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SUM MAR Y. 

Changes in the concentration of some carbohydrates nnd in 

nmylolytic a ctivity have been followed during germination of Zen IIlD.ys L. 

var. Hickory King :md var. Early Pearl. Assay techniques have been 

developed which permitted assay of individual gr a ins. Thus during 

the investiga tion both groups and individual gr ains were used as samples. 

The use of groups permitted control of assay technique. Length qf 

rc.dicle, coleoptile nnd l a teral roots were r ecorded in order to permit 

quantitative estimation of correlation between growth and the 

concentration of the vnrious carbohydrntes. 

Initially, during the study of c~~ges in the carbohydrate 

concentra tion in Hickory King grains, total reducing sugar, sucrose 

and dextrin concentrations were estimated. However, the r esults 

obtained for c~~lges in dextrin concentra tion, although reproduceable, 

thereby indicating reli~ble assay technique , presented a confusing 

picture and, in view of the apparent importance of sucrose and 

reducing sugar concent r r>,tion, a ssay of dextrin concentr a tion' was 

discontinued in subsequent s tudy of Early Pearl. Instead changes in 

total reducing ffilgar, sucrose ~~d glucose concentrations were followed. 

The results revealed tha t there is very considerable variability 

in physiological activity between grains subjected t o the same germ­

ination conditions. However, all, irrespective of variety, follow 

the same basic metabolic pa ttern during germination. 

The trends observed were: 

(i) Reducing sugar accumulates slowly during the first 

72-96 hours germination, but thereafter accumulation 

is very r a pid, although concentration IIlD.y decrea se 

towards the end of the ge~~tion period. 

(ii) Glucose follows a simil ar pattern to reducing sugar, 

accumulating slowly during the early stages of 

germination, followed by a period of rapid increase 

in concentration, which may decrease towards the 

end of the germina tion period. 

(iii) Sucrose concentration in dormrunt grains is f airl y 

high, but it decreases ~~rkedly during the first 



(iv) 

96 hours germination. This is followed by a 

phase of sucrose accumulation . 

Dextrin concentration shows two peaks. Initial level 

is low, but it accumulates rapidly during the first 

72 hours. The level decr eases between 72 und 120 

hours but increa ses when the germination period is 

increased to 192 hours, after which there is a 

marked decrease . It was impossible, from the 

data rela ting to the study of individual grains, to 

discern a trend in dextrin concentration. 

(ii) 

With the exception of dextrin, about which there is little 

information, the results are in general agreement with the literature. 

Investigation of correlation between the various carbohydrates 

and between these and growth r evealed that: 

(i) r educing sugar concentration and growth are 

positively correla ted ; 

(ii) glucose concentration and growth are positively 

cor1-elated; 

(iii) ~crose and reducing suga r concentrctions are 

negatively correlated during t he initial stages 

of germination; 

(iv) sucrose and glucose concentrations are negatively 

correla ted during ea rly germination; 

(v) gluco se and reducing sugar are positively correlated; 

(vi) in general, correlation between growth and 

concentrat ion of t he carbohydrates studied, decreases 

during the later periods of germination. 

These observations suggested that growth ViaS, at l east during the 

early stages of germination, dependent on the l evel of reducing sugar, 

and more particularly on the level of glucose, and that sucr ose is the 

principal source of reducing sugar during this period. 

The relationship between amyl ase activity (total alpha- and 

beta-amylase activity) and reducing sugar concentration tends to 



be curvilinear , y.'hich suggests that runylolytic uc t iyj.ty produces 

r el atively little r educing sugar during ear ly gennination, even 

t hough runylase activity and growth may be positively correlated . 

The r esults sugGest, contrary to the observutions of pr evious 

workers , t hat a l phn- amylolytic activity may be present in dormant 

gr ains ar.d that l1lD.ize is not characteri sed by low levels of beta­

amylase activity during germinati on . 

From the observat i ons i t is concluded thnt the initinl accumulati on 

of reducing sugar i s the r esult of sucrose hydrolysis, and therefor e 

sucr0se i s an i mportnnt metabolit" durjng early germination . 

Amylolytic activity contributes little reducing sugar durll1g the 

initi81 stages of germinatIon but that after appr oximat ely 72 hours 

it r epr esent s the ~ajor source of reducll1g sugar. 



CHAPTER 1. 

lllTRODUCTIO!, AND REVIEW OF THE PERTINENT 

LITERATURE. 

I N T ROD U C T ION. 

Cereals, because of their economic importance, have been 

the subject of sustained research. The industries which have 

developed, using both germinated and ungerminated grain, have 

stilll'tl ated investjgation into the chemical changes that take place 

during germination. In particular, changes in carbohydrate 

concentration and the systems which bring about these changes, have 

received attention. Considerable information of this nature, 

on a wide variety of cereals is available to l'esearch workers and, 

indeed, unless some llew aspect is to be studied, little useful 

purpose is achieved by repeating this work. 

In germinating grain, changes in carbohydrate concentration 

and amylolytic activity have their signj£icance in the growth 

of t he embryo; indeed, it has been saId that in maize, the embryo 

contributed fats ~~d t he endosperm 8upplied carbohydrates during 

germination (Malhotra 1934). It would seem, therefore, that 

correlating chemical changes occuring in the grain with growth 

and development of t he shoot and root system could improve our 

understwding of geI'l!lination . It i s surprising that, to my 

knowledge, this approach has not been previously used, especially 

so since, as early as 1924, Toole remarked that, in maize 'the 

corr~lation of the appearance of reducing sugar in the embryo with 

the first growth of the tissue in which such appearance occurs and 

the sharp localisation of these changes, illustrate the dependence 

of growth on internal cbanges.' 

Trends in carbohydrate concentration and amylolytic activity 

during germination are most easily observed when groups of grain 

are used as the sample Ul1it, because the procedure decreases 

variation and permits replication. Howevbr, measurement of 

1. 

radicle, coleoptile and l ateral root length in large groups of grain 

is jmpractical and, indeed, undesirable since, unless single gr ains 

are used as the sample unit, no information can be obtained as to 



the conformity of behaviour of individual grains . That they 

do exhibit considerable physiological variability has been 

emphasised by Dure (1960b) . Even though maize, because of its 

large grain size, is suited to i nvestigations i n which the 

individual grain is the sample unit, the sample is still too small 

to permit replicati0n from the same grain . Reliable techniques 

had, therefore, to be developed using small groups (10 grains) as 

tha sample unit . After these techniques were shown to be reliable 

when working with a emaIl sample weight - approximately equivalent 

to that of a single grain, they could be applied to investigations 

on individual grains without replication but with some degree 

of confidence. 

The desirability of determining t~e concentration of as many 

carbohydrates as possible in each sample cannot be ov&r emphasisfld 

s i nce such data permit comment on relative concentrations of 

2. 

differ ent carbchydrates at the same stage of germination . However, 

where the sample size i s small, the number of different carbohydrates 

that could be determined quantitatively is limited and only the 

major carbohydrates, as evidenced by thei r concentration, could be 

investigated. Starch concentration was, however, not assessed, 

since, being present in large amounts in the endosperm, it is 

unlikely to influence the growth of the embryo directly. 

This work,therefore, followed three phases: 

(i) Qualitative and semi- quantitative procedures designed 

to select the carbohydrates for f urther investigation . 

(ii) Investigation of changes in the concentration of some 

carbohydrates during germination. 

(iii) Investigation of changes in amylolytic activity during 

germination. 

I t i s beyond the scope of this work to review all the literature 

on the above topics. However, a r eview of literature pertinent to 

the research i s useful. 



PERTINENT LIT ERA T U R E. 

(i) Litera ture per'~inent __ to t&chni ques adopted i.l'l chrolll£ltographic 
anruysis. 

The appl i cation of ~aper chromatography to the analysis of 

carb~hydrates was first reported by Partridge (1946). He 

utilised this technique for the quali tative analysis of 

polysaccharided, identifying the sugar components by reference t o 

known sugars (Par t ridge 1948). In 1947, Fl ood et al a~d 

Hawthorn established a t echnique for quant i tative estjJnation of 

sugar after chr omatography . However, the degr ee of accuracy was 

only approximately 5 per cent. 

3. 

Jermyn and I sherllood (1949) developed q\.tanti tative methods for 

the estimati on of sugars . It i s interesting that, in order to 

obtain better s~paration, they utilised the t echnique of allowing 

the sol vent to drip from t h" end of the paper, stating Rf values 

as the rat i o of movement of an unknown to that of s ome reference 

compound. 

Fink et al (1 963 ) hRve compiled a t able of correl ated Rf 

values for sf'veral classes of compounds in a wide vari ety of solvent 

systems . These data ar e mos t useful in the sel ection of solvent 

systems as well as supplying a guide ~o other compounds which might 

ove.lap or interfere. 

Many methods have been developed for quantitative est i mat i on 

of sugars on the paper. These i nvolve chromogenic agents and 

the unknown is compared with standard solutions which have been 

run on the same sheet . Concentration can be determined as 

transmittance with a densi tometer or as optical density after 

elution. However, elution of the chromagen i s often problematical. 

Indeed, methods have been devel oped which involve t he formation of 

a chromagen after el.ution (Jermyn and Isherwood 1949) . Serious 

error i s al',ays possible where marker strips are used, a featlu'e 

which i s avoided where elution i s after formation of the chromagen . 

Although these techniques can be or gani sed on a routine basis, 

they are l~ited in that the range of ~oncentrations of sugars 

that can be deter!!linE'd j .s narrow. Investigations whi ch i.nvolve 

SaJ!lp10S containi:L1,3 considerable differences in c r·ncer:::~:ration of 



a 'lariety of carbohydrates and where there j ,B a wide range of 

concentrations of any particular carbohydrate between different 

samples, cannot easily be adapted to a routine quantitative 

method of this nature. 

Semi-quantitative teclmiques in which the concentration of 

suear is given a value, acco~ding to an arbitrary scale, have been 

developed for investi gations of this nature (Drennan 1962)" Such 

'~ technique i s particularly useful where S0me i dea of relative 

concentrations and general trends i s required. 

This type of procedure was adopted in the present work to 

eSGablish which ca:::-bohydrates oeould be investigated quantitatively 

and the trends could be anticipated, thus facilitating tho problem 

of estimating extractio~ volumes prior to quantitative estimation . 

(ii) Literature pertinent to investigation of changes in 
carbohydrate concentration . 

The earliest work on the chemical composition and changes 

that t ake place during germination in mlize (Hopkins 1898, 

Hopkins et al 1903, Adronescu 1919 and Toole 1924) were limited 

in that suitable quantitative methods had not been devclopAd . 

It is interesting, however, tr.at as early as 1924, Toole noted 

that, although the utilisation of fats in the early stages of 

germination was limited in the attached embryo, in the excised 

emlJryo considerable grvwth occurs at the expense of the stored fats. 

He concluded that fat was relatively unimportant in normal 

germination and that 'in maize the starch of the endosperm would 

seem to be a much more readily available source of food for 

the developing plantlet than the fat of the n.mbryo i tseH ' • 

He thus interpreted t he presence of aucrose in the embryo 

(also demonstrated by Lampe 1931) as a translocation form of 

carbohydrate in maize. 'rhilst this is probably true (Edelman 

et al 1959) it seems that the presence of sucrose in the scutelllli~ 

is establidhed during development of the grain (Bernstein 1943) 

and not during the initial stages of germination . L deed, sucrose 

concentration has been shown to decrease during the early stages 

of genninu"ion (Bond and Glass 1963) . Its presence in the embryo 

of ungerr~i=ted gr a i.n ~.nd its early decrease 8u:;gests th"lt 3ucrose 

lllay be an tmportunt me t aboli te in the early staE''} s of germination 



as has been demonstr ated L~ barley by the extensive work of 

McLeod et al (1951, 1952, 1953 a 13: b, 1960) • H0J::'ebust and 

Forward (1 962) have demonstrated that invertase activity i s high 

in grov>'ing maize roots . 

The hypothesis that sucro~e is a ctive during early stages 

of germination is suppurt8d by the observati ons of Andronescu 

(1:)19) and subscquel'tly Dure (1960a) who demonstrated that 

jsolated embryos could develop into normal vigorous plants when 

supplied vdth su~rose. It is interesting that glucose was shown 

to be the most satisfactory in this regard . Further support i s 

the evidence t hat the products of starch hydrolysis do not appear 

during the f irst two or three days of g3rminati on. Toole (1924) 

observed that there is 8."1 increase in the reducL"lg sugar 

concentration in the embryo before the appearance of r educing 

sugars in the endosperm. Dur~ (1960a) concluded that early growtll 

of the axis is dependent on the scutellar food r eserves since 

the growth of the axis, when the embryo is cultured in a non­

nutrient ~)dium , is identical with tloe growth of the intact kernel 

axis for the first five days . Dure (1960b) demonstrated that 

amy101ytic activity is l ow over the first three days and thus as 

Drenna."l (J962) has suegested in ~~, it seems likely that the 

metabolism of germinating maize is not initially dependent on 

starch-derived materials. Fats and some of the sugars were 

suggested as l ikely alternatives for respiratory substrates. The 

importance of fats during the early stages of germinatiun in maize 

haR been demonstr ated (Mr.lhotra 1934, Dure .i.960a) . 

Taufel et al (1960) reported Oil the l evels of simple sugars 

(raffinose, sucrose, gluc~se,maltose and fructose) in germinating 

corn. Of these sugars only maLtose was absent ll1 the ungerminated 

grains. However, it appeared during germination but r emained 

at a considu~Gbly lower level than glucose. Sucrose, glucose, 

maltose and fructose increased duri ng germination . Raffinose 

aisappeared during the early stages of germination. It i s 

intereating that sucrose, which is the principal non-reducing 

sugar, wa.s nut shown to decrease during the early stages of 

germination. Bottomley et al (1950-1952) have shown t:lat nhen 

corn j.s brought to a lftoisture content of 30 per cent i;here i s a 



6. 

mao'ked decrease in non-reducing sugars. 

Bond and Glass (1963) identified raffinose, sucrose, 

glucose, fructose, myoinositol and glycerol III ungArminated corn. 

Maltose appeared after 48 hours of germination. Glucose remained 

fairly const~nt for 48 hours then increased. Sucrose showed a 

small but definit~ dec~ease ~ the first two days and than incr6ased 

rapidly . These authors observed that sucrose and glucose compri sed 

1.he largest part of the sugars studied. ~he high concentratio~ of 

glu00se relative to that of maltose suggests that it might be more 

meaningful to express reducing sugar as glucose rather than maltose . 

The general trends that have beGn observed in mai ze are 

simil~r to those in othe~ cereals . Bond and Glass (1963) have 

noteJ that '8arbohydrate metabolism in germinating corn appears 

to resemble In a general way that of other cereals which have been 

The precise natnre and mechanism of the gross changes 

observed remain to be established '. 

(iii) Literature pertinent to deter~ation of asylase 
activity in naize. 

Starch i 3 the principal s~orage carbohydrate in the 

endosperm of cereals and, on hydrolysis, yields sugars which 

consti tute the chief source of' energy in the early development 

of the plant . The enzJlll8s involved in the degradation of 

starch and their specific function have been extensively reviewed 

(Hopkins 1946, Myrback and Neumuller 1950, Bernfeld 1951, 

Peat 1951, Sumner and Somers 1953 and Badenhuizen 1959). The 

major part of mobilisatiun of the endosperm, in cereal s, depends 

on the action of alpha and beta- amylase, other hydrolytic enzymes 

Z, D and R which cleave linkages other than the 1-4 glucosidic 

link, provide relatively little soluble carbohydr~te (Peat 1951, 

Baldwin 1957 , Pj.gman 1957, Badenhuizen 1959) . 

Althou6h both alpha and beta-amylase cleave the 1-4 alpha-

glucosidi,c link in starch, their action is different. Beta-

amylase hydrolyses the polymer from the non- reducing ends, and 

it. so raing, produces maltose units (Hopkins 1946, Myrback and 

Neumuller 1950, Bailey cla d Whelan 1957 and Bade!]].mil'"n 195:1). 



7. 

Al though starches more generally contain 75-80'f, amylop"ctic1, 

some waxy starches contain so litt le amylose that thcy fail to 

give a reaction to iodine (Crocker and Barton 1953). Since 

beta-a~lase i s incapable of hydrolysing t he 1- 6 glucosidic link, 

its action produces residues termed limit dextrins. Unlike bota­

amyl ase , alpha-amyls-se can act at any 1-4 glucosidic link in the 

polymer (Myrback an:l. Neumuller 1950, Bernfeld 1951, Pigman 1957 

and Badenhuizen 1959). However, its action on maltotriose, 

to produce maltose and glucose is slow (Bernfeld 1951). Alpha­

aLnylase, like beta-amylase, cmUlot hydrolyse the 1-6 glucosidic 

link. . The difference between 1;he mode of action of t hese two 

enzymes implies that th"y would be complementary in t heir action 

on starch, in that the action of alplla- amylase would prevent 

the formatio~ of limit dextrine, whilst beta-amylas3 would produce 

the bulk of the reducing &ugar . 

In view of the importance of amylase activity during malting , 

considerable research ha s been directed towards methods of 

measuring total amylolytic activity and the activity of alpha and 

beta-amylase independent:;.y . Wildmer (1958) in a review of the 

subject cites some 150 methods for the determination of amylase 

activity. 

action: 

Most are based on one of the manifestations of amylase 

(a) Measuremc'lt of increase in reducing sugars 

i~e . saccharification . 

(b) Observation of change in the sta:rch- iodine colour 

reaction i.e . dext rinisation or, 

(c) Measuremcnt of decrease in viscosity of starch 

durin3 hydrolysis. 

Since in extracts from germ:Lnc:ting cercals ryoth a:;'pha and 

beta-amylases ar e present, it has become necessary to devise 

procedures whi ch involve the selective inhibition of one or 

uther amylase so that their activity can be determined independ­

ently. If the activity of alpha and beta-amylase are to be 

cxpr er-.sed j.n the same units, then clearly (since their mode of 

action i s different) it is necessary to demonstrate that their 

acti ons are acldi ti vo in for eY .. ampl e , ei thor s~c', :l:::r·:..:L'.c ",";:·.o" or · 



de:>..trinisation . 

In the earlier procedures, it was assumed that a 

dcxtrinising method measured alpha- anwlase activity exlusive of 

beta- anwlase activity . Subsequent rlOrk, however, showed that 

this was not the case and Sanddtedt, Kneen and Blish (1939) 

8. 

modified the proccdure to measure dextrinisation in an excess of beta-

amyl ase . Under su~h condi tions, changes in activity ar e attributed 

oolely to the action of alpha-anwlase . Thus the standard ~~erican 

Soci ety of Brewi:1g Chemist s (1958) procedure for the determination 

of alpha- anwlase activity, !"leasures the rate of dextrinisation 

of b~ta limit dextIins, as measured by the starch iodine reaction. 

The dextr1l1isation units may also be co~verted to saccharification 

units (Kneen and Sand3tedt 1941, Olson,Evans and Dickson 1944) . 

In this way, beta-anwlase activity can be determined by difference 

between total saccharifyin; ac +, ivity and alpha-anwlase activity 

expr essed in saccharification unit s . EW use of this conversion, 

Kneen and Sandstedt (1941) established that alpha and beta-anw1ase 

saccharogenic activities were addi ti-ve in comb1l1ation over a wide 

range of rela.tive proportions of the enzymes. 

Saccharifying methods, which measure the production of' 

r educing sugars as a result of amylol.ytic activity, a r e D-l gener al 

use . Various procedu.res have been used for the Bstimation of 

reducing suga':'s, Wotan" them 3, 5 dinitr osalicylic acid (Waldt 1952 , 

Kirsop 1953, Bernfeld 1955, Dure 1960b and Bendel ow 1963) . 

Al though satisfactory results have been obtained with t:lis method, 

it has the disadvant age "':hat +he graph relating colour :;ield 

and sugar concent.'ation does not go the origin (Kirsop 1953, 

Mull er 1959) . However, ~opper 113duction col orimetric methods 

also have disadvant ages when used on crude extracts (Briggs 1967). 

Bcrnfeld (1955) oold Dure (1 960b) have used saccharogenic 

acti vi ty m t:1e assay of alpha and beta- amyl ase separately. The 

separati on of the two enzYTIes mvolved selective inhibiti on of 

one and assa.ying for the other. Dure (1960b) in his investiGati ons 

on amylolyti c activity m germmatmg maize, assumed that, s m ce 

cereal &~lases have similar physical properties (Kneen 1945), 

these properties would hold true for maize anwl ases. He thus 

utilised the tcc,,-t :0..ac;tiva tion of beta- anw1ase (VlL.diF.Y'. 1'122 

and :;'930, KrlGcn, Miller and Sandstedt 1942, Myrback and Neumuller 



1950 Bernfeld 1959) :for the assay of alpha-amylase and pH 

inactivation of alpha-amylase (Ohlsson 1922 and 1930, Geddes 

1946, Myrback and Neumullcr lQ50) for the assay of beta-·amylase . 

There is, however, clear evidence that ne'ther of these two 

procedures are r eally satisfactory since in both, the treatments 

ar e not selective . Thus Dure (1960b) was, ll1 some instances, only 

abl e to r ecover 40% of the total amylolytic activity in separate 

ueterminations of alpha- and beta-amylase activity. 

Bendelow (1963) developed a routine procedure for the assay of 

alpha- amylase activity, in Ghe presence of phenyl mercury chloride, 

which has been shovm to cause loss of beta-amylase act i vi ty while 

having little effect on alpha-amylase action (Weill and Caldwell 

1945). Briggs (1967) has observed tnat phEnyl mercury chloride has 

no effect on alpha-amylase activity wl:en dextrjni.sll1g a ctivity is 

f ollowed after heating at '{OoC . 

Whilst the results obtained by Bendelow (1963) showed a close 

correla tion (0 . 99) with those determined by the official American 

Socio·ty for Brewing Chemists method, there is some doubt that the 

activity of be t a- amylase determinf'd by difference between total 

saccharogenic and alpha·-saccharoGenic activ:;.ty, is always accurate. 

Merectith (1965) has shown that when the ratio of beta-to alpha­

amylase i s between 1:1 and 1:3, therp i s an excess sacC'harification 

over t hat determined for the beta-amylase independently . 

excess saccharificati:)l1 varied betwecm 6% and 12%. 

This 

Since in maize, beta-amylase to alpha- amylase saccharification 

activity is usually less than 1:1, except in the early stages when 

activity is 10VI , the error involved in the estimation of beta­

amylase activity by difference i s likely to be considerably 

leso than 12%. This sugges·ts that the method is as reliable, if 

not more so, than those L~volving thermal ~~d ~{inactivation . A 

further advrunage of this method (Bendel ow 1963) lies in its 

simplicity, making r outll1e analysis less tedious . 

Where activity of al pha- and beta - 8lI\l'lase i s to be determined 

and more particularly where the activitJ' is high, special 

precautiuns have to be observed to Dk~i~tall1 first order kineti8s . 

It has been sho':m that alpha- amylase acti vi ty decreases as the 

average length of tho polymer drops beloY! 10 glucose ~'o sidues 

(Hopkins 1946, Schwi;.l1"ler 1950) . Bet a- amylase ach vi ty is thought 
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to decrease as a 1-6 alpha branch in the polymer i s appr0ached 

(Badenhuizen 1959) . Dure (1960b) developed a procedure in 

wh:;'ch for each assay of amylolytic activity the concentration 

of tissue extract at which substrate b(>came l:iJniting, was 

determined. The concentra"ion of tissue for the determin~tion 

Nas kept well telow this value thereafter. This procedure is 

not suited to ro~tinc analysis and a simpler method has been 

devised and i s described under Materials and Methods . 
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.:::Mc.;A::...,:T:....=E,-,R:.:....:I::....:::A,-,L:.:....:S,,--....;A::....:!:...' .;::D_-"M. E THO D S. 

The grains used in these studies were certified varieties 

as supplied by Messrs. Starke-lcyres Ltd. of Cape Town. Two 

varieties were investiGatei, Zea mays L. , var. Hickory King and 

va~ . Early Pearl . The former was selected first because of 

the large grain size which simplified the task of assaying 

single grains. 'Early Peal'l' was selected because, unlike 
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'Hickory King' which is a starchy grain, it is considered a sweet 

grain . Work on two grains of this type would supply some idea 

on the conformity, or otherwise, of phygiological behaviou!' during 

germ:illation . 

GERMINATION. 

Undamaged grains were taken at random 'llld we;_ghed . After 

surface sterilis~ng for 5 minutes with 0 .1% mercuric chloriJe 

containing a little detergent as a wetting agent, they were 

t horoughly rinsed with distilled water, and placed to germinate 

scutellum downwards (Toole 192~) on moist filter paper in !ill oven 

at 2;'°C. The filter paper was draped over glass slats with the 

ends dipPlllg into troughs of di stilled water. Germina tior.L was 

in ~he dark, except for short periods when grains were removed from 

the oven. 

After increasing periods of germination, the grains were 

removed and weighed. Measurements of radicle length, coleoptile 

length, and length of lateral roots arising f!'om the cotyledonary 

node were recorded . Subsequent treatment varied accor ding to 

whether the sample was t o be assayed for carbohydrates or amyl olytic 

activity. 

Grains were r emoved from the oven at 24 hour intervals and 

dried at 800 C for 48 hours , after which they were ground in a 

Casella mill, ,-,i th a 0.5 1llI!l. sieve. The meal was then ground 

further with a pestle and mortar, producing a me'll that "'.'ould pass 
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a 100 mesh sieve. 4 gm. samples were extracted thrice with 50 cc. 

volumes of 80~ ethanol. Each extraction consisted of 20 minutes 

mechanical shaking followed by decantation through Whatman's 

No.1 filter paper . After the final ext~actiol1, the res idue and 

filter paper were thoroughly washed wi th 80% ethanol. The 
o fi ltrate was evaporated to dryness at 45 C under reduced pressure , 

anu the residue r edissolved in 5.0 ml. of 80% ethanol. 0.04 mI. 

aliquots were drop-loaded, using an Agla IDlcrosyringe, onto 

Whatman's Ho . 1 chromatography sheets . Marker spots of "-710Se, 

fructose, glucose, sucrose, mal tose, and in some instances 

maltotriose and maltotetraose, were included on the sheets. 

"-'wo solvent systems were selected ; Ethyl acetate, acetic 

acid, formic ac~d, wa~er (36:6:2:3) waich gave good separation of 

glucose, sucr~se, maltose and fructose, and isopropyl alcohol, 

ethyl acetate, water (6:1::;) which gave good separation of 

mal totriose and mal totett'ose, a feature not obtained with the former 

solvent system. 

The chromatograms were run at r 00m tempera-cure for up to 36 

hours in the case of ethyi acetate, acetic acid, formic acid, water, 

and until the solvent front had travelled approxllnately 35 cms . 

i ll the case of isopropyl alcohol, ethyl acetate , water. After 

running the chro,natograms were air-dried and then sprayed with 

p.anisidine hydrochloride and placed in a ventilated oven at 

1050C fo r 10 mins. Chromatograms were examined with both visible 

and ultraviolet light . Except when concentration was high, as in 

the staYldards, maltotetr;use was only visible under ultraviolet light . 

CARBOHYDRATE AS~Y. 

Grains were removed from the oven, and, after the necessary 

measurements had been recorded, they lVere dried in a ventilated oven 

at 800C for 24 hours. The dried grains, after cooli."!g , were 

weighed and then ground in a Cassella mill with a 0.5 mm. sieye. 

This was followed by further grinding with a pestle and mort ar to 

yield a fine meal that would pass a 100 mesh sieve. Known 

weights of this meal were used in assay for r educing sugar, sucr ose , 

glucose and dextrin concentr ation. The procedure is sunmarised 
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in :figure 1. 

The sample was extracted thrice with 30 ml. volumes of 

80% ethanol. Each extractio:1 consisted of 20 minutes mechanical 

shaking followed by decantation through V"1atman' s No . 1 filter 

paper. After the fU1al extraction the residue and filter paper 

wer:) thoroughly washed with 80% ethanol. The filter paper contain­

jng the residue was returned to the ventilated oven at 800 C 

for a further 24 hours. This sample was used for dextrin analysis . 

30 ml. of distilled water was added to the filtrate, which 

was then concentrated under reduced pressure at 46oC, until the 

volume had been reduced to approximately 30 ml. This alcohol 

free extract was then 'lashed into a 50 ml. volumetric flask 

and made up to volun1e with distilled water and 0 . 5 ml . saturated 

aqueous solu.ion of lead acetate. Lead acetate aids in 

clarification (Loonie and Shull 1937 and Horwitz 1955) . 'rhe 

extract was then filtered through Whatman's No .1 filter paper 

onto an excess of potassium oxalate to de-lead the extract . This 

precipitate was removed by further filtrat ion through Whatman's 

No .1 filter paper. No washing Nas required during the latter 

two filtrations becaus~ the extract v:as made to standard ,olume 

after concentration . 

This clear extract was used for the determination of reducing 

suear, sucrose and gluC'osc concentration . 

(~) Determli1ation of reducing sugar concentration. 

Reducu1g sugar concentration was determined twice for each 

extract, and the mean of the t,",O values, which in most instances 

corre sponded satisfactorily, was used in the calculation. 

Depending on concentration, either a 5 1'11. or a 2 ml. aliquot made 

up to 5 ml. with distillpd wat er, was used for reducing sugar 

determinat.LOn . The aliquot was added to 1 ml. of NelDon' s 

copper l eagent (Nelson 1944 and Bell 1955) and placed in a boiling 

water bath for 20 minutes . After cooling in cold water, 2 ml . 

of arseno-lliolybdate reaeent was added, with shaking, and the 

total volume was made up to 25 ml . with distilled w[>.tflr. 
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Optical dens ity was determined at 500 m.l1. with a Beclanan. D.B. 

Spectrophotometer. Reducing sugar concentration was deterrnined 

by reference to a maltose calibration graph (fig . 2) and the 

result expr~ssed as a percentage of the ~ ry weight . 

(t~) Determi nati on of sucroae concentration . 

Sucrose concentration was determined by the increase in the 

reducing power nfter hydroLysis with the enzyme invertase (Loomis 

and Shull 1937, and Horwit70 1955) . 20 ml . aliquots of clear 

extract were hydrolysed for two hours with 4 drops of 1% Invertase 

in the pre sense of 2 drops of 10% acetic acid a.."ld one dro p of 

methyl red. After dil'ltion to appropriate volume, Nelson ' s test 

for reducing sugars was performed on 5 ml. aliquots , The use of 

controls established that no Measurable quantity of reducing sugar 

vms llltroduced with the invertase . The increase in reducing sugar, 

as a result of the :fol~tion of inver t sugar from sucrose , was 

determined by reference to a glucos~ calibration curve (fig . 3) 

and was expressed as a percentage of the dry weight. 

(iii) Determination of glucose concentration . 

The procedure adopted was a modification of that pr oposed 

by Kea ton (1956) , which i nvolved the simultaneous usc of the 

enzyme' glucose oxidase · and peroxidase coupled with the chroma-

genic oxygen acceptor - 0 - di~isidine . Glucose oxidase has a 

high degree of specificity (Keilin and Hartree 1948 and 195~) 

but D- fructo se may act an a substr a te to a small degree 

(McComb et al 1957). 

1 ml . of the clear extract, diluted apprcpri9.tely to ensure 

the optical a.ensity would be within the range , was added to 

0.1 ml. of 0 . 25% 0 - dianisidine dihydrocholoride and 6.0 ml . of 

enzyme preparation (Sigma Technical Bul!etin No . 510). Digestion 

proceded for 30 minutes at 370 C after which tubes were removed 

from the water ·oath and optical densHy was determined at 450 1JlI-l. 

within 30 mhlUtes. Concentration was determined by reference to 

a calibrati on graph (fic: . 4) and expressed aa percentage dry wei ght. 

StanJards weI''' I'U..'1 concurrently to ensure accuracy. 
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(iv) Determination of Dextrin concentra tion. 

Dextrin concentrati on was determined as increase in reducing 

power of a 10% ethanol extract after acid hydrolysis (Loomis and 
I'U'" 

Shull) • The residue nfter 

drying at 800 C for 24 hO'.A.rs 

extraction wi t;_ 80% ethanol, and aft er 

(page 13) was removed from the f ilter 

pape~ and weighed. The sampl e was extracted thrice with 25 ml. 

sa~ples of 10% ethanol. The extraction consisted of mechanical 

shaking for 20 mi nu tes , followed by decantation tbrough Whatman ' s 

No .1 filter paper. After t he f inal extraction, the filter paper 

and r esidue were thoroughly washed wi th 10i~ ethanol and made up to 

100 mI. with distilled wat er . 25 ml . aliquot s were hydrolysed 

with 2 mI. of concentrated hydrocholoric a cid in a boi ling water 

bath for 2"} hours , after which the sample was nearly neut r alised 

wi th sodium hydroxi de and made up to 50 ml . with Jistilled wat er' 

(Horwitz 195,). The reducing power was determi."led on 5 ml . 

aliquots using Nelson's metl.od . Concentration was determined by 

r eference t o a glucose calibration graph (fig . 3) and expres3ed as 

a percentage dry weight. 

ASSAY OF AMYLASE ACT IVITY. 

The procedure adopted was a modificat i on of that proposed by 

Bendelow (1963). Amylase activity was detennined as total 

amylolytic activity (considered to be due to the combined ac tion 

of alpha and beta- amylase), al pha- amylase activity, and heta-

amylase activity by difference. Since i ncrease in r educing ~ugar 

concentrati on as a result of amylase activity was used to determine 

activity, it Via s necessary and desirable to determine reducing 

sugar concentration in the samples . 

summarised i n fig. 5. 

( ~) Preparation of extract. 

The procedure adopt ed is 

Germinated grains were grotu1d, with an automatic pestle 

and mortar, wlth a lit t le 0 . 5% aqueous NaCl, to produce a fine 

paste which was then washed into a volumetric flask (25 or 50 ml. 

in the case of individual grai ns ond 250 or 500 in the, case of 
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groups of grain). After making to volume with 0 .5% 

NaGl, the brei was allowed to s t and at room temperature for 

t wenty minutes. 25 ml . ~liquots were centifuged at 

approxiMat ely 2,000 r . p .m. for five ~inutes, and the super-

natant collected for assay . Single treatments wer e used fo r 

the assay of individual grains, but treatments were replicated 

three times i n the assay of groups of grain . 

(ii) De t ermi nation of reducing suga r concentration . 

5 ml . of the supernatant was diluted to 25 ml., tn a 

volumetric f l ask , with distilled water . A 2 ml. aliquot was 

added t o 2 ml. dinitrosalicylic acid reagent and 1 mL. of 

O.l~~ solubl e starch (Bendel ow 1963). The tubes were t hen 

placed jn a boiling water-ba th for exactly five minutes, after 

'Ihich they were cooled rapidly . 

\'lith 20 :nl . of distilled 'Iat er . 

The contents were dilut ed 

Optical density was determil'led 

at 505 mil . agai nst a reference prepllred as above except 

that 2 ml' of disti::' l ed water r eplaced the 2 ml. of ex-:;ract. 

By reference to a calibration gr aph (fig. 6), optical density 

was converted to milligr ams of maltose and expressed as 

milligrams of mal t ose per grain . 

(iii) Determination of total or alpha and beta-amylase activity . 

2 ml . of the dilut ed extract prepar ed for the deteruinati on 

of the r educing sugar concentration was jJlaced in a boiling 

tube and equilibrated at 250C. for 20 minutes . At time zero, 

1 m!. of 0 . 1% starch (previously attemperated) was r apidly 

blo;vn into the extract, and the digest shaken for 15 seconds. 

All pipettes lVere plugged with cot ton wool to avoid contamination 

by salivary amylase . Starch Vias added to other digest s at 

~ nLL~ute intervals. Aft er the required digest period, 

depending on the activi t y of the extract, the r eaction was 

stJPped by t he addition of 2 mI . dL~itrosalicylic acid 

reagent . Subsequent treatment \\'8.8 as outlj.~ed for reducing 

sugar determination. 1'he difference betwee.l reducing power 
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of the digest and that obtained in the determination of bac,:ground 

reducing sugars, represents that produced as a r esult of the 

combir.ed acti on of all the starch hydrolyaing enzymes in the extract. 

The se are, however, principally alpha and beta- amylase (Dure 1960b). 

This acti vi ty was expressed as milligra'lls mal toee per minute 

per grain, to facilate co,nparison between groups and individual 

grc::.ins. 

As has been i ndicated in the review of the literature 

(page 9), it is important to ensure that, in the measurement 

of amylase activity, substrate doe ,s not limit the reaction. 

The following procedure was adopted to avoi d substrate becoliling 

limiting. An active extract was prepa~ed in the normal way for 

the assay of total amyla~e activity (fig. 5). and a progress curve 

of incr ease in reducing power (mill i grruns of maltose) against 

time was constructed (fig. 7). The amount of reducing sugar 

produced as a result of amylolyti c activity, when the velocity 

(given by the slope) was linear, could be determined . In all 

subsequent determinations, if the increase in r educing sugar 

concentration in the digest period was greater than that produced 

in the same period as established from fig . 7, then the enzyme 

was di luted and the assay Vias r epeated . In this way, by r eference 

to vB.lues obtained when substrate vias not limiting, it was possible 

t o ensure that the observed activities, as given in the t ables, were 

not obtained when substrate was limitinc; . This me thod is suited 

to investigations which jnvolvc large numbers of determinations, 

sipce it is less tedious than that adopt ed by Dure (1960b) and 

Drennen and Berrie (1962), Who preparad pr ogress curves for each 

digast . 

(iv) Determ~ation of alpha-~~ylase activi![. 

Al pha- amylase activity was determined after selective 

i nhibition of beta-amylase by phenyl mercury chloride (Bendel ow 

1963). In order t o check the effect of phenyl mercury chloride 

on the activity of alpha- and beta- amylase , progress curves of 

optical density against time Vlere constructed for the following 

digests : 



(a) alpha·-amylase in the absence of phenyl 
mercury chloride (FMC). 

(b) alpha- amylase i n the presence of FMC. 

(c) beta- amylase in t he absenc e of FMC. 

(d) beta- amylase :L'1 the presen8e of PlilC. 

The re sul ts (fig . 8) indica t e clearly that FMC exert ed no 

noticeabl e effect on alpha- amyl ase ac t ivity, whereas it causes 

complete inactivation of bet a -amylase activi ty . Although the 
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alrha-amyla se used was not derived from cereals, the result t aken 

in conjuncti on with the evidence in "the liter "iture (Bendelow 

1963 and Bri ggs 196 7) implied that the method was satisfactory. 

Certainly i.l"lacti vation of beta-amylase, which was obtained from 

barley, Vias complete i II the presence of FMC. 

The proc"dure outlined by Bendelow (1963) WE'S adopted with 

some modi f i cations. 5 ml. of the supernatant, after centrifugati on 

was added to S ml . of a satura t ed aqueous solution of FMC and allowed 

to stand for 20 minutes . The volume was made up to 25 ml . with 

distilled 

a boiling 

water, and 2 ml . of tho extract was pi ppetted 
o t ube and attemperat ed at 25 C for 20 minutes . 

di gestion procedure followed has been outlined above. 

into 

The 

The di fference 

be t Ie en tha r educing pot ential of the d~gest and that obtained 

for the background reducing sugar represents the reduc:L'1g eugar 

produce<J. by the act ion of the amylolytic enzymes other than beta-

amylase, principally alpha- amyl ase. Activity was expressed as 

milligrams maltose per minute per grain. 

(v) DeternDU"lation of beta-~ylase activi~. 

Beta- amyl olytic activity was determined indirectly, as the 

difference between t otal amyl olytic activity and alpha- amylase 

activity . 



STATISTICAL ANALYSIS . 

(i) ~alysis of variance . 

The procedure for factorial experiments was adopted to 

compare the variation botween individual factors (germination, 

sample and replication) with er ror variation (Steel and Torrie 

1960) . Within-factor variation was a8sesed by computation 

of \~lues for 5% least significant difference. 

(L.) Regression ar.alysis. 

rhe relationship existing between any two sets of data 
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(e.g . radicle length gad reducing sugar conrentration) was assesed 

by the procedure for linear correlation of two variables (Crox-t;on 

1959) . Al though ,;rol"r',hfo.llows a sigmoid pa ttem, non··line:c.':' 

r egressi on was not examined since it was felt that correlation was 

likely to be more evident during the initial stages of germination 

and was, t herefore, likely to be lin~ar. Scatter plots of the 

data supported this opinion, but, even in non- linear r egression, 

the curves can, over short distances (i . e . short germination 

periods), be approxL~ted by strai@1t lines . The procedure of 

selecting periods over which correl ation is to be stud'.od i s 

subjecti vo , and since, 'the presence of correlation bet vleen two 

sets of data does not necessarily mean that causation is present ' 

(Croxton 1959), it Cru1 load to erroneous conclusions. However, 

provided the correlation Cru1 oe explained satisfactorily in 

a physiological sense ru1d in the context of germination it is 

unlikely to be purely fortuitous. 



CHAPl'ER 3. 

RESULTS AND DIS C U S S ION. 

I. CHROMOTOGRAPHIC AKALYSIS. ---

Results . 

Examination of Plate] reveal s that sucrose, glucose and 

fructose are the sugars present in the greatest concentration 

in germinating maize. Ungermh~ated grains contain marked 

quantities of sucrose, which decrease initially until the third 

day, after w~ich the concentration increases steadily with 

germination period . It is doubtful whether glucose is ~resent 

to any extent in ungerminated grain but it appears rapidly 

within the f i rst day. There is some evidence that the 
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concentration may be less on the second ane'. thirc1. days. Glucose 

level incr eases steadily after the second day . Fructose is 

apparently absent in the dry grain . Faint spots ar e visible 

on the first and second days and concentration increases with 

germination yeriod . Mal tose spots are faint and only appear 

on the third or fourth day after which there is a steady increase . 

Mal tose is, however , apparently conSistently at a lOVier l evel than 

glucose. These resulcos are summarised in Table 1. 

Chromatographic sep~ration using ethyl acetate, isopropyl 

alcohol, water (6:1:3) showed that maltotetraose did not appear 

until the fourth day and, by the eighth day , was still at a 

low level (Pl ate 2). Mal totriose was appar'>ntly absent . An 

unidenti fied compound with a l ow Rf . value was present h~ the 

ungermina ted grain and increased slightly during germination . 

Discussion and Conclusions. 

The decrease in sucrose concentra tion during the first 

three days of germination is significant and supports the 

observation~ of Bond and Gl ass (1963) . Since amylol ytic 

actiV1ty has been shown to be low during the f i rst three days 

of germ;nation (Duc~e 1950b) it seems that this sugar might be 
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an important metabolite during early growth of the embryo, as has 

been suggested in other cereals (J~acLeod et al 1951-1960 and Drennan 

1962) • 

The marked increase in glucose within the first day, when 

amylolytic activity is lovi (Dure 1960b) suggests t hat it may 

arise as a result of sucr ose hydrolysis . Indeed, if this is so, 

then quantitative assays should show a negative correlati on 

between sucrose and reducing sugar or glucose concentration during 

the ini tial germination period. The fructo>3e present wi thin the 

first one or two days may also represent one of the products of 

sucrose hydrolysis . It is interesting that Hellebust and 

Forward (1962) have demonstrated the import~~ce of invertase 

activity in growing radicl es of corn. 

The appearance of maltose after toe third or fourth day 

suggests that amylolytic activity is low during the initial 

stages of germination . It is interesting that maltose appears 

to be present at consi stently lower levels than glucose, supporting 

the contention of Bond and Glass (1963) who suggested that it 

might be more r ealistic to express reducing sugar in glucose units 

r ather than maltose units when consi dering maize. 

In view of these results, it was decided to investigate changes 

in sucrose ruld r educing sugar concentration . Dextrin concentration 

was investigated during the work on Hickory King but was subsequently 

abandoned in favour of determining both reducing sugar and glucose. 

II . OHAnGES TIl" CARBOHYDRATE COHCENTRATION . 

A. HICKORY KTIl"G. 

1. Reducing sugar concentra tion. 

(i) Gr oups of grain. 

Three ten-grain sampl es were investigated after each 24 

hour interval, over a period of 240 hours . The quantitative 

changes occuring in reducing sugar, during germination, are 

given in Table 2 and the analysis of variance in Tabh, 3a. 
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Ungerminated grains contain little reducing sugar, approximately 

0.06% of their dry weight. During the first 48 hours of 

germination, the concentration increases significantly to about 

0.246% of the dr-I weight but decreases markedly between 48 and 

72 hours. This decrease is observed in all the sampl es and 

corresponds with +,he visible appearance of growth (t able 4, 

fig. 9). Increasing the germination period after 96 hours 

Iesult s in a marked increase in the l evel of r educing sugar in 

the grains but the rate of accumulati on decreases slightly after 

144 hours. The concentration of reducing sugar increases 

approximately 22 times (although in one sampl e ther e was a forty­

two-fold increase) during the 240 hour germination peri od . The 

effect of germination pe~iod on l evp.l of reducing sugar i s , 

therefore, highly significant (t abIes 2 and 3a). This implies 

tha t the variability is suC'h that the means derived f rom the 

assay of ten- grain samples, taken at r andom, are not necessarily 

representative of the popula t ion as a whol e . However , the 

germination period means (~ble 2) are derived from the observations 

on three samples, each of t en grains and ther efore the general 

trend in reducing concentr a tion outlined should approach that 

f or the populati on. It is noteworthy that variability in 

not r el ated to the fre sh weight 

There i s a significant 

concentration of reducing sugar is 

of the grain (tabl e 5, fig. 10). 

interaction between sampl e rr~ber and germination period (table 3a). 

This indicates that the response of reducing sugar concentration 

to germination period is not the same for each sample, i .• e . the 

trend in l evel of reducing sugar over the 240 hour germination 

period is different in each sample . This is, perhaps, due in 

part, t o the significant variation between samples receiving the 

same treatment. Especially so, since the means within each of the 

first two germination periods i.e. 0 and 24 hours , are not very 

different but, as the germinat i on time increases, the variability 

between samples r eceiving the same treatment increases. 

Variation between the meruls for r eplication , which provide s 

a measure of the reliability of the assay procedure, was not 

significrult . The evidence suggests, ther efore, that t he techniques 

can be applied to the assay of singl e grains, without r eplication 



but with some degree of confidence. 

Gro,rth of radicle, coleoptile and lateral r oots are closely 

correlated with the level of reducing sugar, especially during 
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the initial 178 hours of germination (table 3", figs. 11, 12 and 13). 

In general, low levels of reducing sugar ar e associated with 

leaet growth . As the ~on(;en·Gration of reducing sugar increases 

in the grain, t hcre !s an increase in the development of the shoot 

and root system. 

(ii) Individual grains . 

T~n grains were assayed for r educing sugar concentrations 

a t 24 hour intervals durL~g germinatio~ period of 240 hours . 

Concentrations, expressed as percentagc of the dry weight, are 

presented in table 6. Inc~eastng the period of germlilation exerts 

a significant effect on the l evel of reducing 

Reducing sugar concentration is 

sugar in the grain 

10Vi (approxillk"ttely (table 7a) . 

0.05% of the dry weight) in ungerminated grain, with the range 

between 0 . 013% and 0 .143%. There is , therefore a significant being 

variation between the concentration in individual grains . This 

variation js not r elated t o the fresh weight of the grain (table 8, 

fig. 15) . 

Although the general t r end is an incr ease in r educing sugar 

concentration during the initial 48 hours , the increase is not 

signifi cant . After 48 hours, there i s a r apid accumulation of 

reducing eugar. However, in general, the rate of accUllll..lation 

of reducing sugar decr eases after 144 hours (fig . 14). The 

overall increase in concentration i s of the order 25-fold although 

one grain conta ined 5.46% reducll1g sugar , indicating that the 

concentration had increased over 100 times, assuming the original 

concentratio~ ~o be simil ar to that of the mean for ungerminated 

grains. As germination proceeds, the variability between grains 

r eceiving the same treatment increases . So great i s the 

variability that it is doubtful whether rooldom ten-grain samples 

can be considered representative. However, the variability is 

importrult in inves tigations of the relationship of physiological 

activities to develcpmcJl'lt of the shoot and root system ,. 
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The lengths of radicles, coleoptiles ru1d lateral roots are 

shown in t able 9. During the initial 100 hours of germination, 

low levels of reducing sugar ",re, in general, associated with 

1 east l';rowtb. As the l evel of r educing <mgar in the grain 

increases during germinRtion, extension of the radicle, coleoptile 

and lateral roots occurs (tsble 7b, figs . 16, 17, and 18) . Radicle 

and coleoptile leng,h do not show much dependence on reducing 

sugar concent~ation after 168 hours . However, ~he rate of growth 

of these organs decreases after 168 hours . Growth of lateral 

roots shows somc correlation with reducing sugar between 168 and 

240 hours but the correlation ccefficient (+0 . 653) is not hi gh 

enough to be considered conclusi ve (-~able 7b) . 

2 . Sucrose Concentration. 

(i) Groups of grail' .. 

The results of annlyses for sucrose concentration are shown 

i n Table 10 . Sucrose comprises ~pproximately 1% of the dry weight 

of ungerminated grain . Concentration decreases, significantly, 

to ahout C. 2% of the dry weight during ~he initi al 96 hours 

germination. With further increase>. in the germinaticn period up 

to 192 hours, sucrose accumulates in the grain but the concentrati on 

never attains the l eval ori gil1ally present. After 192 hours, 

there is evidence of a signifi cant decrease in sucr ose concentrat i on 

(1<1ble 10) . The general trend in sucrose concentration i s 

summarised i n fig. 9. 

The mea.rJ!. for e<lOc:h samples receiving the same trea<;ment are 

frequently significantly different, the variation becoming 

increasingly apparent with greater germinatlon ti~e . This 

variability between the means of similar treatment is significant 

( 'lnble lla) < A r'lIldom sampl e of ten grains , where each individual 

is extremely variable i s, therefore, not necessarily representative . 

The signifi cant interaction between sample and germination period 

may be a fu.'1ction of the variability of the indi vidual samples which 

\7ould result ill difi'e!'ent r esponse carves for each sample (tabl es 

113 and lla) . 



There is no significant difference between the means fur 

replication, thus the procedure adopted in the assay of sucrose 

concentration is considered sat.isfactory. 

Considering the germination period as a whole, there is no 

evidence of linear correlation of sucrose concentration and length 

of l'adicle, coleoptile or lateral roots (ta,bl", llb, figs. 19, 20 and 

21) . However, radidc length, in particular, is negatively correl-

aGed with sucrose concentration during the first 96 hours . This 

cor~elation is even more marked between 48 and 96 hours, possibly 

because ther e is no measurable growth before 48 hours (Table 4). 

Thus, during the jn:tt:,al period of germination, high levels of 

sucrose are associated with short radicles. As sucrose concentration 

( ,'tb) decreases, extension of the radicle takes plL.ce fig. 'I • It is 

noteworthy thE.t although during the f i rst 96 hours correlation 0f 

sucrose concGntratiun and l ength of coleoptile and lateral rOJts 

i s low, (i<lble llb) it is none-the- less negative, which suggests 

that growth, in general , is dependrut on a decrease in the ('oncen-

tration of sucrose. There is no eviJence that sucrose level and 

growth are correlated when the germinat ion period is increased 

beyond 96 hours. Thus, for the development of the shoot a~d 

root syste;,l, the l evel of sucrose is mainly of importance during the 

initial stages of germin~tion . 

During the first 96 hours germination, sucrose concentration 

is negatively correlat ed witll reducing sugar concentration 

(t9.ble 12a, f ig. 22) . High levels of sucrose are associated with 

low levels of reducing sugar, Wld as sucrose concentration decreases, 

the level of reducing sugar increases . There is no evidence that 

with germinati on periods greater tha~ 96 hours, the concentrations 

of sucrose and r educing sugar are related . 

(ii) Individual graL~s. 

Sucrose concer.trations in individual grai ns are given 

in table l3 . The concentration of 

is high, constituting approximately 

sucrose in ungerminated grains 

1% of the dry we i ght . However, 

thdre i<J con~iderable variability, and the grain having the highest 

l evel of sucrose contain" cl almost t wice as much sucrose as that 

with the lowest concentration. The l evel of su_rose decreases 
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markedly durins the first 72 hours, after which there is a 

accumulation of sucrose in the seedling. However, during 

steady 

the 

240 hour period investigated Sllcrose never again attained the 

level originally present in the fruit (table 13, fig. 14). 

Variability in physiological behaviour is such however, that some 

grains (grain 1 af,er 240 hours, table 13) may accumulate sucrose 

to the extent of 2.9% of their dry weight . The eleven-fold 

V'"riation between h1.ghest and lowest sucrose conc,mtration after 

240 hours germination, implies that the mean drived from ten 

individual assays on single grains is not necessarily representative 

of the population. The interpretation of trends is therefore 

tentatlve. The rate of accumulation of sucrose, indicated by 

the slope (fig. 14), d3creases slighdy towar'ds the end of the 

germination period. The effect of germir,ation p8riod on the 

level of sucrose i s highly s ignificant (table 14a). 

Sucrose concentration does not show any marked correlation 

with the development of the shoot and root system (table 14b, 

figs. 23,24 and 25). The highest debTee of correlation was 

shown to be between sncrose level end r adicle lenGth, during the 

initial period of germin'ltion. This correlation (coeffici8nt of 

-0.463) codd however only explain approximately 46% of ~he 

variation between sucr ose level and r~dicle length. It is noteworthy, 

however, t hat lrrespective of the very low levels of correlation, 

the level of sucrose i s alVlays negatively related to the length 

of the organs measured (table 14b). In spite of the considerable 

variability, there i s a tendency for high levels of sucrose to 

be associ ated with least growth, and decreased sucrose concentration 

to be associated with extension of the shoot and r oot system. 

During the initial 96 hours of germina tion, sucrose and 

reducing sugar concentrations are negatively related. Low levels 

of reducing sugar tending to be associated with high level s of 

sucrose. As the concentration of sucrose decreases during the 

first 96 hours there i s an increase in the concentration of 

reducing sugar (fig . 26, table 12b) . However the degree of 

correlaticn is l ow and only half the variability can be ascriberi 

to these two variables. There i s a marked correlation between 

sucrose concentration and level of reducing sugar after 96 hours, 



ind~cating that the accunal1ation of sucrose i s related to ar. 

increase in the concentration of reducing sugar. 

3. Dextrin concentration. 

(i) Groups of grain. 

The results of the dextrin analyses are given in table 15. 
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Germination pe~~od exerts a significant effect on the concentration 

of uextrin in the grain (table 16a). Dextrin constitutes a small 

fraction (approximately 0.15%) of the dry weight of ungerminated 

grain. During the first 72 hours of germination there is a 

significant accumulation of dextrli1 . The notable decrease in 

concentration of dextrin between 72 and 120 hours corresponds 

with the appearance of measurable growth (table 4, 15, fig. 9). 

Further i~crease in the germination period to 192 hours results in 

an increase in the l evel of dextrin . 

decreases af·ter 192 hours. 

The concentration of dextrin 

Although samples rece i ving the same treatment are, in general , 

not signific~~tly different, there is a highly significant 

interaction between sampLe and germination period (table 16 .. ) . 

The t~end in dextrin concentration is not the same in the three 

samples. There is, however, no significant differ ence be tween 

the ~eal1S of replicates . 

There is no evidence of linear ree ression between dextrin 

concentration ruld the development of the shoot and root system 

(table 16b) . Analysis of regression durL'1(S the period of maximum 

extension, i.e. 48 - 168 hours in the case of the r adicle and 

72 - 168 hours for the coleoptile and lateral roots does not reveal 

a high degree of correlation. 

The results of analyses of single grains are presented in 

table 17. Although germination period exerts a significant 

effect on the level of dextrin in the grain (table 18 ), it is 

ilnpossi l.!le fl.'om a study of the means, to detect any general trend. 

However, the lowest concentrat i ons of dextrin were observed after 

48 hours (0.053%) a..~d 144 hours (0.275), which do not correspond 
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with the periods showing least dextrin in the analysis of gr~ups of 

grain. 

There is no evidence of linear correlation between dextrin 

concentration and the development of the shoot and root system 

(table 19). 

4. Discussion of results, and conclusions. 

It is import~nt , at the outset, to justify the use of single 

assays, i.e. assays wit hout replication, in the investigation of 

carbohydrate content of single grai~s under varying germination 

conditiors, since, without such justifica tion, the results of the 

study of single grains could not be considered reliabl e. 

The reliaoili t y of t,le assay techniques may Ole establi shed by 

r eplicate assay of small quantities of meal, approximately equal 

to the weight of meal from one grain, derivpd from the same sample. 

Whilst significant differences between replicates do occur (tables 

2, 10 and 15), the variation between "he means for replication is 

not significant (tables 3a, Ua and 16a). There i s therefore, 

conformity between repl i"ates, jn spite of the assay of samples 

having widely different carbohydrate l evdls. It i s interesting 

to compar e the differences between r eplicates with the differences 

betwgen observations on :u~dividual grains receiving the same treatment . 

The variation in concentration i s considerably greater between single 

grains than between replicates. For example, replicates which are 

chosen because of their large variation in reducing sugar concentration 

(table 2, sample 2 after 168 hours germi nation) have a difference in 

r educing sugar concentration of 0.275%, whereas, in the same germin­

at ion period, the lnaximum difference between concentrations in 

individual gr ains was 2. 098% (table 6) . Thus although the difference 

between any two repl ications may, occasionally, be significrult , the 

magnitude of the variation i s a fraction of that apparent between 

i ndividual grains receiving the same treatment. 

The variation in concentration of various carbohydrates studied 

in individual grains can, t herefore, be confidently ascribed to 

differences i n their physiological behaviour during germination, ru~d 

not to chance variation inherent in the technique8 adupt ea. 
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The trend in r educing sugar concentration, elucidated by the 

investigation of individual grains, i s similar to that demonstrated 

by the analysis of groups of grain (figs . 9 and 14). The trend, 

a low l evel of reducing sugar in ungerminated grains, with a 

gradual increase during the initial period (0 - 72 hours), followed 

by a phase of rapid accumulation, is in general agreement with the 

literature . Similarly the trend in sucrose concentration during 

germination does not conflict with the observations of other workers 

(Toole 1924, Lampe 1931, Malhotra 1934, Taufel et al 1960 and Bond 

al,d Glass 1963). The concentration of sucrose decreases markedly 

during the first 96 hours of germinat i on, after which there is an 

accumula tion. The observations on individual and groups of grains 

conform satisfactorily. 

There has been little investi gation into the changes that occur 

in the concentration of dextrin durL~g germination. Indeed, as far 

as I am aware, no quantative assay has been made in maize . Whilst 

the assay procedure in the present work yielded r eproduceable results 

the variation in behaviour of grains r~ceiving different germination 

treatments are such that on inspection of the data for individual 

grains (table 17) it i s impossible to formulate a general trend . 

Similarly the trend observed in the data derived from the analysis 

of groups of grain, is difficult to explain physiologically. 

Perhaps the results should be regarded with suspicion, because of the 

danger of assessing normal variation as being the result of changed 

germination period. However, since more than one germination 

period is associated with each increase or decrease in dextrin 

concentration (fig. 9) the r esults may be discussed tentatively 

in relation to the germination process . 

Changes in carbohydrate concentration during germination are 

related to the establishment of the young plar,t. Consequently 

trends referred to above should be discussed in the general context 

of growth of the embryo. 

Dure (1960a) reported that growth of isolated embryos is 

stimulated, in particular, by the presence of glucose in the nutrient 

medimn. It would seem reasonable therefore to expect germination 

to be dependent, to some extent, on the availability of reducing 

sugars, especially so in cereals, where the endosperm i s comprised 
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principally of starch. Indeed, Toole (1924 ) demonstrated 

that elongation of the coleorhim was accompanied by the appearance 

of reQucing sugar. 

Reducing sugar i s only present in low concentration III 

ungermli1ated grain, and crulnot, t herefore, be considered as a 

car;'o),,-ydrate reserve at any significa'lce . Since 

is low during t he first three days of gennination 

amylolytic actlvity 

(Dure 1960b) , it 

i s unlikely that reducing sugar production as a result of amylolytic 

a ctivity in the endosperm i s important during early germination. 

Furthermore, Dure (1960a) h&s clearly shown that initial development 

must depend on scutellar reserves, because embryos, isolated from 

the endosperm and grown on non-nutrient medium, do not differ 

significantly from intact grains . Thus thet'e are two phases in 

gennination: the initial growth period when the deg.adation products 

of the endospenn are not available and the period after three or 

four days whell sugar::; are formed rapi<lly as a result of mobilisation 

of the endosperm. 

The major reserves in t he scutellum are fats and sucrose. 

There is no doubt that fat is an important respiratory substrate 

during early grovnh (Dure 1960a), but the role of sucrose has not 

been clearly established. However its presence in the embryo 

(Toole 1924 and Lampe 1931), together with its importance in the 

extension of ~orn radicles (Hellebust and Forward 1963) suggest that 

it is an important metabolite during early germination. 

Sucrose yields, on hydrolysis, equal quantities of the two 

r educing dugars glucose and frJ.ctose . The increase in reducing 

sugars observed during the initial periods of germli1ation (while 

growth is still depend ent on scutellar reserves) could be the 

result of sucrose hydrol ysis, and, since glucose stimulates growth, 

this r aising of the l evel of glucose (and fructose) may be 

responsibl e for the extension of the radicl e i .e . the reducing 

sugar necessary for the initial growth of the embryo i s derived, 

principally, from the sucrose present in the scutellum. 

Prerequisites of such an hypothesis are that: 

(i) there should be a positive currelation between growth 

and concentration of reducing sugar, 



(ii) there should be a negative correlation between SUC1'ose 

and r educing sugar concentration and, 

(iii) sucrose should, i ndirectly, be negatively correlated 

with growth. 
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The r esults give clear evidence that gr owth of t he radicle , 

coleopti le and lateral r oots are closely correlated with the l evel 

of r educing sugar (tables 3b and 7b, figs . 11, 12, 13, 16, 17 and 

18). That this correlation is especially marked during the 

i ni tial 168 hours is not stU prising, since , during this period, it 

is probable that low levels of reducing sugar limit the general 

metabolism. This i s likely to continue during the initial stages 

of endosperm mobilisation. However, during the later stages of 

germination, the degree of correlation i s l ess . Th:i.s may be 

a t tributed to the decreased growth rate so that reducing sugar 

accumulates. The lag between accumulation of reducing sugars 

and increased growth suggests that the increased level of r educing 

sugar stimulated the grovnh of the errbryo (figs. 9 and 14). The 

notable decrease i n reducing sugar concent ration after 48 hours 

(fig . 9), at the time of first measurabl e growth, suggest s that 

the growth stimulated by the initia l innrease in reducing sugar 

concentration, utilises the reducing sugar more rapidly than it is 

produced. It during this stage reducing sugar formation is from 

sucrose, then t he rate of formation would be relatively low because 

of the low sucrose level. 

Al though, during eal'ly ge.cmination, a negative correlation 

between sucrose an d Tedl:cing sugar concentra tion i s demonstrated 

(tabl es l2a and 12b), it ~s important to note that not all the 

r educing sugar is derived from sucrose, since, 

(i) reducing sugar is present in ungerminated grain, 

(ii) the trisaccharide raffinose, which is present in 

ungerminated grain, dissappears during the first 

three days wi t h the formation of sucrose &~d 

melibiose (Bond and Glas s 1963) and, 

(iii) there i s some amylolytic activity during early 

germination (Dure 1960b). 



The correlation (-0.772) obtained with groupe of grain ('an, 

therefore, be considered fairly conclusive evidence t hat the maj or 

part of the r educing sugar present during early germination is 

derived from sucrose . The correlation demonstrated in the studies 

on individual grains (-0.519), although l ess convincing, supports 

t he general hypothe3is . Ft.rther evidence i s the marked increase 

in glucose and fruc t ose demonstrated chromatographically and also 

by Bond and Glass (1963) . The low l evel of maltose present durir-g 

early germination implies t ha t the source of reduc i ng sugar is not 

stal 'ch (plate 1). 

Since the relat:'onohip between SU0rose concentration and growth 

i s likely to be indirect, and because not all the reducing "ugar i s 

derived from sucrose, a hLgh degree of correlation would not 

necessarily be Gxpected. Indeed the correl ation coefficient 

- 0.84 6 (table lla) for cor relat ion of sucrose and radicl e length 

during the firFt 96 hours germination is surprisingly high . 

The l ower degrees of correlation demonstra t ed between sucrose and 

coleoptile and between sucrose and lateral r oots ~y be due to the 

fact that these organs develop later , possibly when other sources 

of r educing sugar are becoming available. The data for individual 

gra ins show poor correl ation but, s i gnlficantly , the relationship 

is al\vays negative (table l4b) i . e . maximal growth i s associated 

Vii th lowest SUCTose concentr a tion . Ther e i s, ther efore , suffici ent 

evidence to suggest that growth, of the r adicle in particular , is 

dependent on the hydrolysis of sucrose with concomitant r "ducing 

sugar fOnJlEl.tion . 

It i s interestlng t hat in the da ta derived from groups of 

gr a in, no correlation between sucrose and reducing sugar 

concentration was demonstrated after 96 hours (table 12a) . The 

r esults of analyses of individual gr ains, however, reveal a positive 

correlation (>0.752, table 12b\. Although it seems likely thbt 

the l evel of reducing sl~ar ~ould influence t he synt heSiS of sucrose, 

the a bsence of the linear regression i n the group data makes the 

observation inconclus ive. 

Alpha-amylase is a dextrinising en3YIDe and it was thought 

that changes in t he l evel of dextrin could be of some impor tance 

during germination. Whils t t lli s i s probably true, the observations 

are no"v r eadily expl a ined Vii th the information available . 
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Amylolytic activit y is low during the early stagesof germination 

(Dure 1960b) and , therefore, are probably not r esponsible for the 

appar ent increas e in dextrin concentration during the first 72 hours 

(fig . 9) . Lampe (1931) r eports the presence of 'globules of liquid 

dextrin' in developing maize kernels, and it is possible that with 

the onset of germination t nese dextrins become more easily extracted. 

If this is so t hen they may act as the first substr a te on which 

the amylases a~t, thereby resulting in a d~crease in dextrin 

concentr ation . 

High l evel s of amylase activity, L~ particular alpha-amylase 

activity, could be responsible ror the increase in level of 

dextrin observed between 1 20 and 168 hours . Amylase acti"i ty 

t ends to decrease aftAr ·~he eighth <lay (Duro 1960b), a f"ature 

which would r~sult in decreased dextrin concentration. 

In view of the di screjJ8Ilcy between the data derived from the 

investiga tion of groups and t hat from individual grains , and because 

of the apparent importance of the sucrose reducing sugar r el a tionship, 

it was decided that in subsequent work it might be more meaningful 

to investigat e changp. s in glucose rather than in dext rin concentra tion. 

Dure (1960b) , because of the marked varia bility bet ween grains 

r eceiving the same trea tment, sel ected grains having the same 

physiological age 'in order t o replicate treatments. This study of 

individual grains emphasi ses the differences in the physiology 

of germination between individual grains , of the same populati on, 

r eceiving the same treat~ent. During the early periods of 

ge=ination thc variatiO!. i s , to a large ex-tent, an expless ion 

of the concentrat10n and mobili sation of sucrose . I t is however, 

impossible at this stage, to conclude that gr a ins originally 

having a high concentra tion of sucrose III the scutellum germinate 

more vigorously than t hose with a low l evel . This is certall1ly 

an interest Lag probl em avroiting investigation. After the initial 

growth, variability is probably a result of the degree of initial 

development, since t his affects water and salt uptake , a..'ld of 

the differences in the mobilisation of the endosperm, a s 

this r epresents the source of reducing sugars during l ater ge=­

ination. 

From this s tudy the foll owing conclusions may be drawn : 
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( . ) 
l, 

(i) Growth of the embryo is dependent on the availability 

of reducing sugars, both during the in~tial stages wb8n 

development i s c1epen~.ent on scu'cellar reserves, and 

af+er the mobilisation of t.he endosperm ha s started. 

(u) Sucrose j.s an imoortant metabolite during the early 

stages of germination, since it is mainly responsible 

for the production of reducing suga;:'s durj.ng this period . 

( i ii) After ffiobilisation of the endosperm has begun, sucrooe 

ceases to be of ar.y importance in the subsequent growth 

of the se.;dling. 

(i.) Variability in the gemination and development of the 

seedl ii'lg i s t ·) some extent determi ned initially by the 

mobllisation of sucrose and iater by mobilisation of 

the endosperm. 

(v) Dextrin, as such, i s 01 relatively minor significance 

to the gro,nh and development of the yOQ~g plant. 

B. EARLY PEARL . 

Reducing sugar concent~tion . 

Gr oups of grain . 

Ungerminated grains contaip littl e r~ducing sugar, about 

0 . 00<,% of their dry we i ght (table 20) . The concentration i ncreases 

markedl y dur ing the first 48- 72 hours, reaching a level of 

approxi mately 0 . 68~~ of t hp dry weight. Between 72 and 9E hours 

there is a uigrdfi cant decrease in the level of reducing sugar which 

is evideLt in al l three samples and corresponds with a notable 

increase in gr owth r ate, I~S shown by the slope of the grovnh curve 

(fig . 28) . Increasing the germi nation period after 96 hours results 

in a very marked inc:reat: ~ in reducing sugar con:;:f";nt t'2 tion c However , 



the rate of accumulation of reducing sugar decreases after 168 hours . 

The final concentration of reducing sugar is some 3,000 times that 

originally present. There is evidence that in some samples the 

level of red1l0ing sugar decr eases sigr.ificantly towards the end 

of the germil'lation perio'l. The effect of germination period on 

reduping sugar concentration is highly significant (table 21a) . 

During the early germination periods (0- 24 hours) the means 

for groups receiving the same treatment are not Si~lificantly 

dif:fer en t (table '20) . However, with increased germination period, 

the levels of reducing sugar in different groups are frequently 

significantly different i.e. The between sample variability increases 

during germination and th~ variat i on between the sample means is 

significant (table 21a) . This vari ability between samplei3 is, 

perhaps, responsible for the significant interact:'on between samples 

and germlllation period, because the response of level of reducing 

sugar to changes in the gerffiination period i8 not the same for each 

sample . Although individual ten- grain samples cannot be coasidered 

representative, the general trend demonstrated by the germination 

period means , derived from observations on three groups of ten grains , 

should approaah tl1at for the population as a whole . 

O:he between means variation for rep:acation, which tests the 

variability due to assay procedure, is not significant (table 21a) . 

Diff-3rences between indi-;idual replicates are, however, occasionally 

significant (table 20). Since the weight of meal extr acted in each 

replicate was approximately equal to that obtained from a single grain, 

the techniques could be applied to the assay of singJe grains, vdthout 

replication but with some confidence . 

Growth of radicle, coleoptile and latsral roots (table 22) 

are closely correlated with the concentration of reducing sugar 

in the grain. Raising the .l evel of reducing suga= restuts in 

increased growth (table 21b, figs . 29,30 and 31). 

(ii) Individual grain:;. 

The c;uan·Gi ta,ti ve chantles occuring in reducing sugar during 

germination are given in table 23 . Increasing the germination 

period exerts a significOOlt effect on the concentTation of reducll1g 

fr-1f:a:: in the grain (table 24a). The level is low initially, and 



none of the ten grains assayed contained a measureable quantity. 

Reducing sugar concentration increases during the first 144 hours 

of germination, in particular Letween 96 and 144 hours where the 

average conc'!!ltration increases from 1.062 - 7.653% (dry weight). 

Although the level incre~ses steadily between 0 and 96 hours, the 

leve', attained i s only approximately 1%. There is, however , 

considerable variability; after 24 hours, the concentration varies 

between 0.006% and 0.340% and the maximum v--ariation observed was 

1.6~5% to 15.810% after 168 hours germination (table 23). This 

variabili ty between grains of a certifiRd variety is so great that 

it is not surprising that 10 grain samples are not necessarily 

representative (table 21a). 

The general trend, a slow increase in reduc~~ sugar ~oncentration 

during the first 96 hours, followed by a marked illcrease after 96 

hours, is similar to that obtained in the assay of 10'-grain sam]Oles 

(figs. 28 and 32). Hov/eveI' , there is evid&nce th.qt reducing sugar 

concentration decreases Significantly after 192 hours (table 23). 

The lengths of r adi cle , coleoptile and roots are shown in 

table 25. Growth and reducing sugar cuncentration are not 

linearly related over the whole germination period (table 24 b, figs . 

33,34 a,'ld 35). However, during the fi.cst 96 hours, low levels of 

reduc~"lg sugar are, in general, associated with least growth of radicle 

and 001eoptile. As the level of reducing sugar in the grain 

increases during germination, extension of the radicle and coleoptile 

occurs. The decrease in accumulation of reducing sugar during the 

latjer germination periods is probably partly responsible for the 

ll1dependence of growth and reducing sugar conc~ntration after 96 

hours 0 It may also be partly due to the very high levels of 

reducing sugar which consequently do not limit growth since the 

concentration exceeds requirements. 

2. Glucose concentration. 

(i) Groups of Grain. 

GlucGse constitutes approximately f) . l% of the dry weight 

of ungerm~~ated grains (table 26). The concentration lllcreases 

significantly during the first 96 hours and with further i:1crcase 

i:"l tl18 germination period up to 192 hours, the rate of accumulation 



is ver y marked. After 192 hours , til"re is Qvide!1ce that the 

concentr at ion may decrease (fig. 28) . 

37 . 

The meal1S for samples rec"iving the same treatment are 

s i gnifica.t1tl y di ffe r ent, the variatio~ being increasi ngly evident with 

longer germination periel (table 26) . The variability is such that 

the ~etween sample varia.t1ce is s i gni f ica.t1t (table 27a) a.t1d consequently, 

a ra.'1dom ten- grain sample is not necessarily r epresentative . Such 

marked variabi.J.ity resul t:;, in different r esponse curves of reducing 

sug",r during gerrr.ination for different sampl es a.t1d is, t herefor e, 

pr obably responsible for the s i ghifica.t1t sample/gel~lllation period 

interact ion (tabl e 27a). 

Occasion".lly replicates may be s i gnifica.t1tly dif ferent 

(e . g . t able 26, sampl e 3 after 144 hours germination) . However, 

the varia.t1ce be t ween r eplicate mea.t1s is not s i gnificffilt (table ~7a). 

Therefore, single assays can be regarded as yielding reliable r esults . 

Linear cor r el a tion between glucose con0entration a.t1d growth of 

the shoot a.t1d r oot system is very marked over the 240 hour 

germination period investigated (table 27b) . High levels of 

glucose ar e a ssociated ':I' .th long radicl.?s, col eoptiles a.t1d ] ateral 

r oots (ngs . 36,37 alId 38) . Extension of the shoot a.t1d root system 

f ollows increa~ed glucose concentration in the grain . 

The marked lillear correlat ion between reducillg sugar a.t1d glucose 

concentra tion ( tabl e 27a, fig . 39) implies that glucose is the 

princi pal reducing suear jn the grain during germination a.t1d also, 

indirectly, that bo t h assay techniqu"s ar e r eliabl e sll~ce t hey 

yield similar results . 

(ii) Indi vidual JSF_ain3. 

Glucose concentrations, exprc ssed as a percen tage of the dry 

we i ght are pr esent ed 111 tabl e 28 . The effect of increasing 

germinat ion period on the accumula tion of glucose ill the grain is 

highly significant (table 29a). The concentr ation i s 10Vi in 

ungermillated grall1s , constitutll1g approximately 0 . 013% of the dry 

we -,-ght, al th')ugh ill some gr ains the l evel is too l ow to permit 

estimation with the pre38nt technique . The l evel increases 

steadily until 96 hours, after which glucose acclL'ulates markedly 
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attallling a level of approximately 5% after 168 hour s . The level 

decreases significantly after 192 hours. The general trend is, 

therefore, a slow initial lllcre~se, followed by a period of rapid 

accumulaGion and then, finally, by a phase during which glucose 

utilisation exceeds prOdl1.ction (fig. 32) . This trend is very 

similar to tnat observed in groups of grain (fig . 28) . 

There id consi derable variability between gr ains receiving the 

same treatment, especially during the higher germL~ation periods. 

Growth Cloes not appear to be markedly correlated with level of 

glucose during germination . Th~ highest linear correlation, 

whieh only explaino approximately 60% of the variation, was observed 

during the initial 192 hours of germination (table 29b, figs . 40, 

41 and 42) . In general, greater growth is associated with higher 

level of glucose ill the grain . 

Glucose concentration shows a ~~rked positive linear correlntion 

with level of reducing sugar (table 29b, fig. 43). The very significant 

interde~endence of glQcose and reduoing sugar over the whole germill­

ation period suggests that glucose comprises the major part of the 

reducin;; sugar fraction and also that the assay procedures for both 

total reducillf, sugars and glucose are reliable. 

3. 8ucrose concentration. 

(i) Groups of grain . 

The concentration of sucrose in groups of grain during 

germination i s given ill table 30. Sucrose comprises approximately 

0 . 5% of the dry weight of ungerminated gra;ns . The concentration 

decreases significantly to about 0 . 03% of the dry weight during the 

first 96 hours of germination . Increasillg tne germination period 

after 96 hours results in a marked accumulation of sucrose in the 

graill . The rate of accumlua tion decreases after 192 hours and there 

is aome evidence that the concentration may decrease after 216 hours . 

(fig. 28) . 

Generallv the means for samples subjected to the same germination 

treatnBnt are significantly different (table 30) and the overall 

between srunple vnriance is significant (table 31Cl). This suggests 
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that ten--grain saJaples are not large enough to averA.go the v.-:\riability 

between grains. The highly sj.gnif icant interaction betwee!1 sample 

and germination period may be a function of the variability of 

individual srunpl es, which r esu' .ts in different r esponse curves 

(tables 30 ar.d 31a). 

Replicates are occasionally significantly different (table 30, 

samp!.e 1, ungerminated), but the over all between mean variance for 

r eplication is not sLgnificant (table 31a). Tho variability between 

replicates i s q small fraction of that between sa~ples receiving the 

sam" trea tment ill'.d, therefore, the procedure adopt ed was considered 

satisfactory. 

Ther e is no evidence of linear r egression between sucrose 

concentration and development of the shoot and root system over the 

240 hour germination period studied (tabl e 3::'b). HoV/ever, radicle 

and coleoptile in particular, show marked negative correla tion 'vi th 

sucrose concentration during the first 96 hours, 'l'hus, during 

this period, least growth of radicle and coleoptile is associated 

with high l evels of sucrose. Decrease in sucrose concentration 

r esul ts in increased development of the radicle and coleoptile 

(table 31b, figs . 44 and 45). Although length of l uteral r oots and 

sucrose concentra t ion are nega tively correl ated during the first 

96 hours, ~he degree of correlation is not high (tabl e 31b , fig. 46). 

This may be because t he l a t eral roots develop after the r ad icle and 

colp.opt tle and ar e, therefore, not dependent solely on the pr oducts 

of sucrose hydrolysis (table 22). Growth after 96 hours does not 

appear to be dependent on sucrose concentration (table 31b). 

During t he first 96 hOurs of germination, sucrose concentre.tion 

is negatively correlated with level of reducing sugar . High l evels 

of sucrose ar e, in general, associ a ted with low concentrations of 

reducing sugar and as sucrose concentration decreE.ses , the reducing 

suga~ increases . There is no evidence that sucrose and r educing 

sugar are positively correlat ed when the gerntUlation period is greater 

than 96 hours (tabl e 32a , fig. 47). 

A marked negative linear r egression i s evident between sucr ose 

and glucose concentrations during the initial 96 hours germin~tion. 

Low level s of glucose tend to be a SSOC'la ted with high levels 0: 
sucrose . As sucrose is hydrolysed there is a corresponding increase 

in glucose concentra tion . No li.near rela t ionship j .B e'Ti dent bet ween 



glucose and sucrose when the germination period is increase~ 

after 96 hours (table 32a, fig .48) . 

(ii) Indi vi<iual grains . 

40 . 

The concentr ation Jf oucrose i n ungerminated grains is fairly 

high, cunstituting approximately 0.4% of the dry weight . Ther e i s 

a marked increase during the fi r st 24 hours, which is followed by 

a steady decrease until 96 hOurA. Increasing the germi-~ation period 

further, r esults in a r apid accumulation of sucrose in the grain . 

Suc~'ose concentrat ion decreases eignificantly after 144 hours, but 

then r emains fairly constant at about 0 . 85% of the dry weight 

(table 33. fig. 32) . Tlle overall effect of germina tion period on 

the level of sucrose is significant (table 34a) . 

There is considerable variability between grains receiving the 

same treatment . This is especially evident when the germination 

period exceeds 120 hours, or when the sucrose concentr ation i s high. 

Some grains may contain as much as seven times more sucrose than 

others subjected to the same germination conditions (e . g . grains 7 and 

10 after 168 hours germination, table 33). 

Sucrose concentration does not show any marked dugree of linear 

r egression with growth of t he shoot and root system (table 34b, 

figs . 49, 50 and 51) . Highest cor relation was demons trated between 

sucrose and r adicl e l ength, and between sucrose and coleoptile 

length, during the initial 96 hours of germination. However, the 

correlation coefficients are low and only 50% of the obs"rved 

variability could be expl ained . None the less it is s ignificant 

that the l evel of sucrose is always negatively related to the l ength 

of the organs measured . There is therefore, a tendency for high 

levels of sucrose to be associated \.'i th least growth and decreased 

sucrose concentration to be associated with extensi on of the shoot 

and r oot sytem. 

Sucrose and r educing sugar concentrations do not appear to be 

markedly correlated (table 32b, f i g . 52) . The overall posi tiv(' 

regression (0- 240 hours) is to be regarded with suspicion in view 

of the negative correlation during t ile early germination period 

0-96 hours) . Although the latter correlation is 10Vi (-0.517) it 
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suggests that low l evels of sucrose rJJB;f tend to be ascociated with 

high levels of reducing sugar . 

There is no evidence of li'1ear regression between sucrose and 

glucose 00ncentration (table 32b, fig. 53) . Correlation during the 

first 96 hours, although low, is negative. 

4. Discussion and conclusions. 

The reliabil1.ty of the assay procedures adopted fo r the 

deteTmixlation of total reducing s~gar and sucrose has been estab­

lished (page 28). The results of the work on Early Pearl support 

the c~ntention that the essay procedures yield reliable results 

even though only single assays were made in the investigation of 

single grains. In no instance was the variance between replicate 

means significant (tables 21a and 3l~, and although replicates were 

occasionally significantly different, the dif f erence is a fraction 

of the variation between grains receiving t he same treatment . 

Thus, for example, the larGest difference between replicates of 

sample 1 after 168 hours germination was 0.326% (table 20) w~ereas 

individual grdlnS, after 168 hours, had a =imum variability of 

14.l851b (table 23) . 'rhere i s, therefore, satisfa ctory conformity 

between r eplicates, in spite of assaying samples with widely differing 

concentrations . 

The largest difference between replicates during the assay of 

glucose is 0.426% (table 26, sample 1 after 192 hours germination), 

whereas the roaxilmun variation between individual grains after 192 

hours Vias 7.290% (table 2(J) . Error in the asaay procedure cannot 

account for the large variation observed between individual grains . 

The variations are therefore a reflection of real differences between 

individual grains in their physiological behaviour during germinati oll . 

The general trend in reducing sugar concentration, is low level 

1r. ungerminated grains ¥dth a gradual increase during the initial 

96 hours, followed by a phase of rapid accumulation, i s similar to 

that observed in Hickory King grain. Similarly the initial high 

l evel of suclose, with a marked decrease during the first 96 hours, 

after which sucrose accullul ates in the gr ain, i s similar to that 
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observed in Hi ckory King (fiGs . 9, Hh 28 and 32). These trends 

arc in .:;eneral agreement with the literatur e (Tool e 1924, Lampe 1931, 

Malhotra 1934 , Taufel et al 19r;0 and Bond and Glass 1963) . 

Trends in glucooe concentration arc not very different from 

those observed i n reducing sugar data. During the initial 96 hours 

accUlPul ati on is SlO\i but after 96 hours glucose concentration 

increases r apidl y, a" taining a maximum after 192 hours . Thi s trend 

i s similar to that r eported by Taufel et al (1960) and Bond and 

Jla~s (1963). 

The results must be considered in the gel',eral context of 

germination and more specifically in r elati on t o the conclusions 

r eached as a r esult of the work on Hickory King grains (page 34), 

Since analyses of glucuse concentration have been made , it i s 

i mportant t o restate the prerequisites of the hyp0thesis (formulated 

on page 30 ) whicl, r el ates t o t he s ignificance of sucrose and 

reducing sugar as metabolitp.s dUI'ing early g8rminat ion . 

that: 

(i) there shoul d be a positive correlation between 

growth and concentration of reducing sugar, 

(ii) there shoul d be a pos i t i ve correl e.ti on betv18en 

growth a.'1d concentrat i o of gl ucose , 

t here should be a negative correlati on between 

sucrose and reducing sugar concent ration, 

(iv) there should be 8, negativ8 correlation bet ween 

sucrose anil glucose conc entrations , 

Th8se ar e 

(v) sucrose should, indirectly, be negat i vely correl ated 

with growth, 

(Vi) glucose and reducing sugar shoul d ~e posi t ively 

correl a t ed . 

In the data pertaining to groups of grain ther e i s very cl ear 

cVldence that grollt h of tho shoot and root system i s correlatcd with 

the concentration of reducing sugar (table 21b, figs . 29 , 30 and 31). 

'fh.>.s ma:~ked ;:>osi tive correlation is evi dent over t he whole 240 hou:r 

gel~nination period, Wllich suggests t hat growth is stimvlated by 

increased r educing sugar concentration . In lllve8tig~tions on s ingle 



grains correlation was only demonstrated during t he initial 96 hour 

germinat i on period (tabl e 24b, figs . 33, 34 &~d 35). This i s not 

surprising, sincc, during the illitial 96 hours when the l evel of 

reducing SUg81' is l ow, it is likely t hat the development of the 

radicle and coleoptile i" limited by the available reducing sugar . 

Durin6 t he l ater stages of germination, after mobilisation of t he 

en~osperm has start ed , r educing sugar production probably exceeds 

utilisation . In the data for groups of gr a in thei'e is a marked 

incr'dase in the r L.te of accumulation of reducing suga r bet ween 48 and 

72 hours, and a sharp decrease i n concentrat i on bet ween 72 and 96 

hours (fiS. 28). Tbis i s not evident in the data for individual 

grains, although t here i s some evidence that the r ate of accumulation 

decreases slightly between 48 and 96 hours (f~g . 32) . Th j.s trend 

is followed, after a short lacs , by the appearance of measureable growth. 

It seems likely, t herefore , that the growth stimulated by the inHial 

increase in reducing sugar concentration utilises the available 

r educing sugar as rapidly , or more so, than it i s produced . This is 

not surprising, since, after 48 hours, the concentration of sucrose 

has decreased significantly (tables 30 and 3~ ) and, ther efor e, 

r educing suga:>:> product j.on , as a result of sucrose hydrolysis, would 

undoubtedly be reduced . These resul ts , a positive correlation 

bet ween growth and reducing sugar concentration , fulfil the first 

preruquidi t e of the hypothesis (. p.::ge 42 ) . 

There i s a marked linear regression between glucose concentration 

and the development of the shoot ruld r oot system (table 27b , f igs . 

35 , 37 and 38 ). Thus high l evels of glucose apparently stimulate 

grovrth of rr.dicle, coleoptile and l ater al r oots Correl ation between 

glucose and growt h i s low in the data dcri '{3d from t he study of 

individue~ grains (table 29b , f i gs . 40 , 41 and 42), maximum correlation 

being evident during the fir st 192 hours of germin&ti on . However , 

since gr owth i s unlikely to be dependent solely on the l evel of 

glucose , bec'luse ot:ler sugars e . g . fructose ul'ldoubtedly also enter 

into the eeneral metabolism involved in gr owt h , thi s r el atively 

low degr ee of correl ation is not surprisi.'lg . Indeed tho correlation 

is hi gh enoueh to support t he obser vation of Dur e (1960a) that glucose 

is &"1 i mportrul t r Gducing Bugar duri ng early germ:i.nation, either 

because of its high concentration rel ative to other r educ=g sugars 
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(Bond and Glass 1963) or because it i s more readil)' metabolised . 

The second requirement of the hypothesi s (page 42) is, therefore, 

satisfied. 

Th&re is some discrepancy between the concentrations of reducing 

sugar and glucose. Sin08 glucose is not the only reducing sugar 

pr-ese'Clt in germinating grains (Taufel et al 1960 and Bond and Glass 

1963), the concentration of the reducing sugar should always be 

equal to, or eyc!eed t hat for glucose . The discr~pru1cy is mainly 

·,he result of exp~essing the reducing fraction in terms of maltose . 

This is aggravated by the greater sensitivity ~f the glucose assay 

procedure, evidenced by the inability of the reducing sugar assay 

procedure to detect reducing sugar in some grains wher e glucose was 

shown to be present (tables 23 ·=d 28) . In groups of grain there is 

more r-educing ~ugar than gl ucose between 24 and 72 hours germination 

(fig . 28). This is probably mainly the result of formation of 

fructose and glucose during sucrosc hydrolysis. Generally 

after 96 hours the level of reducing sugar is greater than that 

for glucose . After 192 hours glucose constitutes approximately 

65% of the total reducing sugar . This proportion would De 

considerably hjgher if U.e results were not expressed in maltose units, 

i. e . if the actual concentration of each reducing sugar was Imown. 

Indeed Bond and Glass (1963) have shoY", that glucose may comprise 80% 

of the t0tal reducing sugar fraction . However, since a marked 

correlation between glucose and reducing sugar was demonstrated 

(tables 27a, 29a and figs . 39 and 43), the sixth requirement of the 

hypothesi s (page 42) is fulfil ed . 

As has been explained (page 31) sucrose is not the sale source 

of reducing sugar during the early periods of germination and, 

therefore, although negative linear regression may be expected 

during the first 96 hours , a fairl y low level of corr-elation would 

not detract from the hypothesis . On the other hru1d, the degree of 

correlation ooservea (- 0 . 703, table 32a , fig . 47) i s high enough to 

suggest that sucrose is the major source of reducll1g sugar during this 

period . The low correlation revealed by the study of individual 

grains ( •. 0 . 517, tabl e 32b , fig . 52) , although less convincing does 

offer some support for the general hypothesj.s, and thereby f ulfils 

the third prerequis i te of the hypothesis (page 42) .. 
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There is, therefore, sufficient evidence to suggest that, during 

the first 96 hours of germination , sucrose hydrolysis yields the 

major proportion of the reduciug sugar. This would be supported 

if negacive 1-egression Vias demonstrated between sucrose and glucose 

concentrati ons , because , apart from melibioGe, which is present in 

low concentra tion (Bond and Glass 1963), the only other ma jor source 

of reducing sugar would be the r esult of amylolysis. There is 

evidence howev3r, tha t only h'ace ::unounts of glucose are f ormed by 

the l att er proceEs (Ho pkins 1946 nnd Bernfeld 1951). Al though 

t here is ~vidence (Edelman et al 1959) that reducing sugar formed in 

t he endosperm may be convertBd to sucrose during transport into 

the scutellum, a negative r egr ession between sucrose nnd glucose should 

still be demonstrable. 

The data fo r groups of grain reveal ed a markad negative 

correl a tiQn between sucrose and glucose concentrations during tr.e 

initial 96 hours (table 32a, fig. 48) . However, the correla tion 

observed in single gl~inS was low nnd is therefore not concl~sive 

(-0 .373, table 32b , fig . 53). However, it seems reasonable to 

suggest that the r esui.ts satisfy the fourth requirement of the 

hypothesis (page 42). 

~ bOoh groups and individual gra ina t here was a marked increase 

in the sucrose concentra tion during the first 24 hours of g"rmination. 

It is pcssible that this increase may be the result of raffinose 

breakdown , since Bond nnd Glass (1963) have demonstrated th-~t the 

disappearance of raffinose is accomp8nied by the a ppea rance of 

sucrose and melibiose. 

Since growth i s stimulated by the presenc'l of some reducing 

sugars and prinCipally glucose (Dure 19600.), the r el a tionship between 

sucrose and growth is indirect. Indeed the negative correlation, 

tha t exists between sucrose nnd the development of the shoot and 

r oot system during the initial 9~ hours germination, is surprisingly 

high (table olb, f igs. 44, 45 and 46) . The data for individual 

grains show a lOVier degree of correl at ion but 

during the 

significantly , 

firs t 96 hours the r elationship is nlvnys negati ve 

(table 34b, figs. 50, 51 and 52) . The:;.'efore, m.:ucimnl growth 

is usually associated with l owest sucrose concentration dur;ng this 

period. Growth does not seem to be r elated to tbo conlJem;ra tion of 
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sucrose when the gennination period exceeds 96 hOUl'S . These 

resul ts satisfy the fifth prerequi site of the hypothesis (page 'P" ) ' 

The study of individual g:;. ains does not always yi el d as 

concluslve evidence as tP.at derived f~om gr oups of grain. 

be the result of the smaller overall sample during assay of 

This may 

i l'ldi yidual grains, and also of int rinsic differences be t ween gr a ins 

which a re high lighted by the assay of single grains. Undoubtedly 

part of the ca:lse is the lack of replication , sin~e there i s 

eviJence t hat s ir.gl e assays c.r~ not ~.''''.-.;'' :'; r ~li~.blc .. HO-.:8vcr, 

because the r e is no conflict in the results, the assay of individual 

grains i s worthwhile. Certai nly, it emphasises the considerable 

physiological vari ability between grains from t he same population. 

Equally important however, is that the resul"Ls imply that , 

irrespective of the variabilit y, the grains confo~ to a genera~ 

metabolic pattern during germination and t hat, during the inioial 

stages , sucrose is of fundamental i mportanc" , 

It is stri kin:; that even though Hickory King and Early Pearl 

grains differ morphologically and physiologically, they both depend 

on the same metabolic pathway durillg ge=i.'la tiol1. Thus the 

conclusions r eached as a result of investigati ons of HickorJ King grains 

have .'ecei ved support from the study of "Early Pearl. Indeed the 

assay of changes in gl ucose concentraGion during germin!>tion has not 

only l ed t o improved understandiIlg of the early germination process 

but has also supported tho gener al hypothesis. 

From the study of these two grain types the follOwing conclusions 

may be drawn: 

(i) Growth of t he embryo i s depend8nt on the availability 

of reducing sugar, in particular glucose , during both 

t he initial stages , when development is depend~nt on 

scutellar re serves and after mobilisati on of the 

endosperm. 

(ii) The importance of glucose may be incidental because 

of its r elatively high concentration or because it 

is more readily metaboli sed , I t seems likely that , 

at least during the f irst 48 hours, fructose may be 

of some importance because its concentra t i on shuuld 



be equnl to, or somewhat less than, glucose during 

this period . 

(iii) Sucrose is an important metabolite during the early 

stages of germination since it i s mainly r esponsi ble 

for the production of reducing sugar during this 

period . During the first 24 hours it i s possible 

that, at least in Early Pearl, sucrose may be formed 

as a r esult of raffinose hydrolysis. Some sucrose 

may also be synthesised as reducing sugar is trans­

ferred from the endosperm to the s cutellum. 

(iv) After mobilisation of the endosperm has begun to supply 

large amounts of reduci.l'15 sugar, sucrose is produced 

more rapidly than it is utilised and accumule.tes in 

the grain. 

(v) Varinbility in germination and development of the 

young plant i s, to some extent, determined initially 

by the l evel and mobilisation of sucrose and sub-

sequently by the mobilisation of the endospenn. 

(vi) D~xtrin, as such, is of relatively minor significance 

to the growth and development of the young plant. 

(Yii) It seems reasonable to suggest that most varieties of 

maize are lilcely to follow the same basic metabolic 

pattern that has been elucidated by the study of 

Hickory King and Early Pearl. 
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III. CHANGES III AllYLOLYTIC ACT IVITY. 

A. HICKORY KING 

1. B~ducing sugar concentration. 

Since increase in the reducing paYler was used as the index 

of amylase activity , it was necessary to determine the "background" 

reducing potentia'" of the extract before assaying for amylase activity" 

This potential is expressed as milligrams mal t')se per grain . Whilst 

substances other thru, reducing sugars certainly influence the 

reducli,g potential in crude extracts (Briggs 1967), the major part 

of the reducing fraction is comprised of redu~ing sugars, principally 

glucose (Bond and Glass 1963). 

(i) Gr_oups of grain. 

The concentration of reducing sugar i s low in dormant 

single grains contain, on the average, 4 mgms. (table 35)" 

grains and 

The level 

of reducing sugar increases slowly during the first 24 -48 hours, after 

which reducing sugar accumulates rapidl y, the l evel increasing more 

than two- fol d betwaen 4tJ a."ld 96 hours (fig . 54). After 144 hours, 

the r ate of accumulation decreases notably, although reducing sugar 

accumulates durin::>; the whole 240 hour period. 

Measureabla grov~h only appears after 48 hours and then 

ey.ld bi ts a typical sigmoid form , slow between 48 and 96 ~,ours, 

followed by a phase of rapi d growth (96- 144 hours) after which the 

growth rate decreases (table 36, fig. 54) . 

There is no s ignificant var1ation between the sample means for 

reducing sugar ( table 37a), although the means for samples recei ving 

the same tre&:!;n.ent are frequently significantly different (tabJ.e 35) . 

In ungerminated grains the sample having the highest concentration 

contains more than nlile t i mes that present in the sample with the 

lowest concentration , and after 72 hours of germination the differ ence 

between highe8t and lowest Vias approximately 9 mgms ., a differenoe 

of approximately 20%. This very considerabl e variation between 

samples receiving the same treatment results in diff"erent response 



curves for each sample during germinati on, and thus the s"",,,le/ 

germination period interaction is significant (table 37a). 
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,['he between lUeans variation for repl icati on is not significant 

(table "57a) and in no instance was there a significant difference 

between replicates (table 35) , thus the assay procedure adopted 

could be applied to the investigation of individual grains . 

Length of radic~e, coleoptile and lateral roots are closely 

currelated with the level of reducing sugar in the grain. In general 

low levels of reducing sugar arc associated with least growth. As 

the concentration increases there is an increase in the development 

of th~ shoot and root syst em (table 37b, figs . 55, 56 and 57). 

(ii) Individual grains. 

The r esults for analyses of reducing sugar cJncentration 

are presented i n table 38. Three of the ten ungerminated graiPs 

assayed contained no measurvable quantity of reducing sugar, 

al though one grain contained almost 12 mgms. The mean l evel of 

reduci ng sugar per grain uas a pproximatel y 6.6 mgms . Reducing sugar 

concentration increases "lowly durmg t!'le first 24 hours, but then 

accumulates rapidly until 96 hO'lrs, after which there is a 110table 

decrease in the r ate of accumulation (fig . 58). The overall effect 

of germination period on reducing sugar concentration is significant 

(ta tle 39a). 

There is cons iderable variability between gralns, especially 

with increased germination period. Thus, after 216 hours, one 

grain (grain 9, table 38) contained almost '~wice as much reducing 

sugar as grain 8, which raceived the same treatment . 

being approximat ely 64 mgms . 

'rhe difference 

Linear correlation between reducing sugar concentration and 

length of r adicle , coleoptile and lateral roots is not very marked 

over the 240 hour germination period. If, however, the first 48 

hours of germlllation are i~10red, because during this period there i s 

no measureable growth (table 40), the correlation i s even less marked 

(table 39b, figs . 59, 60 and 61). Thus, in general, the study of 

in1ividual g1'ains does not reveal much linear correlation between 

growth and level of recluc:L.'1g sugar. 
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2. Total runylolyt ic activity. 

Since in cereals, alpha- and beta- am,ylase a r e respcnsible for the 

bulk of s tarch hydrolysis , the lllcrease in reducing pctential observed 

in the experim&ntal digests i s considered to be due to the combined 

action of the t wo enzymes . Thus total amylolyt ic activity is 

consi d3r ed to be the same as the sum of the action of alpha and beta. 

For convenience and t o avoid confusion, t he combined action r.as been 

designated as l' CUllyl ".so :~c ti vi ty. The assay procedure adopted (page 17 ) 

ensurad that durin!; the estimation of activity , substrate did not 

limit the r a t e of r eaction. The 'ralues obtainod therefore re present 

the ac tivity in unlimited substrate . 

( i ) aroups of grain. 

Amylolytic ac t i vity is low in dormant grains . Although aotivity 

increases significantly during the first 24 hours the ,-evel r emains 

low (approximately 0 . 6 mgms . maltose per minute per gr ain) . Between 

24 and 144 hours, increase in am,yl ase activit y is almost directly 

proport ional to germination time, but with germina tion periods exceedi."lg 

144 hours, th" r a t e of i ncrease in activit y decrea sos as activity 

tends to a maximum (table 41, fig . 62) . The overall e~ect of 

increasine; germllla t i on poriod on amylase acti v.i. ty is signifi cant 

(table 420.) . 

Individual samples vary cons i derably in their activity, with 

the vari at i on frequently ioell1g as much as 5 mgms of maltose per 

minute per gr ain , w!lich is !:lure than 35% of the mean maxmlll1 acti vity 

observed (Le. after 240 hOurs). The variati on is such t hat both the 

variance between sample means and tho sample/germi."lati on period 

interaction are s ignificant (table 42a) . 

Occasionally replicates are significantly different (e . g . t abl e 41, 

r eplicates of sampl e 1 after 166 hours) . However, the variation 

between r eplicate means is not s i gnificant (table 42a) and t herefore 

the variati on , as a r esult of the assay procedlrre, is small enough to 

permit assay of i ndividual grains without replicati on , but with se-me 

confidence. 

Amylolytic activity and length of radi cle, coleoptile and l ateral 

r oots show a high degree of linear cor rel ati on over the 240 hour 

ge~ina~ion period s t udi ed . A marked correlati on is also evident 



betwen amylolytic activity and concentration of reducing sugar, 

especially during the first 96 hours of germL~tion (table 42b, 

figs. 63, 64, 65, and 66) . T~tal amylolytic activity and level 

of redudng rugar arE> not linearly related between 1 20 and 240 

51. 

hours. The apparent cUlOVllinear relationship between total amylolyt ic 

acti"ity and r educh lg sugar concentration is of some significance and 

is discussed on page 60 . 

( . . ) 
J.J., Individual grains . 

The development of total amylolytic activity follows a 

sismoid pattern: activity is low in resting grains (0.057 mgms. 

n~~tose I min·1 grain) and increases slowly Juring the initial 

96 hour germillation period. Between 96 and 144 hours there is a 

very marked increas8 in activity followed by a r eduction in tne rate 

of increase L~ activity as ~ maximum activity is a pproached . There 

is no evidence that activity decreases during t he 240 hour germination 

period (table 43 , fig . 67) . Activity hlcreases approximately 220 

times and the overall effect of germhlation period on amylolytic 

activity is signif icant ( table 44a) . 

~rahl8 receiving the same treatment vary considerably hl their 

amylolytic activity. Frequently the grain with the hi6hest activity 

is !I1.ore tha.'"l five tilnes a s active a s the Brain which has the lowest 

activity (table 43) . 

The data (table 43) do not r eveal any correlation between 

a.~ylolytic activity and tne development of the shoot and r oot systems, 

but a marked correlation, especially during the hlitial 96 hours, 

is evident between amylase activity and reduchlg sugar concentr ation 

(table 44b, figs . 68 , 69, 70 and 71) . In general the relat ionship 

appears curvil:L.'"lear, a feature which i s discllssed on page 60 . 

3 . Alpha-amylase activity . 

(i) Groups ~f grahl . 

Alpha-amyl ase activity is low hl ungermhlated grain, and the 

three samples varied between 0.073 and 0 . 291 mgms maltasc/min/g:cahl. 
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Acti vi ty increases significantly during thc first 24 hours, 

but the gener al trend. is a slow iIlerease until 72 hours , after which 

t here i s !l very marl~ed. deve l op:Jent of alpha-amylase acti vi ty . 

Acti vi ty tenC:s to a maximwn when the germination period i s i ncreased 

after 144 hours and thers is some evidence that activity may decrease 

towB> .. ds the end of the germination pGriod studi ed ( table 45 , fig. 62). 

Ten-grain samples r eceiving the same treatment vary cons iderably 

in the alpha-~lase activity and cons equently t he between means 

var lance for sam;>l e was shown to be signUicant (table 46a). 

Since samples vary considerably , the pattern 'Jf development of 

alpha- amyl ase activity, shown by the sampl es, is not the same . 

This is probably responsible for the significant sample/germination 

period interaction ( table 46a) . Although ten- gr a in samples CanIlot 

be considered representative of the population a~ a whol e, it s~ems 

likely that the trend observed in the germination period mean data 

(tabl e 45, fig. 62) should a pproach that fo r the population . 

Al though there is somo vari ability between replicates, in onl y 

one i nsta.'lce (table 45, sampl e 1 after 120 hours germinati on) was 

there a signif icant 6.ifference between i ndividual repl icates, and 

the between means vari31,ce for replication was not signif icant 

( tabl e 46a) . It is rea sonable therefo~e, to consider the assay 

procedure suf?lciently reliable to bE; applied t o the as say of 

ind:'vid..lal grains without replication . 

Alpha- amylase aC1;ivity shows a considerable degree of linear 

correlation with the development of the shoot and root system, 

Measur eablc growth is not evident before 72 hours (table 36) 3lld , 

U the p8riod 72-240 hours i s conSidered, the degree of correlation 

is l ess mark8d (table 46b, figs . 72, 73, a'ld 74). 

RedUCing sugar concentration and al pha- amylase activity are 

correlated, especially during the first 96 hours (tabl" 46b, 

f ig . 75) . There is no evidence that a linear correl at i on exists whe~ 

the germina+i on pGriod is Dlcr eased after 120 hours . During the 

early germinati on periods , therefore, low levels of reducing sugar 

arG g8nGr ally associated with 10Vi al pha-a'lJYlase activity . The 

o"eral] r el ationship IIIE.y be described d S curvilinea r ; the 

significance of this r esult i s discussed on paF,e 60 . 
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(ii; Individual graL~s . 

50% of the un:}crninated grains assayed had. n.o meaAureable 

alpha- amylase activity and those, in which activity was demonstrated, 

ranged he tween 0,028 and 0.219 r~s. maltose/min . A slow, steady 

increase in activity characteri ses the ini,ial 96 hours, which 

is followed by a phase of rapid development of alpha- 8.IUylase activity 

bet"een 96 and 192 heurs; after \'/.lich activi ty "tends to a maximum. 

TLere i s some evidence that activity may decrease towards the enci 

')f the gerr.lination period (table 47, fig . 67) . 

Grains receiving the sa;ne treatment vary considerably in their 

activ~ty, somet imes by as much as 17.5 mgms . maltose/min/grai n (table 

47, grains 4 and 6 after 240 hours) . Al t hough this was the 

maximum difference bet1'leetl gr ains receiv<...ng the same treatment, the 

relative difference was smaller t han that observed af t er 120 hovrs 

i . e . 16 fold as opposed to 300 fold di ffer ence. With such great 

variabil i ty ir, physiological activity, it is not surprising that 

the between means variance for ten··grain sampl es was s i gni fica.'1t 

(table 46a) . 

There i s no cvidfmce "Ghat linf'ar r egressi on exists between 

the level of amylase acti.vity and development of the shoot nnd r oot 

system. The correlation coeff'icients are even less when the period 

of measureable growth is consi dered (table 48b , figs . 76, 77 and 78) . 

There i s some evidence of linear correlation between alpha- amylase 

activity and concentration of reduch'1g sugar. I t does not appear 

that this correlation i s more marl~ed durinG the initial 96 hours 

of germination possibly Lecausa the relationshi p is curvil i near. 

Low levels of =;yl:o.s8 activity are generally associ ated with low 

l evel s of reducjnc sugar i.ll the grain (table 4Gb , fig. 79) . 

4. Beta-amyiase ac tivity. 

(~) Groups of grain. 

Beta- amylase activity 

30% of the total amylolyti c 

is only responsible for npproxi."l!ltoly 

activity in resting grai.lls. In the 

three sampl es investigated, the proportion of beta- amylase varied 

between 20% a.'1d 38% and, thus in all three, alpln- amylase was the 



donn.nant amylase (tabl e 49) . Beta--amylase activ:i.ty does not 

increase sigllificantly during the first 24 hours germination, but 

thereafter activ:i.ty increases markedly , tending to a maximum after 

168 hours (table 49, fig . 62). iIow8ver, the very hi gh values observed 

after 240 hours make interpretation difficLll t . It i s interesting 

that high values for beta-amylase activity were observed in all 

three sampl es (table 49). 

During the first 48 hours alpha- and beta-amylase activity 

~crease at almost the srune r ate, thus, after 48 hours, beta-amylase 

is still only responsible for 30% of the total activity . When the 

gerrrCUlat i on period i s increased further, alpha-ru~lase activ:i.ty 

increases more r api dly thrul beta-amylase, and consequently beta-

8J!lYlase contributes proportionately less to the total amylolytic 

activity. After 144 hours, beta- amylase represents only 27% of 

the total activity . Houever, alpha--amylase activity tends tc a 

maximum after 144 hours, whereas beta-amylase activity does not, thus 

beta-amylase contributes an increasing proportion to the total activ:i.ty . 

The high values obtained for beta-amyJase activity after 240 hours 

make interpreation of the -,rend after 192 hours difficult . I f, 

however , beta-amylase activ:i.ty does tend to decrease after J92 

hours, there it would t end to contribute uniformly to the total flL'lYlolyt ic 

activity during the later periods of germination. The r esults 

suggest, therefore, that alpha-amylase is always the dominant amylase, 

but that beta- amylase may, during the early stages of germination, 

be responsible for almost half the total amylolytic activity . 

There is some evid(mce that the development of alpha- and beta--

amylase activity may be 

germination (table 50b, 

correlated during the i nitial periods of 

fig. 80) . During the first 96 hours, 

low levels of alpha- amylase tend to be associated with l oVi levels 

of beta- amylase activity. 

Al though there is considerable variability between samples, ruld 

indeed, samples subjected to the sante germination conditions can be 

significrultly diff erent, notably when the germination period exceeds 

144 hours, the between means variance for samples is not significo.nt 

(tables 4 9 anti 50a) . 

A significant difference bet,wen replicates was only observed 

in one instance (table 4 9, sample 1 after I G8 hours germlllA.tion) ruld, 
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therefore, the method adopted to determine beta-amylase activity, 

0.1 though only by diffe rence between total and o.lpha-amylolyUc 

activlty, can be considered reli able . 

Beta-amylolytic activity shows a marked degr ee of linear 

correlation with the development or the shoot and root system 

(tao18 50b, figs . 01, 82 , and 83). Low levels of activity tend to 

be associated Vll.th least development of the radicle, coleoptil8 and 

lateral roots . 

During the fil'st 96 hours beta- amylase activity shows a very 

high degree of correlat ion with t :·lC lovel of reducing sugar. This 

correlation is not evident when the germination period exceeds 120 

hours . Thus , only during the early stages of germination , do low 

conc8ntrations of reducing sugar appear to be associated with l ow levels 

of beta- amyla38 activity (table 50b, fig. 84), hOViever the relationship 

appears curvilin8ar (page 60) . 

(ii) Individual grains. 

In the invcstigatione on tmgerminated grains be·ta-amylase 

activity was only demonstrated in 20% of the grains, and in all cases , 

8xcept grain 9 (table 51), alpha-amylase was the doffiLlant amylolytic 

8nzyme. Alpna-amylase contributed approximately 75% of the total 

amylolytic acH vi ty . Within the first 48 hours, hOVl8ver, beta-

amylase activity increased more rapidly than alpha-amylase activity 

and, therefore, contributed proportionately more to the total 

amylolytic acti vi ty 1. e . a ppr oximately 47%. When the germi..'lD.tion 

period Vias increased beyond 96 hours, alpha-=ylolytic activity 

inoreases more ro.pidly than beta-amyolytic activity, so that 

beta-amylolytic activity contributed less to the total amylolytic 

activity, although it represents approximo.tely 40% of the activity 

between 144 8l1d 192 hours. When the germination period exceeds 

192 hours, the trends become difficult to establish, although 

there is some evidence that beta-amylase activity docs not tend 

to a maximum as early as alpha- ahlYlase and, t herefore, towards 

the end of the 240 hour germination period studi ed, alpha- and 

beta-amylase may be equal III their saccharifying activity (table 

51, fig. 67) . 
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Individual grains subjected to the same germination conditions 

vary considerably in their beta-amylase activity. This variation 

is especially evident as the germination period increases (table 51). 

Beta- amyl ase activity does not see~ to show any linear 

relationship to the gro"th of radicle, coleoptile and lateral roots. 

Even. when the period of ~easurable growth is considered (72-240 hours) 

the correlation is low (table 52b, figs. 85, 86 ruld 87). However, 

beta-amylolytic activity may be correlated with the level of 

reducing sugar during the initial 96 hours of germination (table 52b, 

fig. 88) . Thus during early germination reducing sugar concentration 

increases with the development of beta-amylolytic activity . The 

relationship ts, however, curvilinear (page 60). 

During the initial 96 hours of germination low levelJ of 

alpha-amylolytic activity tend to be associated with low levels of 

beta-amylolytic activity. However, as the germinat~on period 

increases after 96 hours, tne development of alpha- and beta-amylase 

seem to be independ .dlt (table 52b, fig. 89). 

5. lli..'lcURsion :lIld conclusions . 
-~..-. ... ,...-"..-

In the investigations of carbohydrate concentration the 

reliability of the assay procedure was established by replicate 

assay of small quantities of meal , approximately equal to the 

weight of meal obtained frum one grain, derived from the same sample. 

This approach was not possible in the assay of amylolytic activity 

since a dry meal, from which sub-eamples could be taken, could 

not be prepared. All grains in the sample were ground together to 

form one brei fro~ which aliquots were taken. There is therefore, 

no check on the extraction of the amylases or reducing sugars and 

the usefulness of the replicates i s limited in that it supplies an 

llldex of the reliability of the actual determination of amylolytic 

activity. However, since cereal amylases are soluble when active 

(Myrback and Neumuller 1950), the supernatant should contain thp. 

active amylases and it is reasonable to suppose that extraction is 

complete and reproduceable. Especially so since Dure (1960b) has 
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shown that the spun-down pellet from such brei shows no amy101ytic 

activity. Further support for this contention is that the general 

trends observed in the data for groups and single grains show close 

agreement, as do the levels of anwlolytic activity . 

In no instance is thc between means variance for replication 

significant and, although replicates are occasionally different, 

the difference is u~ually small by comparison with the overall 

variation. Thus, for example, in the data for total amylolytic 

activity (tables 41 & 43) the maximum variation between replicates 

was 2.375 mgms. maltose per minute per grain (sample 1 after 168 

hours germination), whereas the maximum variation between li~dividual 

grains after the same gern~tion period was 8 .484 mgm. maltose 

per minute per grain. rherefore, 2n general, the assay procedure 

is sufficiently reproduceable to yield reliable results in the study 

of single g2~S where there was no replication of assay . However, 

some of the observed variation is undoubtedly the result of error 

introduced by the assay procedure. 

The general patterns of developnent of amylase activity in 

the data for both groups and indiyidual grains, are in agreement 

with numerous workers (Kneen 1944, Myrback and Neumuller 1950, Bernfeld 

1951, Peat 1951, Pigman 1957 and Dure 1960b) . Amylolytic activity 

is low in resting grains and during germination both alpha- and beta­

amylase activ2ties increase, but alpha-amylase becomes the chief 

amylolytic enzyme. This finding supports the observations of many 

other workers (Kneen 1944, Peat 1951, Crocker and Barton 1953, 

Pigman 1957 and Dure 195vb) . 

Two aspects of the results are, however, not in general 

agreement with the literature. These are the level of alpha-

amylase activity in r bsting grains and the rel ative contributions 

of alpha- and beta- amylase to the total amy:olytic activity. 

!lIany vlOrJrers have observed that all of the amylolytic activity 

in ungerminated grain is attributable to beta-amylase (Kneen 1944, 

MjTback and Neumuller 1950 , Bernfeld 1951, Peat 1951, Pigman 1957 

and Dure 1960b). However Dure (1960b) notes that there is 

' very Jittle alpha-amylase activity in the scutellum of the re~ting 
. , 

gra1n • 



The procedure Dure (1960b) ~dopted for the separation of 

alpha- and beta- amylase a ctivity relied on thermal inactivation 

of beta-amylase, according to the method of Bernfeld (1951). 
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Cereal beta·-amylase is rapidly inactivated at 70°C whereas cereal 

alpha- amylase is much more stable at thi~ temperature (Ohlsson 

1950, Kneen, Miller and Sandstedt 194 2, Myrback and Neumuller 1950, 

Bemfeld 1951 and Dure 1 960b) , although after five minutes at 70°C 

alpha- amylolytic activity may be decreaseo by as much as 50% (Dure 

1960b) . It secms likely therefore, that since the sel ective 

inhibition of beta-amylase with phenyl mercury chloride does not 

appear to reduce alpha-amylase acti vi ty in any way (Bendelow 1963, 

Briggs 1967 and page 18) the determination of alpha- amylase activity 

by this method is lil~ely to yield more reliable r esults. If this 

is so, then It is r easonabl e to suggest that t he present results, 

which demonstrate that alpha- amylase may not only be present in 

the ungerminated grains, but c&~ be responsible for 70% of the 

total amylolytic activity, do not contradict previous observations 

but merely amplify them by virtue of the greater accuracy of 

the assay procedure. 

It has been said that the r elatively slight increase in beta­

amyJase a~tivity during germination is a characteristi~ of maize 

and some other cereals (Peat 1951) . The present r esults suggest 

that beta- amylolytic activity increases substantially during 

germination and may , during the period of maximum amylolytic activity, 

be r esponsible for apprcximately 30% of the total amylolytic activi.ty. 

Dure (1960b) notes tha t beta-ar~lase accounts for only 1/10 of 

the total acti~~ty during germinat i on. Whilst different grai ns do 

probably vary, it se8ms possible that this low value may, in part 

at least, be the r esult of the assay procedure, since l ow pH 

inacti.,tion may r educe beta- amylase acti~ty by as much as 50% in 

barley (Myroack and Neumuller 1950). Undoubtedly the procedure 

adopted in the present work also introduces error in the estimation 

of beta-amylase activity, since t he values are arrived at by 

difference between total and alpha- amylolytic activity. However, 

i t i s reasonable to suggest that the "rocedure adopted in this 

work results in more accurate determination of the r el ative 

contributions of alpha- and beta- amylase to the total ~ylolytic 
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In cereal malts there is clear evidence that the activity of 

both alpha- and beta-amylase may be artificially increased by the 

addition of proteases, which quggest that net synthesis of these 

two enzymes does not occur during germination, but rather, that 

they become freed from a bound form (Gedoes 1946, Myrback and 

Neurnuller 1950, Sumner and Somers 1953 and Dure 1960b). Geddes 

(1946) has, however, r eported a net synthesis of alpha-amylase 

during germination 

between alpha- and 

of barley. The linea r regression demonstrated 

beta·-amylase suggests that these two enzymes are 

r elated in their development . There is coniecture r egarding the 

site of origin of the amyl ases in germinating cereals. Many workers 

have considered the scutellar epithelium to be the source of the 

amylases because microscopical examination ~s revealed an apparent 

migration of particles from the scutellum into the endosperm 

(Toole 1924 and Ho.cning and Petrie 1927), and because mitochondria 

isolated from corn scutellum contain amylolytic activity (Hageman 

and Hanson 1955). However, Bernstein (1943), on the basis of 

genetic studies, suggested that each amylase had a separate origin; 

the inheritance of alpha-amylase being a characteristic of the embryc, 

whilst beta-amylase originated ll1 the endosperm. Thus, as has been 

pointed out by Dure (1960b), most workers agree that some or all 

of the amylase originates in the scutellum. The finding that 

alpha-amylase activity may develop in the isolated scutellum and 

beta- amylase activity in the isolated endosperm (Dure 1960b) suggests 

that these two enzymes are independent in their origin and it is 

duubtful, therefore, whether ,he activity of either alpha- or beta-

amylase controls the activity of the other. Thus it seems likely 

that the positive linear regression between alpha- and beta-amylase 

activity is the result of response to some common factor in 

germination, and not because their developr.ent is causally related. 

Reducing sugar comprises the ma j or portion of the total 

reducing-fraction mld therefore, in view of the previouB evidence, 

t~t reducing sugar and growth are correlsted , it is not surprising 

that a high degree of correlation is demonstrated between growth 

and total reducing fraction (table 37h, figs . 55, 56, and 57) . The 

low levels of correlation observed in the data for individual 

grains may, at least in part, be because the determinations were 
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carried out on a crude extr act and also because of the absence of 

replicates . 

It is interesting that amylolytic activity and level of 

reduciag sU3ar show a marked degree of linear correlation, in 

particular during the initial 96 hours o~ germination (tables 42b, 

44b, 46b , 48b, 50b and 52b). However, the r esults suggest that 

the r elationship between amylase activity (total, alpha- and bet a­

amylase ) and reducing sugar concentration is curvilinear (figs. 66, 

7l, 75, 79, 84 omd 88). Thus when the l evel of r educing sugar is 

l ow i. e . during the initial 96 hours germination, reducing sugar 

concentration increases more rapidly than amylase activity. This 

suggests that, during this period , r educing sugar and level of 

arr~lase activity are not interdependent : the marked increase in 

r educing sugar wi th relatively l itt l e increase :in the level of 

amylase activity implies that, during the f irst 96 hours, the major 

proportion of the reducing sugar is not t he r esult of amylolytic 

a ctivity. This supports the contention that at l east during the early 

periods of germinat i on, some other car bohydrate, probably sucrose, 

s erves as the major source of r educing sugar. 

If runylolytic act ivity r esulted in a large part of the 

r edcwing f r action formed during the early s t ages of gennination, 

i t would be r easonabl e to expect a high degr ee of correla tion 

between amylase activit y and gr owth, because growth i s r el a t ed to 

reducing sugar concentration, especi ally during this pcriod . 

Although ther e is evidence, in the group data (tables 42b , 46b and 

50b), that amyl as e activity and growth may be correlated, there is 

no evidence of correl ation in t he data from individual grains 

(tables 44b, 48b and 52b) . In view of t he curvilinear r elationship 

between amylase activity and r educing sugar concentration it seems 

possible t hat the correl a tion bet ween amylase activity and growth 

i s probably, t o some extent at l east, the result of independent 

r esponse t o the gener a l conditions of germination, especially 

juring the early stages of germination. 

There seems little doubt that amyolytic activity suppl ies some 

r educ;.ng sugar during early germination. However, it i s necessary 

to consider the extent of it s contribut ion. 

If, durL~ early gemination, growth is mai.nl y relat ed to 
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lipi d (Dure 1960a) and to the forrnation of r educing sugar as a 

r esult of sucrose hydrolysis , then it seems unlikely that it would 

be causally r el ated to the degree of amylolytic activity . This i s 

especially so s i nce : 

(i) alpha-arwlolytic activity is very low during the 

early periods of germinati on and therefore non­

r educing ends of polymers, on which beta- amylase acts 

to pro0.uce mal tOS0 unit s , are not produced r apidly. 

Furthermore alpha-amylase originates in the scutellum 

and t here is very slew secre"ion of alpha-amyl ase 

during the early stages of germinat i on, because 

'an interacti0n between the scutellum and the endosperm 

mudt take place before t he scutellum will secrete 

alpha- amylase in+,o the endo sperm' (Dure 1960b). 

(ii) beta- amylase activity i s low during the first 48 

hours and t herefor e is unlikel y to contribute 

significantly to the reducj.ng fract ion . This i s 

supported t o some extent by the appearance of maltose 

only after 3 to 4 days germination. 

(iii) if the scutollum ac t s to abso~b carbohydrate from the 

endosperm and convert it to sucrose ( EdeLman et al 

1959), then the l evel of sucrose mi ght supply, 

indirectly, some idea of the amount of reducing 

sugar formed as a r esult of amylolytie activity. 

If amyolytic activity pr oduces substantial amounts 

of r educing sugar during early germination, it 

might be expected that t he l evel of sucrose would 

a t l east r emain fairly constant . The observed 

decr ease implies t~~t sucrose is utilised more r api dl y 

than i t is replaced by t he formation of reducing 

s'.lgar in the endosperm which is subsequently con-

verted to sucr ose. Since sucrose concentra tion 

only increases after appr oximately 96 hours, it seems 

Ijkely that r educing sugar production in the endo­

sperm only exceeds the metabolic demand after about 

96 hours germination . Thus i t is r eaaonable to 



suggest tha t reducing sugar formation as a r esult 

of amyolytic activity is of minor significance 

during the first 24 to 48 hours germination, but 

that, as the germination period increases, so 

amylolytic activity contributes an increasing 

proportion of the total reducing ~~ar fraction, 

until after about 96 hours, when amylolyti c activity 

represents the maj~r source of reducing sugar of 

grains germinating in the dark . 

6?. 

It seems reasonable to suggest, therefore, that the positive 

cor relation b~tween amylase activity and both gr owth and rcducing 

sugar concentration during the early periods of germination ari ses 

because both variables are being influenced by the ~ cause 

i.e . germination period, and not because of 

effect r elationship existing between them. 

any direct cause allQ 

Certainly the action of 

al~1a- and beta-amylases does produce reducing sugars during early 

germination, but it is likely that they r epresent a small proportion 

of the total reducing sugar fraction. 

The studies on changes in Ghe ca:rbohydrate concentration during 

germination led. to the conclusion that s"J.croee is the major source 

of reducing sugar during early germination. I t seems likely that 

this reducing sugar is supplemented to a small extent by amylolytic 

activity during the first 48 hours but thereafter amylolytic activity 

supplies an increasing pro~ortion of the reducing sugar until 

approximately 96 hours when it r epresents the major ~ource . After 

96 hours germination, amylolytic activity produces more reducing 

sug~ than is utilised metabolically and this r esults in an 

accumulation of' sucrose . 



B. EARLY PEARL. 

1. Reducing sugar concentration. 

(i) Groups of grain. 

Reducing sugar concentration (total reducing fraction expressed 

as milligrams maltose per grain) in groups of grain during germination 

is given in table 53. Dormant grains are characterised by 

a low level of reducing sugar, single grains containing, on 

having 

the 

average, 10 mgms. The r a te of accumulation of reducir.g sugar (given 

by the slope of the curve, fig. 90) increases during the first 72 

hours germination, reaching a maximum between 72 and 96 hours 

(0.18 mgms. maltose/hour), When the germination period is increased 

after 96 hours, the concentration of reducing sugar in the grain 

tends to a maximum, which is attained after 144 hours germination 

(approximately 70 mgms./grain). There is evidence that the level of 

reducing sugar may decrease when the germination period exceeds 168 

hours. 

During thc initial 192 hours germination, there is no significant 

difference between replicates, but when the germination period exceeds 

192 hours, replicates may bc significantly different (table 53). 

However, the between means variance is not significant (table 54a). 

Thus, although there is some error in the assay of individual grains 

when there is no replication, the results should be sufficiently 

reliable to permit some comment on the variability between grains. 

Variance between sample means is only significant at the 5% 

probability level (table 54a), but the variation is sufficiently 

large to result in different response curves for samples during 

germination, thereby causing the interaction between sample and 

germination to be significant (table 54a). The actual difference 

between samples increases with germination period. Thus, for 

example, sample 1 (table 53, 19.315 mgms.) contained approximately 

35 mgms. more reducing sugar than sample 3 (table 53, 44.375 mgms) 

after 192 hours germination. This is a difference of about 80%. 

Measurable growth is only apparent after 48 hours germinabon 

(table 55) and growth rate is slow during the first 72 hours, after 

which growth is rapid. There is no evidence that growth rate 

decreases towards thc end of the germination period (fig. 90). 



Concent r ation of r educing sugar and gr owth of r adi cl e , 

col eoptile and l ateral roots are not linearly r elated over the 
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whole germination period . However, there i s evidence that, during 

the initial 72 hours, as the l evel of reducing sugar rises, ext ension 

of the shoot and r oot system t akes place (table 54b, figs . 91,92 and 

93) , 

(ii i Individual grains . 

Reducing sugar concentra tion in r esting gra ins varies between 

12.5 and 40 . 6 mgms . (grains 1 and 9 , t able 56), and the mean 19.437 

mgms . is somewhat higher than that 

groups of grain (10 . 7 mgms . , t abl e 

derived from t he study of 

53) . Reducing sugar concentration 

appar ently deereases during the first 24 hours , but the variatiJn 

between grains is such that the decr ease is consider ably less than 

the value for the l east significant difference between means (table 

56) . Reducing sugar probably accumulates slowly during the firs t 

24 hours germination (0 . 29 mgms. maltose/hour/gra in) but the r ate of 

accumulation (given by the slope , fig . 94) increases mar kedly between 

24 and 48 hours , during which per iod the r ate is 1.17 mgms . maltose/ 

hour/grain . As the germinati on period approaches 144 hours, the 

concentration of reducing sugar t ends to a maximum att aining a l evel 

of appr oximatel y 87 mgms . maltose/gr a i n (fig . 94). When t he 

germination period exceeds 144 hours the l evel of r educing sugar 

decreases . 

There is considerable variability between grains r eceiving the 

same treatment, especial ly as the germination period increases . 

Thus , after 24 0 hours , one grain (grain 2 , t able 56) contained more 

than tyncc ~s much r educing sugar as grain 8 , which had been subjected 

t o the same germination conditions . Such l ar ge vari ati on, 

appr oximately 70 mgms . , mus t r epresent a real difference in 

physiological a ctivity and cannot be the r esult of error caused by 

the lack of r eplication. 

Growth of r adicle and coleoptile are linearly r el at ed to thc 

concentration of reducing sugar in the grain, especially durin5 the 

first 96 hours. As the l evel of reducing sugar increases, 

extension of t he r adicle and coleoptile truces place . Ther e is 
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no evidence that growth and reducing sugar concent~ation are related 

when the germination period exceeds 96 hours (tuble 57b, figs. 95, 

96 and 97). Growth data nre ~resented in table 58. 

2. Total amylolytic activity . 

(i) Groups of grain. 

Amylolytic activity is low in ungerminated 

sample had no measureable activity (table 59), 

grains and one 

Activity increases 

steadily, although not significantly, during the first 48 hours, 

after which activity increases rapidly, tending to a maximum after 

192 hours germination (fig. 98). However, the variation between 

samples is so grea t that the means for the gel'llli1'.ation periods do 

not rollQwa definite sequence. Interpretation of the trend is 

therefore somewhat tentative and indeed, plotting a general trend 

resul ts in the sum of alpha- and beta-~lase sometimes bei!'.g 

apparently greater than the total ~lolytic activity . The overall 

effect of increasing germination period on ~lase activity is 

significant (t.able 60a). 

Al though the between means variance for sample is only significant 

at the 5% probability level (table 60a), the difference in total 

~~.olytic activity betV'een groups receiving the same treatment 

may be as much as 3 mgms. maltose/min./grain, which represents 

approximately 30% of the maximum activity observed (sample 1 

afoer 216 hours, table 5~). ~ariation of this magnitude is 

undoubtedly r esponsible for the significant sampl e/germination 

interaction, since it results in different respons(' L..;:- 'ves for each 

sample during germination (table 60a) . 

Occasionally r eplicates are significantl y different (e. g . 

replicates of sample I after 192 hours, table ,9), but the variation 

between r 'c;)] ica:te "leans is not s ignificant (table 60a) and ther efore 

the error introduced into the assay of individual grains, becaus e 

of the absence of r eplicates, is likely to be small. 

Total amylolytic 

over 

activity and levul of reducing sugar are 

the whole germination peri od studied (table linearly related 

60b, fig. :," ) . However, i\'lSpection of fig . 99 r 'Jveals that the 
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overall relationship is best described as curvilinear; a t low 

levels of amylase activity, increase in tho reducing sugar 

concentration is independOnt 0f the level of amylase activity. 

Conversely, when the level of amylase activity is high, further 

increase in the amylasE' activity has little or not effect on the 

level of reducing sugar. 

Although there is some evidence of linear regression between 

total amylolytic activity and growth, the relatLmship is not very 

ma~ked, and the highest degree of correlation was demonstrated 

between amylase acti..-ity rmd length of coleoptile (table 60b, 

figs. 100, 101 and 102). Correlation is least when the germination 

period exceeds 96 hours. 

(ii) Individual grains. 

Amylolytic activity is low in dormant grains and of the ten 

grains assayed only trJee had measureable activity. With such 

variability, it is not surprising that the level of amylolytic 

activi ty apparently decreases during the first 24 hours even though 

after 24 hours germina tiol1 all grains showed amylase activity (table 

61). ACGivity increases slowly during the first 48 hours, which is 

followed by a phase of rapid increase in activity, whi~h t'ilnds to a 

m2Q:imum aft er approximetely 144 hours germination ~ig. 103). 

Grains subjected to the same germination conditions vary 

considerably in their amylolytic activity. The greatest variab~lity 

was shown after 168 hours, when the grain with the maximum acti vi ty 

(grain 7, t~ble 61) was seven times as active as grain 9, which 

showed the lowest ac tivity. Such variabi_li ty oannot be ascribed to 

the assay procedure and must be a reflection of r eal differences 

in physiological act~vity . 

Total amylolytic activity and l evel of reducing sugar are 

positively correlated, especially during the first 96 hours . Thus, 

dcU'ing this period, low levels of reducing sugar are usually associated 

with low amylolytic activity. However the relationship between 

smylolytic activity and level of redu~ing sugar tends to be 

curvilinear (table 62b, fig . 104). Thus when the germination period 

is short and amylase activity is low,the level of r eduClllg sugar 
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increases rapidly relative to increase in amylase activity, but, 

when the germination period a~increased, and when both level of 

reducing sugar and amylolytic activity is increased, then amylase 

activity tends to i ncrease independently of reducing sugar . 

Except during the early stages of gelllunation, when length of 

radicle and level of amylolytic activity may be correlated, there is 

no evidence that growth and amyl ase activity are linearly related 

(table 62b, figs . 105, 106, and 107). 

3. Alpha- amylase activity . 

(i) Groups of grain. 

None of the three samples of ungerminated grain had any 

measureablc alpha- amylase activity, although activity was evident in 

all three samples after 24 hours germination (table 63). Activity 

increases slowly during the first 72 hours germination, after which 

it increases rapidly, reaching a llk~imum after about 168 hours 

(fig. 98) . There is some evidence that activity may decrease towards 

the end of the germinatjon period. Activities observed in 

successive germination periods vary considerably and make interpret-

ation of the general trend difficult . During the early periods of 

germination, the germination period means are probably representative 

of the population because samples subjected t o the same germination 

conditions do not vnry significantly (table 63) . However 

variabili ty increases with inc. 'ease in the germination period and 

this is probably responsible for the significant sample/germination 

inte~dction (table 64a) . 

Although there is variability between replicates, in general, 

the variations are only occasionally significant and the between 

means variance for replication is not s ignificant (tables 63 and 64a). 

Thus it seems reasonable to consider the assay procedure sufficiently 

reliable to be applied to the assay of individual grains without 

replication. 

Although alpha- amylase activity and level of r educing sugar 

appear to be linearly correlated, the relationship is curvilinear 

and, during the early periods of germination, reducing sugar 
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concentra tion increases considerably with little change in amylase 

activity (table 64b, fig . 108) . 

A linear relationship is evident between alpha-amylase activity 

and growth uf radicle and coleoptile, but not with the development 

of the lateral roots (tubl e 64b, figs. 109,110 and 111) . The 

res'Alts suggest, therefore, that, over the whole germination period, 

low levels of a lpha··amylaso activity are associated with least growth 

of r adicle W1Q coleoptile and that as activity lllcreases, extension 

of the radicle ~,d coleoptile takes place. It is interesting that, 

when the early and later periodc of geTImination are considered 

separately, there is no evidence of linear correlation (table 64b, 

figs. 109, no and Ill). 

(ii) Individual grains. 

Only one of the ten ungerminated grains assayeu had any 

measureable alpha-amylase activity , and even after 24 hours 40% 

of the grains had not developed deteotable alpha- amylase activity 

(table 65) . Activity increases slowly during the first 48 hours, 

which is followed by a yhase of rapid development of alpha-amylolytic 

activity between 48 and 120 hours. Maximum activity is a ttained 

after approximately 144 hours and there is 80me evidence that 

activity may decrease with further increase in the germination period 

(fig. 103) . 

Grains receiving the same treatment vary considera~ly in their 

alpha-amylase acti vity, su much so, that it i s doubtful whe ther the 

means are really ~epresentative. After 144 

example, the grain with the highest activity 

hours germinat i un, for 

(grain 8, table 65) 

was more than seven times as active as the grain with the lowest 

act i vity. It is interesting that two grains, after 168 .hours 

germination did not have any detectable alpha- amylase activity . 

The r esults suggest that the l evel of alpha- amylase activity and 

..:oncentration of r educing sugar in the grain may be linearly related 

during tne f irst 96 hours of germination, but the level of correlation 

i s not very high (table 66b, fig . 112) . It is noteworthy that the 

relationship between alpha-amylase activity and r educing sugar 

conc entra tion is cUJ~linear and that , during the early periods of 



germination, a considerable increase in r educing sugar occu~s without 

much increase in amylase activity . This suggests that , during this 

stage, these two variables are not r elated (~ig . 112). 

Alpha- amylase a ctivity and growth of the shoot and root system 

do not appear to be linearly ccrrel a ted and it would seem, there~ore , 

tha~ grolrlh is not directly dependent on the level o~ amylase 

ac+ivity ( table 66b, ~igs . 113, 114 and 115) . 

4. Beta-~ylase actiVlty. 

(i) Croups of grain. 

Eeta- amylase a ctivi.+'y was demonstrated in t wo o~ the three 

groups o~ dOl'm,mt gr ains assayed, but activity was ver y low, 

approxi~ltely 0 . 013 mgms . waltose/min ./grain (table 67, fig . 98 ) . 

Although the increase in a ctivity between 0 and 24 hours is no t 

significant, it r epresent s a ten-~old increase and all three gr oups 

had measureable beta- amylase activity. Activi ty incr eases slowly 

during t he firs t 72 hours ] but bet ween 72 and 144 hours there i s a 

marked increase, tending to a maximum Vlhen the germination period 

approaches 192 hours . There i s som~ evidence that the l evel of beta-

amyl ase activity may decr ease towards t;lO end of the germina t i on 

period (tabl e 67, fig . 98). 

In the ungerminated grains beta-amylase is t ho major amylolytic 

enzyme , s ince no alpha- amylase acti\~ty was demonstra t ed. However, 

~ter 24 hours germination, beta- amylase cO!ltri butes sOP.'.ewhat l ess 

t han half of the total amylolytic a ctivity, and, as the germination 

period increases to 144 h0urs, beta- amylase contributes proportionatel y 

l ess to the total activity . Thus ~ter 144 hours appr oximatel y 

62% of the total amyl olytic activity results from t he action o~ 

alpha-amylase and 38% ~rom bet a- amylase . However, since beta-amylase 

activity does no t appear to decrease as much as alpha- amylolytic 

activity during l ater germination, each enzyme contributes almost 

equall y to the ac t i vity vmen the germinati on period approaches 240 

hours (fi g. 98). The r esults suggest that, af'ter the initi al period 

of 24 hours, alpha-amylase i s the dominant amylase . Beta-amylase 

may be respon3ible fo r all the activity in ungermin~ted grains and for 



approximately 40% of the total activity when amylolytic activity 

is at it s maximum. 

Alpha- and beta-amylolytic activities appear t o be positively 

correlated (tr,ble 68b, fig. 116). Thus low l evels of alph..",- and 

bet a - amyl a se tend t o OCCcCT together, and, as the level of activity 
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of al~ha-amyla3e i ncr eases , there is an increase in beta-amylase activity. 

In gener al, r eplicates ar e not significantly different, and the 

betv/een means variance for r eplication is not s ignificant (table 67 

and S8a ). Therefore, even though beta-amyl ase activity was only 

determined by difference between ~otal and alpl~-amylolytic activity, 

the assay procedure can be considered r eliabl e . 

Sampl es subj ected to the same germinati on conditions show 

considerable variability in their beta-amylolytic activity, especially 

during the l a ter stages of germination. After 163 hours germinati on, 

the sample having the hiBhest activity was twice as a~tive as -that 

with the lowest activity (salllples 2 and 3, t dble 67). Samples 

behave differently in their pattern of development of bet a- run,ylase 

activity, a feature which i s probably r esponsible for the significant 

sample/germination intera r.tion (table G8a) . 

There is n~ evidence that bet a- amylase activity is linearly 

correla ted with growth of the shoot and root system (table 68b, figs. 

117, 118 and 119). The highest degree of correl ation was + 0.646, 

between Ieducing sugar concentra tion and r adicle l ength over the whole 

240-hour germination period . 

Although t he analysis of t he data for linear r egression between 

beta -amylase activity and r educing sugar concentra tion (tables 53 and 

67) r evealed hi gh degrees of positive correlatbn, even when the whole 

germination period was considered (table 68t), the distribution of the 

points in the scatter plot (fig . 120) suggests that the relationship 

over the 240-hour period is better described a s cur-,ilinear. Thus, 

during early germination, the l evel of r educing sugar increases 

markedly with little increase in beta-amylase activity. Consequently 

i t may be RUggested that beta-amylase activity and reducing sugar 

concentra tion are not necessarily causally related during early 

germinatjon , snd that mo s t of the reducing sugar produced during this 

period originat es other t han by beta-ru~lase a ctivity. 
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(ii) Individual grains . 

In the investigation of ungeI~ated grains, beta-aIDlflase 

activity was only demonstrated in 30% of the grains, and, with the 

exception of grain 6, where alpha- and beta- aIDlflase had equal 

activit i es , beta-amylase was the dominant ~~lolytic enzyme 

(tab:cs 65 and 69). In most instances beta- amyl ase was the sole 

aIDlflolytic enzyme . There is no noticeable increase in the level of 

beta--aIDlflolytic acti vi ty during the first 24 hours, in fact the mdan 

was lower than tlu"t for ungermindted gra ins , even though, after 24 

hours germina tion, all grains contained measureable quantities of 

beta- amyl ase . This em~'u~sises the very considcrable variability 

between gr ains . Al pha-aruyl ase soon bec0mes the dominant aIDlflase 

and, aft er 48 hours, as t~e ge~tion peri on increases beta-aIDlflase 

contributes proportionately l ess to the total activi t:,-, until alnha­

aIDlflase activity decreases when the germination period exceeds 144 hours 

(fig. 103). Beta-aUYlolytic activity, which reaches a maximum 

after about 144 hours germination, does not decrease in activity as 

rapidly as does alpha-ruaylase activity . Thus towards the end of 

the ge~tion period studied, alpha- and beta-aIDlfla se contribute almost 

equally to the total runyolytic activity . It is noteworthy, however, 

that during the period of maximum aIDlflolytic activity, beta-aIDlflase 

is r esponsible for a pproximately 47% of the total activity . In view 

of the difficulty in determining the gener al trend, the sum of 

alpha- and beta- aIDlflolytic activities may be apparently greater 

than the total aIDlflolytic activity. However, this was never the 

ca se in p~ctice, since, beta-anylase activity was deteI'mllled by 

difference between total and alpha-aIDlflolytic activity. 

Although the degree of positive linear r egression between alpha­

and beta-aIDlflase i s not very high, there i s a tendency for low 

l evels of alpha-aIDlflase activity to be associ ated with l ow levels of 

beta-aIDlflase a ctivity and that increased activity of one enzyme t ends, 

in general, to be associa ted with increased activity of the other 

(table 70b, fig . 121). 

During the early s t ages of ger mination (0-96 hours), beta­

amylase activity is lL~enrly related to gr owth of r adic l e and 

coleoptile , thus, durLng this period, low levels of a ctivity t end to 

be associcted with l e-.lst growth of radicle and coleoptile . As the 
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level of beta-ru~lase activity increases, extension of radicle and 

coleoptile t akes place (tabl e 70b , figs . 122 and 123). There is 

no evidence that beta-~~lase activity and length of lateral roots 

are linearly related (table 70b, fig . 124) . 

Beta-~lolytic activity and level of reducing sugar show a 

high degree of posLtive linear regression during the first 96 hours 

germination, indicating that, during this period, rul increase in 

beta-~lolytic activity result s in increased redllcing sugar (table 

70b. fig. 125) . However, although this is the case, large increases 

in reducing sugar occur with very little increase in ~lolytic acti vi ty 

and it seems doubtful , t herefore, that these two variables are 

causally related, especi ally since the overall relationship i s 

apparently curvilinear (lig . 125) . 

The rel i ability of the procedures adopted V~ established during 

the assay of ~lolytic activity in HLckor y King grains . The studi es 

on Early Pearl confirm that the assay procedures are reliable and 

can, with some confidence , be applied to the study of individual 

grains . 

The general patterns of devel opment of amyl ase activity in Early 

Pearl grains ar e similar to those observed in Hi ckory King and are 

in agreement with the literature (Kneen 1944, "iYrback and Ueumuller 1950 , 

Bernfeld 1951, Peat 1951, Crocker and Barton 1953 , Pi gman 1957 and 

Dure 1960b). Amylolytic activity i s low in r esting grains and 

both alpha- and beta-amylase increase in acti vity during germination, 

although alpha-amylase becomes the chief ~lolytic enzyme . 

Whilst the r esul t s show marked similarities with the observations 

on Hickory King, one feature, the almost complete absence of alpha­

~lolytic activity in resting gra ins, does not conform. It is 

interesting that previous workers (Kneen 1944 , Myrback and 

Neumuller 1950, Bernfeld 1951 , Peat 1951 , Pigman 1957 and Dure 

(1960b) have observed that all of the ~lolytic activity in r esting 

grains j.s a ttributable to beta-~lase activity . Al though these 

results suggest that in Early Pearl beta- amylolytic activity is the 

major amylolytic enzyme in dormant gra ins, this is not always the case 
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since one grain at least (grain 6, t abl e 69) had equal alpha- and 

beta-umylolytic activity. 

A striking feature of the results i~ the appearance of alpha­

umylolyt ic a~tivity during the first 24 hours. Although none of 

the unge!'IIlina ted s8.lllples, £lIld only one of the individual grains had 

measlITablc alpha- amylase activity (tables 63 and 65), after 24 hours 

germination, all three s[,Jllples and 60% of tile individual gr a ins had 

developed alpba- umylolytic a ctivity. This suggest s that alpha­

amylolytic activity a ppears more rapidly than ~~s been suggested by 

Duro (l960b), who was lmabl e to detect activity within the first 

three days of germination. However, since Dure used a therm...'li 

inactivation technique, which may decrease the observed al~ha-

umylase activity by as much a s 50% (page 58), it seems likely that the 

apparent abscllce of alph~-umylolytic activity during this perioj is the 

result of limita tioas in assay technique. 

The marked increase in bet a-umylolytic activity during germinntion 

is in agreement with the observations on Hickory King, but js not in 

general agreement wi th the literature (Peat 1951 and Dure 1960b) . 

Since the use of low pH inactivutiJn of alpha-amylase for the 

sep~rate determination of beta-umylase activity does not always yield 

r elinble rasul ts (page 58), it seems likely th:.,t "thc apparently higher 

beta-amylase activity is the r esult of more accuratr) as.3ay and not 

because either Hickory King or Early Pearl grains a rc inherently 

different to other m.qize grains. It seems r ea sonabl e that beta-

amylase activity should increase markedly durL~g germinati on because 

alpha- and beta - umylasG a~e complementary in their action on starch; 

nlpha- amyl nse being princi~~lly responsible for dextrinisation and 

producing little r educing sugar, whereas bAta-umylolytic activity 

pr oduces individual maLtose lmi ts. Al~~-umylolytic action is 

essentinl in view of the relatively high proportion of nffiylopectin 

in starch (Crocker nnd Borton 1963). Beta-c~lase hydrolyses 

the 1/, glucosidic link in the polymer, from the non-reducing end, 

but it cannot hydrolyse the 1,6 glucosidic link, thus beta-amylase 

oction on amylopectin results in the production of limit dextrins 

end smqll qu.qntities of reducing sugar. 

Althol~h the r esults suggest that nlph~- and betn- nmyl nse 

activity are r e12,ted j.n their development , it seems likely that this 

is fortuitous and is the r esponse of both, individunlly, to the 
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gener.':Il process of germinntion, because as Dure (1960b) hns shown, 

not only do these two enzymes have different sites of ori gin but 

they develop independently il'l i.solnted endosperm (beta-amylnse ) and 

scutellum ( [l]p~':I-rrmylase). 

In general the resu.1 ts confirm the ot"ervation (page 34) that 

grow~h i s stimulnted by an L~crense in the level of reducing sugnr . 

Thus low levels of ruducing sugar tend to be nssociated with l east 

growth, and, aq the level of reducing sugar incre':lses, there i s a 

mnrl<ed incrense ln the growth of the shoot and root system (ta bles 

54b and 57b). Since the reducing sugar determinations were cnrricd 

out on a crude brei and other substrunces nre knovm to influence the 

determination of reducing sugnr under such conditions (Briggs 1967) , 

the degree of correlation is surprisingly hibh . 

Although the level of reducing sugar and a ctivity of ~~lace 

(totnl, alphu- =d Leta-) mny be apparently linenrly r elated, 

especinlly during the initinl 96 hours germination, the overnll 

r el a tionship is always curvilinear (tables 60b , 62b, 64b, 66b, 68b 

and 70b, figs. 99, 104, 108, 112, 120 nnd 125) . Thus during the 

carly periods of germination, in particular between 0-72 hours, the 

l evel of reducing sugar in the gmins may incrense mar kedly with 

li ttl" or I,O change in rrmylase activity . These two variables are 

therefore probably independent during this period, even though they 

IDc':ly be nppc':\rently linearly relatcd. Similarly in the later stages of 

germina tion, amylase nctivity may chrunge with little or no corresponding 

chnnge in r educing sugar concentrntion . Thus it 

amylnse activity and redu~ing sugnr concentration 

seems likely that 

are probably only 

rela ted or interdependent for a short period, during the mid­

ge~'}tion period between approximately 72 and 96 hours . This 

observation suggests t lillt during the early periods the principal 

source of r educing sug':lr i s not starch &~d that between 72 and 120 

hours growth is increasingly dependent on reducing sugur produced by 

amylolytic nctivity. When the germinntion period exceeds 96 hours 

it is likely that reducing sugar productioL is far in excess of 

metabolic requirement and the observed accumulation of sucrose 

after 96 hours, is probably an expressi0n of the increased l evel of 

reducing sugn.r. These results ar c very simil ar to those obtained 

with Hickory King, =d they suppor t the contention that during the 
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sucrose, serves as the major source of reducing Sl~ar. 
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The results suggest, therefore, that the two major carbohydrate 

reserves in maize grains are sucrose and starch (including 

amylopectin) and that sucrose is mobilised r apidly to supply the 

reducing ~~gars essential for the initial growth of the coleoptile 

and radicle. The reserVQ of sucrose is, however, smull and within 

96 hours the l evel decreases considerably. Thus, t he rate of 

formntion of r educing sugar, by hydrolysis of sucrose, prob~bly 

decreases markedly sometime before 96 hours. Since there is no 

evidence that growth becomes seriously restricted or tlk~t the level of 

reducing sugar drops markedly during the first 96 hours (although both 

growth rate and r a te of accumula tion of reducing sugar may decrease 

slightly as 96 hour germination is ~pproached), i t seems likely that 

amylolytic activity starts ep.rly during germination and steadily 

increases so tnat nft er 96 hours it represents the major source of 

reducing sugar . This is supported by the ~~rked ~ccumulation 

of sucrose and r educing sugar after 9n hours, wh1ch suggests th~t 

r educing sugar produced exceeds metabolic demand and that some 

r educing sugar is conver~ed to sucrose. 
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CHAl'TER 4. 

CONCLUDING REM ARK S. 

Some of the problems originally VisU2.:Ci sed have been, a t least 

partj ally, resolved but, as is the case with most research, ITk~y 

more arise to t ake their place. 

Thus although it seems cert~in that sucrose serves as the ITkqjor 

sou~ce of the reducing sugar essential for growth during the early 

stages , it is probably supplemented by reducing sugar originating, 

from the endosperm, by amylolytic activity. The conveni ent 

division of germination i nto two phases, the first during which growth 

is dependent solely on tae reserves present in the scutellum and the 

second when products of sta rch hydrolysis becomes readily avaih.ble 

is difficult to establish. This will be especially so if the 

apparently higher levels of alpha- and beta-amylase activity, which 

have been observed, are shovm to be a feature of most grains . 

However it may well be that the presence of al pha- amylase activity 

in ungermina ted Hickory ICing grains wns because the grains were fresh 

and LLqd only been stored for a short time, whereas the Early Pearl 

gra in9 werE. oj:, ~ined some months after the annunl supl'ly became 

avail able at t he suppliers. With the accuracy of esti oation inherent 

in the phenyl mer cury chloride inhibition technique, the effect of 

storage time on the presence of residual amylase ar.tivity and on the 

development of amylase activity during germination warrants further 

study. 

Even though amylase activity is present during the early periods 

of germination, it is important to establish how much reducing sugar 

is formed as a r esult of its a ction on the endosperm. Certainly this 

is likely to be less than in an artificial system where available 

substrate i s not limited i.e. the values for amyl DIy tic activity re­

corded are the t heoretical maximum activities, and not the effective 

a ctivity in viva. This t aken together with a possible time l ag 

between uptake of reducing sugar from the endosperm and subsequent 

transport to the growing regions, suggests t hat, at least during the 

first 72 hours of germination, growth may be entirely dependent on the 

scutellar reserves and be independent of the endosperm. Indeed 



77. 

Dure (1960a) has demonstrated t~.t there is no significant difference 

between the growth of isola ted and attached embryos during the first 

five days. 

The decrease in sucrose concentration is most marked within the 

first 72 hours germination 0~d this suggests that invertase becomes 

a ctive very rapidly . Since n marked decrease may even occur within 

the first 24 hours, it seems reasonable to suggest that the 

germination conditions a ctivat e or free the enzyme from some bound 

form. It is doubtful whether n net synt hesis of .invertase would 

occur in such a short period . It would certainly be worthwhile 

to locate the precise di stribution of sucrose and invertase in the 

embryo/scut ellum complex . In view of the fact that a large part 

of the decrease in sucrose occurs before emergence of the radicle 

and coleoptile through the pericarp, a more detailed study of the 

development of invertase activity and of disappearance of sucrose in 

relation to gr owth of the r adicle and coleoptile before emergence 

through the pericarp, might improve our under standing of the relative 

contributions of the scutellar and endosperm reserves to the total 

reducing sugar complex during early germina tion. 

There is no doubt that different gra ins from the same popul ation 

vary consiaerably in their physiological activity, but it is most 

striking that all appear to conform to the same fundamental metabolic 

pattern and that, especially during the early periods of germination, 

growth is directly related to activity. This suggests that, during 

this period, growth is limited by the available respiratory substrate, 

mainly reducing sugar. 3ince the reducing sugar arises principally 

by hydrolysis of sucrose, it would be worthwhile to establish the 

significnnce of sucrose concentr ation in the ungerm~~ted grain in 

rela tion t o the final esta blishment of the seedling, and further, whether 

varieties that have very high levels of sucrose (varieties used in the 

cruming industry) differ in any fundrunental way from Early Pearl and 

Hickory King. The results suggest that most varieties should conform 

to the srune general pattern . 

It may be concluded, therefore, that the respiratory substrates 

during early germination are lipid and reducing sugar which is derived 

mainly from sucrose and to a lesser extent from raffinose and starch, 

and that as germination proceeds the activity of alpha- and beta-



amylase increases so that, as a result of their hydrolytic action 

on the endosperm, they contribute increasingly to the respiratory 

substrate. After 96 hours, reducing sugar production exceeds 

respiratory utilisation and this results in an accumulation of sucrose. 
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Sample dried at 80 0 C for 
24 hours 

Grind to produce 
a fine meal 

Ex±ract thrice with 
80% ethanol 

~ ~ 
Concentrate filtrate 

1 
Add lead acetate and 
make to standard volume 

'Filter onto potassium 
oxalate 

Filter 

Determine total 
reducing fraction 
using Nelson IS 

method 

Determine glucose 
concentration 
using glucose 
oxidase 

Dry residue at 80 0 C 
for 24 hours 

~ 
Iveigh 

~ 
Acid hydrolysis 

1 
Neutralise and 
standardise volume 

Determine reducing 
sugar concentration 

Determine sucrose 
concentration 
as the increase in 
reducing potential 
after hydrolysis 
with invertase 

Fig.l. Flow sheet of the procedure adopted to determine 
reducing sugar, glucose, sucrose and dextrin 
concentration in germinating maize. 
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Blank 

2 ml. H20 
+ 

2 ml. DNS 
+ 

1 ml. 0.1% ST 

~ 

Grind and make to standard volume 

Centrifuge 

Supernatant 

5 ml. extract 
+ 

20 ml. H20 

J ---------. 
2 ml. aliquot 2 ml. 

+ 
2 ml. DNS 1 ml. 

+. 
1 ml. 0.1% ST 

aliquot 
+ 
0.1% ST 

5 ml. extract 

2 

1 

+ 
5 mI. FMC 

20 

add 

ml. 

ml. 

stand 
minutes 

1 
15 ml. 

Hr)O 
"-

! 
aliquot 
+ 
0.1% ST 

! 
varying periods of digestion 

1 
add 2 ml. DNS 

~ 
place in boiling water for 5 minutes 

! 
cool rapidly 

t 
dilute with 20 ml. distilled water 

J 
measure optical density at 505m~ 

J 
reducing sugar 
concentration 

1 l 
total amylolytic C(. amylase 

activity 

! 
activity 

~ amylase activity 
by difference 

Fig.5 Flow sheet of procedure adopted to determine reducing 
sugar concentration, total amylolytic activity, 
a amylase activity and ~ amylase activity by 
difference. FMC phenyl mercury chloride, ST starch, 
DNS dinitrosalicylic acid. 
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Fig. 7. Progress curve of mgms. mal tosa produced with time. 
SUbstrate becomes linnting after approximately 20 mdns. 
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Plate 1. Composition of 80% ethanol extract of grains 
of Zea mays L. var. Hickory King, during the 
first 8 days of germination. Chromatogram 
run with ethyl acetate, acetic acid, formic 
acid, vmter (36:6:2:3). M-maltose, S-sucrose, 
G-glucose, F-fructose. 
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Plate 2. Composition of 80% ethanol extract of grains of 
Zea mays L. var Hickory King, during the first 8 
days of germination. Chromatogram run with 
ethyl acetate? isopropyl alcohol, water (6:1:3). 
M4 - mal totetraose, IvI3 - mal totriose 0 

. .. 
. , . 



TABLE 1 

COMPOSITION OF 8~ ETHANOL EXTBACT~ OF GRAINS OF ZEA 

MAYS L. VAR HICKORY KING'l DURING THL: FIRST EIGHT DAYS 

Rf* 
Marker Sugars Values 

Fructose 

Glucose 

Sucrose 

Maltose 

1.000 

0.688 

0.322 

0.183 

+ ++ +-H­

* Rf 

• . I ~ 

OF GERMINATION 

Days Germinated 
0 1 2 3 4 5 6 7 8 

+ + + ++ ++ +++ +++ +++ 

+? ++ + + ++ -H+ +++ +++ -l++ 

+++ ++ ++ +++ +++ +++ +++ +++ +H-

+7 + ++ ++ 

No visible spot 

Increasing density of spots 

Expressed as Distance Travelled 

* 

Distance Travelled by 
fructose. 

++ 



TABLE 2 

REDUCING SUGAR CONCENTRATION (% DRY VlIEIGHT) IN GROUPS OF 

HICKORY KING GRAIN DURING GERMINATION. ASSAY WAS 

REPLICATED THREE TIMES ON EACH GROUP. 

Replication Number 
Germination Germination Period (Hrs) 1 2 3 Mean Period Mean 

0 0.072 0.083 00 069 0.075 
0 0.052 0.042 0.055 0.050 0.061 
0 0.052 0.059 0.062 0.058 

24 0.131 0.092 0.122 0.115 
24 0.110 0.110 0.106 0.109 0.110 
24 0.113 0.163 0.119 0.132 

48 0.H36 0.174 0.178 0.179 
48 0.261 0.266 0.245 0.257 0.246 
48 0.312 0.298 0.291 0.300 

72 0.096 0.087 0.114 0.099 
72 0.119 0.124 0.143 0.129 0.138 
72 0.227 0.186 0.144 0.186 

96 0.284 0.255 0.241 0.260 
96 0.241 0.238 0.230 0.236 0.246 
96 0.225 0.257 0.241 0.241 

120 0 .. 628 0.654 0.619 0.634 
120 0.823 0.734 0.658 0.738 0.685 
120 0.720 0.630 0.695 0.682 

144 0.745 0.792 0.792 0.776 
144 1.193 1.192 1.233 1.206 0.934 
144 0.802 0.838 0.819 0.820 

160 1.543 1.570 1.567 1.560 
168 1.088 1.003 0.813 0.968 1.240 
168 1.140 1.186 1.247 1-.191 

192 0.813 0.809 0.809 0.811 
192 1.159 1.038 1.199 1.132 0.956 
192 0.906 0.934 0.934 0.924 

216 0.866 0.957 0.928 0.917 
216 1.025 1.026 1.019 1 •. 024 1.064 
216 1.251 1.250 1.257 1.253 

240 1.062 1.106 1.142 1.103 
240 1.021 0.997 0.993 1.004 1.374 
240 1.983 2.018 2.049 2.017 

L. S. D. Between Observations at 0.05 P. L. + 0.012 
.. If; II II Means II " It n ± 0.075 
n It n 11 Germination Period Means It " ± 0.036 



TABLE 3a 

ANALYSIS OF VARIANCE DATA FOR REDUCING SUGAR CONCENTRATION IN GROUPS 
OF HICKORY KiNG GRAIN. 

Degrees of Sum of Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 21.942371 2.194237 1282 0 861 * * * 
Replication 2 00000214 0.000107 0.063 N. S. 
Sample 2 0 0 239217 0.119609 69.929 * * * 
Sample / Rep_ 4 00010109 0.002527 1.478 N. S. 
Rep / Germ~ 20 0.022577 0.001129 0.660 N. S. 
Sample / Germ- 20 20892714 0.144636 85.561 * * * 

Error 40 00068417 0.001710 

* * * Significant at 0.1% Probability Level. 

TABLE "~ 

RESULTS OF LINiAR RiGRESSION OF REDUCING SUGAR CONCENTRATION AND . LENGTH 
OF RADICLE,. COLEOPTILE AND LATERAL ROOTS IN GROUPS OF HICKORY KING GRAINS 0 

Germination Period Correlation 
Factor Hours. Coefficient t Significance 

0-240 + 0.895 11.170 * * * 
Reducing 0-168 + 0.939 12.805 * * * 

Sugar 48-168 + 0.918 9.340 * * * 
Radicle 192-240 + 0.661 

Length 

Reducing Q-240 + 00850 8.948 * * * 
Sugar 0-168 + 0.954 15.090 * * * 

Coleoptile 72-168 + 0.940 9.934 * * * 
Length 192-240 + 0.415 

Reducing 0-240 + 0.859 9.339 * * * 
Sugar 0-168 + 0.950 14.271 * * * 

Lateral Root72_168 + 0.936 9.583 * * * 
Length 192-240 + 0.415 

* * * Significant at 0.1% Probability Level. 



TABLE 4 

LE NGTH {MrvlaL OF RADICLE ~ COLEOPTILE AND LATE HAL ROOTS 

(ARISING FROM THE COTYLEDONARY NODE) I N GROUPS OF TEN 

HICKORY KING GRA INS DURING GERMINATION. 

Germination Growth Mean Mean 

Period Hrs. Radicle Coleoptile Laterals Index Radicle Coleoptile Laterals Growth 
"ndex 

48 

48 3 0.003 3.7 0.011 

48 8 0. 008 

72 20 5 1 0.026 

72 36 9 0.045 39 13 1 0.059 

72 61 25 2 0.088 

96 91 44 III 0.246 

96 193 41 172 0.406 151 50 131 0.201 

96 169 65 III 0.345 

120 289 82 213 0 .584 

120 268 102 402 0.772 268 94 284 0.679 

120 249 98 238 0.585 

144 397 204 747 1.348 

144 543 289 962 1.794 437 236 828 0.942 

144 371 216 774 1.361 

168 446 268 959 1.673 

168 442 183 670 1.295 454 242 854 2.467 

168 473 275 934 1.682 

192 627 299 1609 2.535 

192 675 381 1181 2. 237 629 326 1199 2.769 

192 584 298 806 141 688 

216 519 398 1272 2.189 

216 492 496 1599 2.587 626 458 1450 2.234 

216 868 481 1480 2.829 

240 1029 574 1825 3 .. 428 

240 746 611 2017 3.374 923 571 1953 3. 069 

240 994 528 2018 3.540 
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TABLE 5 

RESULTS OF LINEAR REGRESSION (CORRELATION COEFFICIENT r) 

~ETWEEN FRESH GHAnI WEIGHT (GRAi'.lS) AND REDUCING SUGAR 

CONCENTRATION (% DRY WEIGHT) OF GROUPS OF HICKORY KU,IG 

GRAIN DURING GERMINATION. THReE GROUPS OF GRAIN WERE 

INVESTIGATED AT . EACH GERMINATION PERIOD. 

Germination Grain Weight 
Period Hrs 1 

0 7.27654 

24 6.980.59 

48 6 .. 91987 

72 9.0.6412 

96 7.30.477 

120. 6.99898 

144 7.0.5188 

168 7.0.940.7 

192 6.99980. 

216 6 .. 65183 

240. 6.7570.8 

Correlation 

Coefficient 

2 3 

6.62649 6.67627 

6.84388 7.10.123 

6.59470. 6.58299 

9.30.341 8.78237 

6.68807 6.70.0.20. 

6 8 75269 6.81125 

7.35524 7.59117 

6.450.29 6.86767 

6.57871 7.24432 

6.33114 7.0.7830. 

6 0 50.620. 6.53642 

0. - 48 Hours 

•. 0..326 

Reducing Sugar 

1 2 3 

0.075 0..050. 0.0.58 

0..115 0..10.9 0..132 

0..179 0..257 0..30.0. 

0..0.99 0..129 0..186 

0..260. o.~236 0.0241 

0..634 0..738 0. .. 682 

0..776 1.20.6 0..820. 

1.560. 0..968 1.191 

0.0811 1.132 0..924 

0..917 1.0.24 1.253 

1.10.3 1.0.04 2.0.17 

o - 120. Hours 0. - 240. Hours 

- 0..627 + 0..477 

NOTEg Because of the small number of observations at 
each germination period 9 the results are inccuc1usive. 
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TABLE 6 

REDUCING SUGAR CONCENTRATIQN (% DRY WEIGHT) IN INDIVIDUAL HICKORY KING GRAINS DURING GERMINATION 0 

Growth I.ndex" = length of co1eopti1e 9 radicle and lateral roots· ) 
100 

Germination % Pe~lod (hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Growth Index 

0 0.013 00075 0.025 0.143 0.037 0.043 0 0 103 0.020 0.055 0 .. 030 0.054 0 0 

24 0.088 0.135 0.128 0.135 0.074 0.068 0.138 0.172 0.167 0.039 0.114 0 0 

48 0.148 0.019 00011 0.150 0.026 0.330 0.259 0.216 0.018 0.165 0.134 20 0.003 

72 0.342 0.251 0.174 0~236 0.275 0.296 0.152 0.253 0.321 0.233 00253 70 0.059 

96 0.583 0.392 0.968 0.822 0.440 0.468 0.626 0.450 0.674 0.151 0.557 90 0.201 

120 0.501 0.385 1.330 0.360 0.456 0.527 0.569 0.616 0.711 0.629 0.608 100 0.679 -
144 00161 0.240 0.124 00521 0.127 0.200 0.357 0.607 0.0453 0.177 0.297 100 0.942 

168 0.421 0.462 1.198 1.214 2.348 00364 0.538 0,410 0.275 0.539 0.977 100 2.467 

192 0.705 0,,647 2.048 0.933 3.590 0.735 0.260 2.048 2.279 0.746 10398 100 2.769 

216 0.693 0.768 0.538 0..522 10009 0.352 3.288 0.796 0.734 0.413 0 .. 911 100 2.234 

240 5.460 0.944 0.649 2.016 1.266 0.660 1.367 0.460 0.672 2.612 1.611 100 3.069 

NOTE . - In this and all subsequent tables 9 the data has been corrected to three decimal places after 
calculation of the mean. The mean iS 9 therefore 9 not necessarily the mean of the values in the table. 

Least Significant Differenc~ Between Observations at 0.05 Pl' (1bab~lity Lovel + 0.184 
" II II II Means " ·u ; + 0.610 



TABLE 7a 

ANALYSIS OF VARIANCE DATA FOR REDUCING SUGAR CONCENTRATION 

IN INDIVIDUAL HICKORY KING GRA.INS. 

Degree of Sum of . Variance Source Freedom Squares Val J . • nr:e R t' Observations a lO 

Germination 10 28'~42 2.854 6.067 * * * 
Grain Number 9 2.083 0.231 0.492 N. S. 

Error 90 42.338 0.470 

* * * Significant at 0.1% Probability Level. 

TABLE 7b 

RESULTS OF LINEAR REGRESSION OF. REDUCING SUGAR CONCENTOOTION 

AND LENGTH OF RADICLE 2 COLEOPTILE AND LATERAL 

ROOTS IN INDIVIDUAL HICKORY KING GRAINS Q 

Factor Germination Period Correlation t Observations 
Hours Coefficient 

Reducing Sugar o - 240 + 0.510 6.161 * * * ,,-

o - 120 + 0.675 6. 967 "* * * 
Radicle Length 144 - 240 + 0.267 N. S. 

R£ducing Sugur 0 "'" 240 + 0.661 9.154 * * * 
o - 120 + 0.802 10.225 * * * 

Coleoptile 
144 - 240 + 00520 4 .218 N. S .. 

Length 

Reducing Sugar o ... 240 + 0.730 11.100 * * * 
o - 120 + 0.616 5.955 * * * 

Length of Later-144 - 240 + 0.653 * * * 
al Roots 

* * * Significant at 0.1% Probability Level • 

. " ,-



TABLE 8 

RESULTS OF LINEAR REGRESSION (CORRE~ATION COEFFICIENT r) 

BETWEE N FRESH GRA I N: WEIGHT (GRAMS " ) AND REDUCING SUGAR 

CONCENTRATION (% DRY V~ IGHT) OF INDIVIDUAL HICKORY KING 

Germination 
Peri od (Hours) 

Correlation 

Coefficient 

GRAINS DURING GERMI NATION . 

Grain Weight Reducing Sugar Concentration 

0 24 

0.70500 0.73410 

0.97165 0.55681 

0.65908 0.58776 

0.66258 0.58390 

0.59500 0.63599 

0.60328 0 .. 53627 

0.58679 0 .. 66866 

0.52152 0.41408 

0.70972 0.75832 

0062187 0.61644 

o Hours 

+ 0.016 

48 0 

0.97244 0.013 

0.49328 0.075 

0.75523 OQ025 

0 .82957 0.143 

0 .60273 0.037 

0.91705 0.043 

0 .. 71909 0.103 

0.64292 0.020 

0.52472 0.055 

0.71920 0. 030 

o - 24 Hours 

+ 0.047 

24 48 

0 .088 0.14f:-

0.135 0 .. 019 

0.128 0.011 

0.135 0.150 

0.074 0.026 

0.068 0.330 

0.138 0.259 

0.172 0.216 

0.167 0. 018 

0. 039 0.165 

o - 48 Hours 

+ 0.328 
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TABLE .2 

LEN?TH OF RADICLE, COLEOPTILE AND LATE RAL ROOTS (ARISING FROM THE COTYLEDONARY NODE) OF INDIVIDUAL HICKORY 

KING GRA I NS AFTER DIFFERENT PERIODS OF GROWTH. 

GERMI NATION PER IOD I N HOU RS 
48 72 96 120 144 168 192 216 240 

Q) Q) Q) (» (j) Q) <1> ill (j) 

..--i ..--i ..--i ..--i ..--i ..--i ..--i ..--i ..--i 

Grain 'rl (J) · rl (J) ' rl (J) 'rl (J) • .-1 (J) 'M (J) 'M (J) 'M (J) ' M (J) 

Q).p ..--i Q) .p ..--i Q) .p ..--i Q) +> ..--i Q) .p ..--i <1> +> ..--i <1> +> ..--i ,$ .p ..--i Q) .p ..--i 

..--i 0.. co r-i 0.. co ..--i 0.. co ..--i 0.. co ,.~ 0.. co r-i 0.. co ..--i 0.. co M 0.. co ..--i 0.. co 
Number o 0 H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H L) 0 H 0 0 H 

'M Q) (» 'rl Q) Q) 'rl Q) Q) 'rl Q) Q) 'rl Q) Q) 'rl (» Q) • .-1 Q) Q) • .-1 Q) Q) 'M (» Q) 

"O..--i .p "0 ..--i +> "0 ..--i .p "0 r-i +> "0 r-i +> "0 r-i +> "0 ..--i +> "0 .-t +> "0 .-t +> 
co 0 ro ro 0 co co 0 ro co 0 ro co 0 co co 0 tV C'J 0 tV ro 0 tV co 0 co 

O:: U H 0:: U H 0:: U H 0:: 0 H 0:: D ~ 0:: U H ' 0:: U H 0:: U H 0:: U H ----
I - - - 6 24 15 39 12 11 52 20 3 - 5 -56 .1 12 l49 94 20 71 76 63 160 25 91 337 

2 - - - 9 10 3 17 6 21 57 6 11 57 15 58 59 35 53 77 41 63 46 35 93 -
3 1.0 8 49 14 39 42 19 48 31 7 32 64 34 67 174 30 195 40 10 65 52 93 210 

4 - - - 13 ... 4 20 8 6 16 4 - 75 29 53 91 37 194 38 37 129 17 27 120 198 45 160 

5 - - - 4 7 4 .. 21 17 5 16 72 39 218 91 52 400 18 48 280 - 23 88 

6 - - - 12 .. 43 7 15 59 12 13 86 44 162 24 21 83 15 109 50 36 179 

7 - - - 9 28 40 10 53 94 63 154 105 63 228 72 72 358 147 72 141 

8 2.0 5 7 22 3 1.3 5 - 77 4 71 61 25 94 37 55 179 46 36 119 27 74 228 

9 - ... - 34 9 6 6 .. 39 31 90 39 52 325 141 27 66 54 30 118 88 53 123 

10 - ... - 3 - . .. 49 8 16 31 14 - 46 9 21 57 18 30 52 24 186 12 13 75 50 46 259 

Mean 0 .. 3 ... ~ 4. 8 0.7 0. 4 6. 4 1.4 12.3 19. 8 8.1 40 46 .1 11.6 36 0 5 67.7 33. 9 81.5 36 . 4 41.2 35.5 68 ,,3 181.8 
145. 1 159.0 146 .7 56. 8 

Gr owth 
Index 0.003 OfJ059 0.201 0.679 0. 942 2. 467 2.769 2.234 3.069 
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TABLE 10 

SUCROSE CONCENTRATION (% DRY WEIGHT) IN GROUPS OF HICKORY 

KING GRAIN DURING GERMINATION. ASSAY WAS .. REPl IC/\TED THREE 

TIMES ON EACH GROUP. 

Germination Replication Number Germination 
Period (hours) Mean Period Mean 

1 2 3 

0 0.915 1.075 0.9~3 0.971 
0 1.247 1.288 1.260 1.265 1.101 
0 1.192 1.013 0.996 1.067 

24 0.680 0.730 0.672 0.694 
24 0.692 0.828 0.759 0.760 0.721 
24 0.753 0.639 0.736 0.709 

48 0 ,, 440 0.457 0.475 0.457 
48 0.410 0.469 0.496 0.458 0.433 
48 0.357 0.393 0.400 0.384 

72 0.357 0.273 0.310 0.314 
72 0.365 0.262 0.345 0.324 0.314 
72 0.302 0.293 0.315 0.303 

96 0.165 0.169 0.197 0.177 
96 0.242 0.202 0.194 0.213 0.189 
96 0.176 0.176 0.177 0.176 

120 0.202 0.178 0.201 0.194 
120 0.205 0.138 0.180 0.174 0.195 
120 0.225 0.236 0.186 0.216 

144 0.230 0.216 0.242 0.229 
144 0.142 0.152 0.109 0.134 0.217 
144 0.287 0.278 0,, 302 0.289 

168 0.287 0.167 0.212 0.222 
168 0.316 0.320 0.308 0.315 0.272 
168 0.285 0.283 0.267 0.278 

192 0.470 0.530 0.605 0.535 
192 0.596 0.705 0.445 0.582 0.527 
192 0.502 0.417 0.472 0.464 

216 0.288 0.165 0.272 0.242 
216 0.827 0.793 0.778 0.799 0.477 
216 0.385 0.417 0.367 0.390 

240 0.168 0.275 0.286 0.243 
240 0.198 0.247 0.235 0.227 0.352 
240 0.629 0.478 0.655 0.587 

-. L • . S • . D. Between Observations at 0.05 P. L. ± O.lit! 
" ' tl tI . " Means " 11 + .091 .. 

" n " " C. P. Means tI It + .052 



ANALYSIS OF VARIANCE DATA FOR SUCROSE CONCENTRATION IN 

GROUPS OF HICKORY KING GRAINS 0 

Degrees of Sum of 
Source Freedom Squares 

Germination 10 6.746191 

Replication 2 0 0 001139 

S~).~~~~ 2 0.131052 

S amp 1 e/B:::;::.li ca- 4 00014826 
tion 

Replication/ 20 0.035862 
Germination 

Samp1e/Germina- 20 0.848311 
tion 

Error 40 0.124738 

Variance 
Variance ratio (F) 

0.674619 216.332 

0.000570 0.183 

0.065526 21.012 

0.003707 1.189 

0.001793 0.575 

0.042416 13 .. 601 

0.003118 

Observations 

* * * 
N .. So 

* 
N. S. 

N. S. 

* * * 

* * * Significant at 0.1% Probability Level. 

* II " 5% " " 

TABLE t::~lb 

RESULTS OF LINEAR REGRESSION OF ~UCROSE CONCENTRATION AND 

LENGTH OF RADICLE 9 COLEOPTILE AND LATERAL ROOTS IN GROUPS 

OF HICKORY KING GRAINS 0 

Germination Period Correlation t Observations 
Factor Hours Coefficient 

Sucrose 0 - 240 - 0.293 
o - 96 0.627 2.903 * 

Radicle 48 - 96 - 0.846 4.197 * * * 
Length 120 - 240 + 00353 

Sucrose o - 240 - 0.212 2.877 * * o - 168 - 0.524 
Co1eoptile 72 - 168 - 0.179 
Length 192 - 240 - 0.281 

Sucrose o - 240 - 0.186 
72 168 00485 .;... 

Lateral Root 192 - 240 - 0.114 

* * * _ , .. -Significant at 0.1% Probability Level. 
* * 

II II 1-.0}6 11 II 

* 11 " 5. O}~ n tl 
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TABLE l~.l 

LINEAR REGRESSION OF SUCROSE AND REDUCING SUGAR" CONCENTRATION 

IN GROUPS OF HICKORY KING GRAINS. 

Fad:cr Germination Period Correlation t Observations 
Hours Coefficient 

Sucrose 0-240 - 0.327 

0-96 - 0.772 4.379 * * * 
Reducing Sugar 120-240 + 0 0 298 

* * * Significant Et 0.1% Probability Level. 

TABLE ]2 ~ 

LINEAR REGRESSION OF SUCROSE AND REDUCING SUGAR CONCENTRATION 

IN INDIVIDUAL HIChORY KING GRAINS. 

Fa-::tcr Germinction Period Correlation 
Coefficie:nt t OLservations 

Sucrose 0-240 + 0.411 4.660 -ri *.* 
0-96 - 0.519 4.250 *** 

Reducing 
Sugar conc. 120-240 + 0.752 8.688 ~** 

* * * Significant at 0.1% Probability Level 

~ .. -
, ... . 
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TABLE 13 

SUCROSE CONCENTRATION (% DRY WEIGHT) IN INDIVIDUAL jiICf!Q3Y KING GRAINS DURING GERMINATION. 

G _'\ I N NUj\JIBER 

Germination % Growth 

Period (hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination I d n ex 
-' -

0 0.972 1.096 1.307 1.107 0.989 0.744 1.394 1.552 0.826 0.833 1.082 0 0 

24 0.508 0.401 0.416 0.361 0.483 0.476 0.269 0.493 1.052 0.343 0.480 0 0 

48 0.799 0.882 0.727 0.970 0.943 0.658 0.948 0.802 1.207 0.625 0.856 20 0.003 

72 0.238 0.327 0.148 0.386 0.340 0.290 0.339 0.239 0.185 0.316 0.281 70 ~ ";",059 

96 0.352 0.560 0.202 0.273 0.544 0.371 0.309 0.374 0.356 0.211 0.355 90 0~2(n 

120 0.360 0.802 0.320 0.414 0.447 0.214 0.402 0(1534 0..095 0.128 0.372 100 0.679 

144 0.434 0.377 0.469 0.251 0.564 0.338 0.347 0.133 0.217 0.373 0.350 100 0.942 

168 0.054 0.093 0.536 0.523 1.015 1.770 0.132 0,,260 0.078 0.448 0.491 100 2.467 

192 0.578 0.549 0.781 Oe408 0.848 0.430 0.963 0.568 0.784 0.499 0.641 100 2.769 

216 0.209 0.421 0.452 0.421 0.100 0.246 0.688 0.336 0.455 0.363 0.369 100 2.234 

240 2.934 0.612 0.247 1.280 0.639 0,598 0.738 0.339 0.565 0.452 0.840 100 3.069 

Least Significant DiffGrence Between Observations at 0.05 Probability Lavel ± 0.093 
II " " " Means " .. II U · + 0.299 



TABLE 14a 

ANAYYSIS OF VARIANCE DATA FOR SUCROSE CONCENTRATION IN 

INDIVIDUAL HICKOHY KI NG GRAINS 0 

rE;"'~rees of Sum of Variance Source Freedom Squares Variance f.} ,,\ :~~ ,. (F) Observations . -" .J. ,. , ... 

Germination 10 6.663 0.666 5.534 * * * 
Grain Number 9 0.376 0.042 0.347 No 

Error 90 100836 0.120 

* * * Significant at 001% Probability Level. 

TABLE 14b 

RESULTS OF LINEAR REGP~SSION OF SUCROSE CONCENTRATION 

AND LENGTH OF RADICLE? COLEOPTILE AND LATERAL ROO.l§ 

IN INDIVIDUAL HICKORY KING GRAINS 0 

S. 

Factor 
Germination Correlation 
Period (hours) Coefficient t Observations 

Sucrose 

Radicle Length 

Sucrose 

Coleoptile 
Length 

Sucrose 

Lateral Root 
Length 

0 - 240 
0 - 96 

48 96 
120 - 240 

0 - 240 
0 - 96 

48 - 96 
120 - 240 

o 240 
o - 96 

48 - 96 
120 - 240 

+ 0.025 
- 0.420 

0. 463 
+ 0.250 

+ 0.133 
- 0.349 
- 0.372 
+ 0.392 

+ 0.145 
- 0.261 
- 0.269 
+ 0.368 

3.350 
2.673 

* * Significant at 0.5% Probability Level. 
oK- u tt 2.0% " " 

* * 
* 
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TABLE 15. 

P2XTRIN CONCENT:~tTION (56 DRY WEIGHT) I N GROUPS OF HICKORY 

KI NG GRAINe ASSAY WAS RE PLICATED THRi~E TIMeS ON EACH GROUP e 

Germination Replication Number Germination 
Period (hrs) 1 2 3 Mean Period Mean 

0 0.093 0.139 0 .. 126 0.120 
0 0.214 0.205 0.194 0.204 0.138 
0 O.'~6 0.053 0.097 0.092 

24 0.054 0.058 0.018 0 \1 043 
24 0.081 00096 0.080 0.086 0.065 
24 0.078 0.057 0.067 0.067 

48 0.304 0.209 0.251 0.255 
48 0.246 0 .. 170 0.187 0.201 0.261 
48 0.308 0.319 0.359 0.328 

72 0.362 0 .368 0.389 0 .373 
72 0.452 0.418 0 .. 460 0.443 0. 415 
72 0 • .401 0 0 420 0. 467 0.429 

96 0.165 0.212 0.,355 0.244 
96 0.,154 0.152 0.153 0.153 0.189 
96 0 .. 133 0 .. 206 0.172 0.171 

120 0.086 0.092 0.093 0 .. 090 
120 0.091 0.114 0.095 0.100 0.110 
120 0.123 0.179 0 0 114 0.139 

144 0 .. 092 0.130 0.109 0.111 
14Lf 0.2('1 00246 0.,319 0.255 0.159 
144 0.121 0.130 0.084 0.112 

168 0.459 0.451 0.500 0. 470 
168 0 . 411 0.367 0 .. 474 0.417 0.427 
168 0 .. 403 Oo ,H2 0.363 0.393 

192 0.256 0.357 0 .369 0.,324 
192 0.602 0.565 0.507 0.558 0.450 
192 0. 470 0.479 0.·455 0.468 

216 0.251 0.174 0.155 0.193 
216 0 .. 209 0.166 0.174 0.183 0.194 
216 0 .. 184 0.212 0.219 0.205 

240 0.109 0.069 0.064 0.086 
240 0.045 0.063 0.046 0.051 0.102 
240 0.205 0 .102 0.202 0.170 

L. S. D. Between Observations at 0.05 P. L. + 0,,112 
11 " 11 11 i'>ileans " II It ± ~' ,,064 .. 
" II Ii . 11 Go P. Means 11 " 11 + 0 .037 



TABLE 16a 

ANALYSIS OF VARIANCE DATA FOR DEXTRIN CONCENTHATION IN 

GROUPS OF HICKORY KING GRAINS. 

Degrees of Sum 1f Variance 

Source Freedom Squares Variance Ratio (F) 

Germination 10 1.777641 0.177764 119.456 

Replication 2 0.001704 0.000852 0.573 

Samp.;t,{~ 2 0.017931 0.008966 6.025 

Sample/Rep1ica- 4 0.001612 0.000403 0.271 
tion 

Replication/ 20 0.025780 0.001289 0.866 
Germination 

Sample/Germina- 20 0.211903 0.010595 70120 
tion 

Error 40 0.059525 0.001488 

* * * Significant at 0.1% Probability Level. 

TABLE l6bo 

Observation 

* * * 
N. S. 

N. So 

No S. 

N. S. 

* * * 

RESULTS OF LINEAR REGRESSION OF DEXTRIN CONCENTRATION AND 

LENGTH OF RADICLE 2 COLEOPTILE AND LATERAL ROOTS IN 

GROUPS OF HICKORY KING GRAINS. 

Factor Germination Period Correlation 
Hours Coeffici ent 

Dextrin o -240 + 0.085 

Radicle 48 -168 - 0.075 

Dextrin o -240 + 0.032 

Coleoptile 48 -168 + 0.054 

Dextrin o -240 + 0.029 

.. , Lateral Roots 48 -168 + 0.054 



TABLE 17 

DEXTRIN CONCENTRATION (% DRY WEIGHT) IN INDIVIDUAL HICKORY KING GRAINS DURING GERMINATION. 

GRAIN GERMINATION . PERIOD IN HOURS 
" 

NO. 0 24 48 72 96 120 144 168 192 216 240 

1 0.182 0.558 0.105 0.501 0.563 0.320 0.315 0.054 0.211 0.080 10966 

2 0.256 0.644 0.019 0.117 0.245 0.410 0.429 0.093 0.000 0.127 1.003 

3 0.322 1.378 0.041 0.111 0.817 0.807 0.16? 0.536 0.974 0.126 0.868 

4 0.446 0.775 0.043 0.275 0.499 0.689 0.240 0.523 0.564 0.201 1.484 

5 0.424 0.912 0.067 0.565 0.674 0.460 0.105 1 .. 015 1.613 0.225 1.123 

6 0.440 1.026 0.042 0.511 0.505 0.534 0.170 1.770 0.302 0.340 1.628 

7 0.311 0.690 0.025 0.427 0.536 0.365 0.452 0.132 1.573 1.625 . 0.802 

8 0.330 0.879 0.119 0.264 0.785 0.705 0.454 0.260 1.180 0.517 0.854 

9 0.359 0.728 0.008 0.559 0.646 0.437 0.289 0.078 1.518 0.629 1.061 

10 0.349 0.697 0.062 0.593 0.866 0.293 0.133 0.448 0.520 0.250 1.387 

MEAN 0.342 0.829 0.053 0.392 0.614 0.502 0.275 0.491 0.845 0.412 1.218 

Least Significant Difference Between Observation at 0.05 Prob~bit.;it'}1 !r..QVGl ± 0.993 

" " \I " Means " " 11',' 0(, ± 0.314 



TAbLE 18 

ANALYSIS OF VARIANCE DATA FOR DEXTRIN CONCENTRATION IN 

INDIVIDUAL HICKORY KING GRAINS. 

Source Degrees of Sum of Variance Variance Observation 
Freedom Squares Ratio(F) 

Germination 10 8.072 0.807 6.588 * * * 
Grain Number 9 1.291 0.143 1.171 N. S. 

Error 90 11.028 0.123 

* * * Significant at 0.1% Probability Level. 

TABLE !5L 

RESULTS OF LINEAR REGReSSION OF DEXTRIN CONCENTRATI9N AND 

LENGTH OF RADICLE 2 COLEOPTILE AND LATERAL ROOTS IN INDIVIDUAL 

HICKORY KING GRAINS. 

Factor Germination Period 

Dextrin o -240 

Radicle o -96 

12n -240 

Dextrin o -240 

0 -96 
Coleoptile 120 -240 

Dextrin o -240 

o -96 

Lateral Roots 120 -240 

..... 
• . I ~ 

Correlation Coeffici~nt. 

+ 0.380 

+ 0.279 

-I- 0.350 

+ 0.476 

+ 0.237 

+ 0.513 

+ 00502 

-I- 0.186 

+ 0.549 



TABLE 20. 

REDUCING SUGAR CONCENTRATION (% DRY WEIGHT) IN GROUPS OF 

EARLY PEARL GRAIN DURING GERIvlINATION. ASSAY WAS ru;PLI~ATED 

TIMES ON EACH GROUP. 

Germination Germination 

Period (Hrs) 1 2 3 Mean Period Mean 

0 0.002 0.001 0.002 0.002 
0 0.002 0.002 0.005 0.003 0.002 
0 0.001 0.003 0.001 

24 0.095 0.123 0.130 0.116 
2Ll 0.193 0.205 0.193 0.197 0.106 
24 0.003 0.004 0.005 0.004 

48 0. 448 0. 436 0.460 0. 448 
48 1.000 0.931 0.881 0.937 0.684 
48 0.650 0.679 0.672 0. 667 

72 0.871 0.900 0.925 0.899 
72 0.630 0.604 0.605 0.613 0.699 
72 0.571 0.577 0.607 0.585 

96 0.568 0.566 0.540 0.558 
96 0.619 0.595 0.598 0 0 604 0.495 
96 0.321 0.320 0.330 0.324 

120 1.838 1.854 1. 839 1.844 
120 1.169 1.120 1.149 1.146 1. 780 
120 2.400 2. 446 2.209 2.352 

144 2.376 2.370 2.390 2.379 
144 4 .949 4.724 4.871 4 . 848 4 .020 
144 4 .628 5.022 4 .854- 4.835 

168 8.263 8.233 7.937 8.1.!4 
-, -

',\~. 168 4 .600 4 .638 4 .658 4 .632 5.773 
168 ~ .581 4 .442 4 . 605 4.543 

192 3.974 4~ 115 4 .113 4 .067 
192 t:: .055 4 .545 4,, 589 4 .396 6.024 
192 9.626 9.610 99 586 9.607 

216 6. 486 6. 486 6.316 6.429 
216 4.975 4.954 4.849 4 .926 4.586 
216 2.374 2.456 2.381 2. 404 

240 9.087 10.042 9.912 9.681 
240 6.638 6.945 6.871 6.818 6.048 
240 1.,581 1.690 1.667 1.646 

L S - 0 Between Observations at 0.05 Po L. + 0.325 

II - II " II Means " n n U + 0.188 

" " II 
..... " Germinat ion Period Means It 

II + 0.108 
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TABLE 21a 

ANALYSIS OF VARIANCE DATA FOR REDUCING SUGAR CONCENTRATION 

IN GROUPS OF EARLY PEAHL GRAINo 

Degrees of Sum Vari:mce 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 5820858250 58.285825 4365.979 * * * 
Replication 2 0.064940 0.032470 2.432 N" S'l 
Sample 2 8.366790 4.183395 313,,363 * * * 
Sample/Replication 4 0.015640 0.003910 0.293 No S. 
Replicutio~Germ- 20 0.433960 0.021698 1.625 No So 

ination 
Sample/Germinat- 20 214 tt 286610 100714331 802 .. 572 * * * 

ion 

Error 40 0.534000 00013350 

* * * Significant at 0 1% Probability Level. 

TABLE 21b 

RESULTS OF LINEAR REGRESSION OF REDUCING SUGAR CONCENTRA:-ION 

AND LENGTH OF RADICLE? COLEOPTILE AND UTERAL ROOTS IN GROUPS 

_OF EARLY PEARL GRAINS. 

Factor Germination Period Correlation 

Hours Coefficient t fignifican .... e 

Reducing Sugar o - 240 + 0.756 6.429 * * ~~ 

Radicle 

Reducing Sugar o - 240 + 0.809 7.661 * * * 
Co1eopti1e 

Reducing Sugar o - 240 + 0.803 7.502 * ~~ * 
Lateral Roots 

* * * Significant at 0.1% Probability Level o 
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TABLE 22 

LENGTH {rvliViS o} OF RADICLE 2 COLEOPTILE AND Lf~T2RAL ROOTS 

OF GROUPS OF eARLY PEARL GRAINS DURING GERiVlINATIONo 

(j) j\tlean 
r-l Mean 
'M I.f) I.f) 

(J) +' r-l Growth (!) ! r-l 
r-l 0.. <0 r--I o..(J) <0 Growth () 0 H () o .-1 H 
'M (!) (]) Irldex -.-I (j) ·M (j) 
""0 r--I +' ""0 r--I +' +' Index <0 0 <0 m 0 <0 a; 0 >-1 0:: 0 >-1 

48 47 22 0 0 069 

L;S 88 34 5 0 41 127 7L.7 26.7 1.7 0.100 

48 80 24 0 0 104 

72 167 62 117 0 .. 346 

72 200 76 49 0.325 172.6 65 .. 3 58.0 0.296 

72 151 58 8 O~217 

96 212 75 142 0 .. 429 

96 249 107 210 0.566 228,,3 81.7 139.3 0.4~5 

96 224 81 66 0.371 

120 446 189 488 1,,123 

120 381 186 490 1.057 415.7 199.7 52207 1.138 

120 L~20 224 590 1.284 

144 531 304 788 1 .. 623 

144 617 308 701 1.626 546.7 306 .. 3 776.7 1.630 

144 492 307 841 10 640 

168 431 496 1171 2.098 

168 360 399 916 1 .. 675 410.0 381.0 100LO 1'1792 

168 439 248 916 1,,603 

192 580 414 1175 2.169 

192 438 518 1070 2.026 654.3 510.7 1165 .. 3 2.330 

192 945 600 1251 20796 

216 751 637 1214 2 0 602 

216 761 613 958 2 .. 332 705 .. 7 632.0 962.0 2.300 

216 605 6LI6 714 1,,965 

240 1342 70S 1747 3.794 

240 815 700 2279 3.794 1151.3 713.7 2001.0 3.866 

240 1297 736 1977 4.010 
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IL:lliLE 23 

CONCENTRATION OF, REDUGIN\L: SUGAR (% DRY WEIGHT). IN.. INDIV.IDUAI; .. EARLY .. PEARL. GBAINS Dl!.RING GERMINATION .. 

Grain Number % Growth 
<,~ermination 

Period (Hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

___...- ~ __ . __ ' __ ~._~~~_L~~"""'~~~~""~'_. __ 

0 ... ... - ... ... .. .. 
24 00006 0.200 0.300 0.097 0.247 0.158 0.156 0.340 0.197 0.142 0.155 

48 0.333 0.300 0.517 0.548 1.238 0.464 0.234 041297 0.273 0.980 0.518 100 0.100 

72 0.484 0.443 0.759 0!;A79 0.464 0.608 1.502 O.~ 753 OQl293 1.535 00732 100 0.207 

96 1.400 0.990 2.346 0.681 0.842 0.760 1.092 0.964 0.762 0.783 1.062 100 00.453 

120 7.221 5.154 7.094 5.852 3.934 7.762 8.451 6.938 5.726 6.032 6.416 100 1.388-

144 10.223 5.490 7.816 9.869 9.679 6.756 90 616 4 0 687 9.119 3.274 7.653 100 1.113 

168 5.127 2.139 2.336 10796 4.671 150810 1 .. 625 2.082 120 339 13 0 388 60131 100 10 526 

192 7.550 100749 2.978 8.210 7.013 12.995 1,,582 1L,877 12.012 11.561 8.653 100 2.374 

216 0.631 1"CZ7 6.68 6,,799 6 0 363 4.768 2.963 2.810 00 625 0.882 30 302 100 L.609 

240 3.845 10.146 10 097 0.475 4.372 10~667 0.423 7.890 6.815 4.000 4.973 100 4<>54.9 

Least Significant Difference Between Observations at 0.05 Probability Level ± 7.295 
tt u U u Means n tt it " ± 2.308 



TABLE 24a 

ANALYSIS OF VARIANCE DATA FOR fiEDUCING SUGAR CONCENTRATION 

IN INDIVIDUAL EARLY PEARL GRAINSQ 

Source 

Germination 

Grain Number 

Error 

Degrees of Sum 

Freedom 

10 

9 

90 

Squares 

1072 0 379 

70.918 

607 0 020 

V-:;riance 

Variance Ratio (F) 

107.238 15 .. 900 

7.880 1.168 

6 0 745 

-* ~~ * Significant at 0.1% Probability Level" 

TABLE 24b 

Observations 

* * * 

RESULTS OF LINEAR REGRESSION OF REDUCING SUGAR CONCENTRATION 

AND LENGTH OF RADICLE 2 COLEOPTILE AND LATERAL ROOTS IN 

INDIVIDUAL EARLY PEARL GRAINS Q 

Factor 

Reducing Sugar 

Radicle 

Germination 
Period 
hours 

o - 240 
0- 96 

120 - 240 

Reducing Sugar 0 - 240 
, . 0 - 96 CoJ.eop"Clle120 _ 240 

Reducing Sugar 0 - 240 
o - 96 Lateral 120 _ 240 

Roots 

., .... 

Correlation 

Coefficient 

+ 0.494 
+ 0.801 
-I- 0 0 198 

+ 0.335 
+ 0.798 
+ 0.103 

+ 0 0 465 
+ 0.525 
+ 0.029 

t Significance 

9.269 * * * 

90174 * * * 



TABLE 25 

LEI\GTH(MMS.o) OF RADICLE, COLEOPTILE AND LATE HAL ROOTS OF INDIVIDUAL EARLY PEARL GRAINS DURING GERMINATION" 

GEHMINATION PERIOD 
48 72 96 120 144 168 192 216 240 

G:::ain (J) (J) (J) (J) (J) (J) (J) (J) (J) 

.-I .-I .-I .-I .-I .-I .-I .-I .-I 

'M U) 'M (f) .r! (f) .r! (f) .r! (f) OM (f) or! (f) .r! (f) .r! (f) 

Number ~ -jJ.-I (J) -jJ .-I (J) -jJ .-I (J) -jJ .-I (J) -jJ .-I (J) -jJ .-I (J) -jJ ... -1 (J) +-> .-I (l) -jJ .-I 

o..ro .-I 0.. ro .-I 0.. co .-I 0.. ro .-I 0.. ct:I .-I 0.. ct:I .-I 0.. ct:I .-I 0.. ct:I .-I 0.. ct:I 

0 o H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H 0 0 H 

or! (J) (J) or! (J) OJ .r! OJ (J) OM OJ OJ 'M (]) OJ OM OJ OJ 'M (J) OJ 'M OJ OJ 'M OJ OJ 

""0 .-I-jJ 'U .-I -jJ 'U .-I -jJ ""0 .-I +-> ""0 r-I +-> '"d .-I +-> 'D .-I +-> 'D .-I +-> 'D .-I +-> 
ct:I o ct:I ct:I 0 ct:I ct:I 0 ct:I ct:I 0 ro co 0 ro ct:I 0 co ro 0 ct:I ct:I 0 ct:I ct:I 0 ro 
a: o..-:t a: 0 .....:l a: 0 ..-:t a: 0 .....:l a: 0 .....:l a: 0 .....:l a: 0 -:! a: 0 ..-:t 0:: 0 ..-:t 

1 14 4 - 15 3 35 18 18 44 45 43 52 .., 95 58 45 110 23 14 275 21 30 35 51 117 63 I 

2 11 3 - 17 5 17 18 40 48 22 125 54 10 58 17 20 37 39 24 115 31 10 34 339 160 182 

3 10 4 - 16 7 8 40 14 36 39 7 52 37 15 96 49 36 l22 199 53 117 45 55 201 28 89-194 

4 12 1 6 14 7 81 9 61 44 12 57 28 17 46 27 21 96 30 61 77 56 106 147 

5 5 1 ... 13 4 24 6 48 23 81 27 11 24 25 12 43 54 11 59 45 106 255 123 68 366 

6 5 2 - 22 5 13 6 55 20 165 32 11 79 125 53 63 86 39 173 24 21 48 128 53 51 

7 3 1 6 12 7 27 8 23 37 9 76 24 39 84 47 15 104 75 61 34 189 133 336 

8 2 - 15 6 1'/ 10 41 83 22 123 29 15 61 17 18 54 60 25 125 41 21 66 169 48 432 

9 3 - 6 6 15 7 :!.6 5 47 24 8 34 60 46 42 193 45 175 10 7 69 58 78 214 

10 16 5 - 33 12 15 7 26 32 8 26 37 9 53 26 31 l79 43 21 96 14 37 43 179 77 315 

Mean 7.6 2.4 - 13.9 6.0 0.8 20.2 9.0 16~1 47~3 16.9 74~6 37.3 10.7 63.3 42.9 78.0 26.8 33.8 86 0 2 9209 
31.7 77G1 133~5 40.9 132.0 230.0 

Growth 
Index 00 100 0.207 0~.453 1.388 1.113 1,,526 2.374 10 609 4.549 
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TABLE 26 

GLUCOSE CONCeNTRATION (% DRY ~~IGHT) IN GROUPS OF EARLY 

PEARL GRAIN DURING GERJvlINATIONo 

Germination Germination 

Period (Hrs) 1 2 3 Mean Period Mean 

0 0.051 0.052 0.051 0.051 
0 0.058 0.070 0.127 0.085 0.117 
0 0.233 0.269 0.257 0.253 

24 0.154 0.166 0.166 0.162 
24 0.194 0.206 0.205 0.202 0.152 
24 0.149 0.148 0.134 0.144 

48 0.236 0.243 0.316 0.265 
48 0.425 0.363 0.440 Oe409 0.309 
48 0.348 0.358 0.361 0.356 

72 0.529 0.604 0.601 0.578 
72 0.468 0.471 0.1',46 0.461 0 .. 452 
72 0.488 0.479 0 .. 438 0 .. 468 

96 0.712 0.746 0.717 0.725 
96 0.839 0.808 0.847 09831 0.600 
96 0.457 0,.440 0.430 0.442 

120 1.452 1.457 1.453 1 .. L154 
120 19322 1.400 1.300 1.341 1.434 
120 1.953 2.038 1.96L1 1.985 

144 1.310 1,,302 1.386 1.333 
144 2.695 2. 5L~0 2.607 2.614 1.995 
144 2.981 2.476 2.651 2.703 

168 3.991 4.212 4&394 4.199 
168 3.170 3.134 3.273 3.192 3.105 
168 3.095 2.844 2.937 2.959 

192 2.623 3.049 2.929 2.867 
192 4.332 4.242 4.177 4.250 3.559 
192 4.813 4.812 4.613 4.746 

216 3.366 3.044 3 .. 405 3.272 
216 3.253 30176 3.117 3.182 2.446 
216 1.749 1.719 1.629 1.699 

240 4.019 4,,129 4.188 4.112 
240 2.442 2.651 2.686 2.593 3.609 
240 5.370 5.394 5.210 5.325 

Lo So Do Between Observations at 0.05 Po Lo ± 0.240 
II .. U 11 Means 'I t1 11 tJ ± 0.138 
II II 11 11 Germination Period Means n 11 ± 0.080 



IABLE 27a 

ANALYSIS OF VARIANCE DATA FOR GLUCOSE CONCENTRATION IN 

GROUPS OF EARLY PEARL GRAIN" 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination {to 214t;609250 21,460925 2954 .. 016 *** 
Replication 2 0.002620 0>,»001310 O.lBO Ne So 

Sample 2 0~722470 00 361235 49.723 * 
Sample/Rep,:, 4 0.108260 0.027065 3.725 N. S. 

Replication/ 
Germination 20 0.199030 0.009952 1.370 No So 

Sample/Germ;; 20 28.106280 1.405314 193~436 *** 
Error 40 0.290600 0.007265 

*** Signl.ficant clt O~l% Probability Leve1 Q 

* n tt 5% n It 

TABLE 27b 

RESULTS OF LINEAR REGRESSION OF GLUCOSE CONCENTRATION 

AND LENGTH OF RADICLE COLEOPTILE, LATERAL ROOTS AND 

REDUCING SUGAR IN GROUPS OF EARLY PEARL GRAIN" 

Germination Correlation 
Factor Period Hour~ Coefficient t Significance~ 

--
Glucose/Radicle o -240 + 0.860 9.222 "*~* 
Glucose/Coleoptile 0 -240 + 0.892 10.984 "*** 
Glucose/Lateral o -240 + 0.884 10.574 *** Roots 

Glucose/Reducing o .... 240 + 0.836 8 .. 480 *** 
Sugar 

* "* * Significant at 0.1% Probability Level", 
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TABLE 28 

GLUCOSE CONCENTRATION (% DRY WEIGHT) IN INDIVIDUAL EARLY" PEARL GRAINS DURING, GERMINATION o 

Grain Number % Growth 
Germination 
Period (Hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

0 0.029 0.044 0.049 O~013 0.013 

24 0.159 0.162 0.159 0.127 0.226 0 .. 139 0 0 179 0.194 0.145 0.131 0.162 

48 0.254 0.206 0.272 0.292 0.767 0.320 0.260 00 254 0.282 0.546 0.345 100 0.100 

72 0.474 0.404 0.392 0.315 0.386 00 576 1.343 0.443 0.190 0.809 00 533 100 0.207 

96 0.607 0.393 0.929 0.352 0.331 0.563 0.589 1.991 0.049 0.580 100 0.453 

120 3 0 868 2.891 3.855 3.518 1.905 4.684 4,,908 30 880 30 412 3.438 3 .. 636 100 1.388 

144 6.009 2.971 3.908 5.731 5.084 3.113 50 701 3.255 4.711 2.425 4.293 100 1.113 

168 4.170 1.160 1.738 1.200 3.324 15.0<:16 3.404 2~018 10.772 10.562 50 244 100 1.526 

192 6 0 883 6 0 411 1.636 4.166 4.383 8.609 1.319 7.315 7.696 4.841 5.326 100 2.374 

216 0.156 0.690 4.503 4 0 887 4.160 30 492 2.221 2.662 0.194 0.137 2 0 310 100 1.609 

240 1.626 4.340 0.487 0.158 2.484 7.004 0 0 634 4.649 3.548 2.143 2.707 100 4.549 

Least Significant Difference Between Observations at 0.05 Probability Level ± 5.423 
tt tI II It Means It \I II tI ± 1.715 



TABLE 29a 

ANALYSIS OF VARIANCE DATA FOR GLUCOSE CONCENTRATION IN 

INDIVIDUAL EARLY PEARL GRAINS. 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio Observations 

(F) 

Germination 10 434.356 43.436 11,,639 *** 
Grain Number 9 46.818 5.202 1,,394 No S. 

Error 90 335.870 3.732 

* * * Significant at 00 1% Probability Level. 

TABLE 29b 

RESULTS OF LINEAR REGRESSION OF GLUCOSE CONCENTRATION 

AND LENGTH OF RADICLE 2 COLEOPTILE <} LATERAL ROOTS AND 

. REDUCING SUGAR CONCENTRATION IN INDIVIDUAL EARLY PEARL 

GRAINS 0 

Factor Germination Correlation 
Period (Hrs) Coefficient t Significance 

Glucose o -240 + 0.437 

Radicle o -192 + 0.606 7.146 *** 

Gluco~e o -240 + 0.306 

Coleoptile o ... 192 + 0.691 8.966 *** 
Glucose o -240 + 0.433 

Lateral RootsO ... 192 + 0.690 8.942 *** 

Glucose o -240 + 0.954 33~065 *** 
Reducing Sugar 

* * * Significant at 0.1% Probability Level. 
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Fig. 40. Scatter plot illustrating oorrelation betwaen gluoose 
conoentration and radicle length in indi'tJidual Early 
Pearl grains. Correla.tion coeffioient for 0 .... 192 
hours .... 0.606. 
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Fig. 42. Scatter plot illustrating correlation between glucose 
concant:t>ation and lateral root length in individual 
Early Pearl grains. Correlation coefficient for 
O~192 hours + 0.690. 
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Fig. 43. 'Scattar plot illustrating oorrelation between 
reduc~~ sugar and glucose ooncentrations in 
individual Ea.rly Pearl grains. Oorrelation 
ooeffio:t.ent for 0 .... 240 hours + 0.954. 



TABLE 30 

CONCENTRATION (% DRY WEIGHT) OF SUCROSE IN GROUPS OF 

EARLY PEARL GRAIN DURING GERMINATION 0 

Germination Germination 
Period (&5) 1 2 3 Mean Period Mean 

0 00617 00562 00 542 0,,574 
0 0.558 0.641 0.567 0.589 0.486 
0 00 289 00288 0~313 00297 

24 00617 00 626 00 637 00627 
24 0.667 00681 0.673 0,,674 0,,676 
24 0.787 0.672 0.728 0.729 

48 0.184 0.209 0.182 0.192 
48 OQ159 00 164 0~158 On160 0.218 
48 0.294 0.323 0.293 0.303 

72 00250 0.249 0 0 202 0.234 
72 0.217 0<1'192 0.201 0.203 00191 
72 0.131 00148 0.130 0.136 

96 0.022 0.034 0.034 0.030 
96 0.019 0.OH3 0.014 0.017 0.035 
96 0.051 0.058 0.062 0.057 

120 0.327 0.321 0 .. 394 0.347 
120 0 0 502 0.568 0.494 0.521 0.396 
120 0.290 00345 0.326 8 0 320 

144 0.198 0.202 0.221 0.207 
144 0 .. 209 0.187 0.196 0.197 0.202 
144 0.203 00 195 00206 0.201 

168 0.326 Oe363 0.333 0.341 
168 0.637 00643 0.654 0.645 0.542 
168 0.635 0.668 0.617 0 0 640 

192 0.664 00643 00 663 0.657 
192 00 682 0.663 0,,665 C.670 0.663 
192 0.670 0.665 0.652 0.662 

216 0.785 0.795 08 823 0.701 
216 0,,896 0.89~ Oa900 0.896 0.735 
216 0.617 0.605 00 603 0.608 

240 0.641 00 627 0.623 0.630 
240 0.489 0.499 0.545 0.511 0.576 
240 0.573 0.642 0.549 0.588 

L. S. Do Between Observations at 0.05 Po L. ± 0.052 
11 11 tI n Means u It n If ± 0.030 
11 It II 11 Germination Period Means It ± 0.017 



.;. ~ ,I 

TABLE 3lq 

ANALYSIS OF VARIANCE DATA FOR SUCROSE CONCENTRATION IN 

GROUPS OF EARLY PEARL GRAINS .. 

Degrees of Sum Variance 
Source Freedom Squares Variance Rati r (F) Observations 

Germination 10 5.201828 0.520183 773.190 *** 
Replication 2: 0.000700 0.000350 0,,520 No S. 
Sample 2 OQ045448 0.022724 33 0 777 * 
Sample/Repe 4 09 000729 0,,000182 0.271 N .. Sl;I 
Replication/GermQ 20 0.008621 0.000431 0.641 N .. Sl;I 
S amp le/Germo 20 0.588763 0.029438 43.756 *** 
Error 40 OQ0269ll 0.000673 

*** Significant at O~l% Probability Level. 

* 11 u 5.0% u n 

IA.BLE. 3lb 

RESULTS OF LINEAR REGRESSION OF SUCROSE CONCENTRATION AtlQ 

LENGTH OF RADICLE 2 COLEOPTlLE AND LATERAL ROOTS IN GROUPS 

OF EARLY PEARL GRAINS 0 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significanc€ 

Sucrose o -240 + 04 339 
o -96 .. - 0.849 5,,793 *** 

Radicle 120 -240 + 0~328 

Sucrose o -240 + 0.474 
o -96 - 0.846 5.725 *** 

CoJ.eop·i~ils 120 -240 + 0.561 

S'.lcrose o -240 + 0.418 
o .... 96 "T 0.614 2~804 * 

Lateral 120 -240 + 0.316 
Roots 

* * * Significant at 0.1% Probability Level. 

* 11 n 2.0% u " 
~ .. . . 



TABLE 32a 

RESULTS OF LINEAR REGRESSION OF SUCROSE CONC.JNTRATION 

AND REDUCING SUGAR AND GLUCOSE CONCENTRATIONS IN GROUPS 

~ EARLY PEARL GRAINS 0 

Germination Correlation 
Factor Period (Hl's) Coefficient t Significance 

Sucrose o -240 + 0.364 
o -96 - 0.703 3 Q 564 * * Reducing 120 -240 + 0 0 227 

Sug8.r 

Sucrose o -240 + 00 428 
o -96 ... 0.841 5.603 * * * Glucose 120 -240 + 0.421 

*** Significant at 0.1% Probability Level. 
* -x- u 11 0,,5% n, II 

TABLE 32b 

RESULTS OF LINEAR REGHESSION OF SUCROSE CONCEN1~TION 

AND REDUCING SUGAR AND GLUCOSE CONCENTijATIONS IN 

INDIVIDUAL EARLY PEARL GRAINS 0 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significance 

Sucrose o -240 + 0.624 8.297 * * * o -96 - 0.517 4.184 *** Reducing 120 -240 + 0,,332 
Sugar 

Sucrose o -240 + 0.578 7.338 *** o -96 - 0.373 
Glucose 120 -240 + 0.283 

*** Significant at OG1% Probability Levelo 



o 
o 

0 

0 

0 
0 

0 

0 

0 

(0 . 
o 

o 
- 0 

0 

0 

0 

0 
0 

00 

0 

,Scatter plot :S.llustrating oorrelation bet\'teen suorose 
conoentration end radiole length in groups of Early 
Pearl grai..l'l. Correlation coefficient for 0 ..... 96 l'lo"Ul?s 
.. O~S49.-' 

"Q -

0 
0 ,.... 

(J) 

~ 
2: 

LU 
-I 
() 

C 
<! 

Z 0::: 
0 

u. H 
0 E-! 

<l! 
Z = :I: H I- ~ t') p::; z ril LU 

...J 0 

lfJ 
t:::: 
:::> = 
0 
~ 

0 
\0 ..:::i" 
0\ C\l 
I I 

0 0 
C\l 
I"-i 

0 [J 



, 

...;j 

4 

~ 

.ca 

~ 

~ 

3S0~ons % 

Fig •. 45. Soatta:r plot illustrating cOIWelation iJetVleen worose 
concentration and coleoptila -length :!n groups of 
Early :Pearl gmin. Oo~lation coefficient :tor 
0 .... 96 hours ... 0.046. 

0-
o 
CO 

0 
0 
<D 

0 
0 
00:1' 

0 
0 
N 

If) 

:2: 
~ 

UJ 
-l 

I-
a.. 
0, 
w 
-l 
0 
U 

z 
LL. 0 
0 H 

f-! :c -< I- z: :: 
<.!:) H :z ~ 
UJ p::; 
..J 

t3 
(f) 
p::; 
:::> :: 
0 
::r:: 

C 
\D ..:: 
0'\ " I I 
0 C 

" l"" 

0 -< 



~ 

~ 
~ 

~ 

~ 

4'iil 

~ . 

<I 
.... 

.... 

~ 

<41 

3S0GlOnS I: 

o 
o 
'<:t 
N 

0 
0 
~ 

0 
0 
c:I 

Scatter plot lllus-urati..l'lg correlation betwen suorose 
1once~tratiQn and lateral l?Ootj!langth t1..n groups 02 
Early Pa~l gre:ln. 

-,,... 
! 

(/) 

2: 
:E 

(J) 
I-
0 
0 
~ 

..J 
« 
~ 
w :z; 
~ 0 
..J H 

8 
LI.. ~ 
0 :z; = H 

J: ~ l- ts C) 
2: 
IJJ 
..J (f) 

0:; 
:=> = 0 
::r:: 

0 
\0 ..:::r 
0'\ C\I 

. I i 
0 0 

C\I 
r-l 

(;) ..:l 



It') . 
Q 

3S01l0ns % 
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TABLE 33 

.cONCENTRATION OF SUCROSE (% DRY WEIGHT) IN INDIVIDUAL EARLY PEARL. GRAINS DURING GERMINATION .. 

Germination 

-..., Period (Hrs) 

o 
24 

48 

72 

96 

120 

144 

168 

192 

216 

240 

Grain Number 

1 2 3 4 5 6 7 8 9 10 

0.258 00495 0.395 0.499 0.324 0.379 0.316 0 0 486 0.321 0.356 

0.282 0.750 0.580 0.316 0.936 041 818 0.660 1.026 00 442 0.659 

00 121 0.285 0 .. 244 00 301 0 •. 299 0.260 0.257 0.223 0.218 0.143 

0.131 0.595 00 070 0.206 0.157 0.261 0.043 0.071 0.056 0.197 

0.018 0.010 0.097 0.023 0.166 0.119 00 011 0.112 0.047 00 024 

0.602 1.028 1.201 1.087 0~854 1.526 1.433 1.419 1.505 0~940 

1.379 1.804 1.416 10 875 1.854 1.037 1.652 1.637 1.411 0.887 

1.221 0.588 1.059 00 912 0.948 1.39Q 1.626 0.996 0.780 00228 

0.883 0 0 664 00 841 0.303 1.047 0.895 0.401 0.550 0.891 0.522 

0.118 Oil315 1.711 1.534 10 348 00 923 00 816 1.011 0.343 0.183 

00899 16 324 0.324 0.421 09 975 1.514 00 375 0.857 1.492 0.787 

Mean 

0.383 

0.647 

0.235 

0~179 

0 .. 063 

1.159 

1.495 

0 .. 975 

0.699 

00 830 

0.897 

% 
Germination 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Least Significant Difference Between Observations at 0.05 Probability Level ± 0.847 
n u u tI Means u" u u + 0 268 - . 

Growth 
Index 

0.100 

0.207 

0.453 

1.388 

1.113 

1.526 

2 0 374 

1.609 

4.549 



Il~J2 34'1 

ANALYSIS OF VARIANCE DATA FOR SUCROSE CONCENIBATION IN 

lNDIVIDUALJhRLY PEARL GRAINS 0 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio (F) Observations 

-~. 

GerminCition 10 19,,707 1.971 21 e 603 * * * 
Grain Number 9 1.350 0~150 10 645 No So 

Error 90 8,,210 0,,091 

*** Significant at 00 1% Probability Level. 

I@LE 34b 

RESULTS OF LINEAE P~'yRESSION OF SUC:qOSE CONCENTRATION 

AND LENGTH OF RADIGLE 9 CGLEOFTlLE AND LATERAL RO.QI§, 

IN INDIVIDUAL EARLY PEARL GRAINS e 

Germination 
Factor Period (Hrs) 

Sucrose 0 ~240 
o -96 

Uedicls 120 -240 

Sucrose 0 -240 
o -96 

Co1eopti1e120 -240 

Sucrose 

L~teral 
Roots 

o -240 
o -96 

120 -240 

Correlation 
Coefficient 

+ 0.349 
... 0.539 
+ 0.031 

+ 0.287 
- 0')628 
.,., 0.122 

+ 0 0 364 
- 0.335 
- 0,112 

t 

4.433 

5.590 

* * * Significant at O~l% Probability Leve1~ 

Significance 

* * * 

*** 
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Fig. 49. Scatter plot illustl'ating correlation betwee..'Vl 
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Fig. 52. Scatter plot illustrating correlation between 
sucrose ca:nd reduoing sugar concentrations in 
indi1Ji.dual Early Pearl grains. 
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and gluoose oonoentrat:t.on in indiVidual Early Pearl 
grains. 
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TABLE 35 
; 

REDUCING SUGAR CONCENTRATION (MGNIS 0 PER GRAIN) IN GROUPS 

OF HICKORY KING GRAIN DURING GERMINATION. ASSAY WAS 

REPLICATED THREE TINES ON EACH GROUP. 

Germination Replication Number Germination 
Period (hrs) 1 2 3 ~4ean Period Mean 

0 7.500 8.125 7.500 7.708 
0 6 0 250 6,,250 0.938 4.479 4.340 
0 0.938 0.625 0.938 0.834 

24 10.026 10.110 10.125 10.087 
24 6.875 6 9 317 6.096 6.429 8.681 
24 9.875 9.500 9.208 9.528 

48 35.313 35.625 35.625 35.521 
48 22.500 22.438 22.438 22.459 31.243 
48 35.750 35.688 35.813 35.750 

72 600000 6L.250 61.250 60.833 
72 76.250 76",000 76.500 76.250 68.097 
72 66.875 67.000 67.750 67.208 

96 73.750 74.250 74.750 74.250 
96 73.750 73.750 72.125 73.208 47.764 
96 62.500 62 0 250 62.750 62.500 

120 65.000 63.125 63.750 63.958 
120 58.125 58.250 57.500 57 .. 958 6'~';j167 
120 70.000 70.875 70.875 70.583 

144 72.354 71.826 71 .. 915 72.032 
144 72.813 72.625 72.750 72.729 71.420 
144 69.125 69.875 69 .. 500 69.500 

168 83.750 84.000 84.250 84.000 
168 76.000 76.875 76.250 76.375 78.778 
168 75.125 76.250 76{>500 75.958 

192 71.250 73 0 750 73.500 72.833 
192 78 G 125 78 .. 125 78.375 78.208 79 .. 236 
192 860250 86.000 87.750 86.667 

216 116.875 116.250 116.815 116.647 
216 116.250 115 0 875 116.250 116.125 113.340 
216 107.500 107.375 106.875 107.250 

240 92.500 91.875 91.000 91.792 
240 91.250 94.750 95.875 93.958 95.497 
240 101.250 101.375 99.600 100.742 

S" Do Between Obser'ations at 0.05 Probability Level + 2.826 

S" D. u Means tI t1 It It ± 1.636 

S. Do It Germination Period Means 11 
It 11 + 0 .. 944 



TABLE '36 

LENGTHS ~MjljlSo2 OF RADICLE~ COLEOPTlLE AND LATERAL ROOTS 

OF GROUPS OF HICKORY KING GRAINS DURING GE RMINf\ T I ON. 

Mean 
U> <l,) 

r-I r-I 
.,-i II) .,-i U) 

Gorminatiofl U> +> r-I U> +> r-I 
..-! Q.. ro r-I Q.. ro Growth 

Period (Hrs) 
() 0 H r-I (,) 0 H 

.,-i <J) ill ro .,-i U> (!) 
'"0 r-I +> +> '0 r-I +' Index ro 0 rJ 0 ro 0 cO 
0:: <.) :-l f-4 0:: <.) :-l 

72 75 13 88 

72 77 30 35 142 76.3 25.7 12.3 0.11 

72 77 3t , 2 113 

96 150 b6 200 416 

96 369 92 475 936 240.0 73.3 316 .. 0 0.41 

96 201 62 273 536 

120 311 1~1 666 1128 

120 350 105 615 1070 354.3 134 0 0 641.0 1.13 

120 402 146 642 1190 

144 354 200 1009 1563 

144 449 368 2156 2973 446~O 276.7 1562.7 2.29 

144 535 262 1523 2320 

168 437 344 1979 2760 

168 586 325 1513 2424 524.7 341.7 1717.0 2.58 

168 551 356 1659 2566 

192 682 328 1501 2511 

192 731 381 1650 2762 648.3 340.0 1715.3 2.70 

192 532 311 1995 2838 

216 620 523 2459 3602 

216 1025 404 1298 2727 754.0 494.3 2007.3 3.26 

216 617 556 2265 3438 

240 495 <·20 1690 2605 

240 530 634 2469 3633 569.0 588.3 2190.0 3 0 35 

240 682 711 2411 3804 



TABLS 37a 

ANALYSIS OF VARIANCE RESULTS FOR TnTAL REDUCING FP~CTION 

IN GROUPS OF HICKORY KING GRAINS 0 

Degrees of Sum Variance 

Source Freedom SquBres Variance Ratio (F) Observations 

Germination 10 104811 0 520 10481,,152 12265.830 *** 
Replication 2 0.640 0.320 0.,374 N~ So 

Sample 2 180 940 90 470 11.083 N~ S. 

Sample/Rep. 4 10 590 3.975 0 .. 465 No S. 

Rep1ication/Germo 20 12 0 990 0 0 649 0.760 H., s. 
Sample/Germ. 20 2003>3550 100D 177 117.235 * * -* 
Error 40 34.180 0~854 

* * * Significant at 00 1% Probability Level. 

TABLE 37b 

RESULTS OF LINEAR REGRESSION OF rCftAL REDUCING FRACTION 

AND LENGTH OF RADICLE, COLEOPTILE AND LATERAL ROOTS IN 

GROUPS OF HICKORY KING GRAIN3. 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significance 

Reducing Sugar o -240 + 0.836 8.483 *** 
Radicle 72 -240 + 0 0 681 4.362 * * ~~ 

Reducing Sugar o -240 + 0.797 7 .. 347 *** 
Coleoptile 72 -240 + 09 778 5.808 *** 

Reducing Sugar o -240 + 0.776 6.850 * * * 
Lateral 72 -240 + 0.677 4.314 *** 

* * * Significa~t at 00 1% Probability Level. 
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TABLE 38 . -.,~...."... 

REDUCING SUGAR CONCENTRATION (MGMS) IN INDIVIDUAL HICKORY KING GRA.INS DURING GERMINATI0I:!o 

Germination Grain Number 
Period (hrs) 1 2 3 4 5 6 7 8 9 

0 9.687 8,,875 6 .. 250 11.875 9.563 9.000 10.625 

24 8 .. 325 10.144 12c065 7.056 10.256 9.864 12.630 8.643 6.,045 

48 56.250 58.750 41. 750 56.875 60.250 300937 43.437 32.812 45.125 

"2 710750 78.125 92 0500 65 .. 625 42.875 440750 57.500 8~.750 43.875 

96 51.250 58.750 60.000 63 .. 500 85.625 57 500 40.875 72.750 44.875 

120 36.125 45.000 66.875 68.750 61..000 65.,000 35.625 54.375 40 0 000 
, 

144 93.125 74.000 85.000 72.500 73 .. 375 100.000 106.250 52.500 47.250 

168 81.000 83.750 89.750 61.250 32.500 27 0 500 79.750 77.750 80.000 

192 138.125 101.500 79.750 105.375 111.500 92.125 90.000 105.000 112.500 

216 118.750 84.625 88.375 158 .. 750 115 0 375 120.000 100.,375 68.750 132.500 

240 109,,625 122.,125 82.625 127c 875 101.000 47.875 109.125 96.250 87.750 

Least Significant Difference Between Obse~vations at 0.05 Probability Level ± 48c.098 

± 15.210 tl II " \I Means n II It u 

10 

11.902 

56.000 

47.875 

50.,250 

54.875 

79.625 

57.000 

83 0 125 

93.500 

122.625 

% Growth Mean 
Germination Index 

6.587 

9.693 

480219 

62.962 90 00119 

58.501 100 0.483 

52.762 100 1.489 

78 .. 362 100 2.230 

67.025 100 2.712 

101.900 100 1.932 

108.100 100 2 .. 131 

100.687 100 2 0 568 



TABLE 39a 

ANALYSIS OF VARIANCE RESULTS FOR TOTAL REDUG.INQ.. FRAC1JOJ'i 

IN INDIVIDUAL HICKORY KING GRAIN§4 

Degrees of Sum Variance 
Ratio Source Freedom Squares Variance (F) Observations 

Germination 10 115866~870 11586.687 39.499 * ~f * 
Sample 9 2520.100 280~011 0.955 N. So 

Error <10 26400 0 420 293.338 

* * * Significant at 0 8 1% Probability Level. 

TABLE 39b 

RESULTS OF LINEAR REGRESSION OF TOTAL REDUCING FRACTION 

AND LENGTH OF RADICLE COLEOPTILE A~D LATERAL ROOTS IN 

INDIVIDUAL HICKORY KING GRAINS .. 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significance 

Reducing Sugar o -240 + 0.623 8222 * * * Radicle o -96 + 0.422 
72 -240 + 00352 

Reducing Sugar 0 -240 + Oll5l0 
Coleoptile o -96 + 0.422 

72 -240 + 0.201 

Reducing Sugar o -240 + 0,,551 
Laterals o ",,96 + 0.153 

72 -240 + 0.269 

* * * Significant at 0.1% Probability Level. 



T[\BLE 40 

LENGTHS (MMS 0) OF RADICJ-,E 9 COLEOPTILE AND LATSRAL ROOTS OF INDIVIDUAL HICKORY KING GRAINS DURING QJ=RMINATION o 
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TABLE~_ 

TOTAL AJV1YLOLYTIC ACTIVITY (MGr;1S tJlALTOS2L~~iG;:i.I\;.r;fJ) IN GRQUE§. 

O}O HICkORY KING GRAIN DURING GERMINATION o ASSAY WAS 

RSPLICATED THUEE T IiV12S ON E1\CH GROUP., 

Germination Replication Number Germin<:1tion 
Period (Hrs) 1 2 3 Mean Period Mean 

0 0.133 0,,109 0.141 00128 
0 0.195 0.172 0.297 0,,221 0.,245 
0 0.383 0.388 0.383 0.385 

24 0.385 0.378 0.381 0.381 
24 0 .. 613 0.681 0.678 0.657 0.599 
24 0.768 0.775 0.725 0.756 

48 1.657 1.644 1.648 1.650 
48 1 .. 719 1.736 1.728 1.728 10925 
48 1.,385 1.,389 10382 1 .. 385 

72 4 0302 4.391 4.391 40361 
72 3.820 3.809 3 .. 813 3.814 3.695 
72 2.874 2.902 2.956 20911 

96 5.125 5.208 5.209 5.181 
96 4 .. 584 4.250 4.823 i: .552 i: .355 
96 3.281 3.354 3.365 3.333 

120 8.611 8.473 8.681 8.588 
120 94375 9.084 9.375 9.278 8 .. 590 
120 7 .. 986 7.778 7.950 7.904 

144 100375 10.,209 100591 10.392 
144 11.410 11 0 438 100775 11.208 10 .. 981 
1L'A 11.396 11.584 11..048 11.3'-'i3 

168 13 .. 750 13.917 11 .. 5L12 13.070 
168 1L; .625 14 .. 584 l!~ .,625 14.611 14 .. 795 
168 16 .. 709 16 .. 646 16.750 16,,702 

192 lL:.OOO 13.175 12 .. 975 13.383 
192 12 .. 125 10.825 1L975 1L6~2 110092 
192 8.750 80050 7.950 8.250 

216 140500 14.,625 14,,375 14.,500 
216 12 0 500 12 0575 12.500 12,,525 12 .. 048 
216 9.125 9.100 9.125 9 .. 117 

240 14.063 14 .. 594 li1.907 1L'; .521 
240 12.969 11.625 11.,31',4 11.979 14.021 
2L~O 150625 15,,125 15.938 15 .. 563 

L. S. Do Between Observations at 0.05 PoLo 
II tt 11 u Means 11 It 11 tt 

+ 1.008 
+ 0~609 
± 0.339 n It U 11 Germination Period Means n 



TABLE 42a 

ANALYSIS OF VARIANCE P£SULTS FOR TOTAL AMYLOLYTIC ACTIVITY 

(ALPHA- AND BETA- AMYjJ)SE) IN GROUPS OF HICKORY KING CillAlli" 

Degrees of Sum Variance 
Source Freedom Squares Variance Ration(F) Observations 

Germination 10 2119.6768 271.9677 2120.,151 *** 
Replication 2 0.4374 0.21flV 1.705 N. S. 

Sample 2 90 8856 4.9428 38~532 ** 
Sample/Rep. 4 0.3285 0.0821 0.640 N. S. 

Replicatio~Germ~ 20 2.6534 0.1327 1.034 No S .. 

Sample/Germ. 20 129.2765 641 4638 50 .. 389 *** 
Error 40 5.1311 0.1283 

*** Significant at 0.1% Probability Level. 

** t1 n 5.0% 11 11 

TABLE 42b 

RESULTS OF LINEAR REGRESSION OF TOTAL AMYLOLYTIC ACTIVITY 

lbLPHA- AND BETA- AMllJ.SE) AND TOTAL REDUCING FRACTION 

RADICLE t COLEOPTlLE AND LATERAL ROOT LENGTH IN GROUPS OF 

HICKORY KING GRAINS 0 

Factor 

Amyli{)e 

Reducing 
Sugar 

Amylo-ae 
Radicle 

Amy "i'1{'i'$ 

Germination Correlation 
Period (Hrs) Coefficient t 

o -240 + 0.817 70 889 
o -96 + 08 951 11.090 

120 -240 + 0.334 -
o -240 + 0.891 10.927 

72 -240 + Oill766 5.571 
. ..--

o -240 + 0.865 9.598 
Goleoptile 72 -240 + 0.785 5.943 

Amylt;":$ o -240 + 0'0880 10 0 315 
Lateral 72 -240 + 0.801 60 276 

*** Significant at 0.1% Probability Level. 
,,-.. 

Observations 

"*.* * * * .~ 

.}f",lE' * 
*** 

*** 
*** 
*** 
*** 
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TAB,LE 43 

TOTAL AMYLOLYTIC fl.CTIVITY (MGMSo' 1VIALTOSE/ r~:r.l .• ,l .IN.., INDIVIDUAL HICKORY KING GRAINS DUR.lliG GEHMINATIONo 

Germination Grain Number % Growth 
Period (hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

0 0.028 00 219 0.125 0.056 0.141 0 .. 057 

24 0.221 0 .. 381 00 719 0~250 0.453 0.662 0.698 0.384 0.297 0.,671 0.474 

48 1 .. 687 1.562 00753 1.045 0.961 0 .. 902 10 312 0.805 1.528 0 .. 975 1.153 

72 3.883 4 0 667 4.187 2.812 1.946 1 .. 017 2.837 3.717 10946 2.017 2.908 90 0 .. 119 

96 1,,170 20241 1~384 1.571 10188 1.625 2.661 4.473 1.991 2.375 1.738 100 0.483 

120 0.698 2 .. 708 2.188 5 .. 937 1 .. 844 10 979 1 .. 094 411271 1.427 1.500 2(>365 100 L.489 

144 8.125 3.450 40225 0.875 4.662 7C1550 4.975 30750 8.025 6e062 5.130 100 2 .. 230 

168 6.594 2.766 6 .. 006 6. / .. 53 5 0 375 6.719 11 .. 250 10.000 5.937 6 .. 656 6.766 100 2.712 

192 16.875 70400 3 .. 325 8 .. 925 11.650 6 .. 375 10.950 12.950 26 6 375 10.000 11.482 100 1.932 

216 11 ... 200 6 G 825 12.450 30.750 8~300 27.100 9,,675 3.875 24 .. 500 9.250 14.692 100 2.131 

240 100187 140375 7,A69 34 0281 10,,687 3 0 187 110781 7 0 812 7(219 160844 120084 100 2e568 

Least Significant Difference Between Observations at 0,,05 Probability Level + 12.553 

II " " " Means II II " II + 3.968 



IABI:E_~ _ 44a 

ANALYSIS OF VARIANCE. @SULTS FOR T9TAL Ai\'1YLOLYTIC. ACTIVIli 

(A!..PHA ... AND BETA- AMYL1\~E) IN INDIVIDUAL HICKORY KING GRAINS a 

Source Degrees of Sum of Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 2717.053 271.705 13.814 *** 
Sample 9 189.639 22.182 1.128 No So 

Error 90 1770.235 19.669 

* * ~" Significant at 0.1% Probability Leve1~ 

TABLE 44b 

RESULTS OF LINEAR REGRESSION OF TOTAL AMYLOLYTIC ACTIVITY 

AND TOTAL REDUCING FRACTION? RADICLE COLEOPTILE AND LATERAL 

ROOT LENGTH IN INDIVIDUAL HICKORY KING GRAINS.!!. 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significance 

Amylo1ytic o -240 + 00 779 12 0 914 * * * o -96 + Oe829 10 0 269 * * * 
Reducing 120--240 I Qt;f)C3 8.803 * * * -I 

Sugar 

Amy101ytic o -240 + 0.532 
o -96 + 0.362 

Radicle 72 -240 + 0,,354 

Amylolytic o -240 + 0.420 
o ... 96 + 0.406 

Co1eoptile 72 -240 + 0.218 

Amylo1ytic o -240 + OcA75 
o -96 + 0~195 

Laterals 72 .,.240 + 00291 

*** Significant at 001% Probability Level. 
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JABLE ~~ ..• 

ALPHA-!\lvlYLOLYTIC ACTIVITY (f\:GMSo i.lALTOSE/j:4TI~~.!GRAINL .... J1':1 GROlP..§. 

OF HICI\.ORY KING GBAlN DURING GERMIl'-lATION. ASSAY WAS REP .... 

LICATeD THREs TIN£S FOR EACH GROUPo 

Germination Replication Number Germination 
Period (hrs) 1 2 3 Mea~l Period Mean 

0 0,,094 Oil 062 0,,080 0,,078 
C 0,,148 0.122 0.258 00176 00182 
0 0,,288 0 0 300 0,,286 0 0 291 

24 0,,325 0.348 0 .. 333 0,,335 
24 0 .. 495 0.488 0.486 0 ... 490 0~404 

24 0 .. 383 0.389 0(1393 0,,388 

48 0,,985 0.969 0,,836 0.930 
48 1.~02 1.305 lc.199 1.269 0 .. 992 
48 0.809 09764 0.761 0.,778 

72 2 .. 427 2,,392 20410 2.406 
72 L8C3 1.792 1.778 1,Wl 1 .. 901 
72 1.499 1.514 1,,503 1.,505 

96 3.,593 :3 > 35L : 3,,459 3 .. 469 
96 2.396 2,,604 2 .. 584 2.528 2.353 
96 1.063 1.094 1.031 1 .. 063 

120 6.639 6;875 4 .. 306 5.940 
120 6.389 6,,306 6.320 6.338 5 .. 230 
120 5,,000 4,,843 L~ .889 3.412 

l~i; 7,~391 70792 7.644 '1ocC,) 
lL"l~ 8.075 8.375 8.209 8.220 8 .. 051 
144 8.312 8.625 8 .. 035 8.324 

168 10 .. 417 10.292 10.333 10,,347 
168 11.292 11..063 11.292 11,,216 10.923 
168 11,,188 11,,334 11.08Ll 11 .. 202 

192 10.125 9,,375 9,,300 9,,600 
192 7 .. 075 6.750 7. t ,50 7.092 7,,033 
192 4.375 4.675 I~" 175 4 ./'08 

216 lLOOO 11.125 10,,025 10 .. 717 
216 9,,050 9"lOO 8.900 90017 8.658 
216 6 .. 250 60225 6.250 6.243 

240 6,j71.9 6.782 7,,032 6.844 
240 5 .. 250 6,,063 5,,500 5,,604 6.938 
240 8.375 8.094 8.625 8.365 

~ .8 Between Observations at 0 .. 05 P .. 1." ± 09 893 

!i t: II H Means at 0 .. 05 Po L. ± ·Oo5~6 

u u 1t I1Germination Period tJlG~ms at 0 .. 05 

P., L. + 0.298 



TABLE 46£1 

ANA1X§IS OF VAflIANCE RESULTS FOR _ ALPll,i\L'2:..l_·.:i(~E ACTIVITY IN 

.IN GROUPS OF HICKORY KING GRAIN~ .. 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio (F) Observations 

Germination 10 1285 0 8526 128.5853 1349 Q 870 *** 
Replication L 0,,3459 0.1729 10816 N .. S" 
Sample 2 16 .. 0430 84~15 840209 * * * 
Sample/Rep. 1; 0~5882 0.1470 1,,544 No So 

Rep. /Sample 20 1 .. 8512 Oe0926 0.972 No So 

Sample/Germ .. 20 82 0 7014 4.1351 43 0 409 * 7~ * 
Error 40 3(18103 0,0953 

*** Significant at Oe1% Probability Level. 

TABLE 46b 

RESULTS OF LINEAR REGRESSION OF ALPHA-AMYl.t,.f;:E. ;i&:£IVIJX ((NO 

TOTAL REDUCING FRACTION? RADICLE 9 Q.,OLEOPTILE AND LATERAL 

ROOT LENGTH IN GRQhJE§ _. OF HICKORY KING GAA IN .. 

Germination Correlation 
Factor Period (Hrs) Coefficient t Observations 

Amyl~4O o -240 + 0 0 750 6.313 * * * o -96 + 0.858 6.023 * .~~ * 
Reducing 120 -240 + 0«;184 

Sugar 

Amyj~:'l\.a o ... 240 + 0.857 9~259 *** Radicle 72 -240 + 0 .. 716 4.811 * * * 
Amyl{~tt o -240 + 0.786 7.079 ~* .x- * 
Ccleoptile 72 -240 + Oe639 

Amyl~~,(iG o ·",240 + 0 0 833 8 9 383 * * * 
Laternls 72 .... 240 + 0.712 40756 * * * 

* * ~~ Significant at 0.1% Probability Level. 
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I[\BLE 47 

ALPHA-AMYLOLYTIC ACTIVIT)' {MGMS 0 MAL TOSEL~IN .• ) IN INDIVIDUAL HIQKORY _ .. !SING GRAINS DlJ"RING, GERMI~~TIONo 

Germination 
Grain Number 

Period % Growth 
(hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

---
0 0 .. 028 0.219 0.078 0.056 0.047 0.043 

24 00132 0.193 0~440 0(»125 0,"230 00213 0 0 395 00295 0.169 0.572 0,,276 

48 1,,183 10023 0.( 12 0.453 0.236 0.484 0.805 0,,145 0 .. 841 0.334 0~612 

72 2 0379 2.308 2 .. 279 1 .. 433 1.079 0.550 1 0 5L~2 10196 1.237 1 0 021 1.,502 90 0 .. 119 

96 L071 00964 0.884 0.134 0.134 0.804 0.464 2.259 0 .. 723 1.902 0.934 Ie') 00483 

120 00114 1.458 1.219 3~042 0.958 1.792 0.156 10281 0 .. 437 0.010 10047 100 1 .. 489 

144 5 0 812 3.,150 20637 0 .. 700 0.850 2 .. 475 3 .. 500 2.937 5 .. 337 4.425 3.182 100 2.230 

168 3 .. 937 1.359 4 .. 406 4.781 3 .. 016 3\1906 6 .. 281 9 .. 828 1 594 3 .. 656 4.276 100 2.712 

192 120250 3.150 0.,800 5 .. 700 6.750 3.450 6.000 7.000 16 0 250 6 .. 500 6 .. 785 100 10932 

216 6 0 750 2 .. 825 4 .. 700 19.750 4 .. 425 7.575 4,,050 1.050 110125 5.900 5 .. 815 100 2 .. 131 

2L'fO 5 .. 406 6 0 656 40656 18 .. 687 3.187 10156 3.906 30375 7.219 90594 6 .. 384 100 2.568 

Least Significant Difference Between Observations at 0.05 Prob:'l")ili ty Level ± 1.201 

" " tt II Means " II II II + 0.380 



Il\BLE .4Sl§l 

ANALYSIS OF VARIANCE RESULTS FOR ALPl-IA:AMY~\§.!J AGLI;JITY Hl 
LNDIVIDUAL HICKORY KING GRAIN~n 

Source 

Germination 

Sample 

Error 

Degrees of Sum Variance 

Freedom Squares Variance Ratir (F) 

10 

9 

90 

819.567 

93,,960 

682..,752 

81.,957 

108440 

7 a 586 

* * * Significant at O~l% Probability Leve1~ 

Observations 

*** 

RESULTS OF LINEAR RtG*RESSION OF ALPHA-~j{l.il~E ACTIVITY 2 AND 

TOTAL REDUCING FRACTION)! RADICLE? COLEOPTILE Al'.JU LATERAl; 

ROOT ~GTH IN INDIVIDUAL HICKORY KING GRAINS 0 

Germination Correlation Factor Period Coefficient t Hours 

Amy\as e o -240 + 0.738 11~336 
o -96 + 0 .. 728 7,,357 

Reducing 120 -240 + 00515 
Sugar 

Amyl11s~. o -240 + 0.551 
o -96 + 0 .. 452 

Radicle 72 -240 + 00398 

AmyltU'e o -240 + 0,,384 
o -96 + 09 439 

Co190pti1e 72 .. 240 + 0 ... 185 

Amyl(.\.~a o ... 240 + 0~460 
o -96 + Oa2B7 

Laterals 72 -240 + 0.286 

* * * Significant at 0.1% Probability Level. 

Observations 

* * * 
* * * 
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TABLe 49 

BD}..-AIViYLOLYTIC ACTIVITY U.1Gi\,lS D lVlALTOSE/J1l1NuiGRAIN) IN GR!)UP~ 

OF HICKORY KING GRAIN DURItl.Ci._ GERMINATIOND ASSAY WAS 

REPLICATED THREE TIMES ON EACH GROUEo 

Germinntion Replication Number Germination 
PeriorJ (hrs) 1 2 3 Mean Period Mean 

0 0.039 0.047 0.061 0,,049 
0 0.047 0.050 0.039 0.045 0.063 
0 0.095 0.088 0.099 0 .. 094 

24 0 .. 060 0.030 0.048 00046 
24 00118 Os199 0~192 0.170 0.194 
24 0 .. 385 0..,386 0 110 332 0.368 

48 0.672 00675 00812 0 .. 72J 
48 0 .. 417 0.431 0,,429 0.1}26 0~584 

48 0.575 Oo62~ 0.0621 0.607 

72 1~375 1.999 1,,981 1.952 
72 2 .. 017 2~017 2.035 2~023 1.793 
72 1.375 1-a388 1.453 1 .. 405 

96 1.532 1.584 1.750 1.622 
96 211188 1.646 2.239 2,,024 1.962 
96 2,,218 2 .. 260 2~234 2.237 

120 1 .. 972 1 .. 598 4.375 2.648 
120 2.986 20778 3.055 2.940 2.860 
120 2.986 2.930 3.061 2.992 

144 2 0 984 2.407 2.947 2.779 
144 3.335 3.063 2.566 2.983 3 0 040 
144 3.084 3.959 3 0 013 3.352 

168 3.333 3,,62~ L,209 2.272 
168 3 .. 333 3 0 521 ~$~33 3.396 3.873 
168 5.521 5.312 5.666 5 .. 500 

192 3,,875 3.800 3.6'25 3.767 
192 50050 4.075 4 0 525 4,.550 3 .. 997 
192 3.875 3 0 375 3 .. 775 3.675 

216 3.500 3.550 3 0 850 3 .. 633 
216 3 .. L',50 3 .. 475 3 .. 100 3.342 3.283 
216 2 .. 875 2 0 875 2 .. 875 2.875 

240 7.344 7.812 7,,875 7.677 
240 7.719 5.562 5.844 6 .. 37~ 7.083 
240 7.250 7.031 7.313 7.198 

Least Significant Difference Between Observutions at 0.05 Po Lo 

+ 1.298 
fI " tt n Means at 0 .. 05 P .. Lo ± 0 .. 750 
II 11 11 

II Germination Period Means at 0.05 Po Lo 

± 00432 



8libLYSIS OF VARIANCE RESULTS FOR BETA'ff.~j\;~.:~l:;~ACT~'y,IT~IN 

GROUPS OF HICKOYR KING __ GRAIJ\l-

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio (F) Observations 

Germination 10 375a 7057 37 G 5706 179 .. 223 *** 
Replication 2 0 0 2327 0.1163 0,,555 No S. 
Sample 2 1()0697 005348 2,,551 No So 
Sample/Rep .. 4 00 6719 001680 0.801 N. c: 

'-'0 

Rep 1 ication/Germ3 20 3.9822 Oa1991 0 0 950 No So 
Sample/Germ<> 20 18,,6669 00 9333 40452 7E- * * 
Error 40 8 41 3852 0,,2096 

* * * Significant at 00 1% Probabilj.ty Levc:;'. 

TABLE 50b 

RESULTS OF LINEAR REGRESSION OF BETA-AMYIP.~$E ACTIVITY AND 

IO-r:AL REDUCING FRACTION 2 ALPHA-AMY!).~E ACTIVITY 9 RADICLE :,14 

COLEOPTILE AND LATERAL ROOT LENGTH IN GROUP&- OF HICKORY 

K{J,:~s.~INo 

Germination Correlation 
Factor Period (Hrs) Coefficient t Observations 

Beta-AmY!:.!,.[,-:l o -240 + 00 769 6.698 * * * o '"96 + O~951 11,,090 * * * 
Reducing Sugar 120 =240 + 0,,297 

Beta -Amy lcce o -240 + 0.714 5.678 * * * o .,..96 + 0.787 40 599 *** 
Al !Jha "",Amy ::'D-~,->e 120 -240 + 0 0 002 

Beta-Amyl,., e:e o .. 240 + 0&774 6,,806 * * * Radicle 72 -240 + 0.539 

Beta-Amylili~ o ---240 + 0.850 8.984 7~ -1:- .)Eo 

Coleopti1e 72 ",,240 + 00 752 5 9 351 * .x- * 

Beta-Amyl'_,{;t3 o -240 + 0,,800 7,,4:24 * * * Laterals 72 ... 240 + 0.651 4,,023 * * * 

* -* * Significant at 001% Probability Level. 
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TABLE 51 

BETA-AMYLOLYTIC ACTIVITY (1VlGlVlS~ MALTOSE(MIN r ) IN INDIVIDUAL HICKORY KING ._GRAINS DURING GERMINATION 

Ge,rmination Grain Number 
% Growth Period (hrs) 1 2 3 4 5 1..\ 7 8 9' 10 Mean Germination Index 

0 0 0 047 0 .. C94 0.014 

2!, 0.089 00188 0 .. 279 0.125 0.223 00449 0.303 0.089 00128 00099 0.197 
-, 

48 0.504 0.539 00141 00592 00725 0.418 0 .. 507 00660 0.687 0.641 00541 

72 1.504 2.359 1 .. 908 1.37Y 0 .. 867 0.467 1 .. 345 2 .. 521 0 0 709 0.996 1.405 90 00199 

96 00099 1..277 0.500 1.437 1 .. 054 0.821 20197 2.214 10268 00473 1 .. 13ii 100 00483 

120 0 .. 584 10250 00 969 2 .. 895 00886 0,,187 0.938 20990 00990 1 .. 490 1.318 100 1",489 

1·44 2.::;13 0.300 1.,588 0.175 3.812 £1,,675 1.475 0.813 2 0 688 1 .. 637 1.948 100 2 .. 230 

168 2.657 1.407 2.500 1.672 2.359 2.813 4 .. 969 0.172 4.343 2.000 2.489 100 2.712 

192 4,,625 4 0250 2,,525 3.22tl 4.900 2.925 4.950 ~,,950 100125 3.500 4.697 100 1.932 

216 7.450 4.000 7,,750 11.000 3.875 190525 50625 2.825 230375 30350 8.877 100 2.131 

240 40781 7 .. 719 2 0 813 15 0 594 7 .. 500 2.031 7 .. 875 4 .. 437 0.000 7.250 6 .. 000 100 2.568 

Least Significant Difference Between Observations at 0.05 Probability Level ± 1.028 

u " II II Mean~ It Ii II " + 0.325 



ANALYSIS OF VARIANCE RESULTS FOR BETA=-AMYI.:l:~E ACTIV,.ITY IN 

INDIVIDUAL HICKORY KING GRAINS~_ 

Degrees of Sum of Variance 
Source Freedom Squares Variance Ratic. (F) Observations 

Germin3.tion 10 7770223 77.722 10,,437 * * * 
Sample 9 5L,838 5,,760 0.773 N" So 

Error 90 6700217 70447 

*** Significant at O.~ Probability ~eve~o 

TABLE 52b 

LINEAR REGRESSION OF BElfA-AMyItBE ACTIVITY AND TOTAL 

REDUCING FRACTION q ALPHA-AMYLASE ACTI'JITY 2 RADICLE 9 COLEOPTILE 

AND LATERAL ROOT LENGTH IN INDIVIDUAL HICKORY KING GRAINS" 

Germination Correlation 
Factor Period Coefficient t Observations 

Hours 

Beta-Amy1f.£cl o ... 240 + Oe688 9.852 *** o -96 + 00 795 9.080 * * * 
Redu'dng s.ugar. 120 "",240 + 00361 

Beta-ArrrylG~e o -240 + 0.734 110232 * * * o ..,96 + 0.689 6 0 586 * * * 
A 1pha-Amylc::;e 120 -240 + 00640 6,,343 * * * 

Beta-Pmy1~>("a o -240 + 00421 
o -96 + 00216 

Radicle 72 .... 240 + Og244 

Beta-Amylt<t e o -240 + 0.365 
o ... 96 + 00310 

Co1eoptile 72 -240 + 0,,188 

Beta-Amylaso o -240 + Oo39t1-
o -96 + 0,,074 

Laterals 72 -240 + 00293 

* * * Significant at 0.1% Probability Level. 
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TABLE _53 
- E!i.l 

REDUCING SUGAR CONCENTRATION {MGMS~) IN GROUPS OF EARLY 

PEARL GRAIN DURING G2RMINATIONo ASSAY WAS REPLICATED 

THREE TIMES ON EACH GROUPo 

Germination Replication Number Germination Period (Hrs) 1 2 3 Mean Period Mean 

0 90062 8.750 90062 B095B 
0 110250 12GB17 12.817 12.295 100 659 
0 10.937 110250 11.250 11.146 

24 170187 170500 17.500 17.396 
24 16.250 16.562 16,875 16 0 562 17.187 
24 170187 17 3 500 18.12~ 17.604 

48 29.375 28 0437 28.750 28.854 
48 28.'150 27.187 27.500 27.812 27 .. 083 
48 24.687 24.687 24~375 24.583 

72 4L,250 41.250 42~500 41.667 
72 33.750 31.875 31.250 32.292 33 .. 021 
72 25.312 25.000 25 .. 000 25.104 

96 71.250 70 .. 625 70 .. 625 700833 
96 68.125 67.500 68.125 67.917 68.472 
96 67.500 65.500 67.500 66.667 

120 78 .. 750 88~125 88.125 85.000 
120 81..250 82~500 83.125 82.292 81.944 
120 770500 80.625 77.500 78.542 

144 64 0 375 65 0 625 66.250 65.417 
144 54.375 52.500 54 Q 375 53.7~0 54.648 
144 44.337 43.750 46~250 44.779 

168 58.125 66.875 66.875 63~958 
168 40.,000 38.750 49.375 42.708 55.000 
168 55 .. 625 60.000 59.375 58.333 

192 79 .. 375 101.875 79 0 375 86.875 
192 76 .. 250 75.000 72.500 74.583 72.708 
192 44 0 375 62 0500 63.125 56.667 

216 63.750 48 0 125 63.750 58.542 
216 42.500 42 0 500 45~625 43.542 49.375 
216 35 0 625 51.250 51.250 46.042 

240 72~500 71.250 73 .. 125 72.292 
240 66.250 840375 76.250 75.625 68.958 
240 54.375 60 .. 625 61087~ 58.958 

L·. Sr. D,., . Between Observations at 0.05 Po L .. ± 
fl t! n 11 fVleans It 11 tI n + 
t1 u 11 II Germination Period Means It I; + 

12.646 

70 300 

".,21/. 



IABLE '54a 

ANALYSIS OF VARIANCE RESULTS FOR TarAL REDUCING FRACTION 

IN GROUPS OF EARLY PEARL GRAIN~ 

Degrees of Sum Variance 
Sou;rce Freedom Squares Valiance Ratio (F) Observations 

Germination 10 51299.820 5129.982 284.446 *** 
Replication 2 144 0 580 720290 4,,008 N~ S. 
Sample 2 1730 .. 720 865 .. 360 471)982 * * 
Sample/liep. 4 33.580 8.395 0~.465 N. So 
Replication/Germ. 20 420.790 21.039 10167 No S. 
Sample/Germo 20 2431 0 180 121.559 6.740 * * * 

Error 40 721,,400 18.035 

*** Signific;mt at 00 1% Probability Level" 
* * " 11 3% u tI 

TABLE 54b 

RESULTS OF LINEAR REGRESSION OF TOTAL REDUCING FRACTION 

AND LENGTH OF HAD ICLE :1 COLEOPT ILE AND LA IE RAL ROOTS IN 

GROUPS OF EARLY PE~RL GRAIN. 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance" 

Reducing Sugar o -240 + 0.731 5.964 * * * 
Radicle o -72 + 0.744 3.521 * * * 

96 -240 - 0.051 

Reducing Sugar o -240 + 00670 
o -72 + 0,,682 2,,949 * * Coleoptile 96 -240 a- 0.133 

Reducing Sugar o -240 + 0.540 
o -72 + 0.746 3.542 *** La'ceral Roots 96 -240 - 0.119 

*** Significant at Oql% Probability Level. 

** 11 It 2% til H 



b?NGTH ~D~¥t,S .. ~:..) . __ .9F RAD ICLE <) COLfOPT ILE AND LATERAL ROOTS 

.It GROUPS OF EARLY PEARL GRAINS DURING GERMINJl.TIONo 

U) 

~ Mean b. .-I 

Germination Gr;')wth ro 
0 0 H 

Period (hrs) Radicle Coleoptile Laterals Index .r! (J) (J) (!) 
'U .-I .-I +> 
co O'r! ·n 

0:: o+> .. -.I 

48 48 3 0 0 051 

48 23 3 0.026 44.6 2.6 

48 63 2 0.065 

72 251 54 96 0.401 

72 250 56 50 0.336 259.3 57.3 67.0 

72 277 62 55 0.394 

96 446 145 444 1.035 

96 539 267 680 1.486 472.0 230.6 574.0 

96 431 280 598 1.309 

120 637 377 860 1.874 

120 583 315 831 1.729 270.0 34703 822.6 

120 590 350 777 1.717 

144 749 381 1522 2.652 

144 699 364 796 1.859 573.6 303.0 887.3 

144 273 164 351 0.788 

168 571 343 514 10428 

168 461 389 752 1.602 440.6 313.3 563.3 

168 290 208 i171.} _.922 

192 622 450 890 1.962 

192 539 464 685 1.688 612.0 476.6 82300 

192 675 516 894 2.085 

216 879 574 155 1.608 

216 868 721 1810 3.399 893.6 655.3 2027.0 

216 93~1 671 2720 4.325 

240 912 705 2251 3.,868 
240 .. 845 688 2003 30036 1:-. -1]. 3 720 .. 3 209 .. 3 

240 1247 768 2025 4 .. 040 

t ~ •• 

Mean 
Growth 
Index 

0 0 05 

0.38 

1.28 

1.44 

1076 

1..32 

L,91 

3,.58 

3.82 



90 

60 
~ 
<! 
(!) 
=> 
(f'J 

(!) 

z 
(.) 

=> 
0 
w 

" 
If) 30 
~ 
(,!) 

:E 

o 

Fig. 90. 

Reducing 

48 . 

e 

sugar 

96 

HOURS 

D 

fl Iiil 
~ 

Growth index 

A 

144 192 

GERMINATJON 

Ohanges in total reduoing fraotion (expressed as 
mgtns. mal toea) in groups of Ewly Pearl grain 
during germination. Grovroh index expressed as 
sum of lengths of organs me.8sured 

1000 

240 

L.S.D. between means for. reduCing sugar at 0.05 P.L. 4.214 
mgms. 

.4 

x 
w 
Cl 
Z 

2 
:c 
}-

~ 
0 
0::: 
C) 

o 



90 

75 

(J) 

~ 
(!) 

:2: 60 

U 
z 
0 
U 

0:: 
< 
(!) 

45 ::> 
(J) 

(!) 
Z 

u 
::> 
0 
w 
0:: 30 

1,5 

o 
o 0 0 

o 150 300 450 600 

LENGTH OF RADICLE MMS 

@ 0 - 120 HOURS GERMINATION 
o 144 - 240 " " 

Fig. 91. Scatter Plot illustrating correlation between 
reducing sugar concentration and radicle lengtb 
in groups o;f Early Pearl gra.1n~ Correlation 
coeffioient for 0-240 hours ;. .731. 

o 
o 

750 900 



90 

75 

(/) 

~ 
~ 
~ 60 
() 
Z 
0 
() 

a::: 
<! 
~ 45 ::::> 
(/) 

~ 
Z 
u 
::::> 
Cl 
LU 
0:: 30 

15 

o 

t!i 

Ir.I 

~ 
~ 

200 

LENGTH 

12 0 - 120 

o 144 - 240 

e 

0 

0 
0 

0 0 

0 

400 

OF COLEOPTJ LE MMS 

HOURS GERMINATION 
II " 

0 

0 

0 

0 

0 

600 

Fig. 92. Scatter plot illustrating correlation between 
reducing ~~gar concentration and colaoptila 
length in groups of Early Pearl grain. 
Correlation co effie! ent for 0-240 hours + 0.682. 

0 

800 



<I 
.4 

<IiiI~. 

<I 

<=> I U') 

O'l r-

<I' 

<I 

<l <l 
~ 

~ 
<l 

~ <l 
<l 

<I 
~ 

I <=> U') . 

(Q "d' 

SWDW ONOO l-J'1DnS f)NIOna3~ 

Fig. 93. Seatter plot illustrating oo~elation between 
reduoing sugar conoen~tion and lateral root 
length in groups of Early :Pearl grain. 

<=> o 
U') 

N 

<=> 
<=> 
<=> 
N 

<=> 
<=> 
U') 

fJ) 

~ 
:E 

fJ) Z I- 0 0 H 0 8 0:: <l! 
...J Z= 

H <2: 
~ 0:: 

LU 'Ci:l r-« '" ...J 
Cf) 
p:; 

u.. ~= 
0 0 

~ 

J: 
l-
e:> 
z 00 LU C\l..:::l" -I 

t-IC\l 

I I 

0..:::1" 
..:::I" 
t-I 

.fi <l 



f, 

ll1ll'~~§. 

~DUCIN§..... SUGAR CONCENTRATION (MGMS ¢ ) IN HID IV IQlJ1\L EARLY PEARL GRAINS DURING GERiVlINATION 0 

----
,Germination 

Grain Number 
% Growth 

fJpriod (Hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 
-....II'-.~.-

0 18,,750 40.625 22.500 18.125 18.750 13 0 125 17.500 15,,000 12.500 17.500 19.437 

24 14.735 19 0 375 17,,500 13 0 325 13 .. 125 17 0 500 26 0 875 17.500 19.375 15,,000 15.925 

t~8 46 .. 875 41.875 60.625 35.000 36.250 55 0 000 i~5.000 42.500 31.250 38.750 Li3.312 90 0.091 

72 90 .. 625 71 .. 875 104.687 63,,473 69.062 57.000 624/500 63,750 68.437 57.187 70.906 100 00375 

96 91.250 92.500 95.000 115 .. 000 70.000 72 .. 500 86.250 70.000 86.250 35.000 81.375 100 0.992 

120 91.250 88.750 105.000 123.750 78.750 72.500 93 0 750 58.750 60.000 930750 86.625 100 103'66 

144 86.250 105.000 115 .. 000 117 .. 500 1 '/, ~\()0, ", c,~)o::J '~.-:.~ ,noo 137 .. 500 72.500 95.000 96 0 875 100 10273 

~()8 92*500 108~750 115.000 97 0 500 86 Q 250 100 .. 000 118 .. 750 86.250 70.,000 50,,000 92 0 500 100 10 67/, 

192 93.750 83.750 63 0 750 103 0 750 584>750 610250 68*750 106 .. 250 80.000 65 .. 000 78.500 100 10873 

216 58.750 78 0 7fjO 68 .. 750 51 Q 250 67.500 90,,000 77.500 83,.750 L;1.250 60 .. 000 670750 100 2. !~65 

240 78 0 750 120 .. 000 98.750 ll8~750 100.000 108 0 750 1100 000 50.000 66 .. 000 550000 900600 100 2.377 

Least Significant Difference Between Observations at 0.05 Probability Level + 43 0 561 

II tI II Ii Means " II 
\I II + 130775 



~NALYSIS OF VARIANCE RESULTS FOR TOTAL REDUCING FRACTION 

IN INDIVIDUAL EARLY PEARL GRAINSe 

Degrees of Sum Variance 

Source Freedom Squares VariaYlce Ratio(F) Observations 

Germination 10 89253(..530 8925.353 37.249 *** 
Sample 9 82020240 911.360 34 803 ** 
Error 90 21565 0 190 23940613 

* * * Significant at 001% Probability Level. 
*~~ It tt5% U 11 

TABLE 57b 

RESULTS OF LINEAR REGRESSION OF TOTAL REDUCING FRACTION 

AND LENGTH OF RAQICLE COLEOPTILE AND LATERAL ROOTS IN 

.lll!2.IVIDUAL EARLY PEARL GRAINS .. 

Germination Correlation 
Factor Period (Hrs) Coefficient t Significance 

Reducing E'ugar o ··240 + 0.659 9.105 *** o -96 + 0.825 1040114 * * * Radicle 120 ... 240 + 0.058 

Reducing Sugar o -240 + 0.518 
o -96 + 0.781 8 0 664 *** Co1eoptile 120 -240 q 0.017 ... 

Reducing Sugar o -240 + 0.468 -o -96 + 0.607 c. -Lateral Roots 120 -240 - 0.046 

*** Significant at O~l% Probability Level. 



TABLE 58 

J.,ENGTH ' ( MMS 0 ). OF PAD ICLE , COLEOPTILE AND LATERAL Roors, .0E-..mJIVIDUJl.L EAR~Y PEARL GRAINS DURING GERMINAT1Q!io 

_....-~ ... _~.~~h .. _~ ____ ---.~._~_~ 

GERMINATION PERIOD IN HOURS 
48 72 96 120 144 168 192 216 2.40 

Grain (J) (J) (J) (J) (l) (J) <l.) (J) ill 

Number t-I t-I ....... r-i .-l t-I r-i r-i t-I 
'..-I CJ) OM (J) 'M (S) • ..-1 CJ) 'M (J) • ..-1 (J) OM (I) 'M (J) • ..-1 (J) 

CD +> t-I <l.) +> .-i (J) +> t-I (l) +> .-\ <l.) +> t-I <l.) +l r-i (l)+> .-I (ll +l .-I ill +' .-I 
t-I 0. ~ t-I 0. C\1 r--l 0. C\1 r-i 0.. C\1 .-I 0. C\1 .-I 0. ~ .-10.. C\1 .-\ 0.. C\1 .-\ 0.. co 
() 0 () 0 H () ·0 H () 0 H 0 0 H () 0 () 0 H () 0 H () 0 ~ .... t (J) (J) 'M ill (J) • ..-1 Cll (J) 'M (J) (J) 'M (l) Q) 'M (L) (1) • ..-1 (l) Q) • ..-1 (l) Q) ,..-1 (l) 

"0 ...-i +> "0 r-I +> "0 t-I +> "0 t-I +> "0 .-I +l "0 ....... +> "0 ....... +> "0 ....... +l "0 t-I of,) 
cO 0 co co 0 cO co 0 cO co 0 co C\1 0 Cd co 0 co co 0 co co 0 co C\1 0 ~ r:r: 0 .....:I r:r: o .....:I 0::: 0 .....:I 0::: 0 .....:I 0::: (,) .....:I 0::: 0 . .....:1 0:::0 .....:I 0::: O . .....:I 0::: 0 

. .,.. 

1 4 2 C\> 37 20 10 49 15 52 37 22 103 50 15 61 50 31' 92 55 97 ea 34 59 .91') 37. 69 117 

2 8 3 6 6 66 9 28 91 44 54 47 14 98 73 61 99 - 7 58 64 27 06 37 70 170 

'" 3 53 23 36 56 20 13 38 17 117 42 24 112 54 60 62 65 4 79 48 50 100 34 39 ... 168 .!\ 

4 13 3 22 6 10 63 25 55 31 32 75 46 19 74 24 ~1 39 107 63 165 29 29 50 51 64 147 

5 4 2 ..., 4 31 15 70 89 28 4 34 25 93 43 38 76 57 57 57 27 47 110 2D 59 172 f 

6 17 7 2 9 3 28 11 46 18 11 50 37 18 45 36 9 107 44 36 61 31 28 209 74 67 223 

7 12 3 13 9 26 18 0 35 29 12 51 27 15 83 81 24 96 61 53 52 48 64 151 40 49 60 

0 ... - 29 5 ... 72 28 84 61 7 27 67 43 39 29 66 59 40 43 87 98 181 37 47 67 

9 2 3 6 3 - 33 4 c: 26 18 J 48 28 e 44- 43 51 187 66 53 171 56 58 360 64 69 244 

JO 1 2 26 6 010 22 15 16 59 49 118 57 19 28 .... ·25 58 57 57 61 62 65 108 89 5 l1li 

Mean 6.4 2$5 00 2 20 0 0 D0 5 DQ2 43~0 15 QO 40.4 47.9 24 0 0 43.5 63$0 44~3 88.2 46 0 7 48.6 145 0 4 53.D 134.0 
6407 20.0 3411;9 57.1 83\)5 52.5 4901 

Growth 
lind ex 0,,091 0",375 00 992 10 366 1.273 10 674 10 073 2.465 2 .. 377 
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TIME IN HOURS 

Cv~as in total reduoing fraction (expressed 
as mgIllS .. me~tose).in individual Early- Pearl 
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g:mins during gemination. Grovrth index expressed as 
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TOTAL AMYLOLYTIC ACTIVITY (MG1'vi:3o j,IALTOSE/ MIN.! GRAIN) IN 

GROUPS OF EARLY PEARL GR.A.U DURING GERMINATION. ASSAY 

WAS RtPLICATiD THREE TIMiS ON EACH GROUP. 

Germi:1a.tion Replication Number Germination 

Periou (Hrs) 1 2 3 Mean Period Ivlean 

0 
0 0.040 0,,020 0.025 0.028 0.013 
0 00010 0.015 0 .. 010 0.012 

24 0,,262 0.250 0,,262 0,,258 
24 0.287 0.262 0.275 0.275 0.,267 
24 0.312 0.300 0.275 0.296 

48 0 .. 291 0.3~3 0.325 0.316 
48 Oo~j3 0.542 0.558 0.544 0 .. 432 
48 0.425 0.416 0.467 0 .. Li36 

72 0.575 0 0 545 0.550 0.557 
72 0 .. 220 0.11.33 0.191 0.198 0.465 
72 0.642 0.642 0.642 0.642 

96 50916 6 0 000 6.000 5.972 
96 6,,750 6.708 6.666 6.108 ~~, ~2 

96 ::;r275 Ll.833 5.500 5.,236 

120 9.937 9.062 9.06? 9 .. 354 
120 9 .. 000 8 .. 562 11.437 9.666 8 .. 868 
120 7.687 7.312 70750 7.583 

144 5,,446 5 0 357 5.357 5.387 
144 3,,839 4 .. 107 3.571 3 .. 839 40156 
144 3.393 3.21~· 3.125 3.274 

168 5.893 4.553 4.732 5.059 
168 3.661 3,,928 2.143 3.244 4.422 
160 5.268 Lt~553 5.089 .~. 970 

192 12.411 8.839 12.411 11.220 
192 9.286 9 .. 315 9.553 9.385 8.720 
192 70411 4.553 4.643 5.536 

216 11.250 12,,437 10.875 11.521 
216 8.687 8.750 8.562 8 .. 666 9.402 
216 8.937 7,,625 7.500 8.021 

240 6.312 6.437 6.312 6.354 
~40 7 .. 750 6.125 6.812 6.896 5.728 
240 4.375 3.750 3.687 3.937 

1." S~ D~ DotwODn Observations a.t 0.05 p. L. + 1.[312 

II II u· u Means 11 It n It + 1.0L'6 
H n It Y. Geyminntion Period Means " + 0 .. 604 



lADLE • 6Qa 

ANALYSIS OF VARIANCE RESULTS FOR TOTAL _tlC'l) .. OLYTIC ACTIVITY 

(ALPHA- AND BETA-AMYLASE) IN GROUPS OF EARLY PEARL GRAIN. 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 1218.2537 121.8254 337.981 -1,1. -x- * 
Replication 2 2.4704 1.2352 3.472 No So 
Sample 2 35.6886 17.8443 49.506 * * 
Sample/flep. 4 0,,7665 0.1916 0,,532 No S. 
Replication/Germ. 20 9,,4807 0.4740 L;l3l5 No s. 
Sample/Germ. 20 75.3703 3.7685 10.455 * * * 
Error 40 14.418 003604 

* * * Significant at Ocl% Probability Level. 
* -x- u 11 5% t1 11 

TABLE 60b 

RESULTS OF LINEAR REGRESSION OF TOTAL AMYLOLYTIC ACTIVITY 

(ALPHA- AN!) BETA-AMYLASE) AND TOTAL REDUCING FRACTION? RADICLE ~ 

COLEOPTILE AND LATERAL ROOT LENGTH IN GROUPS OF EARLY 

PEARL GRA IN 0 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance 

Amylase o -240 + 01)860 9.083 * * * o -72 + 0.728 3.358 * * 
Reducing 96 -240 + 0.522 

Sugar 

Amylase o -240 + Oa758 6.470 * * * o -72 + 0.562 
Radicle 96 -240 + 0~202 

Amylase o .... 240 + 0.764 6.593 * * * o -72 + 0 0 505 
Coleoptile 96 -240 + 0~253 

Amylase o -240 + 0.568 3 0 835 * * * o -72 + 00 507 
Lateral Roots 96 -240 + 0~OO4 

*** Significant at OG1% Probability Level~ 

* * tt n 2% u. t1 
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WLE 61 

TOTAL AiVlYLOLYTIC ACr~Vm (lViGMS iVV-'.LTQSq.L.J~li'io) . IN INDIVIDUAL LiARLY PEARL GRAINS DURING GERMINATIotL 

--.~--.---

Germination Grain Number 
% Growth 

PeTiod (HI's) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

0 1..250 L250 1,,875 0.437 

24 0.250 0 .. 562 0,,062 0 0 219 0 .. 187 00312 0.281 0 .. 625 0 .. 187 00125 0.281 ... 
48 0 .. 958 1~121:) 1 .. 542 0.708 00917 1Q 708 0.833 1.083 0.583 1.~58 1.091 90 00091 

72 20430 2 0 630 6.693 1.693 4,,114 1.,250 1.562 10094 2.005 1.276 2.475 100 0.375 

96 7.083 5.833 2.833 4.167 3 6 500 4 .. 000 7.083 5.000 6.083 1.167 40675 100 0 .. 992 

120 7 .. 625 5 .. 125 14 .. 250 12.125 6 .. 625 50000 6 .. 625 3.625 3,,250 9.750 7.400 100 1.366 

144 12.67) 6.429 10 .. 000 10 .. 357 11,,071 12.321 9.107 8.214 2 .. 321 4,,107 8 .. 655 100 1.273 

168 170083 8.5<.12 5.833 8 0 542 60667 20500 13.333 5 .. 625 10875 0,,625 7.062 100 1.674 

192 3 .. 875 5 .. 250 8.125 120125 3.250 2,,000 10125 5.750 lo875 3 .. 250 L~.662 100 1..873 

216 3.281 40687 9.844 3 .. 125 4,,219 7 .. 812 7 Q 500 3 .. 750 2.500 60406 5.312 100 2.465 

240 3 0 750170000 12.250 7.375 11 .. 625 5,,125 11.500 1,,500 5 .. 875 5 .. 000 8.100 100 2.377 

Least Significant Difference Between Observations at 0 .. 05 Probability Level ± 7.988 

tt " II \I Means II ti " 1\ + 2.527 



• TABLE 6~ 

ANALXSIS OF VARIANCE RESULTS FOR TOTAL A1fILOLYTIC ACTIVITY 

l8..LPHA- AND BETA-AMYLASE) IN INDIVIDUAL EARLY PFAHL GRAINS 0 

Degrees of Sum Variance 
Source Freedom Squares Varia'1ce Ratio(F) Observations 

Germination 10 959.483 950 948 lL,878 *** 
Sample 9 1620 522 18 0 058 2.236 ** 
Error 90 726 0 985 8 0 078 

*** Significant at 0.1% Probability Level e 

** It u 5>6 I!; It 

TABLE 62b 

BESULTS OF LINEAR REGRES$ION OF TOTAL A~WLOLYTIC ACTIVITY 

(ALPHA-1BETA-AMYLASE) AND TOTAL REDUCING FRACTION? RADICLE 9 

COLEOPTILE AND LATERAL ROOT LENGTH IN INDIVIUAL EARLY 

Germination 
Factor Period(Hrs) 

Amylase o -240 
o -96 

Reducing 120 -240 
Sugar 

Amylase o -240 
o -96 

Radicle 120 -240 

Amylase o -240 
o ... 96 

Coleoptile 120 -240 

AmylaSE: o -240 
o ",,96 

Lateral 120 -240 

PEARL GRAINS 0 

Correlation 
Coe:?ficient 

+ 0.788 
+ 00 838 
+ 0.658 

+ 0.534 
+ 0.764 
+ 0.,034 

+ 0.426 
+ 0.681 
• 00 094 

+ 0.492 
+ 0.704 
+ 00 070 

t 

13.301 
10.640 

8.204 

* * * Significant at 0.1% Probability Level • 

. !-. 

Significance 

*** 
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ALPHA-AMYLOLYTIC ACTIVIlY (~19MS 0 Jv1ALTOS£/ iV1HL! GRAIN) _ .:)-1 

GROUPS OF EARLY PEARL GRAIN DURTNG GERMINATION" ASSAY 

... ·vAS REPLICATED THREE TIMES ON EACH GROUP 0 

Germination Replication Number Germination 
Period (Hrs) 

1 2 3 Mean Period Mean 

a 
0 
0 

24 0 0 162 0.150 0,,062 0.125 
24 0 0 162 0 0 137 0.150 0.150 00139 
24 00150 00150 00 125 0.142 

48 0 0 133 0.142 0.150 0.143 
48 00333 0.391 0.367 00364 0.253 
48 0.267 0.242 0.250 0.253 

72 0.192 0.200 0.192 0.195 
72 0.192 0.183 0.192 0.189 0,,260 
72 0.1.00 0.392 0.400 0.397 

96 2.833 2.833 2.916 2.861 
96 3.208 2.625 2.625 2 .. 819 2.601 
96 2.125 2.041 2.208 2.125 

120 6.000 <1,.875 5.125 5.333 
120 4.687 4.437 4.187 4.437 4.645 
120 4.312 :':~';;3',7 4.250 4.166 

144 3.928 3.839 3.750 3.839 
144 2.411 2.857 2.321 2.530 2.748 
144 1.075 2.1L13 1.607 1.875 

168 3.839 2.678 2.768 3.095 
168 3.393 3G393 2.143 2.976 2 a 877 
168 3.036 2.232 2.411 2.560 

192 7.053 3 .. 661 7.143 5.952 
192 4.321 5.178 5b 178 5.059 4.801 
192 5.268 2.589 2 3 321 3.393 

216 6.875 8.437 6,,750 7.354 
216 6.125 5.875 5.687 5.896 6.708 
216 6,,312 4,,750 9 .. 562 6.875 

240 4.,062 4.125 4.062 4.083 
240 5.250 3 0 375 4.375 4.333 3.465 
240 2.375 1.812 1.750 1.979 

L" S!) D~ Between Observations at 0.05 y;, L. ± 2,,?G8 

u n u· It Means 11 It II " ± 1.320 

11 n n n Germination Period Means u u ± 0.762 



ANALYSIS OF VARIANCE RESULTS FOR ALPHA-AMY!~SE ACTIVITY IN 

GROUPS OF EARLY PEARL GRAIN. 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 454.9955 49.4995 849 554 *** 
Replication 2 202251 101126 2~068 N .. S. 
Sample 2 11.,6116 5.8058 10.789 No S .. 
Samp1e/hep. 4 00 7917 0&1979 00368 No So 
Replication/Germ.20 8.3576 0.4179 0.,777 No S .. 
Sample/Germo 20 21417646 1~O882 2.022 * * 

Error 40 21.5245 0.5381 

* * * Significant at 0 0 1% Probability Level. 
* * It 11 5% l! It 

TABLE 64b 

RESULTS OF LINEAR REGRESSION OF ALPPA-AMYLASE _ACTIVITY AND 

TOTAL REDUCING FRACTION? RADICLE? COLEOPTILE AND LATERAL 

ROOT LENGTH IN GROUPS OF EARLY PEARL GRAIN .. 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance 

Amylase o -240 + 0,,760 6 g 511 * ?r * 
o ..-.72 + 0.623 

Reducing 96 -240 + 0.,168 
Sugar 

Amylase o -240 + 01;1800 7 • .424 * * * 
o -72 + 0.548 

Radicle 96 ~240 + 0 0 388 

Amylase o -240 + 0.,828 8.122 *** 
o -72 + 0.500 

Coleopti1e 96 -240 + 0.486 

Amylase o _2Ll,0 + 0.665 
o ",,72 + 0 .. 373 

Lateral Roots~6 -240 + Oil270 

*** Significant at 00 1% Probability Level. 
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L\:'~~ 

ALPHA-AMyLOLYT~C ACTIvITY MGMS MALTOSE 1 MIN IN INDIVIDUAL EARLY P£.ARL GRAINS D~RING GE RNlI NAT ION .. 

Germination Grain Number 
% Growth 

Period (Hrs) 1 2 3 4 5 6 7 8 9 10 Mean Germination Index 

0 0 0 625 0.062 

24 0.C94 0.281 0.094 0.031 0,,187 0.031 0 .. 072 

4[; 0.333 0.583 0.833 0.167 0:.375 0.958 0.333 0&375 0,,458 0.917 0.533 90 0.091 

72 10042 1.406 2.838 0.469 2.109 0.469 0.23Ll 0.495 0,,906 100 0.375 

96 30917 2.583 0.500 1 .. 083 2.583 20250 4.250 20167 3.333 0.250 2.292 100 0.992 

120 4.875 2.875 12.250 6.875 3 0 375 2 .. 625 4.250 2.250 1.250 5.500 4 0 612 100 1.366 

144 8 .. 036 30750 3 .. 214 it .821 5.375 6 0 964 5.179 2.679 1.071 2.500 6.607 100 1.273 

168 3 .. 542 3 .. 958 2 .. 292 2.083 20708 6.875 1 .. 875 0.208 2.8c)4 100 1.674 

192 1.250 20625 5 0 250 6.250 2 125 1.375 00625 30000 1.000 10250 2 "Lr75 100 1.873 

216 0.156 2 .. 656 4./>531 1.250 20187 3.750 4 .. 062 2.031 L.850 2.187 2 0 466 100 2 .. 465 

240 2.625 9.500 6 .. 87:> L~" 125 7.000 2.125 6.375 0.500 3.000 2 .. 000 4.412 100 2.377 

Least Significant Difference Between Observations at 00 05 Probnbility Level ± 5,J04 

" tt \I \I iV1eans " It tI \I ± lcqOl 



TABLE t66a 

ANALYSIS OF VARIANCE RESULTS FOR ALPHA-AMYLASE ACTIVITY IN 

INDIVIDUAL EARLY PEARL GRAINS 0 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 217.799 2L,780 lL,948 *** 
Sample 9 27,,440 3,.049 1.,673 No So 

Error 90 164<)061 1,.823 

* * * Significant at 00 1% Probability Leve1 6 

TABLE 66b 

RESULTS OF LI~~AR REGRESSION OF ALPHA-AMYLASE ACTIVITY 

Ai'-lU TOTAL REDUCING FRACTION, RADICLF COLEOPTILE AND 

LATERAL ROOT LENGTH IN INDIVIDUAL EARLY PEARL GRAINS 0 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance 

Amylase o -240 + 0.699 
o -96 + 00722 7;»230 *** Reducing 120 -240 + 0i>555 

Sugar 

Amylase o -240 + 0 0 463 
o -96 + 00 614 

RadiCle 120 -240 + 0~019 

Amylase o -240 + 0.360 
o -96 + 0.547 

Co1eopti1e 120 -240 - 0.124 

A:ny1ase o -240 + 00476 
o -96 + 0.670 

Lateral 120 -240 + 00108 
Roots 

?~ * * Significant at 00 1% Prababi1ity LGve1. 
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TABLli 67 

BETA-AMYLOLYTIC ACTIVITY (MCMSo NlALTOSE!MINL .GRAIN) IN_ 

GROUPS OF EARLY PEARL GRAIN· DURING GERMINATION 0 ASSAY 

WAS REPLICATED THREE TIMES ON EACH GROUP 0 

Germination Replication Number Germination 

Period (Hrs) 1 2 3 Mean Period Mean 

0 
0 0.040 0.020 0,025 0.028 0 0 013 
0 0.010 0 .. 015 0.010 0.012 

24 0.100 0.100 0.200 0 0 133 
24 0.125 0.125 0.125 0.125 0.137 
24 00 162 0.150 0.150 0.154 

48 0.J.58 0.191 0.175 0.174 
48 0.200 0.151 0.191 0 9 181 0.179 
48 0.158 0.174 0.217 0.183 

72 00383 0.345 0.358 0.362 
72 0.028 .. 0.009 0.205 
72 0.242 00250 0.242 0.245 

96 3.083 3 .. 166 3.083 3.111 
96 3.541 4.083 4.000 3.875 3.365 
96 3.250 2 .. 791 3.291 3.111 

120 3.937 4.187 3.937 4.020 
120 4.312 4.125 7.250 5.229 4.222 
120 3.375 3.375 3.500 3.417 

144 1.518 1.5:i.8 1.,607 1.548 
144 1. Li28 1.250 1.250 1.309 1.409 
144 1.518 1.071 1.518 1 .. 369 

168 2.053 1.875 1.964 1.964 
168 0.268 0.536 0.268 1.547 
168 2 9232 2.321 29678 2 .. 413 

192 5.375 5.178 5.268 5.274 
192 4.~64 4.196 4.373 4.344 3.918 
192 2.1£1,3 1.964 2.321 2.143 

216 4.375 4.000 4,,125 4 8 167 
216 2.562 2,,875 2.625 2.687 3.979 
216 2c750 2.875 2.687 2.771 

240 2.250 2.312 2.250 2.271 
240 2.500 2.750 2.437 2.562 2.264 
240 :.000 1.937 19937 1.958 

L. S. Do Between Observations at 0~05 2-9 L. ± 1.140 

L" So Do u 

1:1 II 

Means 11 

Germination Period Means 

U 11 

It 

± 00658 

± 0.380 



ANALYSIS OF VARIANCE RESULTS FOR 1illJA==£'.N1YLASE ACTIVITY IN, 

GROUPS OF EARLY PEARL GRAIN~ 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 236.8006 23.6801 200.093 -iE- * * 
Replication 2 0.,2637 0&1318 10114 No So 
Sample 2 3 .. 7707 1.8854 l5 g 931 No S" 
Sample/~ep. 4 0112572 0.0643 0 11 543 No So 
Replication/Germo20 2 00396 0.1020 Olt 862 No S ... 
Samp1e/Germ~ 20 30.6666 It.'5333 12 0 956 ** 

Error 40 4.7338 0/t1183 

* * * Significant at 0,,1% Probability Level Q * -iE- II n 5% u tJ 

TABLE 68b 

RESULTS OF LINEAR REGRESSION OF BETA-AMYLASE ACTIVITY AND 

TOTAL REDUCING FRACTION, ALPHA-AMYLASE ACTIVITY 2 RADICLE, 

COLEOPTILE AND LATERAL ROOT LENGTH IN GROUPS OF EARLY 

PEARL GRAIN" 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance 

Beta ... Amylase o -240 + 0~840 8.620 * * * o -72 + 0.651 
Alpha-Amylase 96 -240 + Og542 

Amylase o -240 + 0.646 
o -72 + 00 466 

Radicle 96 -240 - 00018 

Amylase o -240 + 0.623 
o -72 + 00 410 

Coleoptile 96 -240 - 0~040 

Amylase o -240 + O~445 
o -72 + 01)565 

Radicle 96 -240 - 0&179 

Amylase o -2!J.0 + 0,,882 10.421 * * * o -72 + 0.,710 3.188 * * 
Reducing Sugar 96 -240 + 00 713 4Q432 * * -iE-

* * * Significant at 0.1% Probability Levelo 
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!?ETA~AMYLOLYTIC _ACTI\yITY (MGMS Iv1ALTOSE LM.IN.,LJN INDI1(IDUAL EARLY _--PEARL GRAINS DURING G2RNlINATtON. 

Germination 

Period (Hrs) 

o 
24 

48 

72 

96 

120 

144 

168 

192 

216 

240 

~-------------------------------------------------,------.-----
Grain Number 

1 2 3 4 5 6 7 8 9 10 
.-----------------------------------------------------------------

10250 0.625 10875 

0.156 0.281 0.062 0.125 00156 00125 O~250 00625 0.187 0~125 

0.625 0.542 0.709 0.541 00542 0.750 00500 0.708 0.125 0.541 

1.398 1.224 3.855 1.224 2.005 00781 10328 1.094 1.510 1.276 

30166 3.250 2.333 3.084 0~917 1.750 2 0 833 2 0 833 2.750 0.917 

2.750 2.250 2.000 5.250 3.250 2.375 2.375 1.375 2.000 4.250 

40643 2.679 6.786 5.536 50714 5.357 3~928 5.535 10250 1.607 

8 0542 4.584 3.541 6.459 3.959 2.500 6.458 30750 1.667 0.625 

20625 2~625 2.875 50875 10125 0.625 0.500 2.750 00875 20000 

3.125 2~031 5.313 1.875 20032 4.062 3 0 438 1.719 0~650 4¢~19 

1.125 7.500 50375 30250 4 0625 3eOOO 5.125 1.000 2.875 3eOOO 

Mean 

0 0 375 

0.209 

0.558 

1.568 

2.383 

2.787 

40303 

4,,208 

L.987 

2 .. 846 

3.687 

% 
Germination 

90 

100 

100 

100 

100 

100 

100 

100 

100 

Growth 

Index 

0.091 

0 .. 375 

0.992 

1,,366 

L.273 

1.674 

10 873 

2.465 

2.377 

Least Significant Difference Between Observations at 0.05 Probability Level ± 3.914 

" " It tI Means tI u It n + 10238 



ANALYSIS OF VARIANCE RESULTS FOR BETA-AM/LASS ACTJ,YITY IN, 

jlNDIVIDUAL EARLY PEARL GRAINS 0 

Degrees of Sum Variance 
Source Freedom Squares Variance Ratio(F) Observations 

Germination 10 294 0 443 29 0 444 9 .. 094 * * * 
Sample 9 62,,502 60 945 2.145 * * 
Error 90 291.389 3.238 

* * * Significant at 00 1% Probability Level. 
* * H n 5% U 11 

TABLE 70b 

RESULTS OF LINEAR REGRESSION OF BETA-ANlYLASE ACTIVITY AtID, 

TOTAL REDUCING FRACTION 2 ALPHA-Al\WLASE ACT IVIWY 2 __ "::~ADICLE 

COLEOPTILE AND LATERAL ROOT LENGTH IN INDIVIDUAL EARLY 

PEARL .GRAINS o 

Germination Correlation 
Factor Period(Hrs) Coefficient t Significance 

Beta-Amylase o -240 + Ofl768 12.462 * * * o -96 + 0,,780 8.636 * * * 
Alpha-Amylase 120 -240 + 0.628 

Beta-Amylase o -240 + 00 552 
o -96 + 0.834 10.472 *** 

Radicle 120 -240 + 0.046 

Beta ... At'it l$1bi!ll o -240 + 0 .. 453 
o -96 + 0~744 7.714 * * * 

Co1eoptile 120 -240 - 0.033 

Beta-Amylase o -240 + 00 447 
o -96 + 0.657 

Lateral Roots 120 -240 + 00003 

Beta-Amvlase o -240 + 00 795 13 0 619 * * * o -96 + 0.864 11.889 ?~ ..,~ * 
Reducing Sugar 120 -240 + 00 651 

7(0 * * Significant at Oul% Probability Level e 
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Fig~ 12fl;f Scatter plot illustrating correla.tion between 
" batg...,amylase aotivity (mgma. maltose/min.) and 

radicle length L'Yl. ina! V'idual Early Pearl. grains. 
Correlation ooeffioient for 0"96 hours + 0.834. 
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