY FERTILIZER ~REA'.fMENT$ IN THE FIELD 

Source df SS MS F 

99 

Rep 
Nitrogen 
Phosphorus 
Nit x Phos 
Potassium 
Nit x Pot 
Phos x J;>ot 

2 
2 
2 
4 
2 
4 
4 
8 

48,76 24,38 
Q,33 
7.00 
3.12 
5 .14 
p.65 
2,64 
5.20 
4.68 

5 • .21** 

Nit x Phos x p9t 
E:t;'ror All 

Month 
Mox NH 
Mo x l.'hos 
Mo x Pot 
Mo x Rep 
Mo x ;Nit x J?hos 
Mo x Nit x Pot 
Mp x Phos x l?ot::: 
MoxNxPxK 
Errcrr B Jj 

.5 2 

6 
12 
12 
12 
12 
24 
24 
24 
48 

312 

0.66 
i4.00 
12.49 
10, Z9 
26.59 
10.57 
41.61 

243, l 7 

4213.83 
34 '79 
n!s8 
46,44 

271, 38 
93. H~ 
99105 
81. 75 

159.26 
1026.54 

702, ,3l 
2~90 
2.80 
3.87 

22.61 
3.88 
4.13 
3.41 
3.32 
3. 29 

213.45'>'!'* 

6.97** 

ll Er~or A was obtained by combining the interactions which contained 
Rep without Month. 

11 Error B was obtained by cowbining all interactions containing both 
Rep and ~onth ?nd at least one of the other factors i~ the facto~ 
rial experiment, 

** Significant at the ,01 level" 
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'I'A;BLE v:u~ 

~4LYSIS OF VARIANCE f OR THE ~UM;BER OF LIVE SPRIGS FOUNP AF'l'ER 
SPROUTING COMMON ;aERMUDAGRASS lUIIZO~S AS INFLUENCED 

BY FERTILITY TREATMENTS IN TI:'l.E FIELP AND A 
GROW'l'H CHAM:SER ;FREEZJ;NG TES'l' 

Source df SS MS F 

Nitrogen 2 29 i 98 14.99 
Phosphorus 2 3,57 1. 78 
Nit :x J?hos 4 81,54 20,,39 
Potassium 2 33.12 16.56 
Nit x J?ot 4 32.65 8,16 
Phos x Pot 4 20.84 5. 21 
:Month 2 1172,46 586 ~ 23 62. :31** 
Nit x Mo 4 0.54 0,14 
Phos x Mo 4 5.40 1,35 
Pot x Mo 4 7.28 L82 
Error A 1.1 48 451~59 9 .41 

Freeze l ~512,62 2512. 62 480,85** 
Nit x Freeze 2 6,57 ,3.28 
Phos x Freeze 2 1,86 0.93 
Pot x Freeze 2 4.46 2.23 
Mo x Freeze 2 617. 27 308.64 59,07** 
Error BJ) 72 376.22 5 r 23 

1/ Error A was obti:iined by cfi>m.binin~ all three factor, and higher, 
interactions which did not contain Freeze. 

2/ Error B was obtained by combining au three factor, ctp.9 hi~her, ...., 
interactions which contained Freeze. 

** Significant at the .01 level 
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'I;'ABLE IX 

ANALYSIS OF VAAJ;A:NCE FOR 1mE NW1BER OF LEAVES W:l:T~OUT l:WO'J;S FOUND 
AF'l'ER SfROU'L'ING COMMON ;BERl':!UDAGRASS $PRIGS AS l:Nl!'!iU'ENCED 

BY fERTl:Lil'Y T:(IBATMENTS IN T;HE FIELD ANP A 
GROWTij CHAM~ER l'.REEZING TEST 

Source df SS MS F 

Nitrogen 2 o. 78 Q.39 
Phosphorl,ls 2 3~ 11 1.56 
Nit x Phos 4 9 .11 2.28 
Potassium 2 o. 70 Q,35 
Jlilit x ~ot 4 13.19 ~,30 
Phos x Pot 4 34. 07 8~5~ 
Month 2 51.81 25,91 p,26** 
Nit x Mo 4 11.96 2,99 
:Phos :x Mo 4 14,52 3.63 
Pot x Mo 4 U.48 2.87 
Erro!r A!/ 48 198.70 4.14 

Freeze 1 70.67 70,67 ~2. 93** 
Nit x Freeze 2 0,75 0,38 
phos x Freeze 2 p,20 0.10 
Pot x Freeze 2 2.16 1.08 
Mo x Freeze 2 31.20 15,60 7,27** 
Error B 1.1 72 154.,52 2.15 

!/ Error A was obtained by combining all tpree ~actor, and higher, 
interactions which did not contain Freeze. 

1.1 Error B was obtained by combining all three factor, apd higher, 
interactions which contained Freeze. 

** Significant at the .Ol level 



TABLE X 

ANALYSIS OF VARIANCE FOR THE Nl.JMBER OF ROOTS WITHOUT LEAVES FOUND 
AFTER SPROUTING CQMMO~ BERMUDAGRASS SPRIGS AS INFLUENCED 

BY FERTILITY TREAU1ENT$ IN TRE F!Ei,D AND A 
GROWTH CHAMBER FREEZING TEST 

Sc;>urce df SS MS F 

Nitrogen 2 0,48 o. 24 
Phosphorus 2 0~48 o. 24 
Nit x Phos 4 Q.7Q 0,18 
Potassium 2 o,u 0.06 
Nit x Pot 4 0.41 0.10 
phos ;x: Pot 4 Q,30 Q.07 
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J:.ionth 2 l~e1 0,91 5.16** 
Nit x Mo 4 1.04 0.26 
Phos x Mo 4 1.48 0,37 
Pot ;x: Mo 4 0.74 0.19 
Error A 1.1 48 a.44 0.18 

Freeze 1 0,06 Or06 
N:j_t x Freeze 2 o.u 0 ,06 
:Phos x Freeze 2 1.37 0.69 3.96* 
Pot x Freeze 2 o. 26 O.l.3 
t1p x Freeze 2 o. 26 0.13 
Error B 1) 72 12.44 0.17 

1.1 Error A was obtained by combining all thr~e factor, and higher, 
interactions which did not contain Freeze. 

11 Error B was obtained by combining all three factor, and higher, 
interactions wpich contained Freeze. 

** Significant at the , 01 level 

* Significant at the .05 level 
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TAl3LE XI 

ANALYSIS OF VARIANCE FOR ROOT LEN~TH FOUND AFTER SPROUTING OO~ON 
BERMUPAG~ASS SPRIGS AS INFLUENCED By FERTILITY TREAn-:tENTS 

IN THE FIELD AND A GROWTH CHA.MBER FREEZING TEST 

Source df SS MS· F 

Rep 2 102.18 51.09 
Nitrogen 2 3 '25 1.63 
Phosphorus 2 8.07 4.04 
Nit x Phos 4 7.59 1.90 
Potassium 2 11.34 5,67 3,66* 
Nit x Pot 4 2.81 o. 70 
PhQs X Pot 4 1. .59 0.40 
Nit x Phos x :rot 8 l~ ,42 1,68 
EJ;ror A !/ 52 80.69 1,55 

Month 2 260, 24 130.U 57,59** 
Mo x Nit 4 10,61 2.65 
Mo. x Phos 4 4.88 1. 22 
Mo :x Pot 4 2.78 o. 70 
Mo x Nit x Phos 8 38,66 4.8S 
Mo x phos x pot 8 11.63 1.45 
Mo x Nit x Pot 8 14. 25 1. 78 
Mo x N x P :x; K 16 20.60 1. 29 
Erro:i:- B 2/ 108 244. 01 2.26 -
Freeze 1 408. 9 2 408 ,92 224. 20'/\'* 
Fre x Nit 2 0.87 0,43 
Fre x :rnos 2 3,30 1,65 
Fre ;x Nit x Phos 4 6,52 .l.63 
Fre x pot 2 0.57 o. 29 
Fre x Nit: x Pot 4 6.27 1.57 
lf l:'e x :ebos x J;lot 4 2.18 0.54 
Fre x N x J!> x I\ 8 15.81 1.98 
Fre x Mo 2 169,35 84.68 46.43** 
Fre x Mo x Nit 4 6.48 1,62 
Fre x Mo x Phos 4 5,15 1. 29 
Fre x Mo x N x P 8 15,84 1.98 
Fre x Mo x ],=lot 4 1.96 0.49 
Fre x Mo x N x K 8 4,74 Q.59 
Fre x Mo x P x K 8 3,42 0,43 
Fre x Mo x N x P x K 16 20.53 1,28 
Error c 1( 162 29!).4 7 1.82 



Source 

Node 
Nod x Nit 
Nod x Phos 
Nod x Nit x :Phos 
Nod x Pot 
Nod x Nit x Pot 
Nod x Phos x Pot 
Nod x N x P x K 
Nod x Mo 
Nod x Mo x Nit 
Nod x Mo x Phos 
Nod x Mo x N x P 
Nod x Mq x Pot 
Nod x Mo x N x K 
Nod x Mo x P x K 
Nod x Mo x N x P x K 
Nod x Freeze 
Nod x ;!:re x Nit 
Nod x Fre x Phos 
Nod x Fre x N x P 
Nod x Fre x Pot 
Nod x Fre x N x K 
Nod x Fre x P x K 
Nod x Fre x N x P x K 
Nod x Fre x Mo 
Nod x 1re x M x N 
Nod x· Fre x M x P 
No x F x M x N x :P 
No x F x M x K 
No x F x M x N x K 
No x F x M x P x K 
No x F x M x N x P x K 
Error D !J:./ 

TAaLE XI (Continued) 

df 

2 
4 
4 
8 
4 
8 
8 

16 
4 
8 
8 

16 
8 

16 
16 
32 

2 
4 
4 
8 
4 
8 
8 

16 
4 
8 
8 

16 
8 

16 
16 
32 

648 

SS 

209.99 
2,83 
4.69 
8,83 
3.22 
1.65 

11. 87 
18.72 
54.81 
10,74 
16.78 
14 .02 
5,91 

11.13 
17, 11 
18,37 
63.02 

0.11 
4.64 
,5.66 
2,13 
5.93 
8.12 
5.34 

5(),11 
12.42 
14.88 
10.27 
4.05 

12.87 
6,76 

15,46 
651,40 

MS 

104.99 
o. 71 
1.17 
1.10 
0.81 
0.21 
1.48 
1,17 

13.70 
l.~4 
2,10 
0.88 
0.74 
0.70 
1.07 
0,57 

31.51 
0.03 
l.16 
o. 71 
0.53 
o. 74 
1,02 
0.33 

12.53 
l,55 
1.86 
0,64 
0.51 
0.80 
0.42 
0,48 
1~01 

104 

F 

104,45** 

13,63** 

31.35** 

I 

\ 
' '· 

11 Error A was determined by combining all factors which contained Rep 
but did not contain M9nth~ Freeze, or Node. 

11 Error B was determined by combining all factors which contained both 
Rep and Month. 

11 Error C was determined by compining all factors which contained both 
Rep and :Freeze, 

!J:./ Error D was determined by combining all factors which contained both 
Rep and Node. 

* Significant at the .05 level, ** Significant at the .01 level. 



Air 
Temp 

Time 0 c 

0745 1.1 
0815 0 
0900 -2.2 
1000 -4.4 
llOO -6.7 

1200 -8.9 
1300 -8.9 
1400 -8.9 
1500 -8.9 
1600 -8.9 
1700 -6.7 
1800 -4.4 
1900 -2.2 
2000 0 
2100 1. 7 

TABLE XII 

AIR TEMPERATURE, IN DEGREES CENTIGRADE, AND SOIL TEMPERATURES TAKEN AT APPROXIMATELY 
2. 5 CENTIMETERS DEEP AND 5. 0 CENTIMETERS FROM THE EDGE OF 15. 2 CENTIMETER 

DIAMETER POTS CONTAINING COMMON BERMUDAGRASS DURING A 
FREEZING TEST IN A GROWTH CHAMBER 

Replication 

l 2 3 4 5 6 7 8 .9 10 11 12 13 

1.0 1.0 LO 1.0 1.0 LO 1.0 LO 1.0 LO 1.0 1.0 1.0 
LO LO l.0 LO l.0 LO 1.0 LO LO 1.0 LO LO 1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 G 
0 0 0 0 0 0 0 0 0 -0 0 0 0 

0 0 0 0 -LO -2.5 -2.5 -2_. 0 -3.0 0 -2. 0 -2.5 -3_. 0 
-3.0 0 0 -2.0 -5.0 -8.0 -9.0 -7.0 -9.0 -:2. 0 -7.0 -8 .-0 -9.0 

14 

LO 
LO 

0 
0 
0 

-2.5 
-8.0 

-4.0 -2.0 - 2 .o -4.0 -LO -lLO -14.G -12.0 -13 ... 0 -5 .• 0 -12.0 -12.0 -14.0 . -12.0 
-5.0 -4.0 -5"'0 -6.5 -9.0 -10.5 -11.5 -10.5 -1-0.5 -9.0 -11.0 -11.0 -10.5 -10.5 
-6.0 -5.5 -6.0 -7.5 -9.0 -9.5 -10.0 -10.0 -10.0 -9.0 -10.0 , .:.9 .o -10.0 -9.0 
-5.0 -6.0 -6.5 -7.5 -8.. 0 -8.5 . -8.5 -B.O -8 ... 5 -8.0 -8.5 -7.5 -8.0 -7~0 

-4.0 -5.0 -5.5 -6.0 -6.5 -6.0 -5.5 -5.5 -6.0 -6.0 -6.0 -5.0 -5.5 -5.0 
- 2 .o -3.0 -3.5 -4.0 -4.5 -4.0 -3.0 -3.0 -3.5 -4.0 -4.0 -2.5 -3.0 -2.5 
-1.0 -1.0 -LS -2.0 - 2.0 -2.0 -1.0 -1.0 -.1.0 - 2.-0 -1.5 -0.5 -LO -0.5 
3.0 2.5 2.5 2.0 1.5 1.5 L.5 L.O 1.5 1.5 1.5 2.0 2.0 2.0 

Avg 

1.0 
l.Q 

0 
0 
0 

-l.5 
-5 . .5 
-8.9 
~8.9 

-8. 7 
-7.5 
-5.5 
-3.2 
-1.3 
1.8 

,... 
0 
VI 
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l'ABLE Xl!! 

SUM OF SQUARES, CROSS PRODUCTS ANP CORR~LATION cogfFICIENTS FOR THE 
ELECTROLYSIS READlNGS AND 'nlE PERCENT SUGAR IN THE SPRIGS, AND 

FOR THE ~ERCENT SUGAR AND THe: N~ER OF LIVE SPR~GS IN THE 
SPaourrNG TESTS OF COMMO~ BERMUP~GRASS RHIZOMES AS 

INFLUENCED BY FER'l'IL!l'Y T~ATMENTS lN THE F;I;ELP 
ANP A GROWTH CHAMBER FJU:EZING TEST 

Sum of Squares, Cross Products and Cqrrelation Ce>efficients ~rom 
E;rror A in the Analysis of Variqnce ll 

Source 

% Sugar 
in Sprigs 

Electx-olysis 
Reading 

Live 
Sprigs 

% S~gar 
in Spri~s 

152.84 
(1.0) 

Electrolysis 
Rea.,Iing 

0.70 
(0.083) 

0.49 
(1,0) 

iive Sprigs 

15.68 
(0.116) 

.. o.99 
( .. Q.131) 

115, 17 
(1.0) 

Sum of Squares, Cross Products and Correlation Cpeffi~ients Fr~m 
· Error B in the Anal~sis o~ Variance l/ 

% Sugar Ehct+olyds 
Source in Spri~s Reading Liv~ Sprigs 

% Sugar .173,79 .. 9,13 69,07 
in Sprigs (1.0) (-0,530)** (0.352)* 

Electrolysis 1.77 - 11. a2 
Reading (1.0) (-0.597)** 

Live 221.00 
Sprigs (1.0) 

!/ The numbers in parenthesis are the correlatipn between the 
two variables where 

r .. = 
l.J Jcss.i·) (ss .. ) • 

l, J J 

* Signifi~ant at the ,05 level 

** Significant at the ,01 level 
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