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'r hirteen cultiv :1rs o f Glycine ~ - (L) Eerrill , each 

re p r esen t ing one of t~8 m~turity t roups from 00 to 11•, were 

g rown unde r fi e l d conditi o ns a t ,·bs..; ey University , Pa lmerston 

North , New :3ea l and . The cultiva r s ·:e re so·.vn at 14 day interv .c. l s 

from the 12th Cctober 1974, to tl.e -;8tr_ J a nuary 1975 , inclusive. 

Daily plant obs ervation~ nere made Lo record t he dates of seed­

ling emergenc e, floN cring onset, pcd emergence , cessation of 

flowering and pod maturity . ..itL rte rnnturity broups 1 and 4 

cul ti vars, a se pa r a te arical oun di t>s ection study was ma de o f the 

morphological cha u; es occurr i. nc; t: J.ri r:.6 floral initiation and 

subsequent bud development . ~ulti~le regression analysis was 

used to stu dy th e effect s o f ~yler:.c th a nd air temperature on 

the phasic :, rowth pa tt erns of c:u,~ll of the thirteen cultivars. 

I n a l l cultivar~ , 5e r~in~t io~ incre~s~d Llt an exp onential 

r a t e as air terr.per.::...ture.::; ro::; e .t.'ron; 12°8 to 21°c . rl'em _p eratures 

above 21°c intibicect C:8 ·:n in,ttion it. the maturit ) 6roup.s 2 , 4 , 6 

a nd 8 culti va r s a a (: ,•;1:::re ir i:.i oit ory aoove 25°c f or c1.ll other 

cul ti vars. 

In a ll cultiva!':.3 , tr""'usitio1. fr om th e ve ge tative to the 

reproductive state WliS &ccele r~ceci oy d~clinini dayleng ths and 

ri s ing t em~e r Ht ures . : ensitivity to dayiengt h durin~ the pre ­

flowering phase incre ased dith ~enetic l~teness of maturity 
/ 

among t he cultivarb . Prom the ~pircil disse ct ion studies , day -

lengt h and temp8ratu ra we r e sl.o..-,n to c. ffect both rates of floral 

initiation and suosequent buu de velopme nt. In the absenc e of an 

adequate daylen~th s timulus , pl an t ~ge became the main determinant 

of the r ate of floral de vel opment . 

Pod emere:ence sll oweci a ne ta tive response to daylength in 

the ma turity groups 00 to 5 cultiva rs a nd a positive response in 

the g roups a to 10 cultivdrs. ~empe r a ture was the main dete r­

minant of p oddin 6 dura tion, r a tes of pod development de creasing 

with decline in tem pe r a ture a s th~ 3eason progressed . 

Both f lowerinG and podding durd tion i ncreased with decline 

in da ylength . The photoperiod res ponse during these g rowth 

phases was not associ a ted with ge ne tic latene a of maturity am ong 

the cultiva r s te s ted . 

* USA classificati on or its es timated e~uiv~l~nt 
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:YNTR0DUCTI0N 

Soybean cultivars diffe r widely in their sensitivity to daylength 

(Johnson et al., 1960 ; Cri swel l and Hume, 1972; Hartwig, 1973). In 

the absence of a strong photoperiodic response, temperature may have 

a significant effect o n the vari ous phases of plant growth (Lawn and 

Byth, 1972; P olson, 1972 ; !'-''. ajor et al., 1975). However, photoperiod 

and temperature ef f e cts are rar e ly distinct; rather, it appears that 

the plant responds to the in teracti on of these two stimuli (Blaney 

and Hamner, 1957; Huxley a nd S um merfield, 1973). 

S oy bea n cultivation in New ~ea land is based almost entirely on 

America n introductions , comprised main l y of cultivars in the early to 

medium ma turity classes . i .e. ~SA grades 00 to 4. Although these 

cultiva rs have been tested in latitudes similar to those for whic h 

they we re developed in th ~ USA , cult iva tion in New Zealand has been 

s uccessful in only a f ew areas, ma i nly in the North Island. Cultivar­

sowi ng date trials have suggested t ta t this adaptation limitation is 

due to the lower temperatures ex per ien ced in New Zealand, particularly 

at night, c ompared to those of the s oy bea n belt in North America 

( Gerl a ch, 1967 ; Robb, 1968 ; Ok ereke, 1970 ; Gerlach et al., 1971; 

~·I cCormick, 1974, 1975 , 1976) . Ho·Never, little effort has been ma de 

to define more pre cis ely the s ource o f this problem of selecting 

cultiva rs wh~ ch give both consi s t entl y high yields and mature within 

the practical l im i ts of t he New Zea ldnd g rowing sea son (McCormick, 

1971+, 1975, 1976; Robb, 1968 ; Turnbull, 1976) . 

This study at t empt .<;; to provide s o me basic phenological information 

for a diverse range o f soybe~n genotypes , g rown in the field, under 

the va rying dayl ength a nd te ~r erature conditi ons expe rienced during 

the g rowing s eason i n New Zealand . Thi rteen cultivars were used in 

the trial, each re p resenting one of the ma turi ty grades 00 to 11; 

(USA clas s ification or ~ts es t~ma t ed eq uivalent). 



Chapter One REVI EW 

The inf luence of d3ylength and temper~ ture on 

various phases of g ro wt h of Gl y c ine max . (L) Merrill. 

1.1 GERMI NATIG~ 

The first process to occur in s e r mination is the absorption 

or imbibition of wa ter by the seed ( Mede rski et al., 1973). 

Soybean seeds re qui r e a minimum seed moisture content, (percentage 

dry weight) , of 50;;~ f or ger:nination (Hunter and Erikson, 1952). 
Soil water potential i s the main de termina nt of water a vailability 

for imbibition unde r field co nd i ti ons. Temperatures whi ch result 

in reduced ma tric p otential , (i .e. loss of soil water) , may, by 

increasing the amount of ene r gy and time required by the seed to 

obtain a unit volume of water, d~J a y ge rmination. According to 

Hunter and ~rikso n ( 1952) , for ra pid ge rmination, (i.e. emergence 

within 5 to 8 days ) , o f soybean seeds a t 25°c, soil water potential 

must not f a ll bel ow - 6 . 6 ba r . 

Imbibition has bee n shown to occur in tw o phases , the fi rst 

of which appears to be a purely physical , temperature-independent 

phase, while the second is affected by temperature and therefore 

probab ly a metabolic , energy-re q uiring p rocess (Villiers, 1972) • 
. 

Interaction between seed moisture content a nd temperature during 

imbibition was re p or ted by Hobbs and Obendorf, 1972 . n here s eed 

moisture content was less than 13~ , exposure to chilling (5°C) 

temperature s during i mbibition rea ulted in de crea sed survival and 

seedling vigour. S urviving plants were shorter and in some 

cultivars, for example Acme, ga v e reduced grain yields. 

As the seed imbibes water, the res pi ration rate increases for 

a period of time, then levels off before it increases again 

(Mederski et al., 1973 ) . Development of the soybean seedling is 

dependent on the utilisation o f fo cd reserves, largely lipid and 

protein, stored in t he cotyled ons (Ogren and Rinni , 1973). Mature 

soybean seeds l a ck starch , an esse n tial pre cursor of the high-energy 

metabolites require d -during t he germina tion process (Bils and Howell 

1963). The rate of crystalline st ?. rch format ion, which occurs in 



the cotyledons and hypocotyl of the germinating seed, is ' temperature 

-dependent (Hizukuri et al ., 1961) . Cold temperatures during germ­

ination increas e exudation losses o f both soluble sugars and amino 

acids from t he seed (Ho bbs and Obe ndorf, 1972) . 

Optimum tempera tures reported f or soybean g ermination vary 

from 20°c to 36°0, de pending upon cultivar, with extremes ranging 

from 2°c to 44°c (Howell, 1960) . For example, Enken and Koloskov 

(1959), reporte d optimums of 20-22°c for temperate (European) 

cultivars; Delouche (1 953 ), 30°c for Ame rican cultivars and Inouye 

(1953), 34-36°c for Japanese cultivars . 

According to 3 tucky (1 976) , of cultiva r, temperature and depth 

of planting, tempera ture has the most pronounced influence on emerg ­

ence. For the nine culti va rs tested from maturity groups 3, 4 and 

5, increasing temperature re duc ed varia tion in emergence time due 

to cultivar and planting de p t h . At 32 ° c no significant differences 

existed between 5 a nd 7 . 5 cm depths in a verage time to emergence in 

all cultivars. 

Ha tfi e ld and ~gli (1974) , des cribed t he response to temperature, 

of the complete p rocess of ge r mination from dry seed until cotyledon 

emergence from a dep th of 5cm, a s: 

Y = o.4136463 - 0 . 716088T + 0 . 003752T
2 

- o.0000599 T3 

. 
where Y = the rate of ge rmina tion, in mm of hypocotyl elongati on 

pe r hour, and 

T = the temperature, in °c, at seed level . 

For the two cultiva rs tested , Lee 68 (maturity group 6) and Cutler 
0 0 

(3), the r a te of hypocotyl elonga tion increased from 10 C to 32 C, 

with no germination at 4o0 c, due to seed death . The polynomial 

equation accounted f or 96~0 o f the variation in initial hypocotyl 

elongation, with both cultivars responding to temperature in a 

similar manner. Predi cted t imes to 50;6 emergence were not consi&t-
o 

ently early in tests where the s oil tempe r a tures fell below 10 C, 

indicating that the r a te of hypocotyl elongation is not influenced 

by the tem pera ture history of t he se e d . 

Inhibition of hyp oco tyl elor1gat ion occurs in some cultivars at 
0 . 

25 C (Grabe and Metzer , 1969) . Va ria tion in temperature response 

among the t wenty-five cultiva r s tested, (maturity groups Oto 4), 
was thought to be genetically controll e d . Gilman et al. (1 973 ), 

3 



reported that in the cultivars ~~soy , Bees on, Ford and Cla r ke 

(maturity groups 2 to 4) , the a mount of hypocotyl inhibition 

was influenced by the len~th cf exposu rA to inhibiting temperatures 

between 21°C arid ~8°c . Phis dUJ6e~ts possible the r mope r iodic 

effects associ Rted with ri~lle~gtl under field conditions , although 

soybean seeds koive no s11 ecific J ie;r,-c re ,1 uirement for ge r mina tion 

(Howell , 1960) . 

1. 2 FLG,; ERING 

1 . 2 . 1 Floral Initia tion 

In gene r al , in itE flo~tring response the soybean i s a classic 

example of a short- aAy plant , nlthou£h cultivars di f fe r in the 

nume rica l length of their effective short days (Ga rner and Allard , 

1920 , 1923) . This charu c terjstic was used by plant b r eeder s as 

the basis for c l assjfic&tion of soybean lines into ten ma turity 

g roups , ranging from Gr oup 00 for Canadi an l a titudes (50°N) , t o 

Group 8 for Gulf Con.st a reas (30°h) . In recent yea r s this classif­

ication system has been extend~d to include cultivars adapted to 

the low latitudec of tte t r opics ( 3yth , 1968) , a nd cultivars , 

u.ppa rently day - neutral , have be en i solated from ma turity g r oup 00 

lines . (Holmberg , 1963 ; Folson , 1972) . 

4 

Mu ch of the early work inves~ig&ting t he photoperiodic response . 
of Glycine ~- (I.) 11errill , Nas ca rried out using the Gr oup 8 

cul t ivar Biloxi. In the following discussion , unless o t he r wise 

stated , responses a r e those ooaerved for this pa rticula r cultivar . 

In 1938 , Bor thwick a nd Parker dete rmined that the leaves we r e 

the si t es of daylength perce p tion , individual leaves differing in 

t heir capacity to cause flora l • • .J,. .... . :::.ni 1,la ... ion . This capacity was found 

to be correlated with relative sta t es of leaf maturity and no t with 

their dis t ances fron: the g r o,•1in6 points where flower-.:., a r e formed . 

Leaf effectiveness in inducing the ini tiation of floral primordia 

peaked on a t tainmenL of ful ~ lea f sjze . The most ac t i v e leaf a lone 

was able to cause initiati o r. of as m~ny f lowe r s pe r plant as for med 

when all l eaves functioned simultaneous l y (Borthwick a nd Parker, 

1940) . The flower - f orming s timulus produced in the leaves moved 

r eadily u p nnd down tte plHnt , wi tt1 the region of quickest morph­

ological response a~ the ti~e of stort-d&y treatment (8 hour days) , 



being the undifferentiated meristem (Heinz et al., 1942). 

Anatomical changes in the stem , notably a marked reduction in 

cambial activity, preceded the appea r ance of floral primordia at 

apical meristems (Struckmeyer, 1941) . 

5 

The period between induction and initiation was reduced, both 

by increasing the number of inductive c ycles and with declining 

inductive daylengths. The increaoe in response to inductive treat­

ments as plants aged , was attributed to t he corresponding increase 

in number of leaves attaining full expans ion (Borthwick and Pa rker, 

1940). 

Al though temperature was not effective in causing flora l 

initia tion under non-induc tive daylengths (16 hours), it did 

influence the r ate of floral primordia appearance in induced plants. 

(Parker and Borthwick, 1940). Cooling of individual petioles, 

leaf blades and terminal meristems from 24°c to 2°c during induction, 

showed that temperature changes occurring a t the leaf blades had 

the greatest effect on floral initia tion (Parker and Borthwick, 

1943). The maxifilum, positive response was caused by increasing the 

dark-period temperature during induction, from 13°c to 18°c. At 

13°c, differentiation of new structures was virtually at a stand 

-still. Temperatures above 30°c also delayed the appearance of 

floral primordia following induction. F rom this work, Borthwick 

and Parker suggested that the inhibitory -effect of low temperature 

on floral initiation appeared to be the result of its effect on the 

photoperiodic reactions occurring in the leaf blades during the 

dark period, rather than through its effect on translocation of a 

flower-inducing stimulus from the leaf to the terminal meristem, 

or its effect at the terminal meri s tem upon the differentiation 

and development of floral primordia . 

Experimental evidence p roduced by Hamner (1940), indica ted 

that the inductive reaction was not solely a function of the dark 

period, but dependent also on responses which occurred as a result 

of exposure to light. Borthwick a nd Parker (1938), had already 

reported a minimum light intensity requirement during the inductive 

photoperiod of 100fc; for floral initiation to occur. Conversely 

light intensities greater than 0 . 5fc were effective in extending 

the critical daylength. In 1957, Blaney and Hamner confirmed the 



6 

earlier reports by Borthwick ~nd Parker (1939) , Hamner (1940), 

and ~areing (1940) , which suggested that the lengths of both the 

dark and light periods influenced the degree of floral initiation. 

The length of the limitinJ pliotope r iod was found to vary with the 

length of the dark period , critical and optimum photoperiods 

becoming shorter when ~cco~panied by longe r dark periods and vice 

versa. Max imum flowerin g occurred on cycles of 24 , 4 8 or 72 hours , 

wi th more or less complete inhibition at 32- 36 and 56-60 hours. 

The degree of inhibition decreased with exposure to increasing 

number of photoinductive cycles (Nanda and Hamner, 1958- 59) . i.e. 

The photoperiod reactions ~ere markedly affec t ed by an endogenous 

rhyt~of approximately 24 hours duration , whose effect decreased 

with time. Damping of the inhibitory osc illations with time would 

explain the eventual flowering of Biloxi, when g rown under contin­

uous long - day conditions (Borthwick and Parker, 1938; ~arei ng and 

Phillips , 1970) . 

Reports of the effects of temperature on the endogenous r ~ythm 

inhibiting flowering in Biloxi, are somewhat contradictory. 

Blaney and Hamne r (1957), observed that cycles containing a warm 

(27°c), 16 hour photoperiod were non-inductive, maximum flora l 

initiation occurring when the temperature during this photoperiod 
0 

was low (12 C) . Nanda and Hamner (1958- 59), found that floral 

initiation was inhibited when inductive ~ycles included a cool 

temperature (12°C), 16 hour photoperiod , maximum and minimum init ­

iation occurring with 36 a nd 60 hour - and 48 and 72 hour cycles, 

respectively. i . e . The low temperature appeared to alter the 

periodicity of r hy thm oscillations, the 12 hour shift rendering 

inductive cycle lengt hs non- ind~ctive and vice versa. 

Inserticn of a light- break i nto the dark period also rendered 

an inductive cycle non-inductive (Nanda and Hamner , 1958- 59) . 
At a give n wavelength, the minimum energy required to prevent 

floral initiation, applied at the middle of the dark period, was 

independent of time and intensity of irradiation , so long as their 

product was constant (Pa rker et al ., 1945) . The overall response 

curve showed striking simi l a rities to the curve for photosynthetic 

utilisation of carbon dioxide , suggesting possible involvement of 

the leaf chloroplast pigments with the dark period interruption 
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reaction. Maximum a nd minimum inhibition occurred at waveleng ths 

around 640nm a n d 4 80nm , respectively , with floral initiation being 

unaffected by wavelengths above 720nm . From these observations, 

Parke r et al.(1945), hyp0thesjzed that ener ~y absorbed by chlorophyll 

may be transferred to a rea ction leadi ng to the destruction of a 

material determining floral initia ti on . Eowever, chlorophyll was 

later rejected as the active pi gment (Parker and Borthwick, 1950), 

mainly because of the wea k a bsorptio n in t he blue re gion (450-500nm), 

where chlorophyll has a high ab~orption (Hendricks et al., 1952). 

The re d inhibition of floweri ng was shown to be reversible o n p l ant 

exposure to fa r-red radia tion, about 735nm ( Downs, 1956). With 

increasing number of red/far-re d exposure~ the degree of flowering 

repromotion declined . This led to t he hypothesis of the existence 

of a special p i 5ment, named phytochrome , wi th two interconvertible 

forms (Hendricks a nd Bo rthwick, 1959) . In 1959 , phytochrome was 

isola ted from dark-grown seedlings of Zea muys (Briggs and Rice, 

1972). Following s tudies dh owe d tha t the ef fect of pbytochrome was 

exerted throu gh its effect on me t aboli3m, respiration and oxida tive 

phosphoryl ation , synthesis of ant hocya nins a nd chlorophyll, enzyme 

activity a nd tissue content of g rowth p romoting substances (Borth­

wick and Hendricks , 1961; Eend ricks and Bor thwick , 1967). Accord­

ing to Chailakhyan (1968) , the many-sided effect of phytochrome 

proves that it is connected with some general metabolic link (or 

links), and is not a specific system whic.h regulates photoperiodic 

reactions . The mode of a ction of phytochrome on floral induction is 

still not understood. Downs ( 1956) , suggested that the far-red 

absorbing form of phytochrome (Pfr) , initiated a series of temperat­

ure-de pendent events which resulted in the slow build-up of a 

condition inhibitory to flowering . ~a ring and Phillips (1 971), 

hypothesized that Pfr was in s ome way inhibitory to the synthesis 

of flowering hormones in short-day plants. hlthough the red-absorb ­

ing form (P ), appeared to be a p re-requisite for this synthesis 
r 

to proceed, the reversion of Pf to P did not appea r to be a direct 
r r 

control a s the time required for this reaction is only a fraction 

of that of the dark period critical for flowering. 

At leas t t hr ee k i nas of timing mechanisms have been implicated 

in the control of the photo~e riodi c response in short-day plants 

(Hillman, 1969) . For ex3mple - the 'hour-glass ' model, in which 



The time t aken for a f3 rti cul ct r substance t o be accumulated or 

depleted to a cer~ain threshold l evel - i . e . models such as those 

proposed by: 

Ha mner (1940) A, B ~ C --, floral initia tion 

8 

whe re A= t he c o nditio ns o r cha nges a rising from exposure to light 

B = tbe conditions or cha n ges a r isin g from e x p os ure to da rkness 

C = t he r esultant chant:;,i s rela ted to A and B 

Cumming and Wa gner (1 972) 

p 
r --~ re e;ul a tion of 

transcription 
tra nsla tion 
enzyme a ctivity 

--7 p hotoresponse 

The i den t i fi ca tion of three ge ne pairs affe cting time of flowering 

in cultivars f rom the maturity g roups 1 to 6 (Bernard and Weiss, 

1973), s upports Cumming a nd ~agne r s' hypo t hesis of ge ne action 

involvement in the flowering response to daylength. 

The othe r two timi ng me cha nisms a re both rhythmic and relatively 

temperature i nsensitive, bu t one is se t in motion by t he 'light-on' 

signal provided at the start of the day pe riod, while t he other is 

affe cted by the 'light-off ' signal at the.sta rt of the nigh t (dark) 

period. According to Bu nning (1957) , i t is this endogenous daily 

rhythm which determines the e ffect of dayleng t b on flowe ring . He 

defined t he rhthmic res pons e as having two phases: 

(i) t he photophilous phase , which occurs in the light and is 

cha racte rised by high synthe tic ability , intensive photosyn­

thesis a nd wea~ respiration: 

(ii) the skotophilous phase, which occurs in the dark and is char­

acterised by an increase in the hydrolytical a bility, intensive 

respiration a nd the decomposi t ion of s ugars and starch. 

Although metabolite a vailibility for synthesis a nd degradation 

during these p hases has be en shown to influence floral initia tion, 

research has f ailed to i; r ove the e x is tence of a causal relationship. 

For example, Bort hwick a nd Parker (1939) , observed a n increase in 

the starch c ont ent of Biloxi l~a ves exposed to inductive (8 hour) 
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daylengths . The declina in st~m stbrch content during the same 

period indicated that diffe r ences were due to changes in rates of 

transloca tion . .S truckmeyer ( 1940) , r eport ed inhibition of phloem 

f ormation p receding floral initia tion - cambial activity itself 

being under hormonal control (Hill , 1973) - supporting the theory 

of reduced translocation affecting tissue levels of starch . Plant 

soluble carbohydrate content was shown to be positively corre lated 

with daylength, while total and non- prote in levels of nitrogen in 

both stem a nd lea ves were negatively correla ted wi t h dayleng t h 

(Borthwick a nd Parker , 1939) . Chailakhyan (1968) , also reported 

the existence of a regular correlation be t ween the nit r ogen- floral 

reaction a nd the photoperiodic reaction. Ac cording to this author, 

the carbohydrate - nitrogen r a tio does not condition the start of 

flowering , but contributes to the t otal metabolic state in rela tion 

to t he preparation for flowering . 

The possibility that flowe r ing occurs due to changes in the 

levels of endogenous g r ow t h hormones , has also been extens ive ly 

researched , but results a re contradictory in ma ny cases a nd far from 

satisfac tory . For example , Chailakhyan hypothesized that the photo­

induced s timulus is t ransmitted to the shoot apex via a specific 

hormona l complex, which he te r med 1 flori ge n ' ; whilst flowering 

required the presence of specific l evels of essential metabolites , 

or ' anthesins ' . In Pisum , t he c otyledon~ we re purported to be the 

site of floral inhibitor product i on , termed 'colysanthin' (Sprent 

and Barber 1957 ; Johnston a nd Crowden , ·1967 ; Amos and Crowden , 

1969 ; Murfett, 1971 - 73) . However, more t ha n t hirty years a fter 

the inception of the flowering hormone concept, resea rch workers 

h a ve failed to identify such a compound or complex . Many of the 

known endogenous g rowth hor mones have been shown to influence flow er­

ing, but again , consistent proof of a causal relationship has been 

elusive . For example , in Biloxi soybeans , Ha nmer and Nanda (1956-

57) , showed tha t t he d egree of f lora l inhibition caused by indole-

3 - acetic acid (IAA) , was proportional t o the log of its concentration , 

inferri ng a simple relations hip . As t he concentra tion of IAA required 

to inhibit flowering was p roportiona l to the length of the photo­

per iod of the photo-inductive cycl e , the authors considered that 

IAA interact e d with some product of the photope riod . Howeve r , Lang 

(1 952 ) , reported that applications of IAA we r e most effective if 

made at the beginning of the dark period , inf erring inte r action with 
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some functi on of the dnrk-1--eriod .. -roce.ss of photoperiodism . 

Gibberellins h& ve been re ported as b0rt promoting and inhibiting 

flowerin g in short-day flants (;:older an~ Cwens , 1974) . Lang (1965), 

suggested that gibberelli ns ve re t ~e precu rsors of florigen , while 

Chailakhy;rn ( 1968) , cont..:nd8d cL·, l ~l though gibberellins induced 

stem formation and ~rowth , they did n ot direc t ly influence the 

development of floral organs. i:Jv '"".luJtion of such studies is frequ­

ently confounded by the failure of the researchers to make the 

distinction between floral initi a tion and f l o r al bud growth . i . ~ The 

apparent inability of un applied hormone to cause flowering under 

non- inductive conditions may not be due to its failure to i nduce 

floral initia tion, out to the ab0ence of subsequent bud development . 

1. 2. 2 Floral bud development 

Daylengths adequate ior initiation of floral primordia a re often 

inadequate to ensure their subsequent development (Borthwick and 

Pa rk e r , 1939; Van 3 c hai., D.nd i:-' robst , 1958; Johnson et a l., 1960) . 

Following initiction i~ 3iloxi, simila r rates of floral bud develop­

ment were observed under dajleneths r a nging from 8 to 13 hours . 

Above 13 hours this rate declined , zero growth being recorded under 

16 hour i~ylengths . For photoperiods of 8 hours or less , corollas 

failed to open at anthesis , simply elonga ting beyond the tips of the 

calyx, but remaining closed. Bud size also decreased with decline 

in daylength treatment (Bortr: .vick :;r,d Pa rke r , 1939) . This may have 

merely been a function of carbohydrate a vailability for growth , 

soluble carbotyd r 3te bein6 positively correlated wi t h daylength 

(Parker and Bort hwick , 1939) . Li ght intensity is also re ported as 

having a quantitative effect on flowering in Glycine ~ · (L) Merrill; 

positive in relation to flower num ~er and negative with respect to 

time of flowering (Yoshida , 1952 ; Ma jor and Johnson , 1974) . 

Exposure to too few inductive cycles also resulted in failure 

of floral primordia to de velop (~truckmeyer, 1940; Bort hwick and 

Parker , 1939) . ftlthou g h floral i nitiation in Biloxi resulted from 

exposure to two inductive cycles , a minimum of nine cycles was 

required to ensure continued de velcpme nt (Borthwick a nd Par ker , 1939) . 

Struckmeyer (1940), also reported~ requirement for warm temperatures 

(abov e 18°c) , for normal bud g rowth. Insufficient exposure to short 

days at low temperatures (13°c) , resulted in initiated plants grad­

ually reverting to th e ve gi tative state . 
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1.2 . 3 Cultivar varia ti o n i n time of flowering 

Informa tion o n spe cifi c p hotoperiod res pons es of cul ti vars, 

other than Biloxi, i s limi ted. 3a rne r a nd Allard (1920 , 1930), 

Borthwick a nd Pa rker (1 939) , 0 cully e t a l. (1945), Van Schaik and 

Probst (1953) , Byth (1 96 8 ) , Lawn a nd Byth (1973), Holmberg (1973), 

Ma jor et a l . (1975) a nd others , ha v e s tudied the general flowering 

behaviour in cultiva r s r anging in ma turity from Group 00 to Group 11. 

These studies have shown that, in genera l, the earlier a cultivar 

mature s the longer the photoperi od on which floral bud initiation 

and development can occur. Cultiva rs of Group 00 to 3 may initiate 

floral primordia even u nde r continuous light (24 hour da ylength), 

but those of later matur i ty d o not . Floral initiation is delayed on 

long photope r iods and flowering and fruiting do not generally occur 

on photoperiods longer than 16 hours in cultivars from Groups 1 to 

11 . Johnson et al. (1960) a nd Fisher (1963) , reported variations in 

the time from initiation of floral p rimordia to the appearance of 

open flowers ranging from 14 to 40 da yo, depending upon cultivar, 

plant a ge and p hotope r iod . 

Howell' s (1 960) , asse rtion t ha t 'there a ppears to be no case in 

which a soybea n variety i s indif f erent to da ylength', has been 

brought into question in recent years with the discovery of apparent 

'day-neutra l types, such a s Fis kby V ( P olson, 1972 ; 'Criswell a nd 

Hume , 1972 ; Holmberg , 1973) . 

Although daylength would a ppea r to be t he dominant flora l 

stimulus , little is known of the response of diffe rent cultiva r s to 

temperature during the pre - flowering pha se . Garner (1 930), f a iled 

to find any evidence of a definite s e lective a ction of changing 

tempera ture in the respons e of c ultiva rs from the maturity groups 

1 and 8 , low te mpera tures havi ng s imi l a r delaying effects on flower­

ing . In 193 6 , S teinburg a nd Garner re ported tha t increasing temp­

eratures ha stened flowering up to a n optimum of 28°c, above which 

flowering was d e l a y e d. P ols o n , ( 1972) , found that s oybean lines from 

the ma turity groups 00 and O t ha t were ess e n tially day-neutra l , were 

also insensitive to tempe r a tures between 18-30°C. Lawn and Byth 

(1973), observed tempera ture ef f ects in f ield g rown cultivars from 

the maturity groups 3 to 11 - only in the abse nce of a strong photo­

periodic respons e . Howe ve r, t he freque ntly close interrelationship 
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of daylength and temperature under field conditions makes separation 

of their individual effect s difficult. Using iterative regression 

techniques, Ma jor et a l. ( 1975) fou nd that , under field conditions, 

the potential delaying effect s caus ed by increasing daylengths were 

less than the hastening eff~c t s of Narm temperatures on flowering 

of the maturity group 4 cultivar, Cla rke 63 . 

Genes determining time of flowering and ma turity (Bernard, 1971) ; 

s ensitivity to light quali t y (Kilen and Hartwig, 1971) - thought 

related to the three pai r s of genes controlling the flowering response 

(Bernard and Weiss , 1973); plant g ro·.vth habit (Bernard, 1972), 

stem termination affecting the time of flowering, determinate 

flowering earlier than indet e rminate cultivars of the same maturity 

group (Lawn and Byth, 1973) and lowest pod height (Martin and 

Nilcox, 1973), have been i dentified . 

1.3 Fruit se t 

While flowering 

occur with p rolonged 

1943). However, for 

occurs most 

exposure to 

fruitset to 

rapidly under short days, it will 

long days (Borthwick and Parker, 

occur in Biloxi flowering under 

14-1 5 hour days, daylength must f a ll below 13 hours. Nielson (1942), 

attributed this short-day r e1uirement to failure to produce viable 

pollen under long-day conditions. This hypothesis was confirmed by 

Fisher (1962), working with the cultivars·Lincoln, Hawkeye and 

Harosy, from the maturity groups 3, 2 and 2 respectively. Failure 

of large buds and expanded flowers to respond to short-day treat­

ments, suggested that this photoperiod requirement for normal pollen 

production acted at a n early s t age in flower development. 

1.4 Pod development 

Little specific information is a vailable on daylength influence 

on pod formation and subsequent development and senescence. 

Criswell and Hume (1972), reporte d that the rate of p od emergence 

(days from first flower to first pod of 1cm length), was negatively 

correlated to daylength. However , p od emergence did not appear to 

be associated with genetic l a teness of maturity in the twelve 

cultivars tested, from the maturity groups 00 to 4. For example, 

in Hardacre (maturity group 0) a nd Li ncoln (3) , the rate of pod 
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formation remained constant ~s dayle ng th increased from 12 to 20 

hours, declining from 20 hours , with no pods being formed under 

continuous light. In Hark , (matur i ty group 1), pod emergence rate 

was constant for daylength.s between 12 a nd 16 hours , declin;i.ng from 

16 hours, with no fOd forma tion at 20 hours . Fiskby V, from the 

maturity group 00 , showed no response to the changes in daylength. 

For the thirty-five strains tes ted from Group 00 , in which flowering 

was delayed by a 24 hour photoperiod , the interval from flowering 

to pod emergence was also delayed. However, there was no correlation 

between the lengths of the respective pre-flowering and pod emergence 

phases . 

Van Schaik and Probst (1958) , rep orted that pod emergence in 

Clarke and Midwest , from maturity group 4, showed no consistent 

temperature or photoperiodic effects . According to Hesketh et a l. 

(1973) , pods did not f orm in 1/ayne (maturi ty g roup 3), or Dare (:5), 

when aver~ge hourl y temperatures fell below 18°c, under daylength 

conditions pur portedly promotive . Enken (1959), reported by Holmberg 

(1973), assigned biological minimum , sufficient and optimum temperat­

ures for seed formation in Glycine max . (L) Me rrill of 13-14°c, 

18-19°c and 21-23°c, respectively. 

Most observations on the effects of daylength and temperature 

on pod development have been made on the ~asis of the length of the 

period from flowering to maturity. As plant growth during this period 

is both positive (pod formation and seed growth) and negative, (pod 

senescence), such obs e rvations me rely represent the dominant response 

for the period. It is probable that the roles of daylength and temp­

erature in pod development alter as p l ant growth changes from positive 

to negative. Johnson et al.(1960), found tha t the period from the 

end of flowering to maturity in cultivars f~om maturity groups 3 to 6 

was virtually constant for daylengths of 13 to 14~ hours. In Biloxi 

however, both pod number and weight, (per plant and per 100 pods), 

were affected by daylength, increasing as daylength increased from 

8 to 12 hours (Pa,rker and Borthwick, 1939). Shaw and Weber (1967) 

and Johnson et al. (1969), a lso reported the quantitative effect of 

light on seed yield, with cultivars from the maturity groups 2 and 

3. According t o Maj or and J olrns on ( 1974) , light intensity per se, 

has no detectable effect on either flowering or podding duration 

in cultivars from the maturity groups 1 to 5 . 
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Lawn and Byt h (1973) , suggested that variation in the l ength 

of the poddin~ phase depended l a rgely on the range of photoperiod 

a nd temperature experienced by each culti va r during pod development. 

As this is prima rily determined by ~te time of flowering , with 

d elay in flo ~erin~ the r e l ~ tive cont ributions of dayle ngth and temp ­

erature, to pod develop~ent , could be expected to change . For day­

lengths r anging from 15 . 9 to 12 . 4 hours , the period from the end of 

flowe ring to maturity in cultivars from Groups 3 to 11, decreased 

as daylength declined. Tempe r &tures during this pe riod r anged from 

30°c to 13°c ( Lawn and Byt h , 1973). For cultivars from the maturity 

g roups 1 to 6 1 Majo r et a l . (1975) , ~ lso observed that the potential 

delaying effects of cool tempera tures on p od development were less 

than the hastening inf luenc e of decreasing daylengths . According to 

Enken (1959), the biological tempe r atur e minimum fo r seed 'ripening ' 

is 8 to 9°c . 



Chapter Two METHODS 

2. 1 INTRODUCTION 

The phenological development of thirteen soybean cultiva r s, 

grown in the Agronomy plots at ~assey University , was studied from 

October 1974 to July 1975. Cultivars we re selected on the basis 

of diversity of photoperiod sensitivity , as indicated from their 

maturi ty group classification, and al~o to include both determinate 

and indeterminate g r owth types . The cultivar s used in the trial are 

listed in Table 1 . 

Tabl e 1 Cultivar Information 

Cultivar Re lative maturity 
I 
*Grade Gro\','th type 

Acme very e:i rly 00 inde t ermina t e 

Soysota X Mandarin (a)5 early 0 inde t erminate 

Amsoy X T19 (a) 69 ea rly 1 indeterminate 

Wayne X PI-54-608- II (a) ea rly - midseason 2 indeterminate 

'/Jayne :nidseason (early) 3 indetermina te 

Dare midseason (late) 4 determinate 

Hill late season (early) 5 dete r minate 

Ogden l a te season (ea r ly) 6 de t e r mi na t e 

Bragg late season (early~ 7 de t e r mina t e 

Wills late season (mid) 8 determinate 

K162 h .te season (mid) 9 determinate 

Daintree late 10 dete r mina te 

Mam l oxi very late 11 dete r minate 

• USA matur ity g r oup classification - or es t imated equivale nt 

Ne w Zeal and se l ec tion 

11 Australian selec t i on 

2 . 2 EXPERIMENTAL METHODS 

2 . 2 .1 Site preparation 

Origin 

USA 

USA ' 

USA ' 

USA ' 

USA 

USA 

USA 

USA 

USA 

USA 

Af r ica" 

Africa" 

l\.frica11 

The trial was carried out on Tokomaru silt l oa m, a heavy soil 

with a pH of 5 .95 a nd a field moisture capacity of 21 . 8% (AppendiX 1) . 
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Crigi na1l y in c-st'¼bliste'."l r·~stur10 , tbe ., r e a had been c ropped i n 

tu r nips d u:-ing th:: ;111t,1m~ . 

The site ·.v01s dr·•ssed ·ni tl. 33k~: ?/!-a , :=ts g r anu l a ted s uperphospha te 

a nd 178kg K/h, -:33 muri ::i t e o f rot"!~~:, ·lu r i ng seedb ed prepa r a ti on . 

Following fer tj liser ~pplicat ion, soil pH was adjusted to 6 .1 by the 

addi tion of 12 tonne~ of lim~ per hect a re (Appendi x 2). 

2 . 2 . 2 Seed rrepa r atic~ 

(a) Germinatio~ te~ts 

A p r eliminary c~eck was ~Jde to ensu r ~ the viabili t y of a ll 

s eed lines to be used in t~e trial (~ppendix 3) . 

(b ) Seed size 

To minimize FOssibl e eme r gence, l e~ f a raa , height a nd yield 

e ffects a ri sing f rom vari~tion in seed s ize (Surris et al. 1971 , 

1973), seed used in tte tri a l wa~ sele cted for u~iformity of size . 

( c) Seed ino8ulat i on 

Inoculation was ca r ried out immed iR t e ly pri or to sowing . 

Graphi te powde r was used to maxi~ise Adhes ion, each seed being 

c oated with app r oximately 13 x 10
4 

r hizobial cells . 

Four strains of Rhizobium j a poni cum were used in the inoculum to 

ens ure infection of a l l c u]t ivars . ~he s tra ins us ed were: 

u~ o,:. s;.. - 4 3 

Y~:~s 61A - 72 

known to inoculA te success f ully cultiv~rs i n the 00 to 4 matu rity 

groups unde r New Zea l a nd condi tions (M . Greenwood pe r s . comm. ) , and 

CB 1809 

a s used by D. Syth i n Q,:e ensl ,, nd , on c ul t i va rs with maturity r atings 

of 5 to 11 (Lawn and 3yth , 1g73 ) . 

The parent cultures we r e maintained a t Massey Unive rsity and the 

inoculum prepa r ed from t hese as r equired (Appendix 4). 

Root exami na tion, made a~ ~ing see dling 'thinning ', showed tha t 

inocula tion had bee::: succes~ful in al l cultiva rs. 

2.2.3 Trial design 

The t hi rteen cultiv~rs Nere sown in two r a ndomised complete 

blocks on each of eight so~ing da t es (Appendix 5) . The single - row 
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plots were 1. 8m x 0 . 5m ir. $ lZe . ~ow i n? be ga n on t he 12 t h October 

1974 a nd c on t i !rne~ j n cons enit:i VP. ,. r P, s a t 14 ds:,, i nterva ls until 

the 18th Januq r y 1g75 . ~noculqted se ed wa s sown to a de p t h of 3 cm, 

in 1. 8m l ong r ows . ~t t te t l i r d tri Foli h te JeRf s t age, s eedlings 

were thinne d to t en rlant~ rer r lot , ~i vi n~ a n approxima te intra -row 

spacing of 20cm. 

Soil moi s t u re •va5 l: f'1ri :-i !Jn r '"lX i l"" " t e 1:' a t field cc1 p3city by t he 

use of spr inkler jrri r ~tjo~, ha serl on - r nvi ~~ t r j c a n~J ys i s ( Appendi x 

6) . 

2.2 . 5 ~eed ~nd nest c o~t r ol 

The site was kept f r e e of wP e i s jy hand cultiva tio n . 

Sperg on was appli ed to t be ~e c P~ber s owjngs onl y , t o control 

se ed corn ma [c; o t ( !Iy] er?1·· q rh ' n r a (''.e i 0 en)) . 

To pre ve n t t t e bui l d up of l eri d opte r ous l a rvae , all g r een 

pla n t s were spr a yed r ee ;I,rly wit h ~ r ,~athi o~ . 

Poi s on bRi ts were l aid du r inr JRnu~rJ and Feb r ua r y of 1975 , 

to control rabbit dama ~e . 

2 . 2 . 6 Dise ase incide nce 

S oybe a n mosaic virus symp t oms we r e ex r ressed i n t he oc cas iona l 

p l a nt of the c u l tiva r s :.)a re a !" rl \ ! i l l. 

Minor bac t e ri a J b l i p.- ht ( r'se•Jrl ·1monas •l "Ci nE> a ) dama ge was re c ord ed 

i n the cul t j va r s Acme , Soysota x Xa ~da ri n , Amsoy x T1 9 a nd Wayne x 

PI - 54 - 608- rr. 

There is no known me a ns o f pl ~~t c ont r ol of t hese two diseases . 

2 . 2 . 7 Da t a collect i on 

(a) Da yleng t h 

Meterologica l day l e n~t ~s f or t he s ite l a titude of 40° . 23 13 . 

we~e obta ined fr om t he 1974 a nJ 19?5 edi tions of t he British 

Naut i cal Alma nac. As ext r e~e l y lo~ l i ~t t in t e nsiti~s (0 . 6 fc . , 

Borthwick and Parke r , 10~~) , mqy ext e nd t ta c r i t i c ql da y leng t h 

inhibitory t o f l oral indu c t ia~ , t~ ~ r e riod of civil twi l i ght, 
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(minimum intens\ty of C. 4fc. , ~a ]isbu r y , 1963), was included in 

al l day l ength calculqtions (Appendix?) . 

(b) Air t empe r a t ure 

Ai r te mpera t ure was monitored continuously at the trial site, 

using a screened thermohyg rogr aph . The a verage hourly temperature 

for each day and night period was de rived f r om thes e recordings 

(Appe ndic es 8 and 9) . 

For the pur poses of the trial , a 24 hour day was deemed to 

comp ris e the meterol ogical dayleng t h , (i . e . s unrise to sunset, 

includi ng civil twilight) , plus the p r eceding night period . 

(c) Phenologicn l data 

Data collection followed the plot order set up at planting . 

Thi s ensured tha t t he inte rval between measur ement s was maintained 

f a irly c onstant for all plants . Dai ly observa tions were made on 

each plant to record the da tes of t he g rowth s t a ges as defined below: 

1 • 

2 . 

3 . 

EMERGENCE : t he appea r ance of the hypocotyl above the soil 

surface . Counts were taken from ini tial emergence until no 

fur t her typocotyls emerged (Ap~endix 3) . 

FLOWERING: this s tarted on tte day the first f l ower opened a n d 

ended on the l ast day recorded for the appea rance of a new 

flower . 

PODDING: t his commenced with the emergence of the first pod 

beyond the calyx and t erminated a t matu r ity , when 95% of the 

p l a nts tissu e had senesced . 

This da t a were used t o calculate , for each plot , the duration 

of the following g r owth phases: 

i. Ge r mination : days fro~ sowing to emergence , with the plot mean 

emergence time being calculnted by de t ermining t~e number of days 

t aken to reach 50% of the final count. 

ii. Pre-flowering : days from 50% eme r ge nce t o first flower . 

iii. Flowering: days from start to ecd of f l owering . 

iv. Pod emergence: days from f j r st flower to first pod appearance. 

v. P odding: da ys from first pod appearance t o ma turi ty . 
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The avera ge day l e ngth , hcu r ly d 'i ,;' ::;, n ri r.ourl y night temperatures 

during each p l o t g r ow th ph as e we n • t hP n ca lcula t e d. For the pre­

flowering, flower i nr a nd p odrlinc rhR~es , t te dayleng th at the sta rt 

and end of the phas e were a l so r e c orded . 

2.3 Apical bud d i ss ection s t ud y 

With delinea iing para me ters baAcrt o n g ross mo r phological 

changes, the various p hases o f g rowt h , as describe d above, are 

somewhat subjective . Fo r exnmple , i ~itia tion of floral primordia, 

rather than flower bud o pe ning , wou l d be a more o b j ective s t ar ting 

point for the flowerin g phase , but thi s w~s not used in the trial 

as its me a surement r ec uires des truc tion of t he p l a nt, precluding 

furthe r g rowth obs erva tions . J n ord e r t o exa mine more closely, 

morp hologica l c hanges oc curri ng dur i n~ the pre - flowering phas e, 

plant materia l was obta ine d from a f urthe r tri a l of similar experi­

mental desig n. (F or de t ai l s of t h i s second trial , see Appendix 15 ) • 

Of the cultiva r s a va ilah1e , Amsoy x T19 a nd Da r e were s e l e cted as 

re p res e nta t i ve of the tw o disti nct f lowe r ing t ype s , p redominant in 

the original trial . i . e . 

1. I ndetermina t e g r owt h habit , flow e r i ng und e r rela tively l on g days . 

2 . J et e r minate g rowt h ha b i t, with a de f i ni te ' short-day ' require­

ment for flowe r i ng . 

2 . 3 .1 Dn ta colle c t i on 

Plot s ampling bega n when pl a nts r eached the second trifoli a te 

leaf sta ge. P l a nts were se l e cted at r and om, two from each of the 

four replica te plots , pe r culti va r, p er s a mpl i ng da te . Sampling 

intervals va ried, i ncreas ing fr om five to ten da ys on detection of 

flora l primordia . Samp l i ng was d i s c ont i nued whe n di s section ~esults 

indicated tha t the cul tivars we r e a bout to flow e r. 

The api c a l bud comple me~t of e a ch pla nt was e x a mined, using a 

dissection microsc ope wi th a maximum magni fi ca t i on of 80x . Primordia 

were graded using a sca le o f O (frimordia vegeta t i ve ) t o 100 (fully 

developed floral bud ) , with 1 0 levels of f l ora l d e velopment, a s 

shown in Fi gure 1. 
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Fi gure 1 Gross floral development in the soybean 

Ten stages of development - adapte d from Carlson, J.B. Morphology. p.?0-71. Caldwell, B.E. 

Soybeans: Improvement, Production and Uses . Diagrams - longitudina l sections. 

10 20 

~ 

Notation: 
fp-floral primordium; hr-bract; \ 
s-sepal primordium; ca-calyx; 
ha-banner petal primordium; 
st-stamen; ke-keel; ne-nectary; 
ms-microsporangium; ov-ovule; 
pe-petal; pi-pistil. 

Developmental stages: 
10 floral primordium in axil of bract 

30' 

20 - f irst sepal primordium; abaxial side of floral primordium 
. 30 - floral primordium showing two sepal primordia: 30• - perspective view, showing 5 sepals 

40 - floral primordium showing bract and elongating calyx tube 
50 - floral primordium showing banner pe t al primordium on adaxial aide - all petal primordia 

present at this stage 
60 - first stamen primordium on abaxial side between keel primordia 
70 - lateral longitudinal section showing outer floral organs - i.e. stamens, petals 
80 - young flower with first indication of ovule primordia in pistil 
90 - flower with ovules at time of integument initiation; megasporocytes present in ovule; 

anthers have microsporangia with microsporocytes; nectary visible, around pistil base 
100- mature flower prior to anthesis 
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The following data were recorded for e&ch plant: 

1 . t he maximum st~te of flo r al development at each node; 

2 . the total number of nodes on the plant; 

3. t he date the plant was samp l ed; 

4 . the age of the plant a t sa mplir.6 , (days from emergence to 

sampling, using the plot mehn emergence date for e a ch pla nt ) . 

The ave r age daylength , hou rly da y and hourly night te mperatures 

during each sampling interval, were a l so calculated. 

(Appendices 17 . 1 , 1 8 .1). 

2 .4 STATISTICAL METHODS 

(~ith reference to Draper and Smi th, 1966; S teele and Torrie, 

1960; Little and Hill, 1972). 

2 .4.1 Growth Fhase Analysis 

Plot means were processed us inc ' >~ini t ab' computor program 

format (Ryan e t al ., 1972) . 

Multiple regressi on analysis was used to compa re cultivar 

response to daylength and temperature at each phase of growth . 

Regression equations us ed we re of tr.e form : 

and 

where 

y = a + b1 X1 + b2X2 + .... -. + bkXk 

.x.1 X )..k 
y a .b1 .b2 

2 
bk = ...... 

k = the number of independent variables in the 

equation , 

a ' the y intercept 

= the va lue of y when X = o, and 

A 
A A A 

a = y - b1X1 - b2x2 - ...... - bkXk 

b' the pa rtial re 5ression coefficient 

= the amount of change in Y per unit change in X, 
A 

b = :.i: ( X. - X) ( y. - Y) 
l. l. 

~ (X . - x) 2 
l. 

whe re all summations ( ~) , a r e : ro~ i = 1 ton, the number of 

observa tions . 
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A 

Y, t he r egressed vulue of Y, g iven va lues of X , 
A 11. A 

=a+ b
1
x

1 
T b

2
x

2 
+ •••••• 

A 

S t he estimated standard devi a tion of Y about the 
Y. X1 ••• k' 

reg ress i on line , 

the proportion of t he variation in Y expl ained by 

the r egression e quat ion, 

Ry X , 
• 1 ••• k 

A - -:, = :z: (Y y) '-

::.:: (Y. - Y) 2 
J. 

= t he multiple correlation coeffi cient, measuring 

the combined effec t of t he independent variables 

x1 ••• k on the de pe ndent va riable Y. 

The s i gnificance of e a c h regression coefficien t was obtained 
A 

by testi ng the null hypothesis (H0 : b = O) , with: 
Ii: A 
t = b with n - k - 1 degr ees of freedom, 

x-
sb 

A A 

where Sb, the standard error of the regression coefficient b, 
A 

= 

J~ 

= 

Syx 

( X .- x>2 
]. 

A 

SYX 
;r--

sx 

Comparis on of the s t a nda rd partial r egression coefficients•, 
A , b was used to give a measur e of the rela tive importance of 

1 ••• k' 
the X va riables in predicting Y: 

A I 
_,.,_ 

where b 
1 ••• k 

= b1 ••• k • 

• a l so refe rred to as the ' sta nda r dised partial reg ression coefficient ' 
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Homoge neity of t he r egress ion c oe ff icients ~as de t e r mine d 

from t he t-test: 

I\. 

t = 
I\. 

- b b 
f· C: 

t with n 
p 

+ n - 4 degr ees of freedom 1 q 

where, for the partia l r e~ r e s .s ion 
I\. 

coe ff i cient b 1 , p and q (p/q), 
••• k 

represent a ny pa ir of cu l t iva r s u ~der tes t . 

3 imilarly, for~ ' 

I\. 11. 
t = a - a 

E 9 e tc . 
fi 2 _r.2 

+ .... 
a a 

p q 

2.4 . 2 Growth phase regression mode l s 

The regress ion mode ls were de t e r mi ned as follows : 

1 . At e a c h growt h pha se , o i mr l e corre l a t i on ma tri c e s were c onstr­

ucted for ea c h cu l tiva r, be t ween th e pe rt i ne nt va ria bles : 

Y = the dura tion , in days , o f t he g rowth phas e 

y1 = log 1 0 y 

x1 = the avera ge dayleng t h , in hours , L:> r t he growth phase 

x2 = t h e a vera ge hourly day tempera t u r e , i.n oc , for the g rowth phase 

x 3 = the a verage hourly night te mpera tur2 , ' oc i n , for the growth 

X4 = the da yleng t h , in hours , on the day the phase commences 

X 
5 = the dayleng t h , in tours, on t he day t he phase ends 

where the correla tion coefficient , 

;i;(X. -X) (Y. - Y) 
l 1. 

= 

2 . The correla tion coefficients for Y a nd Y., were examined to 

determine if the domina nt resp onse was linear or curvilinear. 

3. The X varia ble most highly correlated with this response 

was then selec t e d. as the C.rs t va riable to ent er the regression. 

pha se 

4. Inclusion a nd o r dering of furt he r X va riab les in the model were 

dependent upon: 

( a ) t h e de g r e e of correlat i on wi t h Y; i . e . r a nk in 

the co rrel~ tion ma tri x; 
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(b) the level of intercorr elation wi th X va riables 

al r eudy ::.nth..: equation ; , 
( c) the incree:.se in R'- YX , to be gained from the 

1 •• • k 
addition of a voriable ; 

(d) the ~a rtia l F- test va lue of the va r iable mos t 

r ecently entered , ( r e j ected if less than ~hat 

re ~ui red for significance at the 5% level) ; 

(e) the ~rowth phase being examined , i . e . ~ priori 

conside r a tion.:; . 

A 
5. Plots of the standardised r esiduals versus Y were examined to 

check t ha t the fina l model was correct: i . e . t hat in pe r f o r ming 

the reg ress i on analysis , tl.e assumptions made about t he residua ls, 

de fine d as the n differences e i = Yi - fi , had no t been viola ted . 

Jhe re these assumptions (namely that t he e. ' s are independe nt , hav e 
l. 

zero mear. , a c onstant va ria nce and follow a nor ma l dis t r ibution) , 

appear invio~a te, t he above plot r esul t s in a horizontal band . 

Consequently , the models se lected as best suited to describe 

the pre dominant cultivar r esponse patte rn at each phase of g rowth , 

were: 

1. GERMINAT ION PHASE 

i . e . y = a • 
X 

b 2 ,3 
2 ,3 

x2 
b 2 ,3 

2 ,3 

As t he dominant independent variable x
2 

was highly inter­

correla ted with x
3

, the a verage hourl y temperature during the 24 

hour day plus night period was used . i . e . 

= 
x

1 
• x

2 
+ (24 - x1 ) x

3 

24 

Both temperature va riables we re highly intercorrelated with 

daylength . Thermoperiod effects on eme r ge nce have been suggested 



from hypocotyl elonga ti on ~ tudies (Gilma n et a l., 1973). The 

quantitative e ffect of dayleng th i s i nherent in the use of the 

temperature va rio bl e x2 ,
3

• 
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The dayle ng th va ria ble , x1 , was a lso sig nifica ntly correlated 

to Y1 (Appendix 10 . 1), howeve r, germina tion in Glycine~· (L) 

Merrill is reportedl y no n-photoblastic (Howell, 1960) . 

Of the tempera ture a ~d t e mperature plus photoperiod models 

considered, a quadratic polynomia l e q ua tion , with temperature as 

the sole variable, gave the bes t fit ( Appendix 10.2) 

2. PRE-FLOWERING PHASE 

The model selected wa~ : 

i.e . y = a • 
X 

b 
1 

1 • 

The dominant independent va riable in the correla tion matrix 

( Appendix 11 .1 ), was x
5 

a nd the re s ponse v~riable Y1 • 

Significa nt corre l at ions exis ted between: 

x
2 

x
3 

( a ll cultivars ) 

x
5 

x
1 

(all cultivars ) 

x
5 

x4 (seven cultiva rs) 

x
5 

x
2 13 

(nine cultiva r s) 

x
4 

x
2

,
3 

(ten cultiva rs ) 

As the level of correla tion betw ee n x 1 a nd x2 , 3 was non­

significant for ten of the thirteen cultiva rs, x1 preceded x2 , 3 , 

as the first variable to enter t he mo del . 

In order to determine if furt her va riation, due to x5 , existed 

(i.e. other than tha t u ttributable to t he relation of x5 with X1 

and x
2

•
3
), it was entered as the third va riable in the equation. 

As partia l F-te sts showe d tha t x4 made a significant contribut­

ion for five of t he t hir t ee n cul t iva r s , it was reta ined as the last 

va ria ble in t he model (Appe nd i x 11 . 2 ). 
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The va l idi ty of t l:e or ae ri ng of X~ 
3 

wa s tested by comparing 
c:. , 

models in wLich x
2

,
3 

11as e n t0 re d ~s the thi r d variable , behind x5 , 

x
1 

a nd as tte fi na l va r i,ble in t he r egr ession . This showed that 

the additiona l v& ri~ tion d u e to t e~fe r atu r ~ ~as significant for 

eight of th e t hirteen c u:. t :;. v ,i rs , whe:. e nte r ed as tr.e l a s t va riable 

and significa nt :or s.ll cul ti v.::, r s , ·:;l-.e n following x
5 

and X1 into 

the model (Appendix 

~here the indepe nde nt va ri~t le~ i n~ reg r ess ion are highly 

intercorrelated - as : n the pre - f l o~erin6 phas e model - partitioning 

of the response varia tion becom es de re ndent on the order in whi ch 

t hese variables ente r the e~ua t i on . For example, if 

then t he tota l varia ti o n in Y = - 2 ;;,::: (Y . - Y) 
]_ 

a nd the regression du0 ~o 
- ? Y)- , whi l st the x1 = (r2Y . X1 ) . ~(Yi 

a dditional re g res s ion du e to X­e: 

·Nhereas , if (ij ) 

then t he re gression due to x2 

additional reg ress ion due to :i'. • .., 
I 

2 2 - 2 
= ( r YY X ( 1 - r V X ) • ~ ( y . - Y) ; 

, . 2 • 1 ~ • 1 1 

(r 2 
y '" • ) ~(Y. - )2 and the = - y ' 

• A -, ]_ 

'-

2 ( 1 2 ) ::.: (Y. -l = r 
YX 2 .x 1 

- r 
Y . X

2 
- y 

• ]_ 

2 From r , the square of the pa rtia l correl~ tion between Y a nd 
YX 2 . X 1 

x
1

, with a f ixed x2 , 

it can be 

t he va l ue 

seen that a s t t e 

of r
2 

Y" X ·1-1ill 
,,. 2 • 1 

= 
( r v X - ry X 

• • ' 1 • 2 

2 
(rx x )) 

1 • 2 

2 
(1 - r y X )(1 -

•. 2 

correla tion between 

dec r e ~s e . i . e . As 

x1 and 

r x1 . x2 

x
2 

i ncreases , 

approaches 

unity , t he regressi on a ~tr~bu~ ~bl e to the X va riable entering the 

equation lant , will approa ct ze ro . Conve rsely , a n i nc rease in 

rx
1 
.x

2 
will a mplif~, t Le va lue of b oth partial r egressi on coefficients 

b
1 

and t
2

, as: 



r y ,, ( r y X ) 
•. \. 2 • 1 • ~~ 

2 (1 - r ,, , ) 
"-1 • '- 2 

and 

ry ., - rv .. , ( r v X ) 
• .'I. 2 • • A 1 A 1 • • 2 

= 

( 2 ' 1 - r )<. ., / 

·1· "2 
r. • ..;,x 

J 2 

C' • ,._)y 

s y 

Obviously, if rX X equals unity, then ( 1 - r
2

X X ) will equal 

' 
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1 · ~ 1· 2 
zero a nd no solutioli ca n be derived for either partia l regression 

coefficient, b 1 or b2 • 

Comparison of cul tivars based on partial r egression coefficients 

will therefore be affected if the va lues of rX . X , for a growth 

phase , are heterogeneous . However , inherent i~ t~e determination of 

r is the influe nce ex~rt ed by Yin delinea t ing the bounda ries x1 .x2 
of the pa r a meters selec t ed t o r epresent x1 a nd x2 • So although 

heterogeneity amongs t t r1e r X X values may result in ma the ma ti cal 

bias , this bia s is an integrJi 2 func tion of the variation between the 

cultiva rs in their response to x1 a nd x2 • 

3. FLOWERING PHASE 

The model selected as that explaining the greatest proportion 

of t he variation in Y for the bulk of the cultivars , was: 

y = 

The dominant indepe nden t variable was x5 and the res ponse 

va riable Y (Appendix 12 . 1 ) . 

As highly significo nt correla tions existed between a l l the X 

variables , comparison was made o f models bas ed on daylength and 

temperature, with t hose predicti n~ Y from daylength alone (Appendix 

12 . 2). This resulted in the selec ti on of the daylength model, as 

shown above . 

4 . POD EMERGENCE PHASE 

The model sele cted wus : 
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y = ct + 
. y 
o 1" 1 

Da.rlengtb , .x. 1 , wa .s t he domina ilt variable during this phase of 

g rowth , with the r esfo~se Vh r i~ b ~e , Y (rl ppendix 13 .1) . 

The de g ree o f in t t: rc orrc L , ti on of t l!e independent va riables 

d:::..ffere<i from cul-civa r t o cultiv:u. 'l' l•e correlations between x
1 

:X
2 

and x2 :x3 , were signific ~n t for t welve of the thirteen cultivars, 

but between X1 :x
3

, sig nifi c a nt for only six cultiva rs . For this 

reason , rather than use t ~e sing l e tem~era ture va riable x
2

,
3

, day 

and nieht temperatures ¼ere retai ne d as separate parameters in the 

model . 

5. PODDING PHASE 

The model used to des cribe the va riation in the duration of 

the pod filling phase uas: 

y = 

i xamina tion of t he correl3 ti o n ma trix ( hppendix 14 . 1), s howed 

that all the X va ri ~ble s were hi ghly intercorrela ted . Temperature , 

repr esented by x
2

,
3

, wa s the domina nt independent variable , with 

the res r; onse Y • 

In order to test i f a ny e ffect ( a dditional to that expl ained by 

x2 ,
3

) , could be a scribed to daylength, x4 was included in the regress ­

ion model . Selection of x4 , r ~ ther t ha n x1 or x
5

, as the daylength 

varia ble , was an~ priori consideration , based on evidence from the 

correlation matrix for the pod e mergence phase. Here the dominant 

va r iable was daylength , represente d by A1 and equatable to x4 of 

podding , due to t h e differences i n p hase l en3ths . 

2. 4. 3 Apical bud dis secti on s tudy 

(a) Pre l iminary data orga nina tion 

The para meters weas ~red were def i ned using t he following symbols: 

r = t h e ma ximum floral sta te recorded at a node , n ; r ha ving 
n 

va lues from O t o 1 CO. 

R = the maxi ~um flora l ~tate r e corded for the plant . 
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A = t he average flora l sta te of t he plant, i . e . 

A = 

t = the sampl inc; date 

N = t he number of pl&nts sampl ed at t 

.Vhere i = 1 to k 
' 

the numbe r of plcrnts samfled a t time , t 

a nd j = 1 to 1, the numbe r of s owing da te trea tme nts 

and m = 1 to q_ ' the number of com:ii;uous s ampli ng dates, then 

the mean floral s t a te of the popul·ition s ampled a t time, t mj' can 

be estimated from: 

(i) at the bud level, 

(ii) for the whole pl3nt , 

R. = 
J 

A. = 
J 

~.R 
i ijm 

N . 
mJ 

and 

The daily r a t e of change in the flo r a l state of a p l ant between 

sampling da tes , say t 1 and t
2

, is gi ven by : 

(i) a t the bud level , 

(ii) for the whole pla nt, 

Rijt2 - Rijt1 

t2 - t1 

Ai jt2 - Ai jt1 

t 2 - t1 

From the meterological data collected during the tria l, the 

following pa r amete r s were obtained for each s ampling interval: 

x1 , the average da yl ength, including civil twilight , in hours 

x2, the a verage hourly day temperature, in oc 

x3 , the a verage hourly night te mpera ture , in °c 

For eac h cultivar, sampling pe riods were de si,1;na ted as ' p re' or 

'post initiation' pc. ·, ses, depending upon the leve l of floral develop­

ment (R) , indica t ed by the dissection data . i . e . 
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1 . ' Pr e - :i.'.'l.itL, tior. ' pr_c,se , '.:Ja i11.::; t te :reriod f r om em e rgence to 

• a maxirnumum devel oc,r.H~nt. lt'Vel of --rn rc"l.. ,,,·0 t ol ·, r-, • - •, . r ., ··'"' e j n3C 

2 . ' Fos t-initi~tion ' rh·.se , being t h~ re riod of flo r al bud 

de velopment fr oa: l< 30 to R100 

rhe selec t ion of R
30 

:is t r,':! t ound. 0. ry level between the two ph"'ses , 

1.vas somewhat. subj2ctive . .,s b,,- this stage t he five se1al pr i mor dia 

had de v eloped , it w~s t~ought th~t differen t iation was pr obably 

sufficientli advanced to pr e clude the possibili ty of re gression to 

the vegeta tive state . According to ~ truckmeyer (1941) , this may 

occur where conditions he com~ unf3vorable , (to maintain f loral bud 

growth) , for exampla , under incre ::is ing daylengt hs . 

(b) Mult iple regresnion analysis 

S imple correl~tion m~ trices Ne re cons tructed for each growth 

pt~se , incorrora t ing the folloning va r iables : 

x, :: the averaGe da:·l en_; th , i n hours 

x2 = the a ve r age hourly d ... y tem pera ture , in oc 

X = the a verage hourly ni~tt te mpe r a ture, in oc 
"Z 
/ 

X4 = plant age , i !l d;,.ys 

x5 = A' t he, pl an t ~ v e r ::.t[;e f lor a l state ( y 1) 

"5 
I = log10x5 

x6 = R, the plant !'!'laximum fl or::i.l sta t e (Y2) 

X,.. I = log1ox6 
0 

x7 = the daily char.6e i !1 ~ ( y 3 ) 

x7 
t = log1 Ox7 

Xg = t he doily change in .. , ( Y4) 

X I 
8 = log1ox 8 

Using t he methods as pr eviously descri bed , mul t iple re gr ess ion 

modeling was used as a means of exami nin6 the effect of dayl engt h 

snd t empe r a t ure on flora l i ~j ti ! tion a nd subse quent bud development . 

Da t a , correl&ti on mat r ices and re g r ession models are listed in 

~ppendices 17 a nd 18 . 



Chapte r 'l'h r ;_;e R.:.'..:.TJLT.":, A?'.'.) DI ·,C:J.:i..3ION 

The l ength of the garmi ns ti on pt~~ e r anged from 4 t o 23 days , 

unde r a ve r 3.ge hourly te mpera ture regintl!s of 2 1 . 8°c a nd 13.4°c, 

respe ctively (Appendix 10) . 

Due to seed ge rmination f ailure, no counts were re corded for 

the cul t i va r ,1ayne , from t lie fi r st thre e sowing dates . ( Appendix 3) . 

Prediction of the v~ri&tion i n days t o e~ergence varied from 

78% for the cul ti var ,,ayne , to 95 . 2i., for K162 a nd was significant 

fo r a ll cult i va rs (Tnble 2) . 

Table 2 Germina t i on ph~~e r egress ion data. 

Polynomia l coefficien t s 3 1 o1 3nd b
2 

a re for the e quat i on: 

y = a • b X 
1 

whe r e Y ~ the length , in days , of the ge r mina tion phase 

a nd X = x
2 13

, t ~e average hourly ~ emperatu re, in °c , 
du r ing the ge r mina tion phase . 

Cultiva r a b1 b2 100R2 
F 

.\ cme 474 0 . 7656 1 . 0021 89 . 3 50 . 29 ••• 
Soysota x Mandarin 18 , 493 o. 4679 1 . 0174 84 . 5 35 . 50 ••• 
Amsoy x T19 2 , 74c 0 . 5974 1 . 0099 94.7 11 6 . 94 ••• 
VJayne x PI - 54- 608- II 98 , 855 0 . 3914 1 . 0221 93 . 8 98 . 28 ••• 
.'Jayne 13 1 . 0058 0 . 9975 78. 0 12 . 43 •• 
Dar e 108 ,393 o . 3ec9 1 . 0240 97 . 1 215 . 6 1 •• • 
Hill 546 o. 7·163 1.0053 92 . 1 75 .47 ••• 
Ogde n 124 , 451 C • .3 067 1 . 0226 92 . 0 . 74.30 • •• 
Bragg 1 , 045 0 . 6674 1. 0069 95 . 0 123 . 08 ••• 
;'/ i lls 68 , 549 o . 4o4o 1 . 0216 94 . 7 11 5 . 86 ••• 
K162 18 , 923 o . 4 881 1 . 0153 95 . 2 119.76 ••• 
Daintree 21 , 1 c4 o.1f583 1 . 01 86 86 . 3 40 . 87 ••• 
Ma mloxi . 13 , 740 o . 4 82'+ 1. 0167 88 . 3 45.41 ••• 

••• =P<0 . 001 ; ... =P< 0 . 01 
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The r egression equations we r e homogeneo us f or nine of the 

thirteen cultivars tested . These c ultiva rs we re Acme , Soysota x 

Mandarin, Amsoy x T19 , 1ayne , Hi ll , nr agg , r 162 , Daintree a nd Mamloxi , 

(Group A) . Of the remaininG four cultivars , ~ayne x P I - 54-608-II, 

Da re, Ogden and 1h11, s i 5 nifican t diffe r ences were r e corded for the 

partial r egr ession coefficients a and b
1 

only (Table 3). In ~ayne x 

PI - 54- 608-II, Ogden and ~i l l s (G roup B) , the rat e of germination 

was les s responsive to c hanges in tempe r a ture tha n that of the 

cultiva rs Acme , Jayne , Hil l and Br agg from Group A, (Group C). This 

was a l s o the cas e f or Da r e (G roup D) , when compared to Ac me, Ams oy x 

T19 and dayne . These differences are s~own in Figure 2, with Ams oy 

x T19 , Ogden , Eill and Dare r epr esenting t he response patterns of the 

cultiva r s in Gr oups A , B, C and D , respectively. 

Tempera tures betwee n 13 . 4°c and 2 1 . 8°c effected a p ositive and 

e x ponent i a l inc rease in the r a te o f seed germination in a l l cultivars . 

For t he nine cultiva rs in Gr oup A, t h~ optimum tempe r a t ure occurred 

a t 17°c, ge r mination c ontinuin3 , but at a reduced rate , a t 22 ° c . For 

the cultiva r s in Group C, a simila r response was noted, but wi th a 

h igher optimum te mpe r 3 t ure of 18 . 5°c . In Groups Band D, the optimum 

temperature fo r ge r mination was approximately 15°c , with maxima 

occurring at 20 . 8°c and 20. 5°2 , resre ctively . Ge rmination was inhib-
o O 0 

ited a t temperatures above 25 C , 22 C a nd 21 C, in cultivars from 

Groups A, Band D, res pe ctively . 

Inherent differences, (not directly r e l a ted to t he temperature 

response) , were sugges ted from the significant differences be t ween 

the va lues for the partial r egres s ion coefficient a; ( the value of 

Y when X = O). The signifi cantly large r values of 'a ' for Wayne x 

P I - 54- 608- II 1 Dare 1 Cgden and ·.1ii lls, t han those for Acme, Wayne, 

Hill and Bragg , (a nd a lso from 1 msoy x T19, in the case of Dare ), 

infers a n inherently slowe r r ate of embr y o development in these 

cul ti vars . 



Table 3 

00 

a b1 b? 

00 

0 ns ns ns 

1 ns ns ns 

2 • • ns 

3 ns ns ns 

4 • • ns 

5 ns ns ns 

6 • • ns 

7 ns ns ns 

8 • • ns 

9 ns ns ns 

10 ns ns ns 

11 ns ns ns 

Germination Phase (Cultivars no. 00 to 11 as per Table 1) 

Between cultivar comparisons of the partial regression coefficients for the model 

y = 
X 2 

a . b b X 1 • 2 

where Y = the length, in days , of the germi nati on ghas e 
and X = x2 2 the average hourly tempera ture, in C, during ge r mi nation 

, J 

T-test significance levels : •• = P<0.01; • = P< 0.05; ns = not significant at the 5% level 
(for a ctual t-ratios, see appendix 10.5) 

0 1 2 3 4 5 6 7 8 9 

a b1 b2 a b1 b2 a b1 b2 a b1 b ..., a b1 b2 a b1 b ') a b1 b2 ';_ t , b2 a b1 b2 a b1 b2 a 
c:. L 

ns ns ns 

ns ns ns ns ns ns . 
ns ns ns ns ns ns • • ns 

ns ns ns * • ns ns ns ns • * ns 

ns ns ns ns ns ns • • ns ns ns ns • • ns ns 

ns ns ns ns ns ns ns ns ns • • ns ns ns ns • • ns 

ns ns ns ns ns ns • • ns ns ns ns • * ns ns ns ns ns • • ns 

ns ns ns ns ns ns ns ns ns .. • ns ns ns ns • • ns ns ns ns • • ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

10 

b1 

ns 

b2 

ns 
v.i 
1.j,j 
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3 .2 PRE-FLOWERING PHASE 

The number of days from emerg ence to flowering varied from 

31 days in the cultiva r Acme , to 169 days for Ma mloxi . The average 

daylength and hourly tempera ture during these periods ranged from 

16 . 0 hours a nd 20 . 5°c for a cme , t o 14 . 7 hours and 17.8°c for Mamloxi . 

Minimum daylengths recorded for e a ch cultiva r were 15.7 hours and 

12.0 hours, for Acme a nd Mamloxi res1 e ctively ( ~p pendix 11) . 

Absence of visual fl owering in ~a intree s ow n on the 18th Janua ry 

a nd Mamloxi, sown on the 4th a nd 18 t h J v nua ry, precluded further 

growth phase measurements bein6 made on thes e plots. 

Prediction of the va riation in phase le ngth r a nged from 86 . 4% 

for the cultiva r ~cme, to 99. 5% for Daintree a nd was significa nt 

for all culti va rs (Table 4 ) . 

Validity of the use of the pa rame ter~ selected as predictor 

variables,wa s confirm ed by t te p r e dominantly significant t-tes t 

values for the pa rtia l r egr e s s i o n c oeff i cients (Appendix 11.4). 

The values of these coefficients, (given in Table 4) , indicate 

that days to flowering were reduced with decline in average day­

length and increase in a verage hourly temperature. Nith values 

less than unity for their pa rtia l regres ston coefficients, the 

effects of daylength at the sta rt a nd end of the phase were also 

negative. Exceptions to this general pattern of response were 

found in the positive effects , of temp erature in Hill , Daintree and 
, 

Mamloxi and of daylength at the start of the phase in Wayne and 

Wills . However , of these de v iant resp onses, only that of Daintree 

to temperature, was statistically significa nt (Appendix 11.4) . 

Sensitivity to daylength a nd temperature declined as plants aged, 

as shown by the curvilinear resp onse of Y to the predictor va riables. 

The relative contributions ma de by the X variates to Y, in 

each cultivar, can be s een by c ompa ri ng the va lues of the sta ndard­

ised partial regression c oeffi c i e n ts, g iven in Ta ble 5. 

From Table 5 the n , day l e ng t h appe;1 r s to ha ve been the main 

determinant of the lengt h o f t h e r r e - f lo•ering phase . The reversa l 



Tabl e l; Pr ~- flowering phase regression da t a 

Pa rtia l regress ion coe fficients a , b 1 , b
2

,
3

, b
5 

and b4 a re for t 1.e e qua tion : 

whe r e y ::: the length, 
X -

y = a • 
x1 

b1 • 
x 2 

b2 ,3 
,3 

xt 
b ,' • 

5 b4 
X 4 

in days, of t he pre-flowering phase 
the average daylength , i n ho:::.rs , duri ng t he pre-f lowe r ing ph2se 1 -

x2,: = t he average hourly temper ., ture 1 in °c , dur ing the pre-flowe r ing rhase 
X , .., - t he daylength , i ri hours , at the end of the pre - floweri~~ rhase 

5 = X4 - t he daylength , i n hours 1 at t he stc:: rt of t he pre-flo~eri~B ~h~se 

.S i gnificar.cc levels : ... = F< 0. 01 ; ••• = r<0 . 00'1 . 

Cultivar a b1 b-, 3 b5 b4 100R2 
F ~, 

.ncme 132 . 71 2 • .J 183 o. 89/i 5 0. 6003 o ._S939 86 . 4 15. f ; 
Soysota x ~anda ri n 48. 70 4. 5583 o. 3867 o. 4 361 0. 5658 98 . 6 19(. /+ ? 

Amsoy x T19 11 . 39 • 1 .6558 0. 8177 0. 7229 0. 871 2 94 . o 1+2 . 95 
Way ne x PI - 54- 608- II 379 . 93 '1 .781 1 0. 9294 0. 7470 0. 7135 96 . 6 78. 73 
Way ne 1. 20 1. 0524 0. 6786 0. 9638 1. 8009 92 . 4 15. 22 
Dare 58 . 95 1. 4713 0. 9616 0. 8507 o. 8470 [<7 . 9 19. 93 
lii ll 72 . 26 1. 5667 1.0032 0. 7889 0. 8050 97 . 8 120. 23 
Ogden 20. 11 1. 8273 0. 9732 0. 7308 0. 8335 97 . 5 1.07 . 27 
Bragg 108. 12 1. 9006 0. 7905 0. 6893 0. 9763 97. 5 108.69 
Wills 26 . 57 2. 2182 0. 8022 0. 6023 1. 016.5 98. 3 156.40 
K162 135.46 1. 5718 0. 9471 0. 7261 0. 8931 97 . 7 106 . 19 
Daintre e 3711 . 08 1. 2735 1. 1074 0. 6832 0. 7668 99 . 5 423. 42 
Maml oxi 6241. 66 1. 0844 1 . 108? o. 76BE 0. 7872 95 . 7 33 .01 

... ~ 

... ,. 

* lf .. .... 
... 
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* * .. 
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.. * * 
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Table 5 

Cul ti var 

Acme 

Standa rdised pa rtial rei-'.iress ion coefficie nts for 
daylength (b ~, b~ , b ~ ) und te~fe r a ture ( b ~

93
) 

I I ' I 

b1 b;:, 3 b5 b4 Rank 
- ' 

( a ) (b) (c) (d) 

* 7 . 086 - 0 . !:7G - 1 . 275 -1. 526 a d C 

Soysot a X Manda rin 15 . 571 - 1 . 209 - 2 . 259 - 2 . 875 a d C 

Amsoy x T1 9 1 . 719 - 0 . 736 - 1 . 106 - 0 . 876 a C d 

Wayne X PI-54-608- II 4 . 281 - C. 237 - C. 939 -1. 988 a d C 

.Vayne 0 .1 90 - 1 . 226 - 0 .234 5. 554 d b C 

Dare 1.344 - 0 .11 7 - 0 . 620 - 0 . 918 a d C 

Hill 1. 474 0 . 011 - 0 . 945 - 1 . 041 a d C 

Ogden 1 . 81£ -0 . 083 -1. 100 -0. 821 a C d 

Bragg 1. 779 - 0 . 61~' -1.1 06 -0. 085 a C b 

Wills 2 . 195 - 0 . 586 -1. 573 0. 049 a C b 

K162 2 . 370 - 0 . 241 -1. 989 - 0 . 681 a C d 

Daintree 1.339 0 . 591 - 2 . 510 - 1 . 592 C d 3 

Mamloxi 0 . 395 o . S45 -1. 590 -1. 624 d C b 
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b 

b 

b 

b 

a 

b 

b 

b 

d 

d 

b 

b 

a 

in importance of dayle ngt h a t the s t ~rt and end of the phase, with 

de l ay in flowe ring , merely reflects the changing pa ttern of daylength 

with time. ( A gr aph of the annual pa tter~ of daylength for t he trial 

latitude , i s given on po ge 45, Figure 6) . In the early-maturi ng 

cultivars , flowering commenced unde r a f ai rly static photoperiod; i.e. 

when the daylengt h was eithe r inclining to, or declining from, its 

maximum for the latitude. For t hese cultiva r s t he n, an increasing 

daylength predominated during the pre-flowering phase , wi t h the 

minimum photoperiod exp~rienc e d occurring a t the s t a rt of the phase . 

I n the l a ter ma turing cultivars, flo~ering commenced under a rapidly 

declining da ylength, the minimum phot operiod experienced occurring 

at the end of the pre-flowering phase. 

If the r a te of change in decline in daylengt h a lso influences 

development during the pre-flowering phase , this may explain the 

apparent devia tion of Amsoy x T19 3nd Mamloxi from the general 

patt e rn of r esponse . For these two cultiva r s , flowering commenced 
' whe n daylength changes were ~t a minimum . For Ams oy x T19 , the firs t 
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cultivar to flower , this occurred under the maximum daylength of 

16 .1 hours . Little vari~tion occurred in phase length until the 

dayl engt h began to decline (Appendix 11) . Conversely , in Mamloxi, 

the grea test v.:-.ria tion in d:J,.1lengt b occurred at t i.e s t a rt o f the 

phase , floweri ng co~~encing unc er decreasinG rates of decline i n 

day length . 

Separ ation of daylength and te mpe r ature ef f ects was confounded 

by t he close relationship be tween the de pa rameters. Nhe n followini 

average daylength in the mode l, tte effe c t of tempe r a ture was signi f i­

cant in all c ultiva rs except Nayne - absent fr om the first four sew­

ings , therefore exposed to a relat i vely na rrow r ange of t emperature 

during the pre - flo'llerir:g phase of 6 rowth . Eowever, if a ll significant 

daylength variables ~ere cons i dered prior to tempera ture, significant 

temperature effects were discernible in onl y five of the t hirte en 

cultivars (kppendix 11 . 2) . These cul ti vs rs we r e Soysota x ~anda rin , 

1-rHsoy x 'i'19, .:'ayne , Wi lls a nd Da::.nt re e . 

The regression e quations we r e homo~eneous for cultiva r s in the 

:ollowi ng g r oups: 

(a) Acme , Soysota X .-:andarin . 

(b) Acme , Amsoy X T19 , Dare, Cgden , Bra gg . 

(c) Acme, Amsoy X T19 , Ogden , Br a,;g , ·.'dlls . 

(d) Acme , Wayne X PI- 54-608- rr, Da re, Br agg , K162 . 

(e) Acme , Dare , Hill, Cgden , Sr &gJ , K162 . 

For all o t he r possible cultivar comparis o ns , the regression equations 

were heterogeneous (Table 6) . 

As expressed by the re g r ession model , variation between cultivars 

in dura tion of the p re- flowe ri ng phase , can be at tributed to: 

1. intrinsic (genetic) diffe r ences - re .r, resented in the model by 

va riation in the values of the p a rt ial r e g r ession coefficient , 

' a ', (the value of Y when X = O); and 

2 . phenotypic differenc es , being the responses to the X va riates, as 

r~presented by the values of the 'b' pa rtial re g ressio n coeffic­

ie nts . 

From Table 6 t hen , c ultivar differences can be summarised as 

shown in F'i gures 3 , 4 a nd 5 , where, for cultivars within a box, 

differences a re not significant at the 5% level - and between boxes , 



sign1 f i ca ntly dif fe r er.t (F < 0 . 05) . 

Figure 3 Genotypic variation in l ength of th e pre - flowe ri ng phase -

as meas ured by the partiaJ regression coefficient ' a ' . 

Soy::, otc1 X M3. nca ri n 

Ma•nloxl WuynexPI - 54-608- II P. cme 
;\msv X T1 9 

Daintre e K1o2 D .... re 03den 

Br~sc \iills .Hi ll_ 

I ,iayr.e I 
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-

Figure 4 Phenot ypic v:.ri at i on in r esponse to da y l ength duri ng the pre­

flowering phase - a s me .... Eured by t he partial r egr ess i on 

coeffi cie~t ' b,'. 

Soys ota X Hc:. nrb r in 
Acme Ams6y X :.''1 ') 

Hil l K162 

Da re 
uain.:ree 
Marr.loxi 

\iay ne 

iaynexFI- 54 - 608- II 
0;:::den T3 r<-1 fl',ft. Wills 

. 

Figure 5 Phe notyFic varia ti on in response to temperature during t he pre­

flowe ri ng f ha s e - as meas ure d by the partia l regression 

coefficient 1 b2 ~·· , .) 

are 
Og de n 

K1 62 
Wayne X PI- 54- 6C3- :'.:I 

Wayne A.msoy X T19 
W:i.lls 

,-.cmc 
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00 
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Table 6 Pre-Flo·.vering .?L, • .se (Cultivurs no . CO to 11 as per Table 1) 

Between cultivar compa risonu of t he p~rt~ci l re~ression coefficients 

for the model 

where y = 
x1 = 

y = a • 
X 

b 1 
1 

the length , in days , of the pre- flowering phase 

t he average daylength , in hours , during the phase 

x2 ,3 = the average hourly temperature , . Or, in v, du ring t he phase 

x5 = 
X4 = 

the daylength , in hours , a t the end of the phase 

the daylength , in hour s , at the start of the phase 

,. ,. = P< 0 . 01 ; • = P < 0 . 05 ; ns = not T- test significance levels: 

signi ficant at the 5i level. (For a ctu~l t-ratios , see Appendix 11 . 5) . 

00 0 1 2 7. .,, . 
b1 b"! _b5 b4 a b1 b"! b5 b4 a b1 b -

~ b5 b4 a- b1 .b~ b5 b4 a b1 bf b5 b4 

ns ns ns ns 

ns ns ns ns ns •• ns • • • 
ns ns ns ns •• .. . ns • • ns •• ns ns ns ns 

ns ns ns ns •• •• ns •• •• .. ns ns ns • • • ns • ns • • 
ns ns ns ns ns •• ns • * • ns ns ns ns ns ns ns ns ns ns .. ns ns ns ns 
ns ns ns ns ns •• ns •• •• • ns .. ns ns • ns ns ns ns . .. ns • ns ns 
ns ns ns ns ns • • ns •• • ns ns ns ns ns •• ns ns ns ns • • ns ns ns 

ns ns ns ns ns •• ns • •• ns ns ns ns ns ns ns ns ns ns ** • ns ns ns 
ns ns ns ns ns •• ns • • * ns ns ns ns ns •• ns ns ns • ** •• ns •• ns 
ns ns ns ns ns •• ns •• •• * ns ns ns ns ns ns ns ns ns •• ns • ns ns 

ns .,.. ns ns •• . .. •• •• • • "' " ns • • ns ns "' . •• ,. . ns ns •• ns •• • ns 
ns ns ns ns • • •• ns •• • • * ns • ns ns ns • ns ns ns .. ... ns • ns ns 
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4 5 6 7 8 9 10 

a b1 b ? b r: b4 a b ., b2 b _ b4 a b1 b, br: b 4 a b1 
' 7 :; ~' 

b~ b,. b4 a b1 b;, b5 b4 a b1 b~ b5 b4 a b1 b~ b5 b4 
.-: ' 

ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns •• ns • ns ns • • ns • ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns • ns ns ns 

•• ns ns • ns •• • ns ns ns • • • • ns ns ns • • • • ns ns •• •• •• ns •• • • • ns ns ns 

• ns ns ns ns • • ns ns ns • • •• ns ns ns • • ns ns ns • • •• • ns • ns • ns ns ns ns ns ns ns ns 
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3.3 FLOWERING PHASE 

The length of the flowering phase varied from 33 days for the 

cultivar Acme , to 78 days for ~ayne x PI -54-608-II, under declining 

daylength regimes of 16. 0 to 15.1 hours and 14.3 to 11.0 h ours, 

respectively (Appendix 12 ) . 

Predicti on of the variation i n flowering duration ranged from 

74.5% for the cultivar Bragg, to 99 . 3% for Daintree and Mamloxi and 

was significant for all cultivars (Tab le 7). 

Table 7 Fl owe ring phase regression data 

Partial re g ression coeffici e nts a , b
5 

and b
4 

are for the 

e quation 

y = 

where y = the length, in days, of the flowering phase 

x 5 = the daylength, 

X4 = the daylength, 

in hours, 

in hours, 

a t 

at 

the end of flowering 

the start of flowering 

Cultivar a b5 . b4 100R2 
F 

Acme 160 . 12 - 8 . 421 0 .222 97 .. 1 202.05 *** 

S oysota x Mandarin 141 .1 5 - 6.566 - 0.177 90.0 58.44 • ** 

Ams oy x T19 272 . 57 8 . 290 - 21 .220 77.4 20.53 .. .. 
/Jayne x PI-54-608-I I 33.55 - 15 . 302 14 .603 75.9 20.43 *** 

Wayne 115.25 - 17 . 499 10.694 93.6 51.44 ••• 
Dare 137.81 - 18 . 743 10.009 94 .9 111.94 ••• 
Hill 145 . 59 - 21 . 441+ 11.392 88.9 51.95 *** 
Ogden 181 . 34 -18.76 9 6.962 88 .7 50.96 ••• 
Bragg 221 . 64 - 37 . 260 18.765 74.5 18.97 ••• 
Wills 2 37 . 3 7 - 40 . 573 16.355 77 .4 22.26 *** 

K162 53 8 . 63 -72.544 23.033 88 .8 47.48 ••• 
Daintree 278 . 42 -46. 06 9 21 . 449 99.3 820 .21 *** 

Mamloxi - 27 .1 8 -1 9 . 733 24 .025 99.3 608.29 ••• 

* •• = P < 0.00 1 
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As flowering oc~urred under declini ng daylengths, x4 and x
5 

a lso rep resent the ph~se ma ximum ~nd minid ~m da ylengths, respectively . 

The use of x
5 

a nd x4 as pr ed ictor va riables , was confirmed by the 

s i gnificant t-test values fer the partidl r egression coefficients 

b
5 

and b4 (ippend ix 12 . 4) . The pre dom i n~ ntly negative values f or 

b
5 

and p o6itive va lues of c4 , inJ ica te that floweri ng duration-increasea 

with declining minimum a nd inc r~ as inJ m~ximum daylength . Exceptions 

to this response pattern ~e r 0 obs8rv dd in : 

(i) the nonsignlficant t - test va lues for Acme and Soysota x Manda r in , 

(b4) a nd for h~s oy x T19 &nu K162 , (b
5
); 

(ii) the differ~nces in s igns o f t r.e parti a l re gression coefficients 

for Amsoy x T19 , (neg~tive t 4 , ;osi tive b5) a nd Soysota x 

Mandarin , (nega tive b4 ) . (Appendix 12 . 4) 

Examinat i on of the cont r ibution of x
5 

a nd x4 to t he reg ression 

sums of s q ua res , ga ve t he followi ng r esul t s ; 

Tabl e 8 F-test comparis ons - F lowering phase Ana lysis of Variance 

Cul ti va r (-,ct i; uri ty -.1roup f' y X " F 
1 5 · "4 Y 1x4 .x5 

1. ,lddi tional re gress i c n due to X L - non sig ni ficant: 

Acme 00 405 . 9 3 ••• 0 . 003 ns 

Soysota X Manda r in 0 116 . 91 ••• 0 . 012 ns 

2. Additional re gr ess i on d ue to x4 - s ig~fica nt: 

Amsoy T1 9 1 34 . 60 ••• 6 . 46 • X 

Wayne FI-54- 608- II 2 31. 11 •• • 9 . 77 . "' 
X 

Wayne 3 95 . 87 • • • 7 . 01 • 

Dare 4 203 . 38 .... 20 .52 ••• 

Hill 5 66. 53 ••• 37 . 38 * ... 

Ogden I'" 
0 89. 88 ••• 12 . 02 . ,, 

Bragg 7 4. 1+3 n::. 33 . 52 ••• 

Wills " v 25 . 70 ••• 18. 82 ••• 

K162 9 62 . 71 * ... 32 .25 ••• 

Daintree 10 842. 78 ••• 797 . 48 ••• 

11 225.0 8 ••• 991.60 •• • 
Ma mloxi 

••• p o 001 · "* = p 0 . 01 ·, • _ P 0 . 05 ·, m, - not significant = • ' -

a t t he 5% l evel. 
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From Tabl e P it can be seen tha t , ~i th delay in fl owering, 

dominance of the effect of the daylength a t the end of the phase 

gave way t o tha t of dayl0ngth 3 t th e start of the phase . This 

reflec t s the cha nge in rate of decline in daylength with time, 

(F i gure 6) , variatio n i n daylengt h increasing with flo~ering in the 

early maturing cultiva rs (00 , 0) ~nd Jecreasing a s f l owe r ing continues 

i n t he l a t e ma t u r ing cultivars (18 , 11 ) . It a lso explains t h e appar­

ent l y deviant r esponse in ·1.mso) x 1'19 , th e first cul t i var to flower . 

Here the phase commenced unde r a s~at ic daylength , flowering du r a tion 

respondi ng when the daylength , in this case still a t the x
4 

l e vel, 

began t o decline ( ~ppendix 12) . 

For each cultiva r , tte r e l ~t ive contributions of x
5 

and x
4 

to 

the varia t ion in Y, can be seen from compa rison of their s t anda rdised 

partial r egressi on coeffici en ts . (Table 9) . 

Table 9 Ratio ' s of the s t a ndardised parti31 regression 

coefficients for dayl e ng t h (b5, b4 ) . 

Cultivar b ' b ' b5 :b4 5 4 

Acme -0 . 9976 0 . 0 124 80.45 increasing 

S oysota. x l-ianda r in - 0 . 9313 -0 . 0131 71 . 09 impo rtance 

Daint ree - 3.2076 1.24G8 2.57 of X4 
iiayne -1 . 8490 0 . 9154 2 .02 

I Ogden - 1 . 6 582 0 . 8385 1 . 98 4 

Dar e - 1. 9232 1 . 0374 1 . 85 

Hill - 2 . 1725 1 . 5266 1 . 42 
I 

Nayn e x PI - 54 - 608- II - 2 . 4386 1 . 7317 1.4 1 l ~/i l ls - 2 . 0486 1 . 4942 1 . 3 7 

Bragg - 3 . 4489 3 . 2565 1.06 

Ams oy x T19 1 .4305 - 2 . 2652 0 . 63 increasing 

K162 - 0 . 4794 1 . 4068 0 . 3 4 impor ~ance 

Mamloxi - 0 . 1017 1 . 0446 0 .10 of x5 

Appa r ent d i scr epancies exis ting between Tables 8 and 9, in the 

re l a tive importance attributed t o eac~ day l e ngth parameter, arise due 

to the close correla t ion between x
5 

~ nd x
4

• Although t his correla tion 

affects the value of the rartj e l r ecression coefficients , their 



Figure 6 Annual distribution of daylength at 1•0°32 1s , showing the maximum daylengths for ons e t of flowering 

in cultivars from the ma t urity groµps OQ to 1, 
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(hours ) 

16 . 0 
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10 . 0 
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16.0 00 15.1 ( 8 · (33 days) 14.3 2 7 days) 11.0 

Sultivar ide ntification 

00 :\ cme 

0 Soysota x Mandarin 

1 Amsoy x T19 

2 1ayne x PI-54-60?-II 

3 ./a ,yne 

1
-1- D::i r e 

.5 P:i.11 

6 0 :_:de n 

7 P. r,-,_ 3g 

'( ,, 1kil l::; 

9 K1 ( .2 

10 D3in tree 

11 ~a~ loxi 

CulLiva rs wi th t he 

maximum and mi ni mum 

flowering phases 

I 1?.9 2 (.51 days)' 13.9 I ' ' I 

October November December January Fe bruary la rch .Ap ril M~y J u ne July Month 

+"" 
\J1 
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est i mation i s simult3 ineous and no t depe ndent upon the order of 

ent r y of the X variables into the model , as are the re lative values 

of F . 

The variat i on existing between cultivars , in flowe ri ng duration 

response to the two d~ylen5th p~ r ~mcters , is shown in Tabl e 10. 

Fo r cultivars within the followin~ ~roups , t he regression 

equat i ons predicting flo~ering duration, we re homogeneous : 

(a ) Acme , Soysota x Mandarin 

( b ) ~ayne x PI - 54- 608- r: , K162 , 1amloxi 

( c) Wayne , Da r e , Hill 

( d) Br agg , .Vi lls , K162, Daintree 

For all other poss i ble cul ti va r compa risons , t he regressio n equations 

we r e heterogeneous . From Table 10, these d iffer ences can be summar­

ised as follows: 

Figure 7 Genot ypic v~ri3 tion in f lowering duration - as measured by 

t he partial r es ression coefficient ' a ' 

'.Vayne X PI - 54-608- II 
Marnlox i 

K162 

Acme . 
~ov.::;uti.t X 1-:c. nc.uri n Way ne 

Dare 

Hill 

Arr.S :\y X T19 

Ogd.en Bragg 
D;;, intree 

,/ills 

whe r e , for cultivars within a box, dif f e rences are not significant 

at t he 5% l evel .- and between boxes , significantly different ( P < 0.05). 

Simila rly, in Figures 8 and 9: 
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Figu~e 8 Phenoty1ic vari~tio~ in flowerinc du ration response to daylength 

at tht;.· end of tl:e _r;h:,_,e - aci m0<,sured by the partia l re gression 

coeffici ent ' b~ '· 
) 

... o.~~~c X f-I - '.), - 60i3- I I 
·.'.'ayne 
Do.re 

.!--.Ind oy X 1'19 Hill 
Or;den 

.\ Cr' 2 Mamloxi 
oy..3otc::. X l·ia nda r i r. 

3r agp; 
·,~'ills 
Dv. in tree 

Fi ~ure 9 Phenotypic vari~tion in flowering dur a tion response t o daylength 

at the start of the phase - as ~easure d by the partial re gr ession 

coefficient l b I 4 • 

Acme 

Soysota X Mandari:1 

\fay ne X PI - 54- 608- IJ 
Ogden 

Wills ,/Jayne 

Aros oy x T19 
Dar e 

Hill 

f),. i n t r.., e 

1{162 Bragg 

Mamloxi 



Table 10 

00 

a b5 b4 

00 

0 ns ns ns 

1 ns •• • 
2 • ns • 
3 ns • ns 

4 ns ** • 
5 ns •• • 
6 ns ** ns 

7 ns •• ** 

8 • ** •• 
9 ns ns •• 

10 ns •• •• 
11 • ns ** 

Flowering Phase (Cultivars no. 00 to 11 as per Table 1) 

Between cultivar _comparisons of the partial regression coefficients for the model 

b5X5 + b4X4 

where Y = the length, in days, of the flowering phase 

y = a + 

X = the daylength, in hours, at the end of the phase 
xl = the daylength, in hours, at the start of the phase 

T-test significance levels: •• = P<0.01; • = P<0.05; ns = not significant at the 5% level 
(for actual t-ratios, see appendix 12.5) 

0 1 2 3 4 5 6 7 8 9 

a b5 b4 a b5 b4 a b5 b4 a b5 b4 a b5 b4 a b5 b4 a b5 b4 a b5 b4 a b5 b4 a br.:: b4 a 
:) 

ns • • 
ns ns • •• •* •• 
ns • ns • •• •• .. ns ns . 
ns •• ns • •• •• ** ns ns ns ns ns 

ns • • • ns •• •• •• ns ns ns ns ns ns ns ns 

ns •• ns ns •• •• • • ns ns * ns ns •• ns ns • ns ns 

ns •• •• ns ** •• •• •• ns •• ** ns • • •• • • • ns ns ** •• 
• ** • ns •• ** * • •• ns •• ** ns ** •• ns ** * ns • • •• • ns ns ns 

ns ns •• ns • •• ns ns ns ns ns • ns ns * • ns ns • ns ns • • ns ns ns ns ns ns 

ns •• •• ns ** •• ** •• ns • •• • • •• * * • *. •• ns •• ** ns ns ns ns ns ns ns ns ns 

• .ns •• ** •• ** ns ns ns * ns • * • ns •• • ns * * •• ns •• ** ns ns •• • ns ns ns ns ** 

10 

b5 

•• 

b4 

* + 
00 
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3.4 POD EMERGENCE PHASE 

Followi ng fl owerins , tl1.. !lumber of da ys t ake n for the first 

p od to appear , r anced fro~ 3 . 5 d Dy~ for the cul tivar Acme , to 14.9 
days f or Wills (Appendix 13) . The r ~s pe c tive ave r age daylength , · 

hourly day and ho11r ly ni c:1: ht t~ ·~1;e!':;: turcs during these periods were , 

14 . 4 hours , 20 . o°C and 1 ~. 6°C for ,,c1~e :.l:::ld 11 . 6 h ours , 15 . 7°c: and 

12 . 2°c for ~ills . 

#here significan t, pre diction of the days to p od emergence 

ranged from 60 . 9/4 for th e cult~var Br~GB, to 87. 2% for IT ill. The 
/ 

regression model was non s i c ni fic o nt for the cultiva rs Ogden, 

Dain tree , ·.Jayne n.nd i'Iamlo x: i , p r edic t ing 26 . 5;~ , 56 . 8,,0 , 63 . 5;~ and 

64. 2~ of t he ph~se v3riation , r es r ec tivel y (Table 12) . 

As s ugges ted fro~ the r esults of t he correlation matrix for 

this phase , the rela tionstip of t he individual X variates with Y 

differed widely , de~endinE on t he cultiva r. The significance of 

th~ contributions of daylength Rnd temrera ture to the va riation i n 

r a te of pod emergence in eacL cultiv ·~r, fro m tlie model , a r e gi ven 

.i.n Table 11. 
•rabl e 11 

where Y 
X 
x1 

2 xz :; 
Cultiva r 

Acme 

Soys ota 

Ams oy X 

Wayne X 

·sayne 

Da r e 

Hill 

Ogden 

Bragg 

Wills 

K162 

Daintree 

Mamloxi 

F va l ues for the ~od 8me rgence regress ion equation 

y = a + b
1
x

1 
+ b

2
X

2 
+ b

3
x

3 
= the l ength , 
= the a ve ra ge 
= t he a verage 
- tte average 

X Ma nda ri n 

T19 

PI- 54- 608-I I 

in days , of the p od emergence phase 
daylengtr, , in hou rs, during pod emergence 
hourly day temp erature, i n °c

6 
during the phas e 

hourly ni ght t empe r a ture , in C, during the phase 

Fy, XX --" 1 • . 2 3 FYX2.x1x3 F YX3 . Xl2 ' Fyx 
1 

16 . 87 ... 1. 79 ns 1.51 ns 15 . 33 .... 
..:. ~ r"".Q •• +. 1. 40 ns 2 . 19 ns 47 . 75 *** .,I.,; • ,/ / 

64 . 06 ...... 0 . 27 ns 14. 86 •• 37 . 94 • ** 

23 . 80 • +"' 1. 26 ns o. oo ns 25 . 13 ••• 
8. 42 • 0 . 61 ns 1.42 ns 8 .38 • 

22 . 62 ,. *. 6. 45 .. 5.16 • 13 . 00 •• 
41 . 11 ,. ... 19 . 58 •• 7 . 52 • . 13.30 •• 
0 . 28 ns 3 . 24 n.s 0 .38 ns 0.25 ns 

0 . 60 ns 15 . 72 •• 2 . 83 ns 0.28 ns 

28. 70 ,. ,. ... 3 . 30 ns 0.07 ns 26 . 13 ••• 
16. 21;. * - 1. 53 ns o.4o ns 16.38 •• 
?. :>S • o. 49 ns 0. 60 ns 7.60 • 

5. 15 ':1.S 1. 97 ns 0 . 04 ns 3. 79 ns 



Table 12 

:ultivcJr 

Ac me 

Pod emergence phase regression data 

Partia l r egression coefficients a, b1 , b2 and b
3 

a r e for the equa tion 

y =a + b1X1 + b2X2 + b3Y.3 

where y = the length, in days, of the pod emergence phase 
x1 = the a vera s e dayleng th , in hours , during

0
pod emerge~ce 

x2 = the averRge hourly d~y te~pera ture , in C~ during pod eQergencP 
x3 = the average hourly night t e~rerature, in C, during rod emerGenc e 

Si gr.ificance l evels: ••• = P -c::0 . 001; .... = P <: 0 . 01 ; • " I- <:0.0 5 ; ns = :-ot 
sienificant at the 5% level. 

a b1 b2 b3 100::i F 

- 6 .755 1. 2821+ - 0.0325 - 0. 365{; f'.i4 . 7 6. 7"3 ** 

Soysota x Mandarin - 29 .622 1 . 7059 1. 21?2 - 0. 7861 83 . 9 19 . 05 .... 
Amsoy x T19 - 21 . 815. 2 . 5196 · 0 . 2227 - 0.7826 P6 . 8 26 . 40 • *. 
Wayne x PI - 54 - 608- II - 11 . 202 1. 6333 -0 . 2837 o. 0168 67 . 6 8. 35 ... 
Way ne 7. 131 1. 1161 o . 4012 -1. 4522 63.5 3. 48 ns 

Dare - 7.715 1. 81 17 0.5186 -1 . 0309 75 .7 11 • 41 ... 
Hill 6 . 878 0 . 3236 1.2514 - 1. 7158 87 . 2 22 . 73 • •• 
Ogden 25 . 479 0. 1449 - 1. 6766 1. 0128 24.5 1. 30 ns 

. Bragg 2. 739 1. 9667 0 . 1058 - 1. 2868 60.9 6. 24 .... 
Wills 37 . 339 - 1. 1962 -0.7535 0 .1711 72 . 8 7.97 • * 

K162 30. 057 - .o. 8494 - 0.0883 - 0.6762 75.2 6 . 06 ... 

Daintree 108. 850 -11 . 3750 4.0465 - 2 . 3724 56.8 2. 60 ns 

Mamloxi 70. 527 - 7 . 3872 1.4004 o . 53?t; 64 .2 2.3<? ns 

\Jl 
0 



Table 11 continued : 

Re t he column he~ded this is for the equation 

y = a + b1:'.1 

.;;ignificance l eve l s: " • "' , P 0 . 0 :" ~ ; • • = P 0 . 01 ; 

• = P 0 . 05 ; ns = not 3i.cnific·,nt at lht.! 5% leve l. 

To summarise Tables 11 and 12 : 

51 

( i ) ~he e ~fect of daylenGtt vbs signifi c~nt in a ll cultivo.rs except 

Cgde n , Br agg and ~amloxi . rhe rate of pod emergenc e increased as 

day l ength declined , f or ·J11 c~ lt Lv:ir~ excet t ,'!ills , K162 , Da i n tree 

and Maml oxi . 

(ii) The additiona l var i ation a ttri bu tabl e to temfe r a t ure was signif­

icant in only four of t he thirteen cultiv3 r s t ested . Dare, Hill a nd 

Bragg showed u r espon~e to d.:iy terr.perc.tu r e o. nd Ams oy x T19 , Dare and 

Hill responded to ni0 ht temper&ture. 7or t hes~ cultiva r s , the r ate 

of pod emergence inc r eased with r isinc night t empe r atur es and declining 

day te mpe r atures . 

The re g r ess ion equ~tions ~ere tomoge neous for all cultivars 

except Soysota x Mandarin , ~msoy x ~19 , Hi l l and »ills . Differences 

in these cultivar s were due mainly to vo. ria tion in sens itivity to 

dayl ength (Tabl e 13 ) . i . ~ . In Amsoy x T1J, t he rate of p od eme r gence 

was more r espons ive to t he vari a tion in aaylength than that in the 

cu l tiva rs Acme , Hil l , Ogden und ~ills ; S oysotb x Mandarin and Hill 

be ing more r esponsive than ~ills - both Hill a nd ~ills being less 

responsive than {/ayne x r :;:-54 - 688- JI , Dare and Bragg . P od emergence 

in the cultiva r s Soys ota x ~anda rin a nd Hill were also more r e sponsive 

to fluctuations in temperatur e , t han in ,Vills , and :'Jayne x PI-54- 608- II 

a nd Nills, respectively . r o~eve r, due t o t he ina dequacy of the model 

t o explain cons i stently t he variation in length of t he pod emerge nce 

phase, little weight can be given to t hes e differences, being based 

on comparisons of t he model ' s pa r a mete r s . For this reas on, summaries 

a re given for t he partial r egr ess ion coefficients 'a' a nd 1 b 1
1 only 

(F i gur es 1 0 and 11) . • 

Mode l inadequacy was p r oba b l y due , in part, to the sensitivity 

of t he phase to measuremen t e rro r. Initia l fl owe r ing in the s oybean 

usua lly occurs in node axils , witb mo re t ha n one floral bud being 
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Table 13 P od Emergence Phas e ( Cultiv~r s no. 00 to 11 as pe r Table 1). 

Between cultivar compa risons of t he pa rt i a l re e ression coefficients 

for the model 

y = 

where y = the length, i n days , of the p od emergence phase 

x1 = the average daylength, in hours, during the phase 

x2 = the average hourly day tem perature, in oc during the phase 
' 

.r 
\ 

x3 = the a ve r age h ourly ni gh t temperature, in oc' during the phase 

T-test significance leve ls: ** = F < 0 . 01 ; • = P< 0.05; ns = not signif 

icant a t the 5% l e vel. (Fer a ct~al t -ratios , see Appe ndix 13.5). 

00 0 1 2 3 4 

a b1 b2 b3 a b1 b2 b ~ a b~ b .., b , a b1 b2 b3 a b1 b2 b3 a b1 b2 b~ I L , 

** ns ns ns 

ns • ns ns ns ns ns r.s . 
ns ns ns ns • ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns •• ns ns ns • ns ns !1S ns ns ns :ns ns ns ns ns 

ns ns ns ns *,. ns ns ns .. * * * ns ns ns * ns • ns ns ns ns ns • ns ns 

ns ns ns ns •* ns ns ns * .. ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ... ns ns ns * ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ... ns ns ns ... * • ns .... * * ns ns ... "' ns ns ns ns ns ns •• * ns ns 

ns ns ns ns ns ns ns n s ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
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produced a t a single node . If florets ab ort , or if f lowering is 

clei s togamous , thP f irst pod to emerge at t he node of first flower 

may not have arisen neceJs~rily fro~ that sa~e flowe r . Du e to the 

short phase l ength, small ai3crapancies , cf even one day , could have 

induced disproportiona tely l ~rGe time and temper ature err ors , values 

for the latter oftan cta~di nJ dramatically from day to day (tppendix 13) . 

Figure 10 Genotypic v~ri&tion in pod emergence r a te - as me ~sured 

by the partiJl re crcssion coefficient ' a '. 

.S oy:sota X Mct ndari n 
,uns oy X '1'7 9 

i'/ayne 
K162 
D,:dntrec AC!!le 

!111amloxi Wayne X PI - 54- 60d- 2= 

Dare 
1-lill 
Brag ~: 

I Og(i ,; r~ ,ills I 
Figure 11 Phenotyfic variation in pod eme reenca response to daylength 

- ns meQs~rcd by th~ parti~l regression coefficient 'b,' 

SoJ.sot u X '.<;] nd....! ri n 

K1S2 
03.intrce Ar:1soy :x T1: 
Harn loxi WaynexPJ - 54- 60 3- JI 

Dara 
Bragg 

Wayne 
A.cn,e 
Ogd en 

Hill 

Wills 

whe re , for cultiv3rs within a box , diffe re nces &re not signi f icant 

s t the 5~ level - and between boxes, significantly diffe r ent (P<o . 05) . 
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3 . 5 PODDING PHAS E 

Duration of the f Od di~c pr.~se r anged from 103 days in the 

cultivar Ogden , to 57 ddys for Mam loxi . The corresponding values 

for t he test variables , a verc:1,.;.; hourly te :qJe r at ure and daylength at 

the s tart of the phase , we r e 11 . 5° c hn~ 12.7 hours for Ogden - and 

9 . 8°c ,:i.nd 11.0 hour.s f or ::C,mlox i ( ;.:..1:- ,pe nrl ix 14) . 

Pod emergence failure p r ecl uded da ta collection from the January 

s ewings of t he cul ti va r l:162 ; fro rr. t he la te December and both January 

sowin ~s of Daintree - a nd for ull so~ings of Maml oxi, made during 

these two months . 

~odel prediction of the v~ria tion in podding duration ranged 

from 52 . 8;v fo r the cultiva r kre, tc '3 7 . 5% for K162 and was signif­

icant for all cultivars (ToblE: 1lt ) . 

'I'a ble 14 Podding phase r eeress ion da ta 

f &rtia l regresGi Qn coeffi ci ent~~ , b 1 7 a nd b4 are for the equation 
'- ' . 

whe re y = t he l eng t h , in days , of the nodding phase 

x') 3 - th e a ver c1ge hourly t empe r ~1 ture , in oc during podding 
' "- ' 

X 4 = th e dayleng th, i n Lours , a t the start of podding 

' 100R2 
F Cultivar "1 b2 ~ b4 ,~ 

Acme 56 -96 -11. 9.38 14.919 88.2 44 . 82 ••• 
Soysota x Ma nda rin - 14 . 80 - 16 . 363 25 . 170 86 .5 41.68 ••• 
Amsoy x T19 G.49 -1 !S .933 24.385 96.8 183.52 ••• 
Wayne x PI - 54-608-II - 101 . 94 -23 . 320 39.220 85.6 48.74 ••• 
Wayne 201 .40 - 1.692 - 6 .956 96.2 88.65 ••• 
Dare - 55 . 06 - 9 .468 20.649 52.8 6.71 • 
Hill - 5.95 - 7. 674 14.266 71.8 15.25 •• * . 

Ogden -1 77 -9 1 -15. 824 36.457 96. 1 147.83 ••• 
Bragg -1 24 . 65 -14.002 30.424 95.8 137. 15 ••• 
Wills -239 . 00 -1 6 .932 42.475 86.3 40.92 ••• 
K162 -178 . 81 8 . 908 29.855 97.5 134.45 ••• -
Daintree - 193 . 27 - 7 . 354 29.560 96.6 98.56 ••• 

-332 .47 -12. 906 46.856 96.8 74.87 ••• Mamloxi 



Validity of the use cf x
2

, 
' _, 

was confirmed by the siinificent 

regressi on c oeff i c ients b) ~ ~nd 
- ' _, 

~n j x4 as predictor va riables, 

t-te s t va l ues for . the partial 

t 4 ( ~pfendix 14. 4 ). The respective 

negative and p os itive v:;lues of b , _.( :rnd b
4

, ind~c c., te that rates of 
~ , __, 

pod develop ment ~ere g r e ~ t cst un je r hich temperatures and short da ys. 

An exception to this ~enera l patt e ~n of response i s evident in the 

cul tivar 'Sayne , inhe re da ylength h ':d :, posit ive effect on the rate of 

p od development. Ho~e ver , being li ~i ted to t he December and J a nua ry 

sewings only, this cultiva r ~as exposed to a r el~t ively riarrow range 

of daylengths duri ng the pod d i n~ rh ~3e . 

The re L., tive contribu tions mn ctE: by x
2 

-:z a nd x4 to the va riation 
' __, 

in Y, ca n be seen from the r a tio of t heir s t a ndardised pa rtial 

regression coefficients, as siven i n Tab le 15. 

Table 15 Ra tios of the standa rdised pil rtial regression coefficients . 
for temae r J ture (b~ 7 ) ~ nd dayl ength Cb4) 

• I 

Cultiva r 
b2, 3 b4 b2, 3 =b4 

Acme - 2 . 2958 1 . 4307 1. 6 0 increasing 
Amsoy X T19 . - 2 . 8999 1 . 996 4 1.45 importance 
Bra gg - 2 .7893 2 .1 504 1 . 30 of X4 
Soys ota X Mandari n - 3 . 6 837 2 . 9305· 1.26 (daylength) 

Hill - 3 . 7 .? 25 3 .1 6 04 1. 18 j 4~ 

Ogden -4 .1 893 3 . 56 4 ? 1.17 

.\/ ills -4 . 4206 4.0446i 1. 09 

Sayne X PI-51+ -60 8- I I - 6 . 9685 6 . £361 1.02 

Da re - 3 . 7747 3 . 8374 0 . 98 increasing 
K162 -1 . 2758 2.1880 c . 58 importance 

• 
.'Jayne - 0 . 3 544 -0.6 273 0.56 of x2 , 3 
Daintree - 0 . 6495 1 . 4 824 o.44 (temperature) 

Mamloxi -0. 6863 1 . 6393 o . 42 

As x
2

,
3 

and x
4 

were hi ghly correluted for all cultivars, their 

contributions to t he va ria tion in Y we re examined to determine if 

either variable was supe rfluous (Appendix 14.2). For the cultivar 

jayne , daylength ( as re p r ese nt e d by x
4
), ha d no ~ignifi cant effect 

on the variation in pha se l e ngth addi tional to that explained by 
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temperature ( x
2

,
3

) . Co nvPrse l y , wit h daylength a s the p rimary 

vAria ble, te mperature had ~o ad di t i o r R1 s i g nifica nt effect o n the 

duration of podrli~ g i.r t r:f> cultiv~ r Ma 111loxi. 

I nte r p r e t 2 t j on of t he r espons es d uring this pha se is further 

confounden by t h P fa c; t t•,at Y r Pprese nt s both ne gative a nd p os itive 

growth cha n ge s : i. e . du r~ t ion and r a tes o f pod emergence and 

fi lli ne - and r a tes o f rod <' e nes ce n c P . Results from the pod emers ence 

phase indicate t h2 t jni t i a l p0d de v elopment rates are dete r mined by 

daylengt h 1 tempera ture e f f ects heing rela tively n on signific~nt. 

Although the ef¥e ct of daylenz t t o n ~oi f i l l ing a nd s e nes cence i s n o t 

clea r from tte podding ~tRs e r esul t s 1 t~mpera t u re would a ppea r to 

ha ve a domina r.t r oJP i:. ho t~ t hese 3tqbes o f developme n t. 

v~ri a t ion exis t inc ~e t ween the t hi rtee ~ cu l tiva rs i n podding 

phas e r espo~se , ~s describe~ by t te rec ~ession e q ua tion , is give n in 

Ta bl e 16 . 

The r e~r essicn Pq 9 t i~~~ ~e r e tomo CTene ous f or cult i vars wi t hin 

the f 0 ll01•:ing- ~ :?"01:;:~- : 

(a ) Ac me , Soyect a ~ ~andn r 1n , t msoy x ~19 . 

(b ) Ac me , !Iil 1 . 

(c) S o ys ot n X Ma nda ri :. , :h r e . 

( d) Da r<.>, !Ell . 

( e) Dare, ? ragg . 

(f) Ogde n, 3 r ngg. 

(g) Cgden, '.hlls. 

(h) Wills , K162 . 

(i) \'f ill s , Mamloxi. 

( . ' J / K162 . Da i ntree. 

For a ll o t he r possible cult i var comparisons, the r egression 

equa tions we r e he t erosececus . Resul t s c f these comparisons, given 

in Table 16 , a r e summa r is~d i.n Fi0urPs 12 , 13 and 14, whe re, for 

cultiva rs wjthi n a box, ci ffe ~ences a r e not s i gnifica nt at the 5% 
leve l - a nd be t ween box es . si.e;n i f ic:1ntly different (P <0.05). 



Figur e 12 Genotypic vari~tion in ~oddin~ du r ~tion - as meas ured 

by t~e partial recreasio~ ~oefficient ' a '. 
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Table 16 

0 0 0 
a bi b4 a b ~ b4 

0 0 

0 ns ns ns 

1 ns ns ns ns ns ns 

2 • * ... *. * ns ns 

3 ns • • • • • • •• 
4 • ns ns ns ns ns 

5 ns ns ns ns * ns 

6 •• ns •• • • ns ns 

7· •• ns •• • ns ns 

8 •• ns •• • • ns * 
9 ** ns • • • .. ns 

10 •• ns • . ,, •• ns 

11 •• ns • • •• ns ns 

Podding Phase (Cultiva r s no . 00 to 11 as pe r Table 1) 

Between cultiva r comparis ons of t he pa rtial r egression coefficients for the mode l 
y = a+ b2 ,3x2 ,3 + b4X4 

where Y = the leng t h , i n da y s , of the pod ding pha se 
x2 3 = the a verage hou rly temperature, in °c , during t he p hase 
x4

1 = the da ylengt h , in hours , at t he sta rt of the pha se . 

T-test s i gni fica n ce levels : • •= F < 0 . 01 ; • = P < 0 . 05; 
5% leve l . ( For ac t ua l t-ra t i os , see appe ndix 14 . 5) 

ns = n o t s ignificant a t t he 

1 2 3 4 5 6 7 8 9 
a bz b4 a b ~ b4 a b.., b4 a b~ b4 a b~ b4 a b~ bl, a b1 b4 a b~ b4 a b~ b4 a 

~ ~ ~ t ,; 

,. . ns • 
• .. . ,t,t • * * • • * 

ns • ns ns • * 
. 

• • • ns • 
ns •• ns •• . ... ** *. ns • ns ns ns 

•• ns • • • ns • • • * .... • • • •• • • * • 

•• ns ns ns •• ns •• •• •• ns ns ns . .. .. * • • ns ns ns 

•• ns • • • ns ns • • •• •• • • • •• • * •• * •. ns ns ns • ns ns 

•• •• ns • •• ns •• ns • • • ns ns •• ns • • ns "'* ns ns • ns ns ns ns 
•• • • ns •• ... ns •• ns •• •• ns ns •• ns • • ns •• ns • •• ns ns ns • ns n.s ns 
•• ns ns •• ns ns •• ns • • •• ns • •• ns • * • ns ns • • ns ns ns ns ns • ns ns • 

10 

b~ b4 

ns ns 
\J1 

'° 
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3.6 AP IC AL BUD DISJ~CTICNJ 

For the cul t ivar hmsoy x r 19, sevent y -four plants we re sampled 

over a 34 da y pe r i od fro m the 3 r d of J ecember 1975 , to the 6t h of 

January 1976 . Duri ~g thi s time, dayleng t h i ncrea s e d from 15. 19 t o 

15.63 h ours a nd a v e r abe hourly day and ni gh t t empe r atu r es r anged 

from 17 . 2 to 19 . 3 ° c ~nd ~4 . 5 to 16 . 6 ° c , r espec t ively . 

Sampling of ~he pre - flowering pha se i n Da re ex te nded f rom· the 

3 rd of Dece mber 1975 , to the 10th of Feb r uary 1976 , du r ing whi c h 

time one hundred a nd t wenty - eight rlants we re examined. Daylength 

ranged from 14 . 62 to 15 . 6: h ours and the a vera ge hourly day and night 

tempera tures from 17 . 0 to 21 . 7°c 3 nd 13 . 9 to 20 . 2°c , respectively -

during t he 69 day sam9ling period . 

For the regres sion models exa~ined (~ppendices 17. 3 a nd 18 . 3) , 

those shown in Table 17 we re selec t ed as best describing the variation 

in flora l initia tion acd bud deve l opment du r ing the p r e -flowering 

pha se. Model solut i on was confounded by the close relationship that 

existed between daylengt h ~nd tempe r a ture during this period ( Append­

ices 17.2 and 18 . 2) . 

J ith t he exception of the curviline a r rela tionship between plant 

a verage and max i mum re productive sta t e , in Amsoy x T19 during bud 

development, all t he floral growth responses measured we re linear. 

(i) Pre-initiat ion phas e 

In the cultivar Amsoy x 719 , t he r a te of floral initiation 

increas ed with rise in d&ylengtt and temperature. For Dare, bud 

reproductive s t ate i ncrease d under declining daylengths, the rate 

of transi tion fro m t he ve geta tive to , the re productive state being 

greates t in young p l ants , age having the dominant effect. 

(ii) Post-initia tion phas e 

Followin3 fl ora l initiµ ti on in Ams oy x T19, rate of bud primordia 

development decli ned as pl a nts aged a nd night temperatures ros e. 

For th e whole plant, r a tes of re p r oduc tive development increased as 

days lengthened . I n t he cultiva r Da re, the r a te of bud primordia 

development inc reased as p l a nts ~ged , day temperature and daylength 
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Tabl e 17 Apical bud dissection regress ion da t a 

Cul tiva r Regr essi on Mode l a b1 b2 b3 b4 100R2 
F 

I I I I 

( b1) ( b2) ( b, ) (bl+) 
J.\ • PRE-I NITIATI ON PHASE 

Amsoy x T1 9 Y1 =a + b x6 f, 
3 .485 o . 483 8 70 . 5 45 . 3f * **' 

Da r e y1 = a + b6X6 + b4X4 2 . 369 0 . 404C - 0 .1 700 70 . 7 63 . 89 * .. .. 

( 0 . 8880) ( - C. 2203) 

Ams oy x T19 y2 =a + b5X5 + b2X 2 90 . 252 1 . 4443 - ~. 5750 7r -:z: 
. 0 . -· 29 • QL .- .- • 

( 0 . 82;-'i~ ( - 0 . 2421) 

y - h X ~ v 71 . 92c 1 . 4_;'13 - 4 . Zf-26 7 G. 4 29 . 14 "• • 2 - a + ~5 i:: + -·-:z:l ~ 
,-· .-,I ./ 

(0 . ~3-S2~ ( - 0 . 2433) 

Da r.e y 2 = a + h 5 X 5 + l\.X Li + \ X 1 - 241. 990 1 . 7105 0. 5077 15 . 4900 76 . -~ 5~ . r-,7 * * • 

' 
( o. 77PL1: ( 0 ~q(y..:\ . c..,.,.,/ 1 ( O. 1602) 

A.ms oy x T1 9 Y3 =a+ ~5x 5 + b1X1 - 91 . 006 o. 07!13 5. 993 9' .() 90 . P.4 ,.. • .. 

(c . 9<-3:· < 0 . 80~2) 

y3 =a+ b5X5 + b2X2 - 2'.) . G6L1 C. C722 1 . 2138 9e; . ~ F~6 . E 0 "' ~ • . 
<c . 5328 :· ( 0 . 8051) 

Da re Y3 =a + bBXS + b6x6 + t~x5 + b4x4 o. 9110 1 . 6431 o. 1429 - 0. 2466 - 0. 076?- :}9 . 7 ,11 . 1~ **" 

(0 . 7939 ( 1 • 08-97) ( - c . 3556 ) (- 0 . _"3 453 ) 

Ams oy x T19 Y4 =a+ b
5

x
5 

+ b2X2 - 16 . 544 0 . 06?9 0 . 9330 ::: 9 . 4 75 . 52 ... 
( 0 . 5758 ) ( 0 . 767G) 

Da r e Y4 = a + b?X? + b5x5 - 0 . 501 o . 216Fi 0 . 0700 73 . 7 74 . 23 .. ~~ 

(0 . 41,83) ( " , 'i02') 

• subs crip1 s refer to tte posi ti on in mode~ - . r , t , secoth 1 tLirci c fot:rt: . : L• P", ~ : ., - r er, res .._ i on c oe f .:.' :i '.L • e • 1. i r ~ \. V ..l ~. - Ci F- !it 



Table 17 continued: 
I 

B. POST-INITI/',TIOJ\ P}1AS2 
I 

Amsoy x T19 y1 =a+ b6:6 + b3X3 2.290 0 . 0072 -0.075 1 74 . 7 73.89 *** 
(0.75'+9) (-0. 3037) 

Dure y1 =a+ b6X6 + b1X1 + b1X4 )42 . 83 ·J 0 . 5395 - 23 . 1100 0 . 3983 90 . 0 ? 02 . 92 * *"' 

(0.5522) (-0 . 28.95) ( 0 . 2255) 

Ams o;y x T19 y2 = a+ b5X5 + b4X4 21 . 627 0 . 6575 0 . 9504 71. 2 61 . i':.17 *,.. * 

(0 . 5957) ( 0 . 3752) 
Dare ¥2 =a + b5X5 + b4X4 + b2X2 - 2 , . 445 C.7272 0 . 3341 2 .1262 26 . ,, ! 39 . U8 *** 

(0 . 7105) ( O. 1548) ( 0 . 1731) 

Arnsoy x T19 Y3 =a+ b~XG + b4x4 + b
3
x3 

z,-, '7 r ~ ·) 
( • r _.; ' - 0 .1 13.0 -0 . 2214 - 1 . T;;/43 '7~S . o 51 . 60 --~lf 

(0 . 7485) (-o . _5958) ( - O • I; 5 :; 9 ) 

Dare y3 = a + b8X8 + b4X4 + b1:\ - 14 . 907 o. B4 75 1 • 1541+ 1 . 012 ,c 77 . ['. 7S·.48 ..,..,.. 

(0.6665) ( 7 . 6080) ( 0 . 1477) 

Ams oy x T19 Y4 =a+ b7X7 + b6X6 + ~5X5 + b1X1 - 87 . 468 0 . 7242 -0. 0773 o., 46o 5.543 1 95 . 5 I:_: 5L~ • 5 9 * * * . (0 .7038) (-0 . 5121) ( 0 . 8762) ( 0 . 1172) 

Dare Y4 =a+ b x7 + b~ XS + b6x6 7 / . 
2 .445 0 .7472 0.1172 - 0 . 1083 68 . 9 50 .34 .... 

(0.9501) ( 1.7349) (- 1 . 6408) 

where x1 = the average daylength, in hours . *"'* = P< O. 001 

x2 = the average hourly day temperature, in °c 
x

3 
= the average hourly night te mpe r ature, in °c 

x4 = plant age (days from e mergence) 
I 

x
5 

= A , the a verage floral state of the whole plant = y1 (Y 1 = log10 y1·) 

x6 = R, the maximum floral state of any bud on a plant= Y2 o, 
[\,) 

x
7 

= the daily change in R = y3 

x8 = the daily change in A = Y4 
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effects .:1lso being positive , ·· l'::hour;h relatively minor, in the case 

of the latter. 

In both cultivars , S"ri&iti vjty to day7.ength , temperature and 

plant Age , increRsed 3S the rerroductive st~te of the plan t intensified. 

Rates of reproriuctive ch~n~~ declined ~i th thP approa ch of f lowe r ing 

onset . This rnay have been~ function of t b~ g r a ding scale used , being 

bcl.sed on morpho l ogically ~i.s tinct. cl,a ngr::s i"hich were no t ne cessarily 

ontogenetically equi dis ta ..,t . i.e . Tf in tri '1S::. cally curvilinear , 

grade scores would decrease in v~]ue ~ith inc r ease in size . 
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Cha pter F our GENERAL DIS CUSSICN 

4.1 GERM I NA~ I ON 

For the r a ng e of a verage hourly ai r te mpera tures of 13.4°c to 

2 1. 8°c, t he gene r a l r e sponse exhibi t ed by t he thirteen cul ti vars 

follo we d tha t a s r eport e d by Eatfie l d and Egli in 1974. That is, 

temperature e ffecti ng a p osi tive a nd expo ne nti a l increase in the rat e 

of germinatio n . 

Inhib i tio n of ge r mination , noted by Gi l ma n e t a l. ( 1973), a s 

occurring in some c ultivars at t empera t u r e s a bove 20°c, was observed 

in Wayne x PI-54-608- I I , Dare , Ot:de n, :ind ii i lls . Prediction from the 

-regression e q ua tion for Amsoy x T 19 , h omog eneous with that of Acme, 

S oysota x Ma ndar i n , ~ay ne , Hi l l , Br agg , K162 , Dai n tree and Mamloxi, 

indicated t ha t inhibition wou ld occ ur in thes e cul t ivars at temperatu r es 

abo ve 25 °c. For examp le , a t 20° c , s e ed of nrns oy x T19 emerged in 3. 5 

days, i n 3. 3 da ys a t 25° c and in 3 . 2 da ys a t 3 0 °c. 

Tem pera t u r e s ensi tivity during Eerm i na tion did not a ppear to be 

r e lated to genetic l ateness of mat ur i t y in t he c ultiva rs t ested. 

4. 2 F LOW ERI NG 

4. 2 .1 Flora l ini t iat ion ar.d bud devel opment 

Tr a nsitio n fro m the vegetat i ve t o the reproductive sta te was 

accelera ted by de cl i ni ng dny l eng t hs and ri s i ng tempera tures . This 

follows t he ge r e r a l resfo nse pa tte r n obse rved in cultiva rs of Glyci ne 

~- ( L) Merrill, by Ga rne r and ,\lla r d ( 1930 ), Borthwick and Parker 

(1 939), Pa rker a nd Bo r t hwi c k (1 9~3) , Van S c ha ik and P robst (1958), 

Johnson e t a l. (1 96 0 ), Lawn and By th (1973), Major e t al. (1975) and 

others. 

For all c ultiva r s , t h e r a t e o f t rans i tion from the vegetative 

to t he reproductive sta te appeared to i ncrease as the rate of decline 

in dayleng t h i nc r eas e d . Failure of f lower bud opening in Daintree and 

Mamloxi under da yl e n g ths o f l ess t ha n 11 h ours , ma y have been due to 

inadequate r a t es of decli ne as dayl eng t h a pp roached its minimum of 10 . 3 

hours. Under short days , photosynthate supply also may have been a 



limiting factor. So rthwic 1<: :.: :1d ; ·:: rke r ( 1939) , observed l ow tissue 

levels of carhoJ-:yd:-u. t0 acco ;~, l,a n.;i ni i ncorr.ple te corolla expansi on in 

Bi loxi soybeans g r own unde r 2 hour days . 

Low temperatures a l so i nfluenc e f!oral bud de velopment (Parker 

and Borthwi ck, 1940; ~; truc kr;; s-_yer, 1940 ; Johnson et a l., 1960). 

Flowering in De1.intr0e :.nd i-:or!'l loxi comme nced under a verage hourly 

t empera tu res les s tha n 16-17°c , r e ported as the 'biological minimum' 

for the formati on of re p roductive or gans in soybeans , by Enken in 1959 

(} '. olmbe rg, 1973) . Unlike d~, ylen gth , temperature :-esponse duri ng the 

pre - flowering phase showed no consistent ass ociation wi th maturity 

group rrogression am ons ~he cultivars . 

1'he relationship of tempe r a ture r esp onse 'Ni th day l ength sensi ti vi ty 

has been report ed ~s both nega tive (Lawn and By t h , 1973) and positive 

(Polson, 1972) in effe ct . ~ccordine to Ma jor et a l. (1975), during the 

pre-flowering phase , t he rel a tive importa nce of dayl e ngth and temperat­

ure varies , depending upon their reGJective sizes and on the morphologi ­

cal state of the p l a :1t a t t Le ti::ie. This 1:as borne out in the apical 

di s section results for t!'",e ci.:ltiv:irs Ams oy x T19 and Dare . 

4.2.2 Apica l bud dissec tions 

For the res fe ctive daylength ran ~es of 14 . 18 and 14.83 hours to 

15 . 63 hours , the p re-floweri~e ph qse length res ponse in the cultivars 

Dare and Amsoy x T19 was essentiall_y da y-neutral. ,. 

' Although the length of t he pre - flowe ri ng phase remained constant 

for each cultiva r, r ~tes of floral i nitiation anJ subsequent bud develop­

~ent were affected by ti ne of sowin~ (Table 18) . 

Table 1?- Length of t he flora l initiati on and bud deve lopment phases 

(during the pe riod from emergence to fl.owering) 

.Sowins da te (19'75) 2/111 12/11 22/11 2/12 

Cul tiva r Gro;,, th ph::..se Mean phas e length (d~ys) 

Amsoy X T19 Eme r gence: to floral ini t i a tion 24 17 5 ,8 

Initiation to first open flower 12 17 29, 26 

3mergence to fir .s t Oj,,e !l f lo·Ner 36 34 34 34 

Dare -Sme rge nee t o flcrs.l i ni tiation 38 29 - 18 

Initiation to first open flower 33 41 - 52 

Emer6enci: to fir.st OfCrl flower 71 70 - 70 
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Table 1 8 st ows tha t, in both cultiv ~rs, the hastening effect of 

delayed sowing on floral initia tion was negated by the subsequent 

reta rdation of bud develo J me nt, as sociated with plant juvenility. 

Floral initi a tion in both Amsoy x T19 ( Ma turity Group 1), and 

Dbre (Group 4), occurred unde r inc reasing d~ylengths and generally 

risi ng temperEtt ures. In tl? e absence of the declining daylength 

stimulus , reproducti ve development ren,a i ned a function of plant growth 

response to te rnfe r ~ ture ~nd light , ~ith ti me . 

In the first three so wi~gs of Amsoy x T19 , floral bud development 

a l so took place under conditions of increasing daylength and rising 

tem peratures. As the post-in:i ti '-', tion ~:h:1 se in plants of the fourth 

sowing occurred at la ye r te ~pe r ~ tures than that of the third sowing, 

the relati ve increase in r ate of bud d e velopment could be attributed 

to the onset o~ the rhotoperiod s timulus, as daylength de clined from 

15 . 63 to 15.4 8 h ours ( Ap fer:d ix 17.1). ,, lthough all bud development 

in the cultivar Dare took pl~ce under progressively de clining daylengths, 

the rat e of development decre asea with del~y in sowing. Under the 

conJitions of the tria l, ~la nt ~gc ~~s the mai n determinant of bud 

development i n Da r ~ , r ateG incrc~s~ng as flan ts aged. (Borthwick and 

Pa rker, 1938 3nd ~a rei ~g ~nd fhil ips, 1970 , also noted the progressive 

decline in lon~-day inhibiti on of ~lo N& ring in Biloxi , with increase 

in plant age) . 1\.s plant u..;e at tbe start of· hud exp.::i.nsion is determined 

by the length of t he pre-initia ti on ph~~e, increased rates of floral 

initiation would result in Jlo~er subsequent bud devel opment. Thus, 

although daylensth wa& declining, the photo~eriod stimulus may have 

been: 

( i) inadeq_ua te to elicit "' f loral res}J onse, or 

(ii) the effect of any s u ch respons e elicite d, may have been negated 

by the age effect . 

This would explain t he small , but s i~nificant, p ositive effect of day­

length on the rate of floral bud growth , higher rates being associated 

with older plants, sown at earlier dates , unde r longer days. · under 

these conditions the photoperiod st i mu lus :vould have been minimal, the 

effect of dayl e ngth being q ua lit&tive ana associa ted with the positive 

re spons e to day temperature . 
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4 . 2 .3 FJo ~e r ing dur~ti cn 

Unli ke tbe 'Jn .;e t of flo i•:e r in i:-: , fl .Y.:ering; du r a tion was not 

ass oci q t ed wi t t ~ene t jc J ~t 0~~es of m~turi t y a mong the cultivars. 

i•.inimum 0- r"d ma ximurr: :;:, hs.s e l er:'"':tLs occ urred j !1 t he Group 00 and Group 

~ cultiv :i r .s , ,:. cme ,;c16 .. s ,yne x i I - c::; 4_ \; o?- :.:: , r e s _p ectivel;y . 

;~s witr. the t r ::;. nsi t ion to t}1p -:'P Pr od •ic tive st =1 te, flowering 

du ration res ponded rosi t ive ly t c increasi ng rates of decline in day­

l e ngth. ~xce p t for ~he cu l ti va r s ~ c ~ p ( Group 00), Soysota x Mandarin 

( 0), K162 (9), Daintre e (10 ) anrt Mamlox i (11), where flowering comm­

enced under increas ing or re la tiv ely sta tic da~ lengths, flowering 

duration wa s extended as dayl e ng th dec lined. 

Accordinc to Van ~ chalk ~nd Probs t (1 958), flower shedding is 

g reater und e : lon[ d1ys tha n sh ort - a nd this caus es more flowers to 

be initi a ted and flo we ri ng t o cont i nue for a longer period . However , 

no ex plana tio n was gi ve~ as to wh y floN e r shedding should stimulate 

flora l initi a ti on . 

This i nf e r enc e of r ed uce d f l o~Pr1~g d~rati on with the progressive 

de cline in d s ;/ len;; t r. , '." -=i s obse rved by Lawn a nd :3y th in 1973 . Examinat­

ion of thej r da t 3 .s t o•ve i r o-:, e v <.>r , trn t mqximur.: ph a se length was assoc­

i a ted wi th flo we r in6 co~:n e :icinc du :d nc the pe riod of most rapid decline 

in ".l. a ylen g t h . As tr- c ru1-:i v 'lrs ;Ji ll, Ct:den, Brage , 'Nills, K162, Dain­

tree an~ M3ml oxi, gr ow~ at Vass ~; , ~ e r e a l s o i ncluded in La wn and Byths' 

tri al, t hi s app are ntl ~ opp o3i t e flow e r ing du r a t i on response to da ylength 

ma y ha ve been a ttr i b~ ~~~l e t o 1i f~ e r e ~~ ~s i n s it e l a titude . At 27°37 1s 

(lawn an d Ryt h) , t~ e t~ t ~l c~ a r.g0 i~ ph ot o~criod during the period of 

maxi mum de cli ne i n d8; l ~n; t h ~a ~ qrr r oxima t ely -2.3 hours, compared to 

- 3 .1 hou r s for th e s ame 1,pr·iod :-it 40 °3.? ' 3 (Massey) . i.e. Elceept during 

thi s peri od~ t he d~i ly rat0 of de cli r.e i n dPy l ength , a t 27°37 1s , ma y 

ha ve bee n ir.s u ffi c ier1 to :r::-:in q -i ::, ri c i ve bud development. 

In t he abse nc e of nn ~dequAte to t ope r i od s timulus, the potentially 

inhibi ting e ff e ct of rt e c l~ ~ng t em pe r a ture , a s the season progressed, 

may have bec om e t he ma i n de t e r minan t o f flow e ring duration? Major et 

a l . (1975), noted q r e ve r sal i n t he r e l a tive roles of daylength and 

tempera ture with a dva ce in t he : rowing s eason , temperature effects 

being do minant when th0 phot oreri 0d stimulus wa ~ at a minimum. This did 
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not appear to be the cas e during th e Massey trial. _Al t h ough separati on 

of individu31 effe cts was confounded by tJ-'.e close relationship exist­

ing between doylength and temperature , daylength acc ounted for the 

greater proportion of t he vari3 tion in flowering du ration. 

The FOSitive effect of daylength on flowe ri ng dura tion may also 

be a iuantitat i ve response , li ght becoming limit ing unde r short days, 

pa rticularly with i ncreas ing fOd sink demand for pho tos ynt hate. 

4 . 3 PODDING 

4 . 3 .1 P od emergence 

The rate pf pod eme r gence increa sed with decline- in daylength 

in the Group 00 to Group 7 c ultivars , although t h e response was 

not signific&nt in Ogden ( Grou p 6) and Bragg (7). Criswell and 

Hume (1972), als o found a negat ive rel a tionship between daylength 

and pod emergence r ate , in cultivars fro m the 00 to 4 Ma turity groups . 

The delaying effect of start days on pod emergenc e in t he l ate 

flowering cul t ivars, ]ills (Grouf 8) , K162 (9), Daintree (10 ) and 

(non significant) ~amloxi (11) , may ha v e been due to light limiting 

photosynthate avail a ble for pod growth . No p od eme r genc e was recorded 

after the seasonal cayl en6 t h had declined to 11 hours. 

The absence of additional sig~ifican t temperature effects on 

pod eme rge~ce, m~y h~ve been due to the dominanc e of the daylength 

resp onse . Nhe re significant, night temperature had a g reater effect 

-on p od emergence rate, than did day tempera ture (Table 19). 

Tab l e 19 

Cultivar 

Ams oy X T19 

Da re 

Hi ll 

Br agg 

Ratios of the standardised pa rtia l regression coefficients 

b; (day tempera ture) and b; (night temperature ) 

' ' Ma turity Group b3 : b2 

1 3_. 66 

4 2.37 

5 1.66 

7 14 .46 
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The minimum ave r a6e hourly tempe r ature r ecor ded for the pod emergence 

phase was 12. 7°c . According to Enken (1959) , 13°c is the minimum 

tempera ture unde r which s~ed f ormatio~ can take p l ace in Glycine max. 

(L) Merril l . However , cl,is mini~um obviously varies from cult ivar 

to cultivar , as Eeske t h e t al . (1972), r eported complete inhibition 

of pod emerg3nce in J ayne ~ nd Da r e whe n the a verage ho urly t emperature 
~o 

fell below 1b C. ht Mas~ey , pod emer~ence in these t wo cultivars, 

( r epresenti n~ the maturity groups j and 4) , conti nued under a verage 

hourly temperatures ~a lo~ as 15 . 7°c . 

Examination of flower buds where pods had failed to emerge , (in 

la t e sowin5s of ~162 , ~a intree an~ ••amloxi) , showed tha t pods had 

formed but failed to expund beyond tte corolla . I t i s p robable tha t 

b oth day l ength and temperature ~ere limiti ng f ac tors involved in this 

i nhi bition of pod Gr owth . l!owev~ r, the dominance of night t empera ture 

effects in K162 , (model p rediction being non significant in Dai n tree 

a nd Mamloxi) , s ugsests that low tempera tures were the main c a use of 

growth cessation (Table 20) . 

Table 20 S t cndardised partial reg r ession coefficients fo r 

dayleng t h (b1), day (b2) and nigh t ( b3) temperature 

Cultivar b ' 1 b ' 2 b~ b'rank 

K162 - 0 . 2302 0 . 0915 -0.7428 3 1 2 

4 . 3 . 2 Pod filling and senescence 

Temperature was the main determinant of p odding duration , r ates 

of pod development decreasing with decline in average hourly temper­

a ture as the s eason p r ogressed . 

Although cont i nuation of the short - day s timulus following 

floweri ng is essent i a l for fruitset (Nie l s on , 1942 ; Fisher , 1962) , 

declining daylengt hs ret ~r ded p od filling and maturation. This 

effect was p r obabl y related to the temperature r espo nse , a lthough 

light may have been a limiting f a ctor in the very l ate flowering 

cul ti va r s . 
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Response t o daylent::th .·rnd temperature during the podding phase 

was not a s sociated with ~cne tic l a teness of maturity am ong the 

cul ti va rs. 

Lawn and By t t (1973), suggested th&t varia tion in the length 

of tJ-.e podding :rh 0ise de 1,er.de ci lar~ely on the range of photoperiod 

a nd tem perature experienced by ea c h ~ultivu r during pod development . 

~s thi s is prima r ily detormi~ed by time of flowe ring, with delay in 

f lowe ring , t te relative cont ri b ~t i 0 n~ of daylength and temperature, 

to ~od development, could be exfected to change . i .e. 

(i) In early -flowe r in~ cultiv~rs, wh~ r c the ptotoperiod stimulus 

for r apid pod emergence may be ~bsent due to increasing or rela tively 

s t a tic daylengths, the effec t of te~perature on pod growth could be 

e x pec t ed to domi na te . ie . "s observe d in the cultivars Acme (Group 

00), S oysota x Manda ri n (C) , ~msoy x T19 (1) a nd also in Bragg ( 8 ) -

Nhere pod emergenc e wa:c:; ilnnffec te d by changing daylength (Table 11). 

(ii) ~ith delay in flo werin~, under declining daylengths the photo­

pe riod s timulus for p o3 e~e r cence would increase , but light and 

tempera ture may be come limitins f ac tors in subsequent pod development. 

The rela ti ve emportance of da.ylenztt :;, nd temperatur'e would therefore 

depend on cultiva r sensitivity to each of these farameters - a nd on 

their relative r ates of change . J here flo wering commenced under 

declinin~ daylengths but rela tively const a nt temperatures, the effect 

of daylength could be expected to de t e r mine podding dura tion, (for 

example, see Nayne, Table 11 ) . In Jay ne x PI-54-608-II (Group 2) and 

Da re (4), with both d~ylength a nd tem perature declining, the hastening 

effect of dayleng th on pod emergence was nega ted by the approximately 

equiva lent, but opposite , ef fect of f a lling t empera tures in delaying 

pod growth. In the cul ti va r s Hill (Gr oup 5), Ogden (6) and Wills ( 8 ), 

flowering commenced during t he period of maximum photoperiod stimulus 

(i.e. most rapidly deciining daylength), for t he latitude; here 

temperature domina nce decli ned with progressive delay in flowering 

(Table 15). 

(iii) In the very l a te flowering cultiva rs, daylength and. temperature 

may, both q ual ita tively and ~uantivati vely, become growth limiting 

factors. As the minimum temferatures permitting seed formation and 

ripening are 13°c and 8°c , respectively , ( Znken , 1959), where temper­

a tures p ermit seed formati0 ~ , daylength could be expected to have the 
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dominant effect on maturity date - throu gh limiting light available 

for photosynthate production for pod filling. For example, as shown 

by the Group 9 to 11 cultivars K1 62, Daintree and Mamloxi, under day­

lengths of 11.2 to 10.4 ho urs. 

4.4 CONCLUSIONS 

From this experiment it can be se e n that genotypi c variation in 

sensitivity to da ylength and temperature in Glycine max. (L) Merrill, 

is both diverse and compl ex. 

Although daylength effects the most dramatic growth responses, 

temperature may indirectly det e rmine the degree of plant response to 

daylength. Temperature not only affects the rate of germination, it 

also has a profound bearing on the time relations of such critical 

developmenta l stages as flowering - both onset and duration, (which 

in part, determine the vegetative frame size at maturity), pod fill 

and maturation. As reproductive g rowth responds not only to the 

length of the day, but also to the rate of decline in daylength, then 

temperature effects, in delaying or advancing reproductive events, 

may also determine the degree of daylength stimulus that a particular 

phase of growth is exposed to - a nd therefore the magnitude of the 

daylength response that is elicited. 

Although in this trial, cultivars were phown to differ markedly 

in their sensitivity to daylength, this was associated with genetic 

lateness of maturity only during the pre-flowering phase of growth. 

This would explain the general inadequacy of cultivar selection based 

on U.S.A maturity ratings, for adaptation to New Zealand conditio,ns. 

Obviously, both the idigent daylength and average seasonal temperature 

patterns of the area of origin should be considered, when selecting a 

cultivar for adaptation elsewhere. 

The relative contribution of each growth phase and importance of 

r a tes and duration of development during these phases, to seed product­

ion, would need to be determined in order to define phase timing prior­

ity for maximum yield under New Zealand conditions. 

The work reported in this thesis also highlights the need for further 

research into defining the precise morphological changes which are 

effected by daylength ~~.from those which are merely growth 

responses to the quantity of radiation available during a particular 

daylength regime. 
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ns = not sig ni f ica nt at the 5% level 



86 

Appendix 1 Field Soil Moisture Capacity 

Method 

Six 20cm soil cores we r e taken from eac h 1. 8 x 6m sowing date 

block and bulked toge t her . Two s ubsa mples from each bulk sample were 

then tested, using the method as described by Peters (1965). 

Results 

S owing date block Field Moisture Capacity (%) 

A1 20 . 2 20.3 

A2 19 . 0 22 . 9 

B1 23 . 8 22 . 4 

B2 22 . 3 23 . 7 

c1 20 . 8 23 . 9 

c2 18 . 8 23. 8 

D1 21 . 2 21 . 1 

D2 22 . 4 21 . 8 

E1 21 . 7 21. 8 

E2 21 . 2 21 . 6 

F1 20 . 8 22.5 

F2 19 . 3 21 . 0 

G1 20 . 1 22 .1 

G2 22 .4 ?2-7 

H1 22 . 3 23.0 

H2 22 . 3 23 . 3 

' 
Average Field Capacity 21 . 8% 

Date of sampling - 6/10/74 
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Appendix 2 Soi l pH 

Me t hod 

Each 20cm soi l core was s t eeped in 50ml of dis t i lled wa ter for 
24 hours before taking a pH meas ur ement . 

Sampling of the sowing date blocks: 

Results 

Sowing date block 

I plus 

A1 5. 9 

A2 5 . 9 

B1 6 . 1 

B2 5. 8 

c1 6 . o 

c2 5 . 9 

D1 6 . o 

D2 6. o 

E1 5. 9 

E2 6 . 2 

F1 5 . 8 

F2 6 . 1 

G1 5 . 9 

G2 5 . 9 

H1 5 . 9 

H2 5 . 9 

Ave rage pH 5. 95 

I - one sample pe r block on 28/7/74 

II - two samples per block on 6/9/74 

III - four s ampl es per block on 6/10/74 

Soil pH 

p 2K~ 
II ;elus lime~ 

I I I 

5 . 3 5 . 1 5 . 5 6 . 3 5. 9 6 . 3 

5 . 3 5 . 4 5. 7 6 .4 6 .4 5 . 6 

5 . 4 5. 3 5 . 6 5 . 7 5 .3 6 . 1 

5 . 3 5.6 6 . o 5 . 8 5. 8 6 . 1 

5 . 4 5. 2 5 . 3 6. 6 6 . 2 6 . 3 

5 . 3 5 . 4 6 . 5 6 . 2 6 . 4 6 . 2 

5. 3 5 . 3 5 . 6 6 .4 6.o 6.1 

5 . 2 5 . 3 - 6 . 3 6. 1 6. o 5.3 
5. 3 5 . 3 . 6.o 6 . 5 6. 6 5 . 9 
5. 2 5 . 4 6 . 6 6. o 6 . 3 5 . 6 

5 . 2 5 . 3 6 .7 6 . 2 6 .1 6. 2 

5 . 3 5 . 3 6 . 9 6 .2 6.3 5 .6 

5 . 3 5 . 4 5 .9 5. 9 6.4 5.4 

5.4 5 . 2 6.1 6. 4 6.4 5.9 

5. 3 5.4 6.3 6.2 6. 7 6.4 

5 . 1 5. 3 6 .4 6 .1 6.o 6.o 

5 . 3 6.1 



'1Ppendix 3 Seed Germination 

Method 

Fifty seeds of each cultivar were germinated under non-limiting conditions of moisture at 20°c: 2°c, 
for seven days. An interim count was taken on day four to give some measure of the relative vigour of the 

seed lines. 

Results 

Germination levels from the preliminary tests and the subsequent performance of each cultivar in the 

field, are given below: 

% Germination - room, 20°c % Emergence - field 

Counting date Sowing dates 

Day 4 Day 7 12/10 26/10 9/11 23/11 7/12 21/12 4/1 18/1 
1/10 1974 4/10 1974 1975 

n.1.ocks A1 A2 .81 .l:S2 {.;1 c;2 D1 D2 E1 E2 F1 F2 G1 G2 H1 H2 
Cul ti vars 

Acme 40 60 37 23 30 23 15 0 35 45 55 55 70 85 80 90 86 50 
Soyso.ta x Mandarin 96 9(, . .Bo 100 100 70 100 100 93 86 100 93 100 93 93 86 73 93 
Amsoy x T19 (a) 69 92 92 70 80 70 80 73 73 66 80 66 93 86 80 93 80 100 73 
Wayne x PI-54-608-II 82 82 90 100 60 4o 93 93 93 86 100 100 93 93 93 86 73 66 
Wayne 64 76 12 0 0 0 0 0 i. 85 90 73 93 60 93 80 Bo 86 66 
Dare 68 Bo 60 86 53 46 Bo 75 65 75 Bo 80 90 75 Bo 75 75 60 
Hill 80 96 50 60 60 50 70 55 70 60 85 45 60 40 60 85 75 55 
Ogden 80 88 70 90 60 40 90 65 90 80 75 75 85 95 90 90 75 Bo 
Bragg 88 96 90 80 Bo 90 93 100 86 80 93 100 93 66 86 86 86 73 
Wills 92 96 90 80 90 Bo Bo 93 86 86 100 86 100 73 93 93 73 70 
K162 88 96 40 60 30 40 90 80 75 75 75 75 100 90 100 75 100 85 
Daintree 88 92 70 60 60 Bo 73 66 73 66 73 66 86 73 80 86 73 73 
Marnloxi 100 100 100 70 80 80 93 93 93 100 93 93 100 73 100 93 86 100 

-

• new batch of seed 
CX> 
CX> 



A.ppe ndix 4 Inoculum 

Method 

Each of the four strains of Rhi zobium j aponicum used in t he 

inoculum was cultured on manni~ol - yeast aga r slopes. 

Culture medium : 

Rhi z obia l stra i ns : 

Brockwell ' s Yeas t-Mannitol Agar 

1 . 0g mannitol 

0 . 5g K
2

RP04 
0 . 1g Mgso4 
o.2e NaCl 

0 . 2g CaCl2 
0 . 001g Fec13 
20g Davis aga r 

100ml yeast (baker ' s) ex tract solution 

900~1 dis tille d wate r 

1 • USD,, 138 

2 . USDA 5A-43 
3 . Y::i:MS 61A- 72 

4. CB 1809 

Rhizobial s trains 1 , 2 and 3 were s upplied by M. Greenwood, D.S.I . R. 
Palmerston North and strain 4 by o. Jarrett , Clinical Laboratories, 

Palmerston Nort h . 

89 
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AE£endix 5 

Sowing date Block 

12/10/74 A 

26/10/74 B 

9/11/711 C 

23/11/74 D 

7/12/74 E 

21/12/74 F 

4/ 1/75 G 

18/ 1/75 H 

G = guard row --

Cultivar £lot identification: 

00 = Acme 
0 = Soysota x Mandarin (a) 5 
1 = Amsoy x T19 (a) 69 
2 = Wayne x PI-54-608-II (a) 
3 = Wayne 
4 = Dare 
5 = Hill 
6 = Ogden 
7 = Bragg 
8 = Wills 
9 = K162 

10 = Da.intree 
11 = Mamloxi 

1 

Planting Plan 

Plot 
Cultivar order 

2 

0 4 6 2 3 10 8 11 1 5 00 9 7 9 11 1 00 7 6 8 O 2 5 3 10 4 

6 1 8 9 5 3 11 00 O 10 2 7 4 8 5 2 0 3 10 4 7 1 6 00 11 9 
7 3 2 1 10 00 5 8 4 11 0 9 6 4 2 8 9 0 11 6 1 10 7 00 3 5 

1 0 8 11 6 7 9 00 4 2 10 5 3 11 6 3 00 2 1 10 4 0 7 5 9 8 

3 10 7 11 2 4 9 0 1 5 8 00 6 4 9 6 0 8 0 0 7 5 3 10 11 2 1 

3 6 9 2 1 0 7 4 11 5 00 8 1 0 · 11 1 1 0 3 4 6 8 5 9 7 00 2 0 

9 8 10 00 3 4 2 6 1 5 0 7 11 00 4 5 11 7 9 8 O 10 1 3 6 2 

10 3 11 1 4 0 00 5 2 8 7 6 9 2 7 4 5 6 9 3 1 8 10 0 11 00 

\D 
0 



ri.ppendix 6 Tria l soi l moisture levels 

Method 

Soil moisture content was de t e rmi ne d form 10cm cores taken at 

ra nd om from the trial a rea . 

Results 

91 

~eekly mea ns for maxi mum , minim um and a verage soil moisture levels 

a re lis ted below: 

% Soil Moisture 

Sampling pe riod J·,;a ximum Minimum Average 
1974 
5/10 - 12/10 24 . 3 23 . 4 24.1 

12/1 0 - 19/10 24.9 23.0 24.1 
19/10 - 26/10 26.9 24.2 25.5 
26/10 - 2/11 22 .9 19.7 21. 8 

Irrigation commenced 2/11 

2/11 - 9/11 25.8 23.3 24.5 
9/11 - 16/11 23 . 7 26.6 24. 9 

16/11 - 23/11 20. 8 22. 3 21.7 
23/11 - 30/11 24 . 9 22.4 23.7 
30/1 1 - 7/12 23 .3 20.2 21.8 
7/12 - 14/12 24.o 21.3 22.9 

14/12 - 21/12 24 .4 21.5 22.7 
21/12 - 28/12 22.9 18 .9 21.3 
1975 
28/12 - 4/1 23 . 9 • 19 .4 22.1 

4/1 - 11/1 23 . 6 19.9 21.7 
11/1 - 18/1 24 .o 19.9 22.8 
18/1 - 25/1 26 . 3 21.3 23.9 
25/1 - 1/2 24 . o 18.5 20.6 
1/2 - 8/2 23.'.J ' 18.5 20.6 
8/ 2 - 15/2 24.5 21.0 22.8 

15/2 - 22/2 27 .2 19.4 23.3 
22/2 - 1/3 26 . 3 24.3 25. 1 

1/3 - 8/3 25 . 2 21.3 22.6 
8/3 - 15/3 25 .4 22.4 23.9 

15/3 - 22/3 22.7 18.0 20. 1 
22/3 - 29/3 24.1 19.9 21.7 
29/3 - 5/4 24.3 21.3 23.2 
5/4 - 12/4 21.8 18. 7 20.1 

12/4 - 19/4 23 . 2 20. 1 21.9 
19/4 - 26/4 24.2 20.5 22.3 
26/4 - 3/5 25.4 21.4 23.9 
3/5 - 10/5 24.8 22.7 23.2 

10/5 - 17/5 25.2 23.4 24.4 
17/5 - 24/5 26.3 24.2 24.9 
24/5 - 31/5 25.6 24.5 25.1 
31/5 - 7/6 26.3 24.8 25.2 
7/6 - 14/6 ·26 . 5 23.7 26.0 

1i+/6 - 21/6 26.0 22.6 23.7 



Appendix 7 •Daily photoperiod at 4o0 23 1s - in hours 

Day October November December January February Ma rch April 

1 1Lf . l5 15 . 9 1b . 0 15 . 1 13 . 9 12 .4 
2 14.9 15 . 9 16 .0 15 . 1 13 . 8 12 . 4 
3 14.9 15.9 16.0 15.0 13 . 8 12 .3 
4 15.0 15.9 16.0 15.0 13 .7 12.3 
5 15.0 16.0 15.9 14.9 13.7 12.3 
6 15.0 16.0 15.9 14.9 13 .6 12.2 
7 15 •. 1 16 . 0 15 . 9 14.9 13 . 6 12 . 2 
8 15 . 1 16 .0 15. 9 14 . 8 13 . 5 12 . 2 
9 15 .2 16 .0 15 . 9 14 . 8 13 . 5 12. 1 
10 15.2 16.0 15 . 9 14.7 13 . 4 12 .1 
11 15.2 16.1 15 . 8 14 . ? 13 . 4 12.0 
12 15.'3 16 . 1 15 . 8 14 . 7 13 . 3 12 .0 
13 14 . o 15.3 16 . 1 15 . 8 14 . 6 13 . 3 12 . 0 
14 14 . 1 15.4 16 . 1 15 . 7 14.6 13 . 2 11 . 9 
15 14 . 1 15 . 4 16 . 1 15.7 14.5 13.2 11. 9 
16 14. 2 15.4 16 .1 15.7 14 . 5 13 . 2 11 . 8 
17 14.2 15 . 5 16.1 15 .7 14 . 4 13 . 1 11. 8 
18 14.2 15.5 16.1 -1·5 .6 . 14 .4 13 .1 11 . 8 
19 14.3 15.5 16 .1 ' 15 .6 14.3 13 .0 11. 7 
20 14.3 15.6 16.1 15.6 14 . 3 13.0 11.7 
21 14.4 15.6 16 .1 15 . 5 14.2 12.9 11.6 
22 14.4 15.6 16 .1 15.5 14.2 12 .9 11.6 
23 14.4 15.7 16.1 15 .5 14.2 12.8 11.6 
24 14.5 15.7 16 .1 15.4 14.1 12.8 11.5 
25 14.5 15.7 16.1 15.4 14.1 12.8 11 .5 
26 14.6 15.8 16 .1 15.3 14.o 12.7 11.5 
27 14.6 15.8 16.1 15.3 14.o 12.7 11 .4 
28 14.7 15.8 16.1 15.3 13.9 12. 6 11.4 
29 14.7 15.8 16 .1 15.2 12.6 11.4 
30 14.8 15 . 8 16 .1 15.2 12.5 11 . 3 
31 14.8 16.0 15.2 12 . 5 

•sunrise to sunset, including civil twilight 

May 

11.3 
11.3 

. 11.2 
11.2 
11 . 2 
11 • 1 
11 • 1 
11 • 1 
11. 0 
11. 0 
11. 0 
10. 9 
1 o . 9 
1 o. 9 
10.8 
10 . 8 
10. 8 
10.8 
10. 8 
10.7 
10.7 
10.7 
1 o.6 
10.6 
10.6 
10.6 
10.6 
10.6 
10.5 
10.5 
10.5 

June 

10. 5 
10.5 
10.5 
10.5 
10. 5 
1 o. 4 
1 o. 4 
1 o.4 
10 . 4 
1 o. 4 
1 o.4 
1 o. 4 
1 o. 4 
10.4 
10 .3 
10 . 3 
1 o. 4 
10 . 4 
10.3 
10.3 
10.3 
10.3 
10. 3 
10.3 
10.3 
10.4 
1 o.4 
1 o.4 
10.4 
1 o. 4 

July 

1 o. 4 
1 o . 4 
10 . 4 
10.~ 
1 o. 4 
1 o. 4 
10 . 5 
10 . 5 
1 o. 5 
1 o. 5 
10 . 5 
1 o. 5 

'° I\) 



Appendix 8 

Day October November 

1 13 . 1 
2 16.0 
3 13 . 4 
4 15. 2 
5 16.4 
6 18.9 
7 15.4 
8 17.0 
9 16 . 6 
10 16.1 
11 15.4 
12 15.9 
13 16.6 16 . 2 
14 16.6 17.6 
15 16.1 19. 8 
16 15.7 16 . 3 
17 16.5 19.4 
18 15.0 21 . 2 
19 15.0 16 . 7 
20 17.2 17.8 
21 17 .2 16.3 
22 14.6 15.1 
23 13.2 15.0 
24 13.9 19.1 
25 12 .1 18. 1 
26 13.7 18.1 
27 13.4 19.5 
28 13.2 20.4 
29 13.7 19.1 
30 11.4 19.4 
31 11.9 

0 Average hourly •aay temperature ( C) 

December January February March April 

19.4 21.~ 20 . 6 · 17 . 2 20 . 6 
19.6 22 . 6 20. 9 17 . 0 20 . 9 
19.8 21.9 21.0 19. 8 16. 1 
19.6 22 . 9 19.5 21 . 3 16.9 
17.5 23 . 0 19 . 7 19.5 17.5 
16 . 1 21 .0 18.3 17 . 6 16.5 
16. 2 23 .2 19 . 7 20 . 0 18.4 
14.7 24.7 19 . 0 20 . 1 16 . 1 
14.7 24 .1 20.3 20 . 6 17. 9 
14 . 1 22 . 2 22 . 2 20 . 3 17 . 5 
16.3 24 . o 21 . 9 17 . 5 17.3 
19. 1 24 . 2 21 . 9 18. 6 15 . 3 
19 . 8 23.2 23 . 8 23 . 6 15. 9 
21.7 22 . 8 24 . 8 21.0 14 . o 
17 . 6 22.0 22. 5 22.4 14. 9 
18. 3 21 . 1 22 . 7 22 . 6 13 . 4 
19 . 7 19 . 9 17.5 18 . 3 16 . 5 
17 . 9 20 . 3 19. 6 19 . 1 15 . 4 
20.7 - 20. 6 20. 8 21 . 5 16 . 8 
21.3 17.9. 22 . 1 20 . 3 15.7 
23.9 19.6 22.4 22.0 18.2 
23.0 19.3 22 . 9 22.0 19.7 
18. 1 20.3 23.0 21 . 9 18.2 
17.0 19.5 23 .9 21.9 16. 3 
19.2 22 . 9 19.0 19.7 13 .4 
21.6 21.5 19.4 18. 2 11.0 
22 .2 22 . 2 21 . 9 18. 1 14.5 
22.5 20. 6 20 . 3 17.7 17 .4 
22.6 20 . 0 17.2 15 . 8 
24. 1 19 . 1 19 . 1 13.8 
23 . 1 18. 6 17 .1 

•meterological day - i.e. from sunrise to sunset , including civil t wilight 

Nay June 

16.4 13 .1 
15.6 13 . 1 
15 . 4 12 . 6 
12.9 14 . 8 
14.6 13 . 3 
13.9 15 . 5 
11. 2 13.6 
10 . 6 10 . 3 
14 . o 10 . 2 
13. 4 11 . 5 
12 . 8 9. 6 
13 . 8 8 . 7 
13 . 2 9. 2 
13 . 2 11.0 
15 . 1 13 . 4 
16 .1 1 o . 1 
17 . 0 8. 2 
15.6 10.7 
17.2 12.7 
16 . 6 12 . 1 
14 . 5 11. 7 
14.4 7. 3 
13.4 6 . 6 
14 . 5 6 . 9 
15.2 8.o 
16.6 7.3 
10.9 7.5 
9.7 7. 8 

11.7 5.7 
11.6 7.0 · 
11.4 

July 

8. 8 
8.3 
7. 9 
7. 5 
7.3 
8.4 
9.0 
9.1 

11 . 0 
12 .1 
12 . 3 
12 . 0 

'° '-" 



App endix 9 Average hourly *night temperature (°C ) 

Day October November De cember Ja nuary Feb ru 8 ry Ma rc h Apri] May June July 

1 9.3 16.2 18 . 8 14.6 15 .2 16.0 11.9 11.6 1.5 
2 10.6 16 .4 14 . 8 11 . 8 11.1 18.9 9. 0 11 . 3 8. 5 
3 11 . 6 14 . 4 16 . 6 17 . 3 14 . 7 14. 2 13.6 8. 7 4 . 3 
4 8. 9 15 . 6 15 .3 17 . 0 13 . 9 13 . 3 11 . 6 10. 4 6 . o 
5 12 .1 16.7 17 . 5 17.6 18.1 11. 8 8.9 7. 3 0. 7 
6 13 . 1 13 . 6 19 . 8 12 . 4 17 . 7 8. 3 10 . 9 9 . 8 1. 0 
7 13 . 3 14 . o 19 . 7 17. 3 14 . 6 13 . 6 11 . 2 12 . 5 3.4 
8 14 . 7 14 . 3 21. 0 13 . 9 13 . 8 13 . 7 8. o 8. 9 1. 7 
9 13 . 8 13 . 5 20 . 5 12 .1 18. 2 12 . 5 7. 8 2. 0 5. 3 
10 13 . 9 11. 8 18. 9 18 .5 16. 6 9. 7 8.o 7. 2 8. 1 
11 13 . 6 10 . 0 18. 4 18 . 1 16 . 3 11 . 4 11. 8 5 . 6 8.o 
12 14 . 3 12 . 5 19 . 5 17 . 8 15 . 8 13 . 9 12 . 9 1. 6 6.2 
13 14. 5 14 . 2 11 .4 19 . 6 18 . 0 19 . 5 9. 4 12 . 1 2 . 1 
14 15 . 5 14 . 1 17 . 9 18 . 9 18 . 0 15 . 0 11. 6 12.5 9. 5 
15 13 . 7 16.6 17 . 9 18 .7 19 . 0 14 . 5 7. 9 13 . 3 12 . 0 
16 13. 2 12 . 8 13 . 5 17 . f 19 . 4 1: . 3 b. 1 ~5.8 11. 0 
17 13 . 6 13 . 7 • 14. 8 16 .7 20 . 2 17 . 2 12 . 1 13 . 3 3 . 0 
18 11.2 14 . 3 11 . 9 16 . 2 15.9 17 . 0 10 . 0 15 .1 
19 14.5 13 . 7 18 . 1 · · 16 . 0 , 16 . 2 16 . 3 8. 4 15. 8 
20 14.9 12.0 17 . 8 17 . 4 17.5 17.0 11 . 7 15.4 
21 12.0 13.5 14.8 15. 8 18 . 7 18. 5 12 . 6 14.9 
22 12.9 12.3 17 . 6 16 . 0 19 . 3 16 . 8 16.3 15.6 
23 11.3 10.9 20.4 15 . 1 18 . 2 15 . 9 16.2 10 . 6 
24 9 . 6 12 . 9 14.9 13 . 7 17 . 5 16 . 1 15.9 14 .3 
25 11.1 13.2 17.1 15.8 16 . 4 16 .4 14.2 14.8 
26 10.7 13 .6 15 .5 17 . 8 15 . 1 16 .1 12 .6 14 .7 
27 14.1 14~5 18.0 16 . 9 1~ .o 14.5 · 3.8 12.2 
28 10.6 14.8 17.5 19.1 19.8 11.2 13.5 9 . 0 
29 10.5 16.2 15.7 17 . 7 12 .6 14.4 8.8 
30 8.2 14 . 9 17.1 16.1 13.9 12 . 6 9.5 
31 6.8 17.3 15 . 3 13 . 0 11 . 1 

•meterological night - i.e . sunset to sunrise, excluding civil twilight 

3 0 • 7 

9 . 5 
10.1 
9.8 
2. 9 
5. 3 
0. 7 
6.9 
0.2 
4.6 
4 . 1 
0.3 

-1.4 

\D 
+-
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Appendix 10 GERMINATION PHASE 

the length, in days, of the germination phase 

the average daylength, in hours, during the germination phase 

the average hourly day temperature, . oc in , during germination 
the average hourly night temperature, . oc in , during germination 

the average hourly (24 hour day plus night) temperature, . oc in • 

Cultivar Sowing Period y x1 x2 x3 
, (Maturity Group) date block 

Acme A1 12/10-31/10 19 14.4 14.6 12.0 
A2 12/10- 4/11 23 14.5 14.6 11.7 

(00) B1 26/10-13/11 18 15.0 15.0 11.9 
B2 26/10-10/11 15 14.9 14.8 11.4 
c1 9/11-22/11 13 15.4 17.2 13.8 
c2 no sampled lue to germina ltion fa. lure 
D1 23/11- 4/12 11 15.8 19.3 14.8 
D2 23/11- 4/12 11 15.8 19.3 14.8 
E1 7/12-17/12 10 16 .1 17.6 13.8 
E2 7/12-16/12 9 16.1 17.4 13.6 
F1 21/12-26/12 5 16.1 19.8 17 .1 
F2 21/12-26/12 5 16.1 19.8 17 .1 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 8/1 4 15.9 23.0 .19.5 
H1 18/1 -25/1 7 15.5 20.0 15.7 
H2 18/1 -25/1 7 15.5 20.0 15.7 

Soysota x Mandarin A1 12/10-28/10 16 14.3 15.0 12.7 
A2 12/10-27/10 15 14.3 15.1 12.8 

(0) B1 26/10- 9/11 14 14.9 14.7 11.3 
B2 26/10-10/11 • 15 14.9 14.8 11.4 
c1 9/11-16/11 7 15.3 16.8 14.2 
c2 9/11-16/11 7 15.3 16.8 14.2 
D1 23/11-28/11 5 15.8 19.0 13.8 
D2 23/11-28/11 5 15.8 19.0 13.8 
E1 7/12-14/12 7 16.1 17.3 13.1 
E2 7/12-16/12 9 16.1 17.4 13.6 
F1 21/12-27/12 6 16.1 20.2 17.2 
F2 21/12-26/12 5 16.1 19.8 17 .1 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 8/1 4 15.9 23.0 19.5 
H1 18/1 -25/1 7 15.5 20.0 15.7 
H2 18/1 -25/1 7 15.5 20.0 15.7 

Amsoy x T19 A1 12/10-28/10 16 14.2 15.0 12.7 
A2 12/10-28/10 16 14.2 15.0 12.7 

(1) B1 26/10-11/11 16 14.9 14.8 11.6 
B2 26/10-10/11 15 14.9 14.8 11.4 
c1 9/11-17/11 8 15.3 17.1 14.1 
c2 9/11-17/11 8 15.3 17.1 14.1 
D1 23/ 11-29/11 6 15.8 19.3 14.2 
D2 23/11-30/11 7 15.8 19.1 14.3 
E1 7/12-16/12 9 16.1 17.4 13.6 
E2 7/12-16/12 9 16.1 17.4 13.6 

Note: Data given= plot means 



Appendix 10 continued: 
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' 
Cultivar Sowing Period y x1 x2 x3 

date block 

Amsoy x T19 continue Ii. F1 21/12-27 /1 2 6 16.1 20.2 17.2 
F2 21/12-27/12 6 16 .1 20.2 17.2 

( 1 ) G1 4/ 1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 8/1 4 15.9 23.0 19.5 
H1 18/1 -25/1 7 15.5 20.0 15.7 
H2 18/1 -25/1 7 15.5 20.0 15.7 

Wayne x PI-54-608-rr A1 12/10-27/10 15 14.3 15.1 12.8 
A2 12/10-27/10 15 14.3 15.1 12.8 

(2) B1 26/10-12/11 17 14.9 14.9 ' 11. 7 
B2 26/10-11/11 16 14.9 14.8 11.6 
c1 9/11-16/11 7 15.3 16.8 14.2 
c2 9/11-16/ 11 7 15.3 16.8 14.2 
D1 23/11-29/11 6 15.8 19.3 14.2 
D2 23/11-30/11 7 15.8 19.1 14.3 
E1 7/12-14/12 7 16.1 17.2 13.1 
E2 7/12-14/12 7 16.1 17.2 13 .1 
F1 21/12-26/12 5 16.1 19.8 17. 1 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 8/1 4 15.9 23.0 19.5 
H1 18/1 - 24/1 6 15.5 19.5 15.7 
H2 18/1 -24/1 6 15.5 19.5 15.7 

Wayne No blo ::ks A to C dl e to , erminat ion fai lure 

(3) D1 23/11-29/11 6 15.8 19.3 14 .2 
D2 23/11-29/11 6 15.8 19.3 14.2 
E1 7/12-15/12 8 16 .1 17.2 13.7 
E2 7/ 12-1512 8 16. 1 17.2 13.7 
F1 21/12-27/12 6 16.1 20.2 17.2 
F2 21/12-27/12 6 16. 1 20.2 17.2 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 9/1 5 15.9 23.2 19.7 
H1 18/ 1 -25/ 1 . 7 15.5 20.0 15.7 
H2 18/1 - 25/1 7 15.5 20.0 15.7 

Dare A1 12/10-27/10 15 14.3 15.1 12.8 
A2 12/10- 1/11 20 14.4 14.5 , 11.9 

(4) B1 26/20-11/11 16 14.9 14. a 11.6 
B2 2G/ 10-12/11 17 15.0 14. 9' 11.7 
c1 9/11-17/11 8 15.3 17.1 14.1 
c2 9/11-18/11 9 15.4 17.5 14.2 
D1 23/11-30/11 7 15.8 19. 1 14.3 
D2 23/11-30/11 7 15.8 19.1 14.3 
E1 7/12-15/12 8 16. 1 17.2 13.7 
E2 7/12-16/ 12 9 16.1 17.4 13.6 
F1 21/12-27/12 6 16.1 20.2 17.2 
F2 21/12-27/12 6 16.1 20.2 17.2 
G1 4/1 -10/1 6 15.9 23.0 19.6 
G2 4/1 -10/1 6 15.9 23.0 19.6 
H1 18/1 -25/1 7 15.5 20.0 15.7 
Hz 18/1 -25/1 7 15.5 20.0 15.7 

Hill A1 12/1 0-27/10 15 14.3 15.1 12.8 
A2 12/10-27/10 15 14.3 15.1 12.8 

(5) B1 26/10-11/11 16 14.9 14.8 11.6 
B2 26/10-10/11 15 14.9 14.8 11.4 
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Appendix 10 continued: 

Cultivar Sowing Period y x1 x2 X3 
date block 

Hill continued: c1 9/11-17/11 8 15.3 17 .1 14.2 
c2 9/11-18/11 9 15.4 17.5 14.2 

(5) D1 23/11- 2/12 9 15.8 19.2 14. 7 
D2 23/11- 3/12 10 15.8 19.2 14.7 
E1 7/12-16/12 9 16.1 17.4 13.6 
E2 7/12-16/12 9 16 .1 17.4 13.6 
F1 21/12-27/12 6 16.1 20.2 17.2 
F2 21/12-27/12 6 16 .1 20.2 17.2 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 9/1 5 15.9 23.2 19.7 
H1 18/1 -25/1 7 15.5 20.0 15.7 
H2 18/1 -25/1 7 15.5 20.0 15.7 

Ogden A1 12/10-29/10 17 14.4 14.9 12.6 
A2 12/10-28/10 16 14.3 15.0 12.7 

(6) B1 26/10-10/11 15 14.9 14.8 11.4 
B2 26/10-15/11 20 15.0 15.3 12.2 
c1 9/11-18/11 9 15.4 17.5 14.2 
c2 9/11-18/11 9 15.4 17.5 14.2 
D1 23/11-30/11 7 15.8 19.1 14.3 
D2 23/11- 1/12 8 15.8 19. 1 14.5 
E1 7/12-18/12 11 16.1 17 .6 13.6 
E2 7/12-16/12 9 16 .1 17.4 13.6 
F1 21/12-26/12 5 16.1 19.8 17 .1 
F2 21/12-26/12 5 16.1 19.8 17 .1 
G1 4/1 -10/1 6 15.9 23.0 19.6 
G2 4/1 - 9/1 5 15.9 23.2 19.7 
H1 18/1 -24/1 6 15.5 19.5 15.7 
H2 18/1 -24/1 6 15.5 19.5 15.7 

Bragg A1 12/10-26/10 14 14.3 15.2 12.8 
A2 12/10-27 /1 o· 15 14.3 15.1 12.8 

(7) B1 26/10-10/11 15 14.9 14.8 11.4 
B2 26/10-10/11 15 14.9 14.8 11.4 
c1 9/11-18/11 9 15.4 17.5 14.2 
c2 9/11-18/11 9 15.4 17.5 14.2 
D1 23/11-30/11 7 15.8 19.1 14.3 
D2 23/11- 1/12 8 15.8 19. 1 14.5 
E1 7/12-15/12 8 16.1 17.2 13.7 
E2 7/12-16/12 9 16.1 17.4 13.6 
F1 21/12-26/12 5 16.1 19.8 17 .1 
F2 21/12-27/12 6 16.1 20.2 17.2 
G1 4/1 - 8/1 4 15.9 23.0 19.5 
G2 4/1 - 8/1 4 15.9 23.0 19.5 
H1 18/1 -25/1 7 15.5 20.0 15.7 
H2 18/1 -25/1 7 15.5 20.0 15.7 

Wills A1 12/10-26/10 14 14.3 15.2 12.8 
A2 12/10-30/10 18 14.4 14.7 12.3 

( 8) B1 26/10-10/11 15 14.9 14.8 11.4 
B2 26/10-10/11 15 14.9 14.8 11.4 
c1 9/11-16/11 7 15.3 16.8 14.2 
c2 9/11-16/11 7 15.3 16.8 14.2 
D1 23/11-29/11 6 15.8 19.3 14.2 
D2 23/11-29/11 6 15.8 19.3 14.2 
E, 7/12-16/12 9 16.1 17.4 13.6 



Appendix 10 continued: 

Cultivar I Sowing Period 
l date block 

Wills continued: 

(8) 

K162 

(9) 

Daintree 

( 10) 

Mamloxi 

( 11) 

7/12-12/12 
21/12-26/12 
21/12-26/12 

4/1 - 9/1 
4/1 - 8/1 

18/1 -24/1 
18/1 -24/1 

12/10-27/10 
12/10-27/10 
26/10-14/11 
26/10-13/11 

9/11-17/11 
9/11-16/11 

23/11-30/11 
23/11-30/11 

7/12-15/12 
7/12-16/12 

21/12-27/12 
21/12-26/12 
4/1 - 8/1 
4/1 - 8/1 

18/1 -25/1 
18/1 -25/1 

12/10-27/10 
12/10-28/10 
26/10- 9/11 
26/10-11/11 

9/11-21/11 
9/11-17/11 

23/11-30/11 
23/11-30/11 
7/12-16/12 
7/12-16/12 

21/12-26/12 
21/12-26/12 

4/1 -10/1 
4/1 -10/1 

18/1 -25/1 
18/1 -26/1 

12/10-26/10 
12/10-27/10 
26/10-10/11 
26/10-14/11 

9/11-16/11 
9/11-16/11 

23/11-30/11 
23/11-30/11 

7/12-14/12 
7/12-16/12 

21/12-27/12 
21/12-27/12 
4/1 - 9/1 
4/1 - 8/1 

18/1 -24/1 
18/1 - 24/1 

y 

8 
5 
5 
5 
4 
6 
6 

15 
15 
19 
18 

8 
7 
7 
7 
8 
9 
6 
5 
4 
4 
7 
7 

15 
16 
14 
16 
12 

8 
7 
7 
9 
9 
5 
5 
6 
6 
7 
8 

14 
15 
15 
19 

7 
7 
7 
7 
7 
9 
6 
6 
5 
4 
6 
6 

16.1 
16. 1 
16.1 
15.9 
15.9 
15.5 
15.5 

14.3 
14.3 
15.0 
15.0 
15.4 
15.3 
15.8 
15.8 
16.1 
16. 1 
16. 1 
16. 1 
15.9 
15.9 
15.5 
15.5 

14.3 
14.3 
14.9 
14.9 
15.4 
15.3 
15.8 
15.8 
16.1 
16.1 
16.1 
16.1 
15.9 
15.9 
15.5 
15.5 

14.3 
14.3 
14.9 
15.0 
15.3 
15.3 
15.8 
15.8 
16.1 
16.1 
16.1 
16.1 
15.9 
15.9 
15.5 
15.5 

17.2 
19.8 
19.8 
23.2 
23.0 
19.5 
19.5 

15.1 
15. 1 
15.1 
15.0 
17.1 
16.8 
19.1 
19. 1 
17.2 
17.4 
20.2 
19.8 
23.0 
23.0 
20.0 
20.0 

15 .1 
15.0 
14.8 
14.8 
17.4 
17. 1 
19.1 
19.1 
17.4 
17.4 
19.8 
19.8 
23.0 
23.0 
20.0 
20.2 

15.2 
15.1 
14.8 
15.1 
16.8 
16.8 
19.1 
19. 1 
17.2 
17.4 
20.2 
20.2 
23.2 
23.0 
19.5 
19.5 

13.7 
17. 1 
17. 1 
19.7 
19.5 
15.7 
15.7 

12.8 
12.8 
12.0 
11.9 
14. 1 
14.2 
14.3 
14.3 
13.7 
13.6 
17.2 
17 .1 
19.5 
19.5 
15.7 
15.7 

12.8 
12.7 
11.3 
11.6 
13.9 
14.1 
1J+.3 
14.3 
13.6 
13.6 
17.1 
17. 1 
19.6 
19.6 
15.7 
16.4 

12.8 
12.8 
11.4 
12.0 
14.2 
14.2 
14.3 
14.3 
13 .1 
13.6 
17.2 
17.2 
19.7 
19.5 
15.7 
15.7 
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Appendix 10.1 Correlation coefficients 

Cultivar Variable x1 12 x3 

Acme y -0. 863 • • • -0.905••• -0.889•u 
(n=15) y1 -0.784• .. -0.928• .. -0.954••• 

x2 0.737•• 0.972• .. 

Soysota x Mandarin y -0.863••• -0.851••• -0.743• .. 
(n=16) y1 -o. 825*- • -0.894• .. -0.798••• 

x2 0.715•• 0.938• .. 

Amsoy x T19 y -0.849••• -0.918• .. -0.836••• 
( n=16) y1 -0.797••• -0.967••• -0.910••• 

x2 0.730•• 0.956• .. 

Wayne x PI-54-608-rr y -0.852••• -0.847••• -0.776••• 
(n=16) y1 -0.845••• -0.915••• -0.863••• 

x2 0.710•• 0.946••• 

Wayne y o.023ns -0.901••• -0.814••• 
(n=10) y1 -0.005ns -0.894•• • -0.822••• 

x2 -0.215ns 0.941••• 

Dare y -0.861••• -0.853••• -0.771••• 
( n=16) y1 -0.862••• -0.899• .. -0.829••• 

x2 0.723•• 0.964••• 

Hill y -0.816••• -0.919••• -0.890••• 
(n=16) y1 -0.757••• -0.946••• -0.945••• 

x2 0.720 .. 0.967••• 

Ogden y -0.792••• -0.860••• -0.795••• 
(n..::16) y1 -0.772••• -0.893••• -0.856••• 

x2 0.724•• 0.961••• 

Bragg y -o. 857 .. • -0.936• .. -0.880••• 
(n=16) y1 -0.801••• -0.966••• -0.936••• 

x2 0.705•• 0.962* .. 

Nills y -0.836••• -0.852••• -0.796• .. 
(n=16) y1 -0.813 ... -0.908• .. -0.868••• 

x2 0.723•• 0.950••• 

K162 y -0.791••• -0.890••• -0.831• .. 
(n=15) y1 -0.777• .. -0.950••• -0.919••• 

x2 0.691•• 0.956• .. 

Daintree y -0.872••• -0.863• .. -0.793••• 
( n=16) y1 -0.844• .. -0.864••• -0.824• .. 

x2 0.711•• 0.958••• 

Mamloxi y -0.819••• -0.836••• -0.765••• 
( n=15) y1 -0.778••• -0.895••• -0.843• .. 

x2 0.696•• 0.954••• 

Note: Y1 = log10 Y 

MASSEY UNIVER~tT.l. 
LIBRARl 
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Appendix 10.2 Germiaation phase regression models considered: 

Model I 

Cultivar 

Ac•e 
Soysota x Mandarin 
Aasoy X T19 
Wayne X PI-54-608-II 
Wayne 
Dare 
Hill 
Ogden 
Bragg 
Will5 
K162 
Daintree 
Maaloxi 

Model II 

Cul ti var 

Ac11e 
Soyaota x Mandarin 
Am8oy T19 
Wayne x PI-54-608-II 
Wayne 
Dare 
Hill 
Ogden 
Bragg 
Wills 
K162 
Daintree 
.Mamloxi 

Model III 

Cultivar 

Ac11e 
Soysota x Mandarin 
Amsoy x T19 
Wayne x PI-54-608-II 
Wayne 
Dare 
Hill 
Ogden 
Bragg 
Wills 
K162 
Daintree 
Maaloxi 

y = a • 
X 

b 2,3 
2 ,3 • 

F 
YX2 ,Yx1 

11 7 .03••• 
73.77••• 

230.21 • .. 
146.88••• 
25.65•• 
98.40••• 

159.53• .. 
62.64••• 

387 .84• .. 
90.65••• 

182.60••• 
70.77**• I 

I 

65.07••• 
I 

y = a • 

F 
YX 1 . X 2 

100.47••• 
65.12••• 

227.80··· 
175.59••• 
24.77•• 

351.24••• 
149.56••• 
128.44••• 
242.88••• 
202.20••• 
228.77• .. 
70.98••• 
81.80••• 

y = a • 

F YX 1 .X2 ,3 

2.09ns 
8.38• 
6.25• 

15.44•• 
0.33ns 

13.04• • 
2.38as 
3.17ns 

13.00•• 
6.05• 
6.20• 

10.71•• 
4.73• 

x2 
b 

2 
• 2 

F 
YX2.X1 

0 . 09ns 
5.87• 
6.06· 

21.00••• 
o.o8ns 

79.96••• 
1.42ns 

27.12••• 
3.28ns 

29.49••• 
10.78•• 
10.78• • 
9.03• 

I 

x2 
b 

2 
• 2 • 

x3 
b 3 

3 

F 
Y.x2,3x1 

59.56• .. 
41.48*** 

118.02··· 
81.15• .. 

.12. 99• • 
55.72••• 
80.94••• 
32.90••• 

200.45••• 
48.36••• 
94.46••• 
40.75• .. 
34.89 ... 

F Y.x 1x2 
50.~9··· 
35.50 ... 

116.94••• 
98.28••• 
12.43 .. 

215.61••• 
75.47••• 
74.30••• 

123.08••• 
115.86• .. 
119.76••• 
40.87••• 
45.41••• 

F 'F yx1.x2x3 ! YX 2.x1x3 
F Yx 3 .x1x2 

F y .x1x2x3 
95.52••• 0.90ns o.41 ns 32.01••• 
74.57••• 6.72• 2.84ns 27.95••• 

295.27••• 7.86* 4.85• 102.66••• 
311.74••• 32.29••• 11.08•• 120.03••• 
242.87••• o.07ns o.86ns 84.06••• 
423.73••• 96.47'··· 3.68ns 174.59••• 
145.05 ... 1.38ns o.6ons 49.02••• 
199.10••• 31.24••• 8.15• 79.49••• 
228. 89• .. 3.09ns 0.25ns 7?.4o••• 
191.05••• 27.87••• o.28ns 73.08••• 
410.21••• 19.3i*** 10.~i** 14g•gg··· 
73.48• .. 11.1 •• 1. ns 2 •••• 

103.40••• 11.42•• 4 .17ns 39.64••• 

100R2 

90.8 
86.3 
94.8 
92.6 
78.8 
89.6 
92.6 
83.5 
96.9 
88.1 
94.o 
86.2 
85.3 

100R2 

89.3 
84.5 
94.7 
93.8 
78.0 
97.1 
92. 1 
92.0 
95.0 
94.7 
95.2 
86.3 
88.3 

100R2 

89.7 
87.5 
96.2 
96.8 
80.8 
97.8 
92.4 
95.2 . 
95.1 
94.8 

a?:~ 
91.5 
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Appendix 10.3 Analysis of Variance for the regression model 

used - Model II in Appendix 10.2• 

Cultivar Source of Variation df ss F(see•) 

Acme Total 15 14.90 
Mean 1 14.05 
Regression total 2 0.7625 
Due to x1 (adj. for X2) 1 0.7618 
Due to x2 (addit.to x1) 1 0.0007127 
Residual 12 0.09098 

Soysota x Mandarin T 16 12. 81 
M 1 12.18 
Reg 2 0.5284 
x1 1 o.4847 
x2 1 0.04367 
Res 13 0.09676 

Amsoy x T19 T 16 13.87 
M 1 13.28 
Reg 2 0.5578 
x1 1 0.5433 
x2 1 0.01446 
Res 13 0.03101 

Wayne x PI-54-608-II T 16 12.82 
M 1 12.16 
Reg 2 0.6185 
x1 1 0.5524 
x2 1 0.06607 
Res 13 0.04089 

Wayne T 10 6.333 
M 1 6.257 
Reg 2 0.05915 
x, . 1 0.05897 
x2 1 0.0001827 
Res 7 0.01666 

Dare T 16 14.77 
M 1 14.29 
Reg 2 o.4696 
x, 1 0.3825 
x2 1 o.0~708 
Res 13 0.01415 

Hill T 16 14.55 
M 1 14.06 
Reg 2 o.4469 
x, 1 o.4427 
x2 1 0.004201 
Res 13 0.03848 

Ogden T 16 14.67 
M 1 14.05 
Reg 2 0.5648 
x, 1 o.4882 
x2 1 0.07660 
Res 13 o.o4941 
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Appendix 10.3 continued: 

Cultivar Source of Variation cif ss F(see•) 

Bragg Total 16 13.68 
Mean 1 13.13 
Regression total 2 0.5236 
Due to x1 (adj. for X2) 1 0.5166 
Due to x2 (addit.to X1) 1 0.006972 
Residual 13 0.02765 

Wills T 16 13.06 
M 1 12.45 
Reg 2 0.5799 
x1 1 0.5061 
x2 1 0.07382 
Res 13 0.03254 

K162 T 15 13.19 
M 1 12.53 
Reg 2 0.6352 
x, 1 0.6067 
x2 1 0.02857 
Res 12 0.03183 

Daintree T 16 14.54 
M 1 14.09 
Reg 2 0.3933 
x1 1 0.3414 
x2 1 0.05186 
Res 13 0.06252 

Mamloxi T 15 11.83 
M 1 11.43 
Reg 2 0.3608 
x, 1 0.3250 
x2 1 0.03588 
Res 

. 12 0.04767 

Appendix 10.4 Si nificance of the partial re ression coefficients 
for Model II t-test ratios 

Cultivar a b1 b2 

Acme 3.00• - 1.11ns 0.31ns 
Soysota x Mandarin 4.55••• - 3.04 .. 2.42• 
Alll8oy X T19 6.44••• - 3.62•• 2.46· 
Wayne x PI-54-608-II 7.90••• - 5.58••• 4.58••• 
Wayne 0.?9ns 0.02ns -0.28ns 
Dare 14.48••• -10.39• .. 8.94•** 
Hill 4.68• .. - 2.15ns 1 .19ns 
Ogdea 7.63••• - 5.39••• 4.49••• 
Bragg 6.03••• - 3.03•• 1.81ns 
Wills 9.33••• - 6.57••• 5.43••• 
K162 6.93••• - 4.39••• 3.28 .. 
Daintree 5.82••• - 3.94 .. 3.28•• 
Ma11loxi 5.48••• - 3.69•• 3.01•• 



Appendix 10.5 

Appendix 10.5.1 

Cultiva.r 00 0 

1.2292ns 

Between cultivar comparisons - homogeneity teats of the partial regression coefficients 

for the model 
X X2 

y = a.b1 1.b2 2 

T-test ratios for the partial regression coefficient a 

1 2 3 4 5 6 7 8 9 
00 

0 
1 
2 
3 
4 

0.7333ns - 0 . 7677ns 

5 
6 
7 
8 
9 

10 
11 

00 
0 
1 
2 
3 
.4 
5 
6 
7 
8 
9 

10 
11 

2 .1186• o.6438ns 
-o.917ons -1.8349ns 
2.4614· o.7683ns 
o.0571~ -1.3851ns 
2.1703• 0.7199ns 
o.335ons -1.1745ns 
2.0923• o.5315ns 
1.47500s o.00890s 
1. 4196ns o.0493ns 
1.2503ns -0.1072ns 

Appendix 10.5.2 

-1.4134ns 
-0.8843ns o.8459ns 
-2.2804• -o.5912ns 
o.6446ns 1.7839ns 

-2.6985• -o.7688ns 
-0.2317ns 1.4414ns 
-2.2848• -0.6215ns 
-0.4975ns 1 .2486na 
-2.2984• -0.5127ns 
-1.5436ns 0.1406ns 
-1.6427ns -o.o648ns 
-1.4797ns o.0951ns 

1. 8788ns 
-1.5126ns -2.4175• 
2.5038• o.0554ns 2.6533• 

. 
-o.8863ns -2.6197• 1.0401ns -3.3760•• 

1.9381 ns o.1088ns 2.5128• o.0798ns 2.6579• 
-0.5736ns -2.4477• 1 .2467ns -3.3049•• o.3661ns 2.4886• 
1.87770s -0.1944ns 2.4367• -0.3189ns 2.6863• -o.3067ns 2.5214• 
1.0269ns -0.8123ns 2.02o6ns -1.0701ns 1.8113ns -o.9003ns 1.5828ns -0.6939ns 
o.9685ns -o.6849ns 1. 9827ns -0.8632ns 1 .6789ns -0.7696ns 1.4572ns -o.5626ns o.o489ne 
o.7559ns -0.8698ns 1. 8602ns -1.0790ns 1.4669ns -0.9499na 1.23.50ns -0.7623ns -0.13760s . 

T-test ratios for the partial regression coefficient b1 

-1.9226ns 
1.3869ns 2.4452• 

-2.6545• -0.1418ns -2.6983• 
o.8620ns 2.6441• -0.8912ns o.94oons 

-1.9227ns -0.0492ns -2.4523• o.0224ns -2.6185• 
o.5688ns 2.4920• ..:1.1013ns o.8407ns -o.3443ns 2.4639• 

-1 .9767ns 0.1464ns -2.4384• o.o882ns -2.7484• o.1951ns -2.6078• 
-o.9338ns 0.9431na -1.8819ns o.368ons -1.6967ns o.9666ns -1.4792na o.8832n.s 
-1.0878ns o.6o88ns -1.9641ns o.27100s -1.7704ns o.64oons -1.5707ns o.5226ns -0.2452ns 
-o.8787ns o.8o64ns -1.8369ns o.3459ns -1.5688ns o.8331ns -1.3581ns o.7349ns -o.o458ns 

~ 

~ 

10 

-0.1774ns 

0.1826ns 



Appendix 10.5 continued: 

Appendix 10.5.3 T-teat ratios for the partial regression coefficient b
2 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

o.5797ns 
o.3063ns 
o.771ons 

-0.1715ns 
o.8530ns 
0.1259ns 
o.7876ns 
0.1894ns 
0.7577ns 
o.5119n.s 
o.6139ns 
o.56180s 

00 = Acme 

-0.2674ns 
o.1664ns 

-0.6886ns 
o.2354ns 

-0.4339ms 
o.1828ns 

-o.3765ns 
o.1506ns 

-0.0750ns 
o.o413ns 

-0.0248ns 

0 = Soysota x Mandarin 
1 = Amsoy x T19 

1.3698ns 
-1.059ons 

1.7739ns 
-o.5421ns 

1.4018na 
-0.3621ns 

1 .3927na 
o.6147ns 
0.9179ns 
o.7305ns 

2 = Wayne x PI-54-608-II 
3 = Wayne 
4 = Dare 
5 = Hill 
6 = Ogden 
7 = Bragg 
8 = Willa 
9 = K162 

10 = Daintree 
11 = Mamloxi 

-1.5629ns 
o.1427ns o.4992ns . 

-1.2419ns 0.1486ns -0.0992 ns 
0.0339ns o.4714ns -o.0074ns 1 .4848ns 

-1 .1334ns 0.1793na -0.0905ns 0. 1463ns 1 .0230ns 
-0.0349na o.4548ns -0.0124ns 1.4631ns -0.0611 ns 
-0.4974ns o.3364ns -0.0459ns o.8777ns -0.4673ns 
-0.2491ns o.3967ns -0.0285ns 1.1125ns -0.2500ns 
-0.3846ns o.362ons -o.0384ns o.9654ns -0. 3693ns 

1. 7548ns 
0.9621ns -0. 7216ns 
1.2404ns -0.3225ns 0. 2733 ns 
1.0580ns -0.5290ns o. 1182ns -0. 1071 ns 

~ 

i 



Appendix 11 

y = the 

x1 = the 

x2 :: the 

x3 :: the 

x2,3 = the 

length, 

average 

average 

average 

average 
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PRE-FLOWERING PHASE 

in days, of the pre-flowering phase 

daylength, in hours, during the pre-flowering phase 

hourly day temperature, in °c, during the phase 

hourly night temperature, in °c, during the phase 

hourly (24 hour day plus night) temperature, in °c 

X4 = the daylength, in hours, at the start of the phase 

x5 = the daylength, in hours, at the end of the phase 

Cultivar Sowing Period y x1 x2 X3 X4 x5 
(Maturity Group) date 

block 

Acme A1 31/10-23/12 53 15.7 17 .8 _ 14.o _ 14.8 16 .1 
A2 4/11-25/12 51 15.7 18.1 14.4 15.0 16.1 

(00) B1 13/11-26/12 43 15.9 18.5 14.6 15.3 16.1 
B2 10/11-28/12 48 15.8 18.5 14.7 15.2 16.0 
c1 22/11-31/12 I 39 16.0 19.6 15.1 15.6 16.0 
c2 No sample die tc germ:i na tiox: failu re 
D1 4/12-12/1 . 39 16.0 20.5 16.3 15.9 15.8 
D2 4/12-10/1 i 37 16.0 20.3 16.2 15.9 15.9 
E1 17/12-18/1 32 15.9 21.9 17.6 16 .1 15.6 

I 
E2 16/12-16/1 31 16.0 22.0 17.6 16 .1 15.7 
F1 26/12-30/1 35 15.7 21.8 17.5 16 .1 15.2 
F2 26/12- 2/2 38 15.7 21.7 17.2 16.1 15.1 
G1 8/1 -14/2 37 15.3 21.1 16.8 15.9 14.6 
G2 8/1 -14/2 37 15.3 21.1 16.8 15.9 14.6 
H1 25/1 -25/2 31 14.7 21.0 16.9 15.4 14.1 
H2 25/1 -25/2 31 14.7 21.0 16.9 15.4 14.1 

Soysota x Mandarin A1 28/10-18/12 51 15.6 17. 1 13.3 14.7 16.1 
A2 27/10-20/12 54 15.6 17 .1 13.3 14.7 16.1 

(0) B1 9/11-23/12 44 • 15. 8 18.2 14.4 15.2 16.1 
B2 10/11-25/12 45 15.8 18.3 14.5 15.2 16.1 
c1 16/11-31/12 45 15.9 19.0 14.9 15.4 16.0 
c2 16/11- 2/1 47 15. 9 I 19.2 14.9 15.4 16.0 
D1 28/11- 8/1 41 16.0 20.0 15.9 15.8 15.9 
D2 28/11-11/1 44 16.0 20.3 16.2 15.8 15.8 
E1 14/12-17/1 34 16.0 21.7 17.4 16.1 15.7 
E2 16/12-20/1 35 15.9 21.7 17.4 16. 1 15.5 
F1 27/12- 1/2 36 15.7 21.7 17.3 16. 1 15. 1 

F2 26/12- 3/2 39 15.7 21.6 17.2 16 .1 15.0 
G1 8/1 -14/2 37 15.3 21.1 16.8 15.9 14.6 

G2 8/1 -16/2 39 15.3 21.1 16.9 15.9 14.5 
H1 25/1 -26/2 32 14.7 21.0 16.9 15.4 14.0 

H2 25/1 -28/2 34 14.? 21.0 17.0 15.4 13.9 

Amsoy x T19 A1 28/10-16/12 49 15.5 17 .1 13.3 14.7 16.1 

A2 28/10-16/12 49 15. 5 17 .1 13.3 14.7 16.1 
(1) B1 11/11-26/12 45 15.8 18.4 14.6 15.2 16.1 

B2 10/11-26/12 46 15.8 18.3 14.5 15.2 16.1 

c1 17/11- 3/1 47 15.9 19.2 15.0 15.5 16.0 

c2 17/11- 3/1 47 15.9 19.2 15.0 15.5 16.0 

D1 29/11- 8/1 40 16.0 20. 1 15.9 15.8 15.9 

D2 30/11-10/11 41 16.0 20.2 16.1 15.8 15.9 

E1 16/12-20/1 35 15.9 21.7 17.4 16.1 15.6 

E2 16/12-19/1 34 15.9 21.B 17.4 16 .1 15.6 

Note: Data given= plot means 
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Appendix 11 continued: 

Cultivar Sowing Period y x1 X2 x3 X4 x5 
date 

block 

Amsoy x T19 
F1 27/12- 3/2 38 15.7 21.6 17.2 16 .1 15.0 continued: 
F2 27/12- 7/2 42 15.6 21.4 17.1 16 .1 14.9 
G1 8/1 -16/2 39 15.2 21.1 16.9 15.9 14.5 
G2 8/1 -15/2 38 15.2 21.1 16.9 15.9 14.5 
H1 25/1 -28/2 34 14.7 21.0 16.9 15.4 13.9 
H2 25/1 - 2/3 36 14.6 20.8 16.8 15.4 13.8 

Wayne x PI-54-608-IJ A1 27/10- 2/1 67 15.7 18.1 14 .1 14.6 16.0 
A2 27/10-29/12 63 15.6 17.8 13.9 14.6 16 .1 

(2) B1 12/11- 4/1 53 15.9 19.2 14.9 15.3 16.0 
B2 11/11- 5/1 55 15.9 19.2 15.0 15.2 15.9 
c1 16/11- 6/1 51 15.9 19.4 15.1 15.4 15.9 
c2 16/11- 9/1 54 15.9 19.7 15.4 15.4 15.9 
D1 29/11-17/1 49 16.0 20.5 16.4 15.8 15.7 
D2 30/11-15/1 46 16.0 20.5 16.4 15.8 15.7 
E1 14/12-26/1 43 15.9 21.4 17 .1 16 .1 15.3 
E2 14/12-24/1 41 15.9 21.3 17 .1 16 .1 15.4 
F1 26/12-12/2 48 15.5 21.4 17.0 16 .1 14.7 
F2 26/12- 7/2 43 15.6 21.3 17 .1 16 .1 14.9 
G1 8/1 -18/2 41 15.2 21.0 17.0 15.9 14.4 
G2 8/1 -20/2 43 15.2 21.0 17.0 15.9 14.3 
H1 24/1 - 8/3 43 14.5 20.7 16.6 15.4 13.5 
H2 24/1 - 7/3 42 14.5 20.7 16.7 15.4 13.6 

Wayne No b ocks A to C due to ger minati on fai lure 

(3) D1 29/11-23/1 55 15.9 20.4 16.4 15.8 15.7 
D2 29/11-21/1 53 16.0 20 .4 16.4 15.8 15.6 
E1 15/12- 7/2 54 15.7 21.1 16.9 16.1 14.9 
E2 15/12- 5/2 52 15.7 21.2 17.0 16.1 14.9 
F1 27/12-19/2 54 15.4 21.0 17. 1 16.1 14.3 
F2 27/12-18/2 53 15,4 21.0 17.1 16. 1 14.4 
G1 8/1 -23/2 46 15.1 21.1 17. 1 15.9 14.2 
G2 9/1 -24/2 46 15.1 21.1 17.0 15.9 14. 1 
H1 25/1 -10/3 44 14.4 20.~ 16.7 15.4 13.4 
H2 25/1 -12/3 46 14.4 20.5 16.6 15.4 13.3 

Dare A1 1/11-15/2 106 15.6 19.7 15.6 14.8 14.5 
A2 27/10-29/1 94 15.7 19.1 15 .1 14.6 15.2 

(4) B1 11/11- 3/2 84 15.6 19.9 15.8 15.2 15.1 
B2 12/11-14/2 94 15.6 20.1 15.9 15.3 14.6 
c1 17/11-11/2 86 15.7 20. 1 15.9 15.5 14.7 
c2 18/11- 6/2 80 15.8 20·.o 15.9 15.5 14.9 
D1 30/11-17/2 79 15.6 20.6 16.5 15.8 14.4 
D2 30/11-19/2 81 15.6 20.6 16.5 15.8 14.3 
E1 15/12- 2/3 77 15.3 21.1 17.0 16 .1 13.4 
E2 16/12- 2/3 76 15.3 21.2 17.0 16.1 13.4 
F1 27/12-11/3 74 14.9 21.1 17.0 16 .1 13.4 
F2 27/12-11/3 74 14.9 21.1 17.0 16.1 13.4 
G1 10/1 -18/3 67 14.6 20.7 16.8 15.9 13. 1 
G2 10/1 -20/3 69 14.5 20.7 16.7 15.9 13.0 
H1 25/1 -25/3 59 14 .1 20.7 16.7 15.4 12.8 
H2 25/1 -27/3 61 14.o 20.6 16.6 15.4 12.7 
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Appendix 11 continued: 

Cultivar Sowing Period y x1 x2 x3 X4 x5 
date 

block 

Hill A1 27/10-16/2 112 15.5 19.4 15.3 14.6 14.5 
A2 27/10-19/2 115 15.5 19.4 15.4 14.6 14.3 

(5) B1 11/11-23/2 104 15.5 20.2 16.1 15.2 14.2 
B2 10/11-28/2 110 15.5 20. 1 16.1 15.2 13.9 
c1 17/11-22/2 97 15.6 20.3 16.1 15.5 14.2 
c2 18/11-25/2 99 15.5 20.3 16.2 15.5 14. 1 
D1 2/12- 9/3 97 15.3 20.6 16.5 15.9 13.5 
D2 3/12- 7/3 94 15.3 20.6 16.5 15.9 13.6 
E1 16/12-12/3 86 15.1 21.0 16.9 16 .1 13°3 
E2 16/12-13/3 87 15. 1 21.0 16.9 16 .1 13.3 
F1 27/12-17/3 Bo 14.8 21.1 16.9 16.1 13 .1 
F2 27/12-21/3 84 14.7 21.1 16.9 16. 1 12.9 
G1 8/1 -27/3 78 14.4 20.8 16.8 15.9 12.7 
G2 8/1 -29/3 79 14.3 20.6 16.6 15.9 12.6 
H1 25/1 - 5/4 70 13.8 20.3 16.1 15.4 12.3 
H2 25/1 - 8/4 73 13.8 20.1 15.9 15.4 12.2 

Ogden A1 29/10-15/2 109 15.6 19.5 15.4 14.7 14.5 
A2 28/10-13/2 108 15.6 19.3 15.3 14.7 14.6 

(6) B1 10/11-14/2 96 15.6 20.0 15.8 15.2 14.6 
B2 15/11-22/2 99 15.6 20.2 16.1 15.4 14.2 
c1 18/11-23/2 97 15.5 20.3 16.2 15.5 14.2 
c2 18/11-23/2 97 15.5 20.3 16.2 15.5 14.2 
D1 30/11- 1/3 91 15.4 20.6 16.6 15.8 13.9 
D2 1/12-27/2 88 15.4 20.7 16.6 15.9 14.o 
E1 18/12- 8/3 80 15.1 21.1 17.0 16. 1 13.5 
E2 16/12-10/3 84 15.1 21.1 16.9 16.1 13.4 
F1 26/12-19/3 83 14.8 21.1 17.0 16.1 13.0 
F2 26/12-18/3 82 14.8 21.1 17.0 16.1 13 .1 
G1 10/1 -22/3 71 14.5 20.7 16.8 15.9 12.9 
G2 9/1 -19/3 69 14-.5 20.7 16.8 15.9 13.0 
H1 24/1 - 1/4 67 13.9 20.4 16.4 15.4 12.4 
H2 24/1 -30/3 65 14.o 20.5 16.4 15.4 12.5 

Bragg A1 26/10-15/2 112 15.5 19.3 15.3 14.6 14.5 
A2 27/10-14/2 110 15.6 19.3 15.2 14.6 14.6 

(7) B1 10/11-16/2 98 15.6 20.0 15.9 15.2 14.5 
B2 10/11-22/2 1o4 15.5 20.1 16.0 15.2 14.2 
c1 18/11-20/2 94 15.6 20.2 16.1 15.5 14.3 
c2 18/11-23/2 97 15.5 20.3 16.2 15.5 14.2 
D1 29/11- 3/3 94 15.4 20.6 16.5 15.8 13.8 
D2 1/12- 5/3 94 15.3 20.6 16.5 15.9 13.7 
E1 15/12- 8/3 83 15.2 21.0 16.9 16.1 13.5 
E2 16/12- 7/3 81 15.2 21.1 16.9 16. 1 13.6 
F1 26/12-12/3 76 14.9 21.1 17.0 16.1 13.3 
F2 27/12-16/3 79 14.8 21.1 16.9 16.1 13.2 
G1 8/1 -21/3 72 14.5 20.8 16.9 15.9 12.9 
G2 9/1 -24/3 74 14.4 20.8 16.8 15.9 12.8 
H1 25/1 -27/3 61 14.o 20.6 16.6 15.4 12.7 
H2 25/1 -27/3 61 14.o 20.6 16.6 15.4 12.7 

Wills A1 26/10- 2/3 127 15.4 19.2 15.5 14.6 13.8 
A2 30/10- 8/3 129 15.3 19.7 15.7 14.8 13.5 

(8) B1 10/11- 8/3 118 15.2 20.1 16.0 15.2 13.4 
B2 10/11-14/3 124 15.2 20. 1 16.1 15.2 13.2 
.. 



108 
Appendix 11 continued: 

Cultivar Sowing Period y x1 x2 x3 x · x5 
date 4 

block 

Wills continued: c1 16/11-16/3 120 15.2 20.6 16.2 15.4 13.2 
c2 16/11-12/3 116 15.3 20.3 16.1 15.4 13.3 
D1 29/11-17/3 109 15.0 20.3 16.3 15.8 13.1 
D2 29/11-15/3 107 15.0 20.3 16.3 15.8 13.2 
E1 16/12-21/3 95 14.9 21.0 16.9 16.1 12.9 
E2 15/12-20/3 95 14.9 21.0 16.8 16.1 13.0 
F1 26/12-25/3 89 14.7 21.1 16.9 16 .1 12.8 
F2 26/12-30/3 94 14.5 20.9 16.8 16.1 12.5 
G1 9/1 -31/3 81 14.3 20.6 16.5 15.9 12.5 
G2 8/1 - 4/4 86 14.2 20.5 16.5 15.9 12.3 
H1 24/1 - 9/4 75 13.8 20.1 16.0 15.4 12. 1 
H2 24/1 -15/4 81 13.6 19. 8 15.6 15.4 11.9 

K162 A1 27/10-19/3 143 15.1 19.5 15.6 14.6 13.0 
A2 27/10-18/3 142 15.2 19.5 15.6 14.6 13 .1 

(9) B1 No sample plar ts loc ged pl e-flowering 
B2 13/11- 1/4 139 14.9 20.2 16 .1 15.3 12.4 
c1 17/11-30/3 133 15.0 20.2 16 .1 15.5 12.5 
c2 16/11-22/3 126 15.1 20-3 16.2 15.4 12.9 
D1 30/11- 1/4 122 14.8 20.4 16.4 15.8 12.4 
D2 30/11-10/4 131 14.7 20.2 16.1 15.8 12. 1 
E1 15/12- 5/4 111 14.6 20.7 16.5 16. 1 12.3 
E2 16/12-12/4 117 14.4 20.5 16.3 16. 1 12.0 
F1 27/12-24/4 118 13.9 20. 1 15.8 16. 1 11.5 
F2 26/12-17/4 112 14.2 20.3 16.0 16. 1 11.8 
G1 8/1 -24/4 106 13. 8 19.8 15.6 15.9 11.5 
G2 8/1 -26/4 108 13.7 19.6 15.6 15.9 11.5 
H1 25/1 -10/5 105 13.1 18.6 14.6 15.4 11.0 
H2 25/1 - 9/5 104 13. 1 18.7 14.? 15.4 11.0 

Daintree A1 27/10-28/3 152 15.0 19.6 15.6 14.6 12.6 
A2 28/10- 2/4 156 14.9 19.7 15.6 14.7 12.4 

(10) B1 9/11-30/3 141 15;0 20. 1 16.0 15.2 12.5 
B2 11/1 1-30/3 139 15.0 20.1 16.0 15.2 12.5 
c1 21/11- 6/4 136 14.8 20. 2 16 .1 15.6 12.2 
c2 17/11- 4/4 138 14.9 20. 2 16. 1 15.5 12.3 
D1 30/11-12/4 133 14.6 20. 2 16.1 15.8 12.0 

D2 30/11- 7/4 128 14.7 20.3 16.2 15.8 12.2 
E1 15/12-17/4 122 14.3 20.3 16.0 16.1 11.8 
E2 16/12-20/4 125 14.3 20.2 15.9 16 .1 11.7 
F1 25/12-26/4 122 14.o 20.0 15.8 16.1 11.5 
F2 26/12- 1/5 126 13.8 20.0 15.6 16. 1 11.3 
G1 10/1 - 8/5 118 13.4 19.0 15.0 15.9 11.1 
G2 10/1 - 8/5 118 13.4 19.0 15.0 15.9 11.1 

No H block sampl les - j lowers faile ~ to open 

Mamloxi A1 26/10-13/4 169 14.7 19.4 15.4 14.6 12.0 
A2 27/10- 5/4 160 14.9 19.6 15.4 14.6 12.3 

(11) B1 10/11- 5/4 146 14.9 20.0 16.3 15.2 12.3 
B2 14/11- 8/4 145 14.8 20.0 16.3 15.4 12.2 

c1 16/11-18/4 153 14.6 19.8 15.9 15.4 11.8 
c2 16/11-12/4 147 14.7 20.0 16.2 15.4 12.0 
D1 30/11-25/4 146 14.4 19.8 16.0 15.8 11.5 
D2 30/11-19/4 140 14.5 19.9 16.1 15.8 11.7 
E1 14/12- 2/5 139 14.o 19.8 15.6 16.1 11.3 
E2 16/12- 5/5 140 14.0 19.7 15.5 16.1 11.2 
F1 27/12-10/5 134 13.7 19.4 15.2 16. 1 11.0 

No blocks F;) , G or H - flowers failed to' epen 



Appendix 11.1 Correlation coeficients 

Cultivar Variable x1 x2 x~ X4 xi; 

Acme y 0.33?ns - 0.902••• -0.900••• -0.731•• o.641• 
(n=15) y1 o.367ns -0. 893••• -0.896* .. -0.693•• 0.651• 

x2 -0. 208ns 0.993• .. 
x5 0.894••• -0.251ns 

Soysota x Mandarin y o.40?ns -0 . 905*"'• - 0. 925 *** -0.743•• • 0.745••• 
(n=16) y1 o.442ns -0. 892··· - 0. 914•• • -0.708•• 0.759• .. 

x2 -0.201ns 0.997••• 
x5 o. 856• .. -o.358ns 

Amsoy x T19 y 0. 359ns - 0. 893••• -0.914••• -0.720 ... 0.695• • 
(n=16) y1 o.369ns -0. 880··· -0.900• •• -0.696* * 0.691•• 

x2 -0.171ns 0.997••• 
x5 0. 856••• -0.351ns 

Wayne x PI-,54-608-rr y 0.370ns -0.930••• - 0.939•• • -0.853• .. 0.674•• 
(n=16) y1 0.398ns -0.926•** - 0.91+1•• • -0.839••• 0.691•• 

x2 -0.21+9ns 0.992•• • 
x5 0.881+••• -0.401ns 

Wayne y o. 867• • o.oo6ns -0.092ns 0.667• 0.803•• 
( n=10) y1 o.870*"' o.015ns -o.o84ns 0.675• 0.803•• 

x2 o.0760s 0.931••• 

x5 0.966• •• o.511ns 

Dare y 0. 826••• -0.680 .. -0.746· ·· -0.580• 0.811•• • 

(n=16) y1 o. 868••• -0. 651•• -0.722•• -0.524• 0.834••• 
x2 -0.509• 0.990•• • 
x5 o. 906 • • • -0.585• 

Hill y 0.889••• - 0. 636·· -0.590• -0.656 • • 0.940••• 
( n= 16) y1 0. 915•• • -0.589• -0.543• -0.607• 0.950••• 

x2 -0.278ns 0.989• •• 
x5 0.953••• -0.550• 

Ogden y 0.928•• • -0.659• • -9.715•• -0.585• 0.945• .. 
( n=16) y1 0.947••• -0.605• -0.665•• -0.526* 0.946••• 

x2 -0.438ns 0.987••• 
x5 0.961+ ••• -0.542• 

Bragg y 0.920••• -0.753• •• -o.8o6••• -0.588• o.952u• 
(n=16) y1 0.944 -0.695• • -0.753••• -0.515• 0.958• .. 

x2 -0.513• 0.991••• 
x5 0.944••• -0.601* 

Wills y 0.904··· - o.461 ns -0.440ns -0.659•• 0.915••• 
( n=16) y1 0.921••• - 0.415ns -0.392ns -0.611• 0.923••• 

x2 -0.133ns 0.963••• 
x5 0.976••• -0.496ns 

K162 y 0.861••• 0.242ns 0.357ns -0.658•• 0.852• .. 

(n=15) y1 0.874•• • o . 276ns 0.389ns -0.631• 0.858• .. 
x2 0.623• 0.982•• • 
x5 0.971•• • -0.519• 

Daintree y 0. 824••• o.168ns o.291ns -0.936••• 0.857••• 
(n: 14) Y, o.843••• 0.201ns o.325ns -0.927••• 0.871••• 

x2 0.610• 0.988••• 
x5 0.988••• -0.777•• 
- -

Mamloxi y o. 664• -0.301 ns -0.141 ns -0.916·· · o.684• 
y1 0.682• -0.272ns -0.113ns -0.919• •• 0.653• 

( n= 11) x2 o.425ns 0.932•• • 
X o. 980 .. • -o.843•• 

5 



110 

Appendix 11.2 Pre-flowering phase regression models considered: 

Model I y = a • 
X 

b 2,3 
• 2,3 • 

Cultivar 
F YX1 .x2 ,3x5x4 

F 
YX2,3•X1X5X4 

F . YX5 .X1X 2 ,3x4 
F 

YX4.x1x2,3x5 

Acme 9.90• 51.05••• 1.67ns 0.70ns 
Soysota x Mandarin 155.99••• 540.89••• 55.98••• 33.00••• 
Amsoy x T19 24. 81 • •• 126.82••• 19.11•• o.90ns 
Wayne x PI-54-608-II 51.51••• 239.56••• 16.07•• 6.82• 
Wayne 49.89••• o.05ns 6.18ns 4.75ns 
Dare 68.32••• 5.63* 4.19ns 1.56ns 
Hill 411.47••• 57.63••• 4.28ns 7.42• 
Ogden 394.44··· 20.39••• 12.66•• 1.67ns 
Bragg 397.41••• 26.79••• 1 o.49• • o.02ns 
Wills 539.63••• 59.26• .. 26.65••• 0.10ns 
K162 332.03••• 53.00 ... 37.54••• 2.24ns 
Daintree 1209.26••• 303.83••• 52.13• .. 128.41* .. 
Mamloxi 64.57••• 53.24••• 7.23• 7.01• 

Model II y = a • 
X 

b 2,3 
• 2,3 

Cultivar F 
YX 1 • X5X4 X 2 '3 

F 
YX4.X1X5X2,3 

F 
YX5.x1x4x2,3 

F 
YX2,3·x1x4x5 

Acme 9.91• 44.99••• 5.72• 2.71ns 
Soysota x Mandarin 155.99••• 503.61••• 87.86 ... 38.43••• 
Amsoy x T19 24.94••• 108.91• .. 4.81ns 33.09••• 
Wayne x PI-54-608-rr 51.51••• 239.96••• 21.59••• 1. 78ns 
Wayne 49.89• .. o.51ns 1.56ns 8.91• 
Dare 68.32• • • 7.59• 3.71 ns o.o?ns 
Hill 411.47••• 59.50••• 9.84 .. -
Ogden 394.44••• 22.59• .. 12.08•• o.o4ns 
Bragg 397.41••• 22.82••• 10.87 .. 3.62ns 
Wills 539.63• .. 56.82••• 12.46•• 16.74•• 
K162 332.03••• 49.16•••. 43.09••• o.530s 
Daintree 1209.26••• 383.08••• 88.82••• 12.45•• 
Mamloxi 64.57••• 5~ .. 30• •• 12.31• o.87ns 

Model III y = a • 
X 

b 2,3 
2,3 

Cultivar F 
YX5.x1x2,3X4 

F 
YX1 .x5x2 ,3x4 

F 
YX2 ,3 .x5x,x4 

F 
YX4 .x5x1x2 ;3 

Acme 31.06••• 16.76•• 14.80 .. o.7ons 
Soysota x Mandarin 459.28••• 128.67••• 165.01••• 33.01••• 
Amsoy x T19 87.29••• 33.89••• 49.69• .. o.9ons 
Wayne x PI-54-608-II 155.73••• 67.92••• 84.38••• 6.82• 
Wayne 42.46••• 8.76• 4.86ns 4.75ns 
Dare 63.12••• 6.37 * 8.64• 1.56ns 
Hill 444.05••• o.44ns 29.96••• 7.42• 
Ogden 394.16••• 7.42• 25.95••• o.17ns 
Bragg 400.18••• 9.94 .. 24.oo••• o.02ns 
Wills 542.18• • • 5.40• 77.92••• o.1ons 
K162 320.41••• 12.33•• 89.79 ... 2.24ns 
Daintree 1291.81••• 24.91"' *"' 247.15••• 128.29 ... 
Mamloxi 58.84••• 6.69• 59.33••• 6.99• 

Note: 2 and 100R (same for all models) - see Table 4. 
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Appendix 11.3 Analysis of Variance for the regression model used -

Model I in Appendix 11.2• 

Cultivar Source of Variation df ss 

Acae Total 15 37.64 
Mean 1 37.56 
Regression total 4 0.07015 
Due to X1(adj. for x2 t,x

6
,x4 ) 1 0.01097 

Due to x2 3 
(addition~ t · x1) 1 0.05656 

Due to x
5

' (addit.to X1 ,x2 3 
) 1 0.001850 

Due_to x4 (addit.to x1 , x2 '
3

, x
5 

1 0.0007754 
Residual ' 10 0.01108 

Soysota x Mandarin T 16 41.47 
M 1 41.40 
Reg 4 0.06639 
x1 1 0.01318 
X 1 o.o4570 
x2,3 1 o.oo4730 
x5 1 0.002788 4 
Res 11 0.0009294 

Amsoy x T19 T 16 41.63 
M 1 41.58 
Reg 4 0.04431 
x1 1 0.006434 
X 1 0.05272 
x2,3 1 o.oo4931 
x5 1 0.0002311 4 11 0.002838 Res 

~ayne x PI-54-608-II T 16 45.45 
M 1 45.38 
Reg 4 o.o63.51 
x1 1 0.01039 . 

1 0.04832 X 
x2,3 1 0.003421 
x5 1 0.001376 4 , 

11 0.002218 Res 

Hayne T 10 28.92 
M 1 28.90 
Reg 4 0.01157 

1 0.009484 

F(see•) 

x1 
X 1 0.000009295 
x2,3 1 0.001174 
x5 1 0.0009032 4 5 0.0009506 Res 

Dare T 16 57.32 
M 1 57.25 
Reg 4 0.06030 
x1 1 0.05169 
X 1 0.004259 
x2,3 1 0.003173 
x5 1 0.001180 4 11 0.008323 Res 
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Cultivar .Source of Variation df ss F(see•) 

Hill T 16 61.34 
M 1 61.27 
Reg 4 0.06583 
X 1 0.05633 
x1 1 0.007890 x2,3 1 0.0005865 
x5 1 0.001016 4 Res 11 0.001506 

Ogden T 16 59.81 
M 1 59.73 
Reg 4 0.074.94 
x1 1 o.o6887 
X 1 0.003560 x2,3 1 0.002210 
x5 1 0.0002915 4 Res 11 0.001921 

Bragg T 16 59.81 
M 1 59.71 
Reg 4 0.09907 
x1 1 0.09057 
X 1 0.006106 
x2,3 1 0.002391 
x5 1 0.000004547 4 Res 11 0.002507 

Wills T 16 64.'+7 
M 1 64.38 
Reg 4 0.08840 
x1 1 0.07625 
X 1 0.008374 
x2,3 1 0.003766 
x5 1 0.00001389 4 Res . 11 0.001554 

K162 T 15 64.96 
M 1 64.92 
Reg 4 0.03253 
x1 1 0.02543 
X 1 o.oo4059 
x2,3 1 0.002875 
x5 1 0.0001714 4 
Res 10 0.0007659 

Daintree ·r 14 62.96 
M 1 62.9'+ 
Reg 4 0.01902 
x1 1 0.01358 
X 1 0.003412 
x2,3 1 0.0005854 
x5 1 0.001442 4 
Res 9 0.0001011 

Mamloxi •r 11 51.66 
M 1 51.65 
Reg 4 0.00.8113 
x1 1 0.003967 
X 1 0.003271 
x2,3 1 0.0004445 
x~ i 0.0004304 
Res 6 0.0003687 



Appendix 11.4 

Cultivar 

Acme 

Soysota x Mandarin 

Amsoy x T19 

Wayne x PI-54-608-II 
Wayne 

Dare 

Hill 

Ogden 

Bragg 

Wills 

K162 

Dain tree 

Mamloxi 

Significance of the partial regression coefficients for Model I (t-test ratios) 

a b1 b2,3 b5 b4 

3.27•• 1.35ns - 1.65ns - 1.31ns - o.84ns 
11.43••• 9.37••• - 6.20••• - 9.16• .. - 5.75••• 
3.58•• 2.45• - 5.75••• - 2.78• 0.95ns 

11.00••• 5.45••• - 1.34ns - 4.73•·~ - 2.61• 
2.27ns o.21ns - 2.98• - 0.29ns 2.18ns 
2.93• 3.71•• - 0.27ns - 1. 70ns - 1.25ns 
9.09••• 5.62••• o.05ns - 3.13•• - 2.72• 
4.95••• 5.22••• - 0.19ns - 3.14•• - 1.29ns 
4.86··· 4.13•• - 1.90ns - 2.49• - 0.15ns 
7.43••• 7. 86• •• - 4.09•• - 5.12••• 0.31ns 
5.56••• 

~ 
5.88··· - o. 73ns - 6.23••• - 1.50ns 

23.58••• 4.22•• 3.53•• - 7.99••• -11.33••• 
5.36 .. o.56ns 0.93ns - 3.59• - 2.65• 

....l, 

....l, 

vi 
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Appendix 11.5.1 

CultivarOO 0 
00 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

-0.6531ns 
-1.4938ns -1 .9116ns 
o.6612ns 3.2225•• 

-2.7593• -4.1880 .. 
-o.3968ns 0.1333ns 
-0.3875ns o.6801ns 
-1.1686ns -1.2725ns 
-0.1151ns o.7795ns 
-1.03o6ns -1.0853ns 
o.0118ns 1.0821ns 
2.1678• 8.9014•• 
1. 7387ns 2.9102 .. 

Appendix 11.5.2 

o.8470ns 
-o.5889ns -3.8674•• 
-o.5021ns -4.8583•• 
-1.2089ns -5.1052•• 
-0.7795ns -5.8769•• 
-0.6915ns -5.9170•• 
-0.4640ns -4.5995•• 
-0.4025ns -3.8985•• 
-0.1841ns -3-7722 .. 
-o.6872ns -5.9421•• 
-o.9968ns -7.4303•• 
-1.2093ns -6.6208•• 

Between cultivar comparisons - homogeneity tests of the partial regression coefficients 
for the model: X X X Y =a. b1 1 • b2 ,3 2,3. b5 5. b X4 

4 

T-test ratios for the partial regression coefficient a 

1 2 3 4 5 6 

4 .o454• • 
-2.1182• -5.8885 .. 
1.0607ns -1.2474ns 2.4109• 
2.2371• -2.3213• 4.3527•• 0.1385nc 
o.6248ns -3.6246 .. 2.7731• -0.7079ns -1.6688ns 
1.9073ns -1.1372ns 3.5611•• 0.3579ns 0.3755ns 1.4763ns 
1.0451ns -3.8159•• 3.3370 .. -0.5453ns -1.5511ns o.3712ns 
2.2242• -0.9978ns 3.9331•• o.5046ns o.6289ns 1. 7827ns 
7.5835•• 3.5531 .. 9.0659•• 2.8851 .. 6.7407•• 7.4707 .. 
3.5664 .. 1.6281ns 4 .6876 • • 2.1725• 2.6247• 3.2950•• 

T-test ratios for the partial regression coefficient b1 

o.3153ns . 
-1.4430ns -2.0253ns 
-o.5121ns -1 .2864ns 1.2935ns 
-0.2503ns -0.9661ns 1.5898ns o.4793ns 
o.4177ns 0.1631ns 2.0918• 1.395ons 1.0967ns 
o.5348ns 0.3451ns 2.0844• 1.3692ns 1.1058ns 0.2034ns 
1.2747ns 1.4964ns 2.8908•• 2.8277•• 2.6964• 1.2628ns 

-o.2368ns -o.9546ns 1 .6087ns o.5109ns o.0291ns -1.0861ns 
-1.2289ns -2.7860•• o.7815ns -1.2168ns -2.1125• -2.8049•• 
-1.6834ns -2.7703• o.1078ns -1.7147ns -2.2308• -2.8234 .. 

7 8 9 

-1.3223ns 
o.1724ns 1.651ons 
3.4475•• 8.7792•• 3.4921•• 
2.1387• 3.2276 .. 2.0643ns 

o.8325ns 
-1.0951ns -2.7064• 
-2.4174* -4.7678•• -2.1943* 
-2.6446• -4.0561•• -2.2681• 

10 

~ 

~ 

~ 

0.3115ns 

-1 .0346ns 

.. 
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Appendix 11.5 continued: 

Appendix 11.5.3 T-test ratios for the partial regression coefficient b
2

•
3 

-0.1246ns 
-1 .1807ns -2.0288ns 
o.4395ns o. 8o86ns 1.9701 ns 

-1 . 8877ns -2.0380ns -1.3869ns -2.2304• 
o.4489ns 0.5496ns 1.0783ns 0.2182ns 1. 7827ns 
1 .2116ns 1. 7872ns 2.7282• O. 8875ns 2.6816• o.2639ns 
o.5358ns o.6488ns 1.1899ns 0.3023ns 1. 8735ns o.0587ns -0.1938ns 

-o.8764ns -0.9165ns -0.2630ns -1 .1944ns o.8507ns -1.0227ns -1 .6959ns -1.1028ns 
-1.2607ns -1. 7504ns -0.2976ns -1.9115ns 1.1907ns -1.1632ns -2.6162· -1.2710ns 
o.5675ns o.8547ns 1. 7834ns 0.2037ns 2.2264· -o.0926ns -o.5766ns -0.1693ns 
2.9043• • 6.3802•• 6.6795•• 2.8190•• 3.6811•• 0.9471ns 1 .3643ns o.8905ns 
1.6562ns 1.9888ns 2.6232• 1.4283ns 2.8778• 0.7772ns o,.7758ns o. 7246ns 

Appendix 11.5.4 T-test ratios for the partial regression coefficient b
5 

I ' 
-0.8000ns I 
o.4575ns 3.4279•• I 
o. 5546ns 4.9178•• 0.2480ns 

I 1.1556ns 5.0607•• 1 .6614ns 1. 7931ns 
o.8701ns 5.0873•• 1. 0814ns 1 .1452ns -0 . 782ons 
o.6889ns 5.0264•• o.6280ns o.5582ns -1.3469ns -0.6207ns 
o.4894ns 3.8317•• o.0705ns -0.1862ns -1. 7044ns -1.1010ns -0.5412ns 
o.3314ns 2.6212• -o.2515ns -0.4970ns -1. 7039ns -1 .1877ns -0.7508ns o.3254ns 
o.oo80ns 2.4083• -1.1943ns -1. 8447ns -2.9056•• -2.5144• -1.9192ns -1 .3756ns 
o.4846ns 4.9051•• o.0344ns -0.3525ns -2 .0536ns -1.4644ns -0. 7383ns -0.0574ns 
o.3301ns 4.3951•• -0.4482ns -1.141 9ns -2.5187• -2.0586• -1.2987ns -0.6077ns 
o.6246ns 4.8743•• o.4468ns o.3004ns -1.5334ns -0.8435ns -0.2083ns o.4091ns 

Appendilc 11.5.5 T-test ratios for the partial regression coefficient b4 

-o.4548ns 
o.4933ns 2 . 4677• 
o.o611ns 1.4375ns -1.0248ns 
1. 8563n.s 4.0452 .. 2.3708· 3.0987•• 
o.4361ns 2,4559• -0. 1424ns 0 . 9255ns -0.8748ns 
o.334ons 2.8154•• -0.4753ns o.7947ns -0. 941 Ona 0.32850s 
o.3988ns 2.2669• - 0.2180n.fl o.8129ns -0.8922ns -0.0832ns o. 2147ns 
o.7326ns 2 .9090•• o.5252ns 1.5207ns -0.7062ns o.6813ns 1.0754ns o.7399ns 
o.866~ns 5.3333•• o.996ons 2.5387• -0.6701ns 1.2772ns 2.4459• 1.3199ns 
0.568 ns 3.7219•• o.1514ns 1. 4998ns -0.8200ns o.3465ns 0.9454ns o.4318ns 
o . 2281ns 3 . 0574•• -0 . 8637na o.5487ns -1 .0018ns -0. 7372ns -o.5843ns -o.5831ns 
o.2824ns 2.4946• - o.5904n.a o.6232ns -0.9659ns ~o .4555ns -0.1852ns -0.3408ns 

0.1092ns 
1 .2506ns 
2.6514• 
2. 0378ns 

-0. 7528113 

0.3294ns 
-o.0558ns 
o.6560ns 

I 

0 .2385ns 
-0. 5019ns 
-1.4874ns 
-1.1674 ns 

1. 8026ns 
5.2587•• 
2.6274* 

. 1 .1480ns 
1.9817ns 

-1.4068ns 
-4.8998•• 
-2 . 4430• 

1.9530ns 
1.1811ns 

-0. 8664ns 
o.6379ns 

- 1.9239ns 
-1.0697ns 

o.0121ns 

1.3487ns 

0.2811ns 

.J 

.J 

\J1 
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Appendix 12 FLO~JERING PliASE 

y = the length, in days, of the flowering phase 

x1 = the average daylength, in hours, during the flowering phase 

x2 = the average hourly day temperature, . oc in , during the phase 

x3 = the average hourly night temperature, in °c, during the phase 
X4 = the daylength, in hours, at the start of the phase 

x5 = the daylength, in hours, at the end of the phase 

Cultivar Sowing Period y x1 x2 x3 X4 x5 (Maturity Group) date 
block 

Acme A1 23/12- 2/2 41 15.7 21.5 17 .1 16.1 15.1 
A2 26/12- 2/2 38 15.7 21.7 17.2 16.1 15.1 

(00) B1 26/12- 2/2 38 15.7 21.7 17.2 16 .1 15. 1 
B2 28/12- 2/2 36 15.7 21.6 17.2 16. 1 15.1 
c1 31/12- 2/2 33 15.6 21.5 17.2 16.0 15 .1 
c2 No sample due tc germj na tior failure 
D1 12/1 -26/2 45 15.0 20.9 16.8 15.8 14.o 
D2 10/1 -18/2 39 15.2 20.9 16.9 15.9 14.4 
E1 18/1 -12/3 53 14.5 20.4 16.5 15.6 13.3 
E2 16/1 - 8/3 51 14.7 20.5 16.5 15.7 13.5 
F1 30/1 -28/3 57 13.9 20.5 16.5 15.2 12.6 
F2 2/2 -28/3 54 13.8 20.5 16.6 15. 1 12.6 
G1 14/2 -21/4 66 13.0 19.1 15.0 14.6 11.6 
G2 . 14/2 -21/4 66 13.0 19.1 15.0 14.6 11.6 
H1 25/2 - 4/5 68 12.5 18.0 14.o 14 .1 11.2 
H2 25/2 - 9/5 73 12.4 17.7 13.7 14.1 11.0 

Soysota x Mandarin A1 18/12- 2/2 46 15.7 21.5 17.2 16.1 15.1 
A2 20/12-31/1 42 15.8 21.5 17.3 16.1 15.2 

(0) B1 23/12- 2/2 41 15-7 21.5 17. 1 16.1 . 15.1 
B2 25/12- 2/2 39 15.7 21.7 17 .1 16.1 15.1 
c1 31/12- 2/2 33 15.6 21.5 17.2 16.0 . 15.1 
c2 2/1 - 6/2 35 15.5 21.2 17.1 16.0 14.9 
D1 8/1 -23/2 46 15.4 21.1 17. 1 15.9 14.2 
D2 11/1 -27/2 47 15.0 21.0 17.0 15.8 14.o 
E1 17/1 -10/3 52 14.6 20.5 16.5 15.7 13.4 
E2 20/1 -11/3 49 14.5 20.9 16.9 15.6 13.4 
F1 1/2 -27/3 54 13.9 20.6 16.6 15.1 12.7 
F2 3/2 -30/3 55 13.8 20.5 16.5 15.0 12.5 
G1 14/2 -10/4 55 13.3 19.8 15.8 14.6 12.1 
G2 16/2 -19/4 62 13.0 19.1 14.9 14.5 11.7 
H1 26/2 - 6/5 69 12.4 17.9 14.2 14.o 11.1 
H2 28/2 - 6/5 67 12.4 17.8 14.0 13.9 11.1 

Aasoy x T19 A1 16/12-11/2 57 15.6 21.2 16.8 16.1 14.7 
A2 16/12-11/2 . 57 15.6 21.2 16.9 16. 1 14.7 

( 1) B1 26/12-15/2 51 15.4 21.5 17.0 16. 1 14.5 
B2 26/12-17/2 53 15.4 21.5 17.2 16 .1 14.4 
c1 3/1 -17/2 45 15.3 21.3 17.2 16.0 14.4 
c2 3/1 -20/2 48 15.2 21.2 17.2 16.0 14.3 
n, 8/1 - 1/3 52 15.0 21.0 17.3 15.9 13.9 
D2 10/1 - 2/3 51 14.9 20.9 16.9 15.9 13.8 

Note: Data given= plot means 



Appendix 12 continued: 117 

CultiTar Sowing Period y x1 x2 x3 X4 x5 date 
block 

A11soy X T19 E1 20/1 -12/3 51 14.5 20.5 16.5 15.6 13.3 
continued: E2 19/1 -12/3 52 14.5 20.4 16.5 15.6 13.3 

F 3/2 -28/3 53 13.8 20.6 16.6 15.0 12.6 •F1 7/2 -26/3 47 13.8 20.8 16.8 14.9 12.7 G2 16/2 -20/4 63 13.0 19.0 14.9 14.5 11.7 G1 15/2 -18/4 62 13.1 19.2 15.1 14.5 11.8 H2 28/2 -13/5 74 12.3 17.3 13.4 13.9 10.9 H1 2/3 - 9/5 68 12.3 17.6 13.5 13.8 11.0 2 

Wayne x PI-54-608-I A1 2/1 -28/2 57 15.1 21.3 17.3 16.0 13.9 . 
A2 29/12-27/2 60 15.2 21.0 17.2 16. 1 14.o (2) B1 4/1 - 8/3 63 14.9 21.0 17.0 16.0 13.5 
B2 5/1 - 3/3 57 15.0 21.1 17. 1 15.9 13.8 
c1 6/1 - 4/3 57 14.9 21.1 17.0 15 •. 9 13.7 
c2 9/1 - 1/3 51 14.9 21.0 17.0 15.9 13.9 
D1 17/1 -20/3 62 14.4 20.5 16.5 15.7 13.0 
D2 15/1 -10/3 54 14.6 20.5 16.5 15.7 13.4 
E1 26/1 -29/3 62 14.o 20.5 16.7 15.3 12.6 
E2 24/1 -25/3 60 14. 1 20.4 16.7 15.4 12.8 
F1 12/2 - 9/4 56 13.3 19.7 16.0 14.7 12. 1 
F2 7/2 -11/4 63 13.4 19.7 15.8 14.9 12.0 
a1 18/2 - 5/5 76 12.6 18.4 1lt-.3 14.4 11.2 
G2 20/2 - 9/5 78 12.5 18.0 14.o 14.3 11.0 
H1 8/3 -16/5 69 12.0 17.0 13.3 13.5 10.8 
H2 7/3 - 9/5 63 12.2 17.4 13.4 13.6 11.0 

Wayne No b Locks A to C - du le to E ermin8 tion :f iailure 
D1 23/1 -19/3 55 14.3 20.6 16.6 15.5 13.0 

(3) D2 21/1 -19/3 57 14.3 20.6 16.6 15.5 13.0 
E1 7/2 - 4/4 56 13.6 20.3 16.4 14.9 12.3 
E2 5/2 -31/3 54 13.7 20.4 16.6 14.9 12.5 
F1 19/2 -25/4 65 12.8 18.9 14.7 14.3 11.5 
F2 18/2 -25/4 66 12:8 18.9 14. 8 14.4 11.5 
G1 23/2 - 9/5 75 12.5 17.8 13.8 14.2 11.0 
02 24/2 -10/5 75 12.4 17.6 13.7 14.1 11.0 
H1 10/3 -22/5 73 11.9 16.8 13.3 13.4 10.7 
H2 12/3 -21/5 71 11.7 16.6 13.0 13.3 10.7 

' 
Dare •A 15/2 - 2/4 46 13.4 20.2 16.4 14.5 12.4 

A1 29/1 -20/3 50 14 .1 20.6 16.6 15.3 13.0 
(4) B2 12/2 - 5/4 52 13.4 20.2 16.3 14.7 12.3 

B1 11/2 - 6/4 54 13.4 20.2 16.2 14.7 12.2 
c2 11/2 - 7/4 55 13.4 20.2 16.1 14.7 12.2 
c1 6/2 - 7/4 60 13.5 20.2 16.1 14.9 12.2 
D2 17/2 -30/4 72 12.8 18.6 14.6 14.4 11.3 
D1 19/2 -29/4 69 12.7 18.6 14.5 14.3 11.4 
E2 2/3 - 7/5 66 12.3 17.4 13.7 13.8 11.1 
E1 2/3 -12/5 71 12.2 17.4 13.4 13.8 10.9 
F2 11/3 -18/5 68 11.9 16.9 13.1 13.4 10.8 
F1 11/3 -20/5 70 11.9 16.9 13.2 13.4 10.7 
G2 18/3 -27/5 70 11.7 16.2 12.9 13.1 10.6 
G1 20/3 -30/5 71 11.4 15.9 12.6 13.0 10.5 
H2 25/3 - 5/6 72 11.4 15.3 12. 1 12.8 10.5 
H1 27/3 - 6/6 71 11.3 15.2 12.0 12.7 10.4 2 

• Data from this sample excluded from the final regression equation - due 
to •oversize' residual. 



Appendix 12 continued: 118 

Cultivar Sowing Period y x1 x2 x3 X4 x5 
date 

block 

Hill A1 16/2 - 4/4 47 13.3 20.0 16.2 14.5 12.3 
A2 19/2 -14/4 54 13 .1 19.4 15.3 14.3 11.9 

(5) B1 23/2 -30/4 66 12.6 18.3 14.3 14.2 11.3 
B2 28/2 -22/4 53 12.7 18.6 14.2 13.9 11.6 
c1 22/2 -29/4 66 12.6 18.5 14.4 14.2 11.4 
c2 25/2 -30/4 64 12.5 18.2 14.2 14.1 11.3 
D1 9/3 - 8/5 60 12.2 17.4 13.5 13.5 11.1 
D2 7/3 - 8/5 62 12.2 17.5 13.6 13.6 11.1 
E1 12/3 -14/5 63 12.0 16.9 13.0 13.3 10.9 
E2 13/3 -17/5 65 11. 9 16.8 12.9 13.3 10.8 
F1 17/3 -20/5 64 11. 8 16.5 12.9 13 .1 10.7 
F2 21/3 -26/5 66 11.6 16. 1 12.7 12.9 10.6 
G1 27/3 -29/5 63 11.4 15.9 12.3 12.7 10.5 
G2 29/3 -29/5 61 11.3 15.9 12.3 12.6 10.5 
H1 5/4 -10/6 66 11. 1 14.5 11.7 12.3 10.4 
H2 8/4 -11/6 64 11.1 14.4 11.6 12.2 10.4 

Ogden A1 15/2 -17/4 61 13.1 19. 2 15.2 14.5 11.8 
A2 13/2 -10/4 56 13.3 19.9 15.9 14.6 12.1 

(6) B1 14/2 -26/4 71 12.9 18.9 15.0 14.6 11.5 
B2 22/2 -27/4 64 12.7 18.5 14.4 14.2 11.4 
c1 23/2 - 6/5 72 12.5 18.0 14.o 14.2 11.1 
c2 23/2 - 4/5 70 12.6 18.1 14.1 14.2 11.2 
D1 1/3 - 8/5 68 12.5 17.6 13.6 13.9 11. 1 
D2 27/2 - 8/5 70 12.4 17.7 13.7 14.o 11.1 
E1 8/3 -25/5 78 11.9 16.8 13.4 13.5 10.6 
E2 10/3 -23/5 74 11. 9 16.8 13.2 13.4 10.6 
F1 19/3 -29/5 71 11.6 16.0 12.7 13.0 10.5 
F2 18/3 -28/5 71 11.6 16.1 12.8 13. 1 10.6 
G1 22/3 - 7/6 77 11.4 15.5 12.3 12.9 10.4 
G2 19/3 - 6/6 79 11.5 15.7 12.5 13.0 10.4 
H1 1/4 -13/6 73 11.2 14.5 11 .• 3 12.4 10.4 

H2 30/3 -14/6 76 11,2 14.6 11.4 12.5 10.4 

Bragg A1 15/2 - 1/5 75 12.8 18.6 14.7 14.5 11.3 
A2 14/2 - 1/5 76 12.8 18.7 14.? 14.6 11.3 

(7) B1 16/2 - 4/5 77 12.7 18.4 14.5 14.5 11.2 
B2 22/2 - 3/5 70 12.6 18.3 14.2 14.2 11.2 
c1 20/2 - 5/5 74 12.6 18.3 14.2 14.3 11.2 
c2 23/2 - 5/5 71 12.5 18. 1 14.o 14.2 11.2 
D1 3/3 - 8/5 66 12.3 17.6 13.6 13.8 11.1 
D2 5/3 - 8/5 64 12.3 17.5 13.5 13.7 11.1 
E1 8/3 -17/5 70 12.0 17.0 13.3 13.5 10.8 
E2 7/3 -21/5 75 12.0 17.0 13.4 13.6 10.7 
F1 12/3 -25/5 74 11.8 16.7 13.2 13.3 10.6 
F2 16/3 -25/5 70 11.7 16.4 13.0 13. 1 10.6 
G1 21/3 - 6/6 77 11.5 15.6 12.3 12.9 10.4 
G2 24/3 - 8/6 76 11.4 15.2 12 .1 12.8 10.4 
H1 27/3 -11/6 76 11.3 14.9 11.7 12.7 10.4 
H2 27/3 - 9/6 74 11.3 15.0 11.8 12.7 10.4 

Wills A1 2/3 - 8/5 ·67 12.3 17.6 13.6 13.8 11.1 
A2 8/3 - 7/5 60 12.2 17.5 13.5 13.5 11.1 

(8) B1 8/3 -10/5 6,3 12.2 17.3 13.3 13.5 11.0 
B2 14/3 -10/5 57 12.0 17.0 12.9 13.2 11.0 

c1 16/3 -12/5 57 11. 9 16.7 12.7 13.1 10.9 
c2 12/3 - 9/5 58 12.1 17.2 13.1 13.3 11.0 
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Cultivar Sowing Period y x1 x2 x3 X4 x5 
date 

block 

Wills continued: D1 17/3 -15/5 59 11.9 16.5 12.7 13.1 10.8 
D2 15/3 -13/5 59 12.0 16.7 12.8 13.2 10.9 
E1 21/3 -26/5 66 11.6 16.1 12.7 12.9 10.6 
E2 20/3 -26/5 67 11.6 16.2 12.8 13.0 10.6 
F1 25/3 - 7/6 74 11.4 15.2 12. 1 12.8 10.4 
F2 30/j - 9/6 71 11.2 14.9 11.8 12.5 10.4 
G1 31/3 -12/6 73 11.2 14.7 11.5 12.5 10.4 
G · 4/4 -14/6 71 11.2 14.3 11.1 12.3 _ 10.4 
H2 9/4 -14/6 66 11.0 14. 1 11.0 12.1 10.4 
H 1 15/4 -15/6 61 10.9 13.9 11.1 11.9 10.3 2 

K162 A1 19/3 -25/5 67 11.7 16.2 12.8 13.0 10.6 
A2 18/3 -28/5 71 11.6 16 .1 12.8 13.1 10.6 

(9) B1 No sample - plat ts lod ged pr ie-flow iering 
B2 1/4 -30/5 59 11.3 15.1 12 .1 12.4 10.5 
c1 27/3 - 1/6 66 11.3 15.3 12.2 12.7 10.5 
c2 22/3 -30/5 69 11.5 15.7 12.5 12.9 10.5 
D1 1/4 - 2/6 62 11.1 14.6 12.0 12.4 10.5 
D2 10/4 - 2/6 53 11.2 14.7 11.7 12. 1 10.5 
E1 5/4 - 6/6 62 11.2 14.7 11.7 12.3 10.5 
E2 12/4 -10/6 59 11.0 14.3 11.4 12.0 10.4 
F1 24/4 -14/6 51 10.8 13.4 10.9 11.5 10.4 
F2 17/4 -11/6 55 10.9 14 .1 11.5 11.8 10.4 
G1 24/4 -13/6 50 10.8 13.5 10.9 11.5 10.4 
G2 26/4 -13/6 48 10.8 13.5 10.8 11.5 10.4 
H1 10/5 -14/6 35 10.6 13.2 10.9 11.0 10.4 
H2 9/5 -14/6 36 10.6 13.2 10.8 11.0 10.4 

Daintree A1 28/3 - 1/6 65 11.4 15.2 12.2 12.6 10.5 
A2 2/4 -28/5 56 11.4 15 .1 12. 1 12.4 10.6 

( 10) B1 30/3 - 1/6 63 11.2 15.1 12.0 12.5 10.5 
B2 30/3 - 1/6 63 11.2 15 .1 12.0 12.5 10.5 
c1 6/4 - 2/6 57 11 .. 2 14.8 12.0 12.2 10.5 
c2 4/4 - 2/6 59 11.2 14.8 11.9 12.3 10.5 
D1 12/~ - 2/6 51 11 • 1 14.5 11.9 12.0 10.5 
D2 7/4 - 2/6 56 11.2 14.7 12.0 12.2 10.5 
E1 17/4 - 7/6 51 11.0 14.4 11.9 11.8 10.4 
E2 20/4 - 9/6 50 10.9 14 .1 11.8 11.7 10.4 
F1 26/4 -12/6 47 10.8 13.6 11.0 11.5 10.4 
F2 1/5 -14/6 43 11.0 13.6 10.9 11.3 10.4 
G1 8/5 -14/6 37 10.6 13.2 10.7 11.1 10.4 
G2 8/5 -14/6 37 10.6 13.2 10.7 11.1 10.4 

No H block sam_p les - !flower "3 fail ied to open 

Mamloxi A1 13/4 - 6/6 54 11.0 14.4 11.8 12.0 10.5 
A2 5/4 - 7/6 63 11.2 14.7 11.7 12.3 10.4 

(11) B1 5/4 - 7/6 63 11.2 14.7 11.7 12.3 10.4 
B2 8/4 - 7/6 60 11 • 1 14.6 11.7 12.2 10.4 
c1 18/4 - 8/6 51 10.9 14.3 11.9 11.8 10.4 
c2 12/4 - 6/6 55 11 • 1 14.5 11.7 12.0 10.5 
D1 25/4 - 7/6 43 10.8 14.o 11.7 11.5 10.4 
D2 19/4 - 8/6 50 10.9 14.3 12.0 11.7 10.4 
E1 2/5 - 9/6 38 10.7 13.6 11.5 11.3 10.4 
E2 5/5 -10/6 36 10.7 13.5 11.4 11.2 10.4 
F1 10/5 -14/6 35 10.6 13.2 10.9 11.0 10.3 
No bll.ocks F2 , G or H i- flow iers fa riled t p open 
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Cultivar Va.riable x, x2 x-:s X4 x5 
Acme y -0.980••• -0. 943 ... -0.926••• -0.962•• -0.985 ... 

y1 -0.966· .. -0.921••• -0.890 .. * -0.937••• -0.979••• 
(n=15) x2 o. 963• ** 0.990••• 

x5 0.996••• 0.976• .. 

Soysota x Mandarin y -0.938••• -0.917••• 0.896••• -0.924••• -0.949••• 
y1 -0.910••• -0.870••• o.845••• -0.887••• -0.930••• 

(n=16) x2 0.948••• 0.990••• 
x5 0.993••• 0.973• .. 

Amsoy x T19 y -0.814••• -0.900••• -0.927••• -0.852••• -0.807••• 
y1 -0.801*** -0.881••• -0.910••• -0.839 ... -0.796••• 

(n=15) x2 0.960• .. 0.989 ... 
x5 0.999••• 0.988••• 

Wayne x PI-54-608-IJ y -0.709•• -0.710•• -0.725•• -0.632 .. -0.760•• 

(n=16) 
y1 -0. 707• * -0.707•• -0.720** -0.633•• -0.761•• 
x2 0.973••• 0.995••• 
x5 0.995••• 0.969••• 

Wayne y -0.891••• -0.934••• -0.958••• -0.833•• -0.934••• 
y1 -0.896• .. -0.935••• -0.962••• -0.838•• -0.938• .. 

(n=10) x2 0.974••• 0.992••• 
x5 0.990••• 0.964••• 

Dare y -0.866··· -0.855••• -0.892••• -o.806••• -0.929••• 
y1 -0.864··· -0.850••• -o.888 ... -0.803• .. -0.928••• 

(n=15) x2 0.988• .. 0.995• .. 
x5 0.985• .. 0.959• .. 

Hill y -0.638•• -0.634•• -0.675•• -0.491ns -0.754••• 
y1 -0.644•• -0.639•• -o.686•• -0.499• -0.763••• 

(n=16) x2 0.989••• 0.982••• 
x5 0.978• .. 0.929••• 

Ogden y -0.798 ... -0.772••• -0.764••• -0.691•• -o.884••• 
y1 -0.794••• -0.770••• -0.766••• -0.685• • -0.885 ... 

( n=16) x2 0.992••• 6.992• .. 
x5 0.972••• 0.923••• 

Bragg y -o.181ns -0.219na -o.136na -o.o84ns -0.295ns 
y1 -o.18ons -0.217ns -0.134n.e -0.083ns -0.295ns 

( n=16) x2 0.992••• 0.993••• 
x5 0.985••• 0.965• .. 

Wills y -0.561• -0.565• -0.479ns -0.399ns -0.668•• 
y1 -0.56P -0.564• -0.475ns -0.398ns -0.667•• 

(n=16) x2 0.988· .. 0.985••• 
x5 0.975••• 0.924••• 

K162 y 0.899••• 0.893••• 0.883• .. 0.922••• 0.766••• 
y1 0.869••• 0.860••• o.842••• 0.905••• 0.723•• 

( n=15) x2 0.988••• 0.982••• 
x5 0.929••• 0.915••• 

Daintree y 0.894••• 0.965••• 0.904••• 0.980••• 0.714•• 
y1 0.903••• 0.967••• 0.921••• 0.977••• 0.712•• 

(n:14) x2 0.944••• 0.955••• 
x5 o.846••• 0.830••• 

Ma11loxi y 0.985••• 0.973••• 0.620• 0.993••• o.429ns 
y1 0.980••• 0.986••• 0.671• 0.993 ... o.468ns 

( n=11) x2 0.965••• 0.770•• 
XS 0.505 ns 0.508 ns . 
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Appendix 12.2 Flowering phase regression models considered: 

Model I y = 

Cultivar F YX5.x3 
F YX

3
.x

5 
F Y.x

5
x
3 

100R2 

Acme 223.50••• 1.42ns 112.53••• 94.9 
Soysota x Mandarin 127.76• .. 1.21ns 64.47••• 90.8 
Amsoy x T19 60.87•-- 37.36••• 50.21••• 88.3 
Wayne x PI ... 54-608-II 17.77 O. OChs 8.88•• 57.8 
Wayne 74.76••• 3.92ns 39.34••• 91.8 
Dare 70.27••• 0.21ns 35.25••• 84.4 
Hill 25.45*** 6.28• 15.87• .. 70.9 
Ogden 59.66• .. 3.61ns 31.63••• 83.0 
Bragg 0.13ns 3.61ns 2.6ons 28.6 
Wills 12.82•• 2.88ns 7.85•• 54.7 
K162 34.85••• 12.59•• 23.72••• 79.8 
Daintree 31.66 .. • 19.37 .. 25.51••• 82.3 
Mamloxi o.65ns 4.58ns 2.62ns 39.5 

Model II y = 

Cultivar F Y.x
5 

100R2 

Acme 437.48••• 97. 1 
Soysota x Mandarin 125.85••• 90.0 
Amsoy x T19 24.36••• 65.2 
Wayne x PI-54-608-II 19.13••• 57.7 
Wayne 54.78••• 87.3 
Dare 81.29••• 86.2 
Hill 18.48••• 56.9 
Ogden 50.29 78.2 
Bragg 1 .33ns 8.7 
Wills 

. 11.31•• 44.7 
K162 18.43••• 58.6 
Daintree 12.51-• 51.0 
Mamloxi 2.03ns 18.4 

Model III y = 

Cul ti var F YX
5

.x4 
F 

YX4 .X5 
F 
Y .x5x4 

100R2 

Acme 403.93 .. • O.OOns 202.05••• 97.1 
Soysota x Mandarin 116.91•.,. o.01ns 58.44• .. 90.0 
A11soy x T19 34.60••• 6.46• 20.53••• 77.4 
Wayne x PI-54-608-II 31.11••• 9.77•• 20.43••• 75.9 
Wayne 95.87••• 7.01• 51.44••• 93.6 
Dare 203.38••• 20.52••• 111.94••• 94.9 
Hill 66.53••• 37.38• • • 51.95••• 88.9 
Ogden 89. 88• .. 12.02•• 50.96••• 88.7 
Bragg 4.43ns 33.52••• 18.97••• 74.5 
Wills 25.70••• 18. 82• •• 22.26••• 77.4 
K162 62.71••• .32.25••• 47.48••• 88.8 
Daintree 842.78*** 797 .48 .. * 820.21••• 99.3 
Mamloxi 225.08••• 991.60••• 608.29••• 99.3 
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Appendix 12.3 Analysis of Variance for the regression model used -

Model III in Appendix 12.2• 

Cultivar Source of Variation df ss F(see•' 
. 

Acme Total 15 40740.0 
Mean 1 38300.0 
Regression total 2 2365.0 
Due to X (adj. for x4) 1 2365.0 
Due to X' (addit.to x

5
) 1 0.0176 

Residual 12 70.26 

Soysota x Mandarin T 16 40890.0 
M 1 39200.0 
Reg 2 1514.o 
x5 1 1514.o 
X4 1 0.01535 
Res 13 168.4 

Arasoy x T19 T 15 47570.0 
M 1 46700.0 
Reg 2 668.9 
x5 1 563.6 
X4 1 105.3 
Res 12 195.5 

Wayne x PI-54-608-II T 16 61820.0 
M 1 61010.0 
Reg 2 612.3 
x5 1 466.o 
X4 1 146.3 
Rea 13 194.7 

Wayne T 10 42530.0 
M 1 41860.0 
Reg . 2 623.7 
x5 1 581.2 
X4 1 42.47 
Res 7 42.43 

Dare T 15 63780.0 
M 1 62860.0 
Reg 2 874.1 
x5 1 794.o 
X4 1 80.12 
Res 12 46.85 

Hill T 16 60970.0 
M 1 60520.0 
Reg 2 407.1 
x5 1 260.6 . 

( X4 1 146.4 
Res 13 50.92 

Ogden T 16 80520.0 
M 1 79950.0 
Reg 2 506.8 
x5 1 447.0 
X4 1 59.79 
Res 13 64.64 
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Appendix 12.3 continued: 

Cultivar Source of Variation df ss F(see•) 

Bragg T 16 85060.0 
M 1 84830.0 
Reg 2 171.6 
x5 1 20.06 
X4 1 151.6 
Res 13 58.79 

Wills T 16 66690.0 
M 1 66180.0 
Reg 2 397.4 
x5 1 229.4 
X4 1 168.0 
Res 13 116.1 

K162 T 15 49060.0 
M 1 47380.0 
Reg 2 1492.0 
x5 1 985.2 
X4 1 506.6 
Res 12 188.6 

Daintree T 14 39660.0 
M 1 38590 .o 
Reg 2 1068 .o 
x5 1 548.9 
X4 1 519.4 
Res 11 7 .165 

Mamloxi T 11 28390.0 
M 1 27300.0 
Reg 2 1086.0 
x5 1 201.0 
X4 1 885.5 
Res . 8 7.144 

Appendix 12.4 Significance of the partial regression coefficients 

for Model III (t-test ratios) 

Cultivar a b5 b4 

Acme 4.25•• -4.40··· o.05ns 
Soysota x Mandarin 3.13•• -2.47* -0.03ns 
Amsoy X T19 4.42••• 1.61ns -2.54• 
Wayne X PI-54-608-II 1.1 Ons -4.40••• 3.12• • 
Wayne 5.08•• -5.16•• 2.65• 
Dare 14.17••• -8.40••• 4.53••• 
Hill 14.41••• -8.70••• 6.11••• 
Ogden 15.66••• -6.86••• 3.47•• 
Bragg 8.63••• -6.13••• 5.79••• 
Wills 8.53• .. -5.95••• 4.34••• 
K162 1.60ns - 2.00ns 5.68• .. 
Daintree 4.72••• -7.27*•• 28.24••• 
Mamloxi -0.43ns -3.07• 31.49••• 



Appendix 12.5 

Appendix 12.5.1 

CultivarOO 0 
00 
· o 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

27ns 
52ns 1. 7196ns 
35• ~I. 9781fns 
96ns -o.513ons 
30ns -o.0724ns 
23ns o.0961ns 
8ons o.8630ns 
83ns 1.5506ns 
65• 2.5971_• 
95ns 1.1725ns 
96ns 1. 8484ns 
42• -2.1749• 

Appendix 12.5.2 

o.5664ns 
3.0371•• 2.5589• 

-1.7333ns -1.9942ns 
-2.3330• · -2.5369• 
-3.5150•• -3.5075•• 
-4.1810•• -4 .1057• • 
-3.0979•• -3.1950 .. 
-4.5251 .. -4.6249•• 
-4.5396•• -4.6453•• 
-1. 76~0ns -1.812?ns 
-5.6856* -5.7453•• 
-1 .6864ns -1.8921ns 

Between cultivar comparisons - homogeneity tests of the partial regression coefficients 

for the model: 
Y =a+ b5x5 + D4X4 

T-test ratios for the partial regression coefficient a 

1 2 3 4 5 6 7 8 9 

-3.4750 .. 
-2.3929• 2.1534• 
-2.1575• 3.2667• • o.9136ns 
-2.0310ns 3.4976•· 1.2211ns o.555ons 
-1.4531ns 4.5421•• 2.5926• 2. 8763• • 2.3243• 
-0.7620ns 4.7250•• 3.1027** 3.0509•• 2.7541• 1.4292ns 

o.2105ns 5.5926·· 4.2360·· 4.2641•• 4.0300•• 2.9750•• 1.5509ns 
o.77B8ns 1.4971ns 1.2572ns 1.1924ns 1.1692ns 1.0627ns o.9407ns o.7441ns 
o.o685ns 3.6894•• 2.5811• 2.3515• 2.2191• 1.b145ns o.8823ns -0.1317ns -0. 7628ns 

-3.4021•• -0.8693ns -2 .1300• -2.5923• -2.7121• - 3.2602•• -3 .6620** -4.4080•• -1.6552ns 

T-test ratios for the partial regression coefficient b
5 

. 
-3.7904 .. 
-4~1768•• -0.4522ns 
-4.8087•• -0.8325ns -o.3066ns 
-5.2012•• -1.4412ns -0.9412ns -0.8136ns 
-4.6312•• -o.7828ns -o.2914ns -0.0074ns o.7265ns 
-5.7118•• -3.1344 .. -2.8388•• -2.8594•• -2.4115• -2.7726•* 
-5.7134•• -3.3006 .. -3.0297•• -3.0425•• -2.6385•• -2.9665•• -o.3626ns 
-2.2047• -1.569711.6 -1.5098ns -1.4793ns -1.4045ns -1.4772ns -0.956?ns -0.8656ns 
-6.6497•• -4.2510 .. -3.9740•• -4.0660·· -3.621P* -3.9526 .. -1 .0028ns -o.5902ns o.7185ns 
-3.3989 .. -o.6o60ns -0.3073ns -0.1455ns 0.2485ns -0.1379ns 1.9805ns 2.2234• · 1.4325ns 

_. 
N .-

10 

-3.5436* 4 

2.9164• 4 
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Appendix 12.5 continued: 

Appendix 12.5.3 T-test ratios for the partial regression coefficient b4 

-o.oo68ns 
-2.3127• -2.1468• 
2.3266· 2.1261• 3.7477•• 
1.8307ns 1.6609ns 3.4437•• -0.6330ns 
2.1214• 1.8177ns 3.6194 .. -0.8892ns -0.1488ns 
2 .5066• 2.1130• 3. 8164• • -o.6388ns o.1569ns o.4789ns 
1.4908ns 1.2914ns 3.2850•• -1.5029ns -0.8271ns -1.0202ns -1 .6176ns 
3.5754•• 3.1133•• 4.4688•• o.7322ns 1.5585ns 2.2329• 1.9735ns 3.0956•• 
2.9164•• 2.5908• 4.1056•• 0.2924ns 1.025ons 1.453ons 1.1813ns 2.1993• 
3.9779•• 3.5394•• 4.7707 .. 1 .3623ns 2 .1544· 2.8178•• 2.6067• 3 .5474 .. 
5.1517•• : 4.1545•• 5.0949•• 1.4469ns 2.6164• 4.8969•• 5.0050•• 6.7417•• 
5.7761·· l 4.6489•• 5.4023•• 1.9911ns 3.2426·· 5.9971•• 6.2835** 7.9366·· 

"-

o.4842ns 
o. 8216ns 1.2048ns 
o.8o64ns 1.3239ns 
1.5801ns 1.9930ns 

-0.3835ns 
o.2402ns 2.3920• 

..... 
I\J 
V, 



Appendix 13 

y = the length, 

x1 = the average 

x2 = the average 

x3 = the average 

126 

POD EMERGENCE PHASE 

in days, of the pod emergence phase 

daylength, in hours, during the pod emergence phaae 

hourly day temperature, in °c, during pod emergence 

hourly night temperature, in °c, during pod emergence 

Data given= plot means 

Cultivar Sowing Period y x1 x2 x3 (Maturity Group) date block 
I 

Acme A1 23/12-31/12 7.8 16.1 21.5 16.6 
A2 25/12- 1/1 7.8 16.1 22.6 17 .1 

(00) B1 26/12- 1/1 6.o 16.1 22.7 17.4 
B2 28/12- 3/1 6.o 16.0 22.7 16.7 
c1 31/12- 6/1 6.5 16.0 22.2 17. 1 
c2 no sample due to ge: minati bn fail1 re 
D1 12/1 -20/1 7.7 15.7 21.0 17.7 
D2 10/1 -16/1 6.3 15.7 22.9 18.8 
E1 18/1 -24/1 6.2 15.5 19.5 15.7 
E2 16/1 -22/1 6.3 15.6 19.6 16.3 
F1 30/1 - 5/2 5.7 15.0 20.0 15.6 
F2 2/2 - 8/2 5.7 14.9 19.5 15.9 
G1 14/2 -18/2 3.7 14.4 20.6 18.6 
G2 14/2 -18/2 3.5 14.4 20.6 18.6 
H1 25/2 - 3/3 5.9 13.9 19.3 15.8 
H2 25/2 - 2/3 4.6 13.9 19.2 16.0 

Soysota x Mandarin A1 18/12-28/12 10.0 16.1 20.9 17.2 
A 20/12-30/12 9.8 16.1 21.4 16.9 

(0) •B2 23/12- 8/1 15.4 16.0 22.1 17.3 
B1 25/12- 6/1 . 12.2 16.0 22.4 17.0 
c2 31/12-13/1 12.2 15.9 23.0 18.5 
c1 2/1 -12/1 10.2 15.9 23. 1 18.7 
D2 8/1 -17/1 9.2 15.8 22.6 18.8 
D1 11/1 -21/1 9.6 15.7 21.2 17.7 
:.;2 17/1 -27/1 9.8 15.5 20.4 16. 1 
E1 20/1 -30/1 10.2 15.4 20.5 16.4 
F2 1/2 - 7/2 6.2 15.0 19.8 15.6 
F1 3/2 -10/2 6.6 14.9 19.8 15.5 
G2 14/2 -20/2 5.7 14.4 20.9 18.0 
G1 16/2 -22/2 6.5 14.3 20.9 18.0 
H2 26/2 - 4/3 5.2 13.8 19.6 15.6 
H 1 28/2 - 6/3 5.8 13.7 18.7 15. 1 2 

Amsoy x T19 A1 16/12-26/12 10.5 16.1 20.2 16.3 
A2 16/12-26/12 10.0 16. 1 20.2 16.3 

( 1) B1 26/12- 5/1 10.3 16.0 22.7 16.9 
B2 26/12- 6/1 11.0 16.0 22.5_ 17. 1 
c1 3/1 -12/1 9.2 15.9 20.6 19.0 
c2 3/1 -11/1 7.8 15.9 20. 1 18.9 
D1 8/1 -16/1 7.6 15.7 22.9 19.0 
D2 10/1 -16/1 6.8 15.7 22.9 18.8 
E1 20/1 -28/1 8.4 15.4 20.7 16.3 
E2 19/1 -29/1 9.6 15.4 20.4 16.5 
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Appendix 13 continued: 

Cultivar S owing Period y x1 x2 X3 
date block 

Amsoy x T19 F1 3/2 -10/2 7.2 14.9 19.8 15.5 
F2 7/2 -15/2 8.1 14.7 22.1 16.9 

( 1) G1 16/2 -20/2 4.4 14.3 20.0 17.4 
G2 15/2 -20/2 5.2 14.4 20.5 17.8 
H1 28/2 - 5/3 5.4 13.8 19.0 14.6 
H2 2/3 - 7/3 5.2 13.7 19.6 15.8 

Wayne x PI-54-608-II A1 2/1 -10/1 7.6 15.9 22.9 18.7 
A2 29/12- 9/1 10.3 16.0 22.9 18.0 

(2) B1 4/1 -14/1 10.2 15.9 23.2 19.4 
B2 5/1 -14/1 8.6 15.8 23.3 19.6 
c1 6/1 -14/1 7.4 15.8 23.5 19.6 
c2 9/1 -16/1 7.5 15.8 22. 8 18.8 
D1 17/1 -26/1 8.5 15.5 20.2 16.0 
D2 15/1 -23/1 8.2 15.6 19.9 16.4 
E1 26/1 - 3/2 7.9 15.2 20.4 16.1 
E2 24/1 - 2/2 9.3 15.2 20.7 16.1 
F1 12/2 -18/2 6.4 14.5 21.8 18.4 
F2 7/2 -13/2 5.9 14.7 21.5 16.4 
G1 18/2 -26/2 5.8 14.2 21.? 17.4 
G2 20/2 -26/2 5.6 14.1 21.8 17.5 
H1 8/3 -14/3 5.7 13.3 20.3 16.9 
H2 7/3 -12/3 5.8 13.4 19.4 16.1 

-
Wayne Nob ocks A to C d, e to g1 rminat on faiJ ure 

D1 23/1 - 3/2 10.9 15.2 20.6 16.0 
(3) D2 21/1 -31/1 9.1 15.3 20.4 16.3 

E1 7/2 -14/2 7.0 14.7 22.0 16.6 
E2 5/2 -13/2 8.1 14.8 20.9 16.0 
F1 19/2 -26/2 6.4 14.2 21.8 17 -5 
F2 18/2 -24/2 5.8 14.2 22.5 17.9 
G1 23/2 - 2/3 6.6 14.o 19.8 16.3 
G2 24/2 - 2/3 5.7 13.9 19 .1 16 .1 
H1 10/3 -17/3 • 7.2 13.2 20.6 16.7 
H2 12/3 -18/3 6.1 13.2 21.2 16.9 

Dare A1 15/2 -26/2 11.2 14.2 21.2 17.7 
A 29/1 -11/2 13.3 14.9 20.1 15.5 

(4) •B2 12/2 -19/2 8.3 14.5 21.7 18.1 
B1 14/2 -25/2 10.7 14.3 21.5 18.0 
c2 11/2 -22/2 11.2 14.4 21.9 18.2 
c1 6/2 -18/2 11.9 14.6 21.3 17.3 
D2 17/2 -28/2 10.9 14.1 21.4 17.6 
D1 19/2 - 3/3 12.2 14.o 20.7 16.9 
E2 2/3 -12/3 9.9 13.5 19.5 16.0 
E1 2/3 -12/3 9.8 13.5 19.5 16.0 
F2 11/3 -20/3 9.4 13.2 20.8 16.7 
F1 11/3 -19/3 8.6 13.2 20.9 16.7 
G2 18/3 -29/3 10.7 12.8 20.1 15.6 
G1 20/3 -30/3 9.6 12.7 19.8 15.2 
H2 25/3 - 3/4 9.4 12.4 18.3 1lt.5 
H1 27/3 - 7/4 10.8 12.4 18.0 13.3 2 

Jiill *A 16/2 -27/2 11.2 14.2 21.1 17.6 
*A1 19/2 - 3/3 11.5 14.o 20.7 16.9 

(5) B2 23/2 - 5/3 9.5 13.9 19.9 16.1 
B1 28/2 - 7/3 9.7 13.7 18.9 15.0 
c2 22/2 - 3/3 8.4 14.o 20.2 16.3 
C1 25/2 - 5/3 7.9 13.8 19.6 15.9 

2 i -
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Ap pe ndi x 13 continued : 

Cu l tivar Sowing Period y x1 x2 x3 
date bl ock 

Hill c onti n ued: D1 9/3 - 17/3 8. o 13 . 3 20. 5 16.6 
D2 7/3 - 16/3 8 .. 3 13 . 3 20 . 7 16 . 4 

(5) E1 12/3 -21/3 9. 0 13 . 1 21 . 2 17.0 
E2 13/3 -21/3 8.6 13 . 1 20 . 9 16 . 7 
F1 17/3 - 26/3 9 . 0 12 . 9 20 . 7 16 . 7 
F2 21/3 -30/3 9. 7 12 . 7 19 . 5 14 . 8 
a, 27/3 - 5/4 9 . 2 12 . 4 18 . 1 13 . 9 
G2 29/3 - 8/4 9. 7 12 . 3 17. 9 13 . 7 
H1 5/4 -17/4 12 . 4 12. 0 16 . 1 11 . o 
H2 8/4 -20/4 12 . 4 11.9 15 . 9 10.6 

Ogde n A1 15/2 -28/2 12. 3 14 . 2 21.2 17 . 9 
A2 13/2 -25/2 11. 1 14.3 21 . 8 18 . 0 

(6 ) B1 14/2 -24/2 10. 2 14 . 3 21 . 7 18 . 2 
B2 22/2 - 3/3 8.5 14 . o 20 . 2 16 . 3 
c1 23/2 - 5/3 9 . 8 13 . 9 19 . 9 16 . 1 
c2 23/2 - 5/3 10.0 13 . 9 19 . 9 16 . 1 
D1 1/3 - 12/3 10.3 13 . 6 19 . 3 15 . 5 
D2 27/2 - 9/3 9. 7 13 . 7 19 . 3 15 . 7 
E1 8/3 - 18/3 10. 0 13 . 3 20 . 4 16 . 8 
E2 10/3 - 19/3 9. 0 13 . 2 20 . 5 16.7 
F1 19/3 - 27/3 8. 8 12 . 8 20 . 5 16 . 4 
F3 18/3 - 26/3 8. 5 12 . 9 20.9 16.6 
G1 22/3 - 1/4 9. 8 12. 6 19 . 1 14 . 6 
G2 19/3 - 29/3 9 . 8 12 . 8 19 . 9 15 . 5 
H1 1/4 - 13/4 12 . 4 12 . 2 17 . 2 12.6 
H2 30/3 -12/4 12 . 5 12 . 2 17 .5 13 . 1 

I Bragg A1 15/2 -24/2 9 . 7 14 . 3 21.7 18 . 1 I I 

I A2 14/2 - 26/2 11 . 3 14. 3 21 .3 17.8 
(7) B1 16/2 -27/2 10. 6 14.2 21 . 1 17 . 6 

B2 22/2 - 5/3 10. 8 13 . 9 20 . 2 16 . 3 
c, 20/2 - 2/3 10.4 14 . o 20 . 7 17 . 0 
c2 23/2 - 7/3 12. 1 13 . 8 19 . 7 16 . 1 
D1 3/3 - 12;3 · 9.3 13 . 5 19.5 16 . 1 
D2 5/3 - 14/3 9 . 2 13 . 4 19 . 9 16 . 4 
E1 8/3 -18/3 10. 2 13 . 3 20 . 4 16 . 8 

! E2 7/3 - 16/3 8. 7 13 . 3 20.7 16 . 4 
F1 12/3 -21/3 8.9 13 . 1 21 . 2 17. 0 
F2 16/3 -25/3 9. 0 12 . 9 20.7 16 . 8 
G1 21/3 - 1/4 11 . 0 12 . 7 19.4 14. 8 
G2 24/3 - 4/4 10. 8 12 . 5 18 . 3 14.5 
H1 27/3 - 8/4 11 . 6 12 . 4 17.,8 13 . 4 
H2 27/3 - 9/4 12 . 3 12. 3 17 . 8 13 . 3 

Wi lls A1 2/3 -11/3 9 . 0 13 .6 19.6 16 . 0 
A2 8/3 - 18/3 9. 4 13 . 3 20.4 16 . 8 

( 8) B1 8/3 - 17/3 9. 2 13 . 3 20 . 5 16 . 8 
B2 14/3 - 23/3 8.3 13 . 0 21 . 1 16 . 8 
c1 16/3 -26/3 10. 0 12 . 9 20 . 5 16 . 7 
c2 12/3 -23/3 10. 6 13 . 1 - 21 . 3 16 . 9 
D1 17/3 - 25/3 8.3 12 . 9 21 . 0 16.7 
D2 15/3 -24/3 8. 4 13 . 0 21 . 1 17 . 0 
E 21/3 - 1/4 10. 9 12 . 7 19 . 4 14 . 8 
E1 20/3 -28/3 8. 1 12 . 8 20. 2 15 . 7 
F2 25/3 - 3/4 9. 0 12 . 5 18.3 14 . 5 
F1 30/3 - 9/4 10. 1 12 . 3 17 . 8 13 . 5 

I G2 31/3 -1 2/4 12 . 1 12 . 2 17 . 6 13.1 
1 

I ~2 4/4 -16/4 12 . 6 12. 1 16 . 2 11 . 0 
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Appendix 13 continued: 

Cultivar Sowing Period y x1 x2 x3 
date block 

Wills c.»ntinued: H1 9/4 -22/4 13.3 11.8 16.2 11.0 
H2 15/4 -30/4 14.9 11.6 15.7 12.2 

--- ·-

K162 A1 19/3 -29/3 10.0 12.8 19.9 15.5 
A2 18/3 -28/3 10.5 12.8 20.3 15.9 

(9) B1 No sample - :,lants odged :,re-flm ering 
B2 1/4 -12/4 11 .o 12.2 17.3 13.2 
c1 30/3 -10/4 11.6 12.3 17.8 12.9 
c2 22/3 - 3/4 11.9 12.6 19.0 14.9 
D1 1/4 -15/4 14.4 12. 1 16.8 12.2 
D2 10/4 -24/4 13.6 11.8 16.3 11.8 
E1 5/4 -19/4 14.o 12.0 16.1 10.8 
E2 12/4 -25/4 13.1 11.7 16.0 11.9 
F 14/4 -28/4 14.o 11.6 15.8 11.7 
Nci b ocks F2 to H2 - pods failed to eme1 ge 

Daintree A1 28/3 - 7/4 10.0 12.4 18.0 13.6 
A2 2/4 - 9/4 6.7 12.2 17.1 12.5 

( 10) B1 30/3 - 8/4 8.7 12.3 17.8 13.6 
B2 30/3 - 8/4 9.5 12.3 17.8 13.6 
c1 6/4 -16/4 9.8 12.0 16. 1 11.2 
c2 4/4 -14/4 9.8 12.1 16.6 11.6 
D1 12/4 -27/4 14.4 11.7 15.6 11.4 
D2 7/4 - 21/4 14.0 11.9 16.1 10.9 
E1 17/4 -30/4 12.6 11.5 15.9 12.5 
E2 20/4 - 2/5 12.1 11.4 15.9 12.8 
No b~ocks F to H - pods f dled t I> emergE 

Mamloxi A1 13/4 -21/4 B.o 11.~ 15.6 10.3 
A2 5/4 -16 4 10.2 12.0 16.1 10.9 

( 11 ) B1 5/4 -16/4 10.0 12.0 16.1 10.9 
B2 8/4 -21/4 13.4 11.9 16.1 10.4: 
C 18/4 - 3/5 • 14.3 11.5 15.9 12. 
C1 12/4 -25/4 13.4 11.7 16.0 11.9 
D2 25/4 - 9/5 14.o 11.2 14.1 10.7 
D1 19/4 - 3/5 14.5 11.4 15.8 12.7 
N6 b 11.ocks E to H - pode f ~iled t t> emerg~ 

• Sample data excluded from final r egression equat i on - due to 'over­
size' residuals 
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Appendix 13.1 Correlation coefficients 

Cul ti var Variable x1 x2 x3 
Acme y 0.736•• o.376ns -0.233ns 

y1 0.726•• 0.349ns -o.309ns 
( n=15) x1 0.733•• 0.122ns 

x2 0.561• 

Soys ota x Mandarin y 0.887••• 0.748•• o.468ns 
y1 0.912••• 0.741•• o.477ns 

(n=15) x1 o. 734 ** o.493ns 
x2 o. 874 • • • 

Amsoy x T19 y 0.838 ... 0.381 ns o.05ons 
y1 0.851• .. o.4oons o.079ns 

(n:16) x1 0.510• o.472ns 
x2 0.537• 

Wayne x PI-54-608-II y 0.801••• 0.327ns 0.241 ns 
y1 0.834••• 0.325ns 0.247ns 

( n=16) x1 0.593• o.480ns 
x2 0.922••• 

Wayne y 0.715• -0.144ns -0.553ns 

( n=10) 
y1 0.714• -0.134ns -0.563ns 
x1 o.o68ns -0.351 ns 
x2 0.755• 

Dare y 0.707•• o.258ns o.183ns 
y1 0.699•• 0.260ns o.194ns 

( n=15) x1 0.730 .. o.73ou 
x2 0.955• .. 

Hill y -0.725** -0.867••• -0.910••• 
y1 -0.724** -0.855 ... -0.897••• 

( n14) x1 0.708•• 0.774• .. 
x2 0.987 •• . 

Ogden y -0.140ns -0.548ns -o.514ns 
y1 -0.121ns -0.535ns -0.498ns 

( n=16) x1 0.784••• o.806••• 
x2 0.970••• 

Bragg y -0. 033ns -o.37ons -0.343ns 
y1 -0.033ns -0.377ns -0.349ns 

( n=16) x1 0.786••• 0.858••• 
x2 • 0.970•--

Wills y -0.807••• -0. 840 .. • -0.820••• 
y1 -0. 786 • • • -0. 830• • • -0.815••• 

(n=16) x1 o.879*** 0.894••• 
x2 0.973*** 

K162 y -0.820** -0.856•• -0.864•• 
y1 -0.828•• -0.863•• -0.869** 

(n=10) x1 0.972••• 0.914••• 
x2 0.974••• 

Daintree y -0.697• -0.703• -o.486ns 
y1 -0.682• .;.0.671• -0.446ns 

(n=10) x1 0.879••• 0.394ns 
x2 0.774•• 
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Appendix 13.1 continued: 

Cultivar Variable x1 x2 x3 

Mamloxi y -0.679ns -0.228ns o.663ns 
y1 -0.641ns -0.205ns o.653ns 

( n=8) x1 0.747• -0.420ns 
x2 o.257ns 

Note: Y1 = log10 Y 

• Appendix 13.2 Pod emergence phase regression model - see Tables 11 and 12 

for F values, 100R2 values - for the only model considered: 

y =a+ b
1

X
1 

+ b
2

X
2 

+ b
3

x
3 

Appendix 13.3 Analysis of Variance for the regression model used -

as shown in Appendix 13.2 

Cultivar Source of Variation df ss F(see•) 

Acme Tota l 15 559.9 
Mean 1 536.4 
Regression total 3 15.23 
Due to x1(adj. for x2 ,x

3 
1 12.73 

Due to x2 (addit.to x1 ) 1 1.351 
Due to x

3
(addit.to x1 ,x

2 
1 1.142 

Residual 11 8.299 

Soysota x Mandarin T 15 1192.0 
M 1 1113.0 
Reg 3 66.43 
x1 . 1 62.27 
x2 1 1.622 
X 1 2.546 
R~s 11 12.78 

Amsoy x T19 T 16 1070.0 
M 1 1003.0 
Reg 3 57.56 
x1 1 46.57 
x2 1 0.1944 
X 1 10.80 
RJs 12 8.724 

Wayne x PI-54-608-II T 16 948. 1 
M 1 910.5 
Reg 3 25.43 
x1 1 24. ·16 
x2 1 1.278 
X 1 0.001103 
R~s 12 12.18 

Wayne T 10 555.9 
M 1 531.4 
Reg ~ 15. 56 
x1 1 12.53 
x2 1 0. 9 142 
X 1 2.110 
~s 6 8 . 933 
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Appendix 13.1 continued: 

Cultivar Source of Variation df ss F(see•) 

Da re 'l' 15 1720.0 
M 1 1698.0 
Reg 3 16 .19 
'{ 1 10. 70 ,. 1 x_ 1 3.053 
Xe 1 2.442 
H~s 11 5.203 

Hill ·r 14 1266. O 
M 1 1241.0 
keg 3 22.41 
x1 1 13.51 
x2 1 6.433 
X 1 2.472 
RJs 10 3.286 

Ogden T 16 1680.0 
M 1 1654.o 
Reg 3 6.219 
x1 1 o.4477 
x2 1 5.169 
X 1 0.6024 
R~s 12 19.12 

Bragg T 16 1740.0 
M 1 1720.0 
Reg 3 12.02 
x1 1 0.3880 
x2 1 9.817 
X 1 1. 819 
R~s 12 7.711 

Wills T . 16 1746.o 
M 1 1685.0 
Reg 3 44.46 
x1 1 39.78 
x2 1 4.579 
X 1 0.0962 
R~s 12 16.64 

K162 T 10 1563.0 
M 1 1540.0 
Reg 3 17.49 
x1 1 15.63 
x2 1 1.473 
X 1 0 .3883 
R~s 6 5.774 

Dain.tree T 10 1211.0 
M 1 1158.0 
Reg 3 30.32 
x1 1 26.10 
x2 1 1.896 
X 1 2.333 
ctJs 6 23.34 
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Appendix 13.3 continued: 

Cultivar Source of Variation df ss 

Mamloxi T 8 1238.0 
M 1 1196.0 
Reg 3 27.13 
x1 1 19.52 
X 1 7.477 
X 1 0.1329 
R~s 4 15.16 

Appendix 13.4 Significance of the partial regression coefficients 

for the pod emergence model (t-test ratios) 

Cultivar a b1 b2 b3 

Acme -1.14ns 2.60• -0.10ns -1.23ns 

Soysota x Mandarin -5.39••• 2.99•• 1. 87ns -1.48ns 

Amsoy x T19 -4.95••• 7.93••• 1. 03ns -3.85•• 

Wayne x PI-54-608-II -2.34* 4.49••• -0.51ns 0.03ns 

Wayne o.4o 1.59ns o.56ns -1.19ns 

Dare -1.64ns 5.41••• 0.96ns -2.27• 

Hill o.89ns o.75ns 1.84ns -2.74• 

Ogden 1.43ns 0.15ns -0. 99ns o.61ns 

Bragg 0 .33ns 3.06•• 0.14ns -1.68ns . 
Wills 3.19•• -0.99ns -1.11ns 0.26ns 

K162 1.04ns -0.21 ns o.05ns -o.64ns 

Daintree 1.52ns -0.93ns o.60ns -0.77ns 

Mamloxi O. 71 ns -0.59ns 0 .27ns 0.19ns 



A;e;eendix 1~·2 

Appendix 13.5.1 

Cultivar 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 0 

-2.8374•• 
-2.0445ns 1.1086ns 
-o.5846ns 2.5259• 
o.7405ns 1.9731ns 

-0.1272ns 3.0285•• 
1.3974ns 3.8365 .. 
1.7189ns 2.9581•• 
o.9331ns 3.2547•• 
3.3651•• 5.1811 .. 
1.2439ns 2.0220ns 
1.6091ns 1.9283ns 
o.7761ns 1 .oo6ons 

Appendix 13.5.2 

o.562ons 
2.1090• 1 .2465ns 
o.5732ns -0.1074ns 

-0.1942ns -0.6533ns 
o.8881ns 0.1600ns 

-1.4657ns -1.9358ns 
-1.0302ns -1 .3685ns 

o.8446ns 0.3035ns 
-1.897ons -2.1697• 
-o.5138ns -0.6144ns 
-1.0366ns -1 .071ons 
-0.6986ns -0.7325ns 

Between cultivar comparisons - homogeneity tests of the partial re~ression coefficients 

for the model: y =a+ b
1
x1 + b

2
X

2 
+ b

3
x

3 
~ 

\>I 
~ 

T-test ratios for the partial regression coefficient a 

1 2 3 4 5 6 7 8 9 10 

1.6281ns 
1.5785ns o.9944ns 
2.1851• o.5185ns -0.8063ns 
3.2115•• 1.9796ns -0.0130ns 1.6061 ns 
2.5790• 1.9897ns 0.7289ns i.8028ns 0.9577ns 
2.6149• 1.4554ns -0.2236ns 1.0966ns -o.3642ns -1.1581ns 
4.7310 .. 3.8383 .. 1.4181ns 3.5723 .. 2 .1688* o.5568ns 2.4129• 
1. 7684ns 1.4036ns o.6738ns 1.2857ns o.772ons o.1345ns o.9057ns -0.2329ns 
1 .8215ns 1.6729ns 1.3787ns 1.6245ns 1.4159ns 1.13oons 1.4722ns o.9857ns 1.0200ns 
o.9281ns o.8213ns o.6278ns 0.?863ns o.6384ns - o.4461ns 

I 
o.6796ns o.3316ns o.3908ns -o.3128ns 

T-test ratios for the partial regression coefficient b1 

. 
-1.837ons 
-1.8256ns -o.6558ns 
-1.5330ns o.361ons o.8964ns 
-4.1070 .. -2.3265• -0.9647ns -2.7310• 
-2.2881• -1.4139ns -0.8021ns -1.5979ns -o.1658ns 
-o.7709ns o.4514ns' -0.8949ns o.2138ns 2.1240• 1.5455ns 
-2.9702•• -2.2396• -1.6541ns -2.3959• -1.1835ns -o.8585ns -2.3086· 
-o.8153ns -0.6003ns -0.4703ns -o.6438ns -0.2832ns -0.23!+7ns -0.6753ns o.0807ns 
-1 .1385ns -1.0658ns -1.0222ns -1.0805ns -o.9583ns -o. 9412ns -1.0921ns -0.8302ns "'!o. 8174ns 
-0.798705 -0.7271ns -o.6847ns -0. 7416ns -0.6215ns -0.6055ns -0.7533ns -0.4969ns -o.5003ns o.3269ns 
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Appendix 13.5 continued: 

Appendix 13.5.3 T-test ratios for the partial regression coefficient b
2 

1.7037ns 
o.6319ns -1.4519ns 

-o.3868ns -1.7592ns -o.8526ns 
o.5464ns -0.8446ns o.2383ns 0. 7563ns 
o.8621ns -0.8276ns o.5077ns 1.0369ns o.1307na 
1.6862ns o.0342ns 1.4394ns 1. 7497ns o.8598ns o.8424ns 

-0.9483ns -1.5907na -1 .1083ns -0.7791ns -1.1262ns -1.2304ns -1.5988ns 
0.1675ns -1.1193ns -0.1494ns o.4172ns -0.2843ns -0.4455ns -1 .1291 ns • o.9588ns 

-0.9469ns -2.0937• -1.3659ns -0.5355ns -1.1678ns -1.4623ns -2.0815• o.5041ns 
o.061ons -0.5501 ns -o.o685ns 0.1835ns -o.1506ns -0. 2126ns -0.5631ns o.6822ns 
o.6026ns o.4163ns o.5654ns o.6384ns o.5362ns o.5202ns o.4114ns o. 8210ns 
0.2803ns o.0352ns 0.230?ns o.328.3 ns o.194ons 0.1719ns 0 .0290ns O. 5724ns 

Appendix 13.5.4 T-test ratios for the partial regression coefficient b
3 

l 
I 

-0.6913ns 
-1.1601ns o.0062ns 

o.6491ns 1.0915ns 1.4593ns 
-o.8654ns -o.5006ns -o.5414ns -1.1113ns 
-1.2268ns -o.3504ns -0.4995ns -1 .5362ns 0.3237ns 
-1.9491ns -1.1325ns -1 .4184ns -2 .1 476• -0.1923ns -0.8858ns 

o.8222ns 1.0378ns 1.08oons o.5768ns 1.2013ns 1.1942ns 1.5461ns 
-1.1227ns -o.5377ns -0.6371 ns -1.4188ns 0.1149ns -o.2877ns o.4340ns -1 .2649ns 

o.7521ns 1.1415ns 1.4028ns 0.1871ns 1 .1748ns 1.5177ns 2.0924• -0.4749ns 
-o.2822ns 0.0927ns o.0986ns -o.5894ns o.4802ns o.3076ns o.8444ns -0. 8615ns 
-o.6528ns -o.5108ns -0. 5184ns -o.7702ns -0.2793ns -0.4336ns -0.2102ns -0.9738ns 

o.3146ns o.4564ns o.4619ns o.1788ns o.6421ns 0.5436ns o. 7731 ns -0.1462ns 

-0. 8468ns 
-0. 0084ns o.4075ns 
o.5794ns 0. 7065ns 
0.2511ns o.4187ns 

1.4534ns 
o.4671ns -0.6818ns 

-0.3442ns -0.8131ns 
o.61 86ns 0.1241ns 

f 

I 
t 
I 
I 

o.5626ns 
I 

0.2403ns -0.3125ns I 

I 

i 

-0.5238ns j 
o.3987ns o.6958ns 

~ 

\.,J 
IJ1 
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Appendix 14 PODDING PHASE 

y = the length, in days, of the podding phase 
= the average daylength, in hours, during the podding phase 
= the average hourly day temperature, . oc in , during the phase 

x1 

x2 

x3 

x2 -

= the average hourly night temperature, in oc 
' during the phase 

t) 
= the average hourly (24 hour day plus night) temperature, in oc 

X4 = the daylength, in hours, at the start of the phase 

x5 = the daylength, in hours, at the end of the phase 
--

Cultivar Sowing Period y x1 x2 x3 X4 x5 date 
block 

Acme, A1 31/12- 6/3 65 15.0 21.1 17.1 16.0 13.6 
A2 1/1 - 6/3 64 15.0 21.1 16.8 16.0 13.6 

(00) B1 1/1 - 8/3 66 14.9 21.0 16.7 16.0 13.5 
B2 3/1 - 3/3 59 15.0 21.1 17 .1 16.0 13.8 
c1 6/1 - 7/3 60 14.9 21.0 17.0 15.9 13.6 
c2 No sample due 1 o gern lina tic In faiJ ure 
D1 20/1 -20/3 59 14.3 20.6 16.6 15.6 13.0 
D2 16/1 -16/3 59 14.5 20.6 16.5 15.7 13.2 
E1 . 24/1 -27 /3 , 62 14.1 20.6 16.6 15.4 12.7 
E2 22/1 -28/3 ! 65 14 .1 20.6 16.5 15.5 12.6 
F1 5/2 -14/4 ( 68 13.4 19.8 15.6 14.9 11.9 
F2 8/2 -11/4 : 62 13.4 20.0 15.9 14.8 12.0 
G1 18/2 -14/5 85 12.5 17.8 13.9 14.4 10.9 

18/2 -10/5 ' 81 12.6 18.0 14.o 14.4 11.0 G2 i 
' 

H1 3/3 -17/5 l 75 12. 1 17.2 13.4 13.8 10. 8 
H2 2/3 -19/5 ! 78 12 .1 17.2 13.5 13.8 10.8 

Soysota x Mandarin A1 28;12-13;3 I 75 14.9 21.1 17.0 16.1 13.3 
A2 30/12-16/3 l 76 14:8 21.1 17.0 16.1 13.2 

(0) B1 8/1 -15/3 66 14.7 20.8 16.8 15.9 13.2 
B2 6/1 -15/3 68 14.7 20.9 16.9 15.9 13.2 
c1 13/1 -25/3 71 14.4 20.6 16.6 15.8 12.8 
c2 12/1 -21/3 68 14.4 20.6 16.7 15.8 12.9 
D1 17/1 -29/3 71 14.2 20.4 16. 4 15.5 12.3 
D2 21/1 - 3/4 72 14.o 20.4 16.3 15.5 12.3 
E1 27/1 - 3/4 66 13.8 20.3 16.4 15.3 12.3 
E2 30/1 -10/4 70 13.6 20.0 15.9 15.2 12. 1 
F1 7/2 -18/4 70 13.2 19.5 15.3 14.9 11.8 
F2 10/2 -19/4 68 13.2 19.4 15.2 14.7 11.7 
G1 20/2 -15/5 84 12.4 17.7 13.8 14.3 10.8 
G2 22/2 -21/5 88 12.3 17.4 13.8 14.2 10.7 
H1 4/3 -24/5 81 12.0 17.0 13.5 13.7 10.6 
H2 6/3 -31/5 86 11.8 16.6 13.2 13.6 10.5 

Amsoy x T19 "A 26/12-11/3 75 15.0 21.1 17.0 16.1 13.4 
A1 29/12-10/3 71 14.9 21.1 17.0 16.1 13.4 

( 1 ) B2 5/1 -13/3 6? 14 .. 8 20.9 17.0 15.9 13.3 
B1 6/1 -14/3 67 14 .. 7 20.9 16.9 15.9 13.2 
c2 12/1 -16/3 63 14.6 20.8 16.7 15.8 13.2 
c1 11/1 -17/3 65 14.6 20.7 16.7 15.8 13 .1 
D2 15/1 -24/3 68 14.3 20.6 16.6 15.7 12.8 
D1 16/1 -25/3 68 14.3 20.6 16.6 15.7 12.8 2 I 

. ·-- ------·-- ------
Note: Data given= plot means 



Appendix 14 continued: 137 

Cultivar Sowing Period y x1 x2 x3 X4 x5 
date 

block 

Amsoy x T19 E1 28/1 - 6/4 68 13.7 20.2 16 .1 15.3 12.2 
continued: E2 29/1 - 2/4 63 13.8 20.4 16.3 15.2 12.4 

F1 10/2 -21/4 70 13.1 19.4 15.1 14.7 11.6 
F2 16/2 - 1/5 74 12.8 18.6 14.6 14.5 11.3 
G1 20/2 -19/5 88 12.3 17.6 13.9 14.3 10.8 
G2 20/2 -19/5 88 12.3 17.6 13.9 14.3 10.8 
H1 5/3 - 6/6 93 11.8 16.4 13.1 13.7 10.4 
H2 7/3 - 3/6 88 11.8 16 .4 13. 1 13.6 10.5 

Wayne x PI-54-608-IJ A1 10/1 -30/3 79 14.3 20.6 16.6 15.9 12.5 
A2 9/1 - 4/4 85 14.2 20.5 16.5 15.9 12.3 

(2) B1 14/1 - 1/4 77 14.2 20.4 16.4 15.7 12.1 
B2 14/1 - 5/4 81 14. 1 20.3 16.3 15.7 12.3 
c1 14/1 - 3/4 79 14.1 20.3 16.4 15.7 12.3 
c2 16/1 - 3/4 77 14 .1 20.3 16.3 15.7 12.3 
D1 26/1 -18/4 82 13.5 19.6 15.4 15.3 11.8 
D2 23/1 - 8/4 75 13.8 20.2 16. 1 15.5 12.2 
E1 3/2 -18/4 74 13.3 19.5 15.5 15.0 11.8 
E2 2/2 -16/4 73 13.4 19.4 15.7 15 .1 11.8 
F1 18/2 -28/4 69 12.8 18.7 14.6 14.4 11.4 
F2 13/2 -29/4 75 12.9 18.8 14.8 14.6 11.4 
G1 26/2 -20/5 83 12.2 17.3 13.6 14.o 10.7 
G2 26/2 -26/5 89 12. 1 17.1 13.7 14.o 10.6 
H1 14/3 - 6/6 84 11.6 16.0 12.7 13.2 10.4 
H2 12/3 -25/5 74 11.8 16.7 13.2 13.3 10.6 

Wayne No b~ocks A to C - d\l le to g iermina tion f ~ilure 
D1 3/2 -12/4 68 13.5 19.9 15.8 15.0 10.9 

(3) D2 31/1 - 5/4 64 13.7 20.3 16.0 15.2 11.2 
E1 14/2 -24/4 69 13.0 19 .1 15.0 14.6 11.5 
E2 13/2 -25/4 71 13.0 19.1 15.0 14.6 11.5 
F1 26/2 -13/5 76 12.3 17.4 13.6 14.o 10.9 
F2 24/2 -12/5 77 12,4 17.5 13.6 14. 1 10.9 
G1 2/3 -20/5 79 12.1 17.2 13.5 13.8 10. 7 
G2 2/3 -23/5 82 12.0 17.1 13. 5 13.8 10.6 
H1 17/3 -14/6 89 11.4 15.4 12.0 13 .1 10.4 
H2 18/3 -11/6 85 11.4 15.5 12. 2 13 .1 10.4 

Dare *A 26/2 -16/5 79 12.3 17.3 13.6 14.0 10.8 
A1 11/2 -16/5 94 12.6 18.0 15.6 14.7 10.8 

(4) B2 19/2 -18/5 88 12.4 17.7 14. 1 14.3 10.8 
B1 20/2 -23/5 92 12.3 17.5 13.9 14.3 10.6 
c2 22/2 -22/5 89 12.2 17.2 13.8 14.2 10.7 
c1 18/2 -17/5 88 12.4 17.7 13.9 14.4 10.8 
D2 28/2 -31/5 92 12.0 16.7 13.4 13.9 10.5 
D1 3/3 -21/5 79 12.1 17.1 13.5 13.8 10.7 
E2 12/3 - 6/6 86 11.6 16.2 12.8 13.3 10.4 
E1 12/3 -29/5 78 11.7 16.5 13.1 13.3 10.5 
F2 20/3 -17/6 89 11.5 15.0 11.7 13.0 10.4 
F1 19/3 -19/6 92 11.3 15.0 11.7 13.0 10.3 
G2 30/3 -2f,/6 88 11.1 13.9 10.6 12.5 10.4 
G1 30/3 -28/6 90 11 • 1 13.8 10.5 12.5 10.4 
H2 3/4 - 4/7 91 11. 1 13.3 9.9 12.3 10.4 
H1 7/4 - 2/7 86 10.9 13 .1 9.9 12.2 10.4 

l 2 
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Cultivar Sowing Period y x1 x2 x3 X4 x5 date 
block 

Hill A1 27/2 -12/5 '74 12.3 17.4 13.5 14.o 10.9 
A2 3/3 -11/5 69 12.2 17.4 13.4 13.8 11 .o 

(5) B1 5/3 -17/5 73 12 .1 17.1 13.3 13.7 10.8 
B2 7/3 -17/5 71 12.0 17.1 13.3 13.6 10.8 
c1 3/3 -18/5 76 12. 1 17.2 13.4 13.8 10.8 
c2 5/3 -17/5 73 12.1 17.1 13.3 13.7 10.8 
D1 17/3 -24/5 68 11.7 16.4 12.9 13.1 10.6 
D2 16/3 -24/5 69 11.7 16.4 13.0 13.2 10.6 
E1 21/3 - 4/6 75 11 .5 15.3 12.4 12.9 10.5 
E2 21/3 - 3/6 74 11.5 15.3 12.4 12.9 10.5 
F 26/3 - 4/6 70 11.4 15.2 12.1 12.7 10.5 

*F1 30/3 -24/6 86 11. 1 14.o 10.8 12.5 10.3 
G2 5/4 -21/6 77 11.2 14.o 10.9 12.3 10.3 
G1 8/4 -26/6 79 10.9 13.4 10.3 12.2 10.4 
H2 17/4 - 4/7 78 10.8 12.6 9.6 11.8 10.4 
H1 20/4 - 4/7 75 10.7 12.4 9.6 11.7 10.4 2 

Ogden *A 28/2 -19/5 Bo 12.2 17.2 13.5 13.9 10.8 
A1 25/2 -22/5 86 12.2 17.3 14.0 14.1 10.7 

(6) B2 24/2 -25/5 90 12 .1 17.2 13.7 14. 1 10.6 
B1 3/3 -29/5 87 11.9 16.8 13.4 13.8 10.5 
c2 5/3 - 1/6 88 11. 8 16.5 13.3 13.7 10.5 
c1 5/3 - 26/5 82 11.9 16.9 13.5 13.7 10.6 
D2 12/3 - 8/6 88 11.6 15.8 12.8 13.5 10.4 
D1 9/3 - 6/6 89 11.7 16.0 12.9 13.5 10.4 
E2 18/3 -30/6 104 11.2 14.3 10.9 13 .1 10.4 
E1 19/3 -28/6 101 11.2 14.4 11.0 13 .1 10.4 
F2 27/3 - 5/7 100 11. 1 13.4 10. 1 12.7 10.4 
F1 26/3 - 7/7 103 11 • 1 13.4 9.9 12.7 10.5 
G2 1/4 - 6/7 96 11.1 13.1 9.8 12.4 10.4 
G1 29/3 - 9/7 102 11.0 13.2 9.7 12.6 10.5 
H2 12/4 -12/7 91 10.8 12.5 9 .1 12.0 10.5 
H 1 10/4 -11/7 92 10.8 12.6 9.2 12.1 10.5 2 

Bragg *A 24/2 -14/5 79 12.3 17.4 13.8 14.1 10.9 
A1 27/2 -22/5 84 12 .1 17.2 13.6 14.o 10.7 

(7) B2 27/2 -23/5 85 12.1 17.1 13.6 14.0 10.6 
B1 5/3 -20/5 76 12.0 17 .1 13.4 13.7 10.7 
c2 2/3 -24/5 83 12.0 17. 1 13.5 13.8 10.6 
c1 7/3 -21/5 75 12.0 17.0 13.4 13.6 10.7 
D2 12/3 -24/5 73 11. 8 16.7 13.2 13.3 10.6 
D1 14/3 -22/5 69 11.8 16.6 13. 1 13.2 10.7 
E2 18/3 - 6/6 80 11.5 15.5 12.5 13 .1 10.4 
E1 16/3 - 2/6 78 11.6 15.9 12.8 13.2 10.5 
F2 21/3 -27/6 98 11.2 14.3 11.0 13.0 10.4 
F1 25/3 -30/6 97 11.1 13.8 10.5 12.8 10.4 
G2 1/4 - 4/7 94 11.0 13.2 10.0 12.4 10.4 
G1 4/4 - 8/7 95 11.0 12.9 9.5 12.3 10.5 
H2 8/4 - 6/7 89 11.0 12.8 9.5 12.2 10.4 
H1 9/4 - 5/7 87 10.9 12.8 9.6 12.1 10.4 2 

Wills A1 11/3 -30/5 80 11.7 16.4 13.1 13.4 10.5 
A2 18/3 -30/5 73 11.6 16.0 12.7 13.1 10.5 

( 8) B1 17/3 -24/5 68 11.7 16.4 12.9 13 .1 10.6 
B2 23/3 - 6/6 75 11.4 15.4 12.2 12.8 10.4 
c1 26/3 - 4/6 70 11.4 15.2 12.1 12.7 10.5 
c2 23/3 - 2/6 71 11 .5 15.5 12.4 12.8 10.5 
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Cultivar Sowing Period y x, x2 x3 X4 x5 date 

block 

Wills continued: D1 25/3 - 3/6 70 11.4 15.3 12.2 12.8 10.5 
D2 24/3 - 8/6 76 11.4 15.2 12.1 12.8 10.4 
E 1/4 -21/6 81 i 1 . 1 14.2 11.0 12.4 10.3 E1 28/3 -19/6 83 11.2 14.4 11.2 12.6 10.3 F2 3/4 -24/6 82 11. 0 13. 8 10.6 12.3 10.3 F1 9/4 - 3/7 85 10.9 12.9 9.7 12.1 10.4 
G2 12/4 - 7/7 86 10.8 12.6 9.3 12.0 10.5 G1 16/4 - 9/7 84 10.5 12.4 9.2 11.8 10.5 2 

K162 A1 29/3 -23/6 86 11 • 1 14.2 10.9 12.6 10.3 
A2 28/3 -21/6 85 11.2 14 .4 11. 1 12.6 10. 3 

(9) B1 No sample - plaIJ ts lod ~ed pr ie-flo\l ering 
B2 12/4 -30/6 79 10.8 12.9 9.8 12.0 10.4 
c1 7/4 -29/6 83 10.9 13 .1 10.0 12 .1 10.4 
c2 3/4 -23/6 81 11. 0 13.9 10.7 12.3 10.3 
D1 15/4 - 4/7 80 10.8 12.6 9.6 11.9 10.4 
D2 24/4 - 1/7 68 10.7 12.3 9.4 11.5 10.4 
E1 19/4 - 1/7 73 10.7 12.7 9.7 11.7 10.4 
E2 25/4 - 5/7 71 10.7 12.0 9. 1 11.5 10.4 
F 28/4 -10/7 73 10 . 6 11.8 8.7 11.4 10.5 N6 b ocks F2 , G or H i- due Ito pod emerg ience f ailure 

Daintree A1 7/4 -27/6 81 10.9 13.4 10.3 12.2 10.4 
A2 9/4 -21/6 73 11.0 13.8 10.8 12. 1 10. 3 

( 10) B1 8/4 -30/6 83 10.9 13 .1 9.9 12.2 10.4 
B2 8/4 - 2/7 85 10 .9 13.0 9.8 12. 2 10.4 
c2 16/4 - 1/7 76 10.8 12.8 9.8 11.8 10.4 
D1 14/4 -30/6 77 10 .8 12.9 9.8 11.9 10.4 
D2 27/4 -30/6 64 10.7 12.3 9.5 11.4 10.4 
E1 21/4 -30/6 70 10.7 12.6 9.8 11.6 10.4 
E2 30/4 - 5/7 66 10.6 11.8 8.9 11.3 10.4 
F1 2/5 - 7/7 66 10:6 11 .6 8.6 11.3 10.5 
No bocks F2 , G or H - due to pod emerg ience f ailure 

Mamloxi A1 21/4 - 5/7 75 10.7 12.3 9.4 11.6 10.4 
A2 16/4 - 3/7 78 10.8 12.7 9.7 11.8 10.4 

( 11) B1 17/4 - 5/7 79 10.8 12.5 9.5 11.8 10.4 
B2 21/4 - 5/7 75 10.7 12.3 9.4 11.6 10.4 
c1 3/5 - 3/7 61 10.6 11.8 8.9 11.2 10.4 

c2 25/4 -30/6 66 10.7 12.3 9.4 11.5 10.4 
D1 9/5 - 4/7 57 10.4 11.4 8.6 11.0 10.4 
D2 3/5 - 5/7 63 10 .6 11.4 8.8 11.2 10.4 

• Sample data excluded from final regression equation - due to 'oversize' 
residuals 
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Cultivar Variable x1 x2 x3 X4 x5 
Acme y -0.820••• -0. 879••• -0 . 893 * '"* -0. 784** • -0. 840• • • 
(n=15) y1 -0.820••• -0.877··· -0.892••• -0. 786• • • -0. 840• •• 

x2 0.969••• 0.996**• 
x5 0.995••• 0.977••• 

Soysota x Mandarin y -0.718•• -0.809••• -0.791••• -0.702•• -0.742••• 
y1 -0.708•• -0.798••• -0.782••• -0.692•• -0.732•• 

(n=16) x2 0.978··· 0.994••• 
x5 0.996••• 0.985••• 

Amsoy x T19 y -0.881* .. -0.941*** -0.921••• -0.865• •• -0.885• .. 
y1 -0.879• .. -0.938••• -0.919••• -0.862••• -0.884• .. 

(n=15) x2 0.976••• 0.994 ... 
x5 0.998• .. 0.989••• 

Wayne x PI-54-608-II y -0.128ns -0.220ns -0.176ns -0.071ns -0.215ns 
y1 -0.110ns -0.204ns -0.159ns -0.054ns -0.197ns 

( n=16) x2 0.989••• 0.994••• 
x5 0.989••• 0.979••• 

Wayne y -0.981••• -0.981••• -0.975• .. -0.980••• -0.839••• 
y1 -0.984••• -0.981•u -0.976••• -0.981•** -0.830 .. 

( n=10) x2 0.995••• 0.998••• 
x5 0.791•• 0.799•• 

Dare y o.077ns -0.044ns 0.025ns 0.131ns -0.043ns 
y1 o.o68ns -0.053ns o.013ns 0.122ns -0.048ns 

( n='l 5) X 0.974••• 0.984••• 
x2 0.902••• o.866••• 5 

Hill y -0.523• -0.608 • -0.631• -0.498ns -0.489ns 
y1 -0.515• -0.601• -0.623• -0.490ns -o.482ns 

( n= ·15) x2 0.987••• 0.989• .. 
x5 0.921••• 0.920••• 

Ogden y -0.682•• -0.688•• -0.696•• -0.545• -0.520• 
y1 -0.689•• -0.697• • -0.703 .. -0.554• -0.529• 

(n=15) x2 0.987••• 0.996••• 
x5 0.555• o.446ns 

Bragg y -0.696•• -0.733• • -0.742•• -0.511ns -0.710•• 
y1 -o.686** -0.726 .. -0.734•• -o.5oons -0.711•• 

( n=15) x2 0.988••• 0.995**• 
x5 o.873u • 0.767••• 

Wills y -0.483ns -0.445ns -0.466ns -o.287ns -0.546• 
y1 -0.478ns -0.440ns -0.459ns -o.282ns -0.557• 

( n=16) x2 0.985••• 0.998••• 
x5 o.162ns o.076ns 

K162 y 0.883••• 0.869•• o.84o• • 0.945••• -0.692• 
y1 0.871•• 0.859•• 0.829 .. o.937u• -0.678• 

( n=10) x2 0.973••• 0.996*** 
x5 -0.897••• -0.865•• 

Daintree y 0.767** 0.691• 0.549ns o. 925** • -0.219ns 
y1 0.774•• 0.704• o.565ns 0.929••• -0.233ns 

(n=10) x2 0.967• .. 0.979••• 
x5 -o.688• -0.500ns 

Ma11loxi y 0.860• • 0.892 .. 0.915•• 0.971••• -
y1 0.873•• I o. 89At • • 0.921•• 0.973• .. -! ( n=8) X;, I 0.856 .. 0.985••• 
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Appendix 14.2 Poddi ng phas e re gression mode l s considered: 

Model I y = 

Cultivar F F F 100R2 
YX4.x2 ~ YX 2 ' 3 .X4 Y. x4x2 ,3 ' .-I 

Acme 56.87••• 23. 76• .. 40.32••• 87 .o 
Soysota x Mandarin 47.53••• 35.84••• 41.86••• 86.5 
Amsoy X 'r19 83.22••• 283.65• ** 183.48••• 96.8 
Wayne x PI-54-608-II o.46ns 76.99••• 38.73••• 85.6 
Wayne 0.19ns 177.14••• 88.65••• 96.2 
Dare o.44ns 13.01•• 6.72• 52.8 
Hill 10.55•• 19.95••• 15.25••• 71.8 
Ogden 91.28••• 204.29••• 147.77 ... 96.1 
Bragg 74.72··· 199.66 ... 137.19u• 95.8 
Wills 7.80• 74 .06 ••• 40.93• .. 86.3 
K162 246.30• .. 22.62••• 134.45••• 97.5 
Daintree 174.5y•• 22 .59••• 98.56• .. 96.6 
Mamloxi 145.91• .. 3 .80ns 74.87'' •• 96.8 

Model I I 

Cu l t i var F F F 100R2 
YX2 ,Yx4 YX4 .X2 ,3 Y.X2,3X4 

Acme 78. 86• • • 10.78 .. 44.82••• 88.2 
Soysota x Mandarin 60.68• • • 22.68••• 41.68••• 86.5 
Amsoy X T19 327.51••• 39.46·· .... 183.52••• 96.8 
Nayne X PI-54-608-II 3-53ns 74.11••• 48.74••• 85.6 
"Hayne 176.72••• o.59ns 88.65••• 96.2 
Dare 0.01ns 13.44•• 6.72 • 52.8 
Hill 16.12•• 14.38•• 15.25••• 71.8 
Ogden 147.74••• 147.96••• 147.83••• 96.1 
Bragg 155.64••• 118.66 .... 137.15••• 95.8 
Wills 19. 87• • • 61.98••• 40.92••• 86.3 
K162 202.44••• 66.55••• 134.45••• 97.5 
Daintree 79.42••• 117.69••• 98.56••• 96.6 
Mamloxi 128.04••• 21. 70•• 74.87• .. 96.8 
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Appendix 14.3 Analysis of Variance for the regression model used -

Model II in Appendix 14.2• 

Cultivar Source of Variation df ss F(see•) 

Acme Total 15 68750.0 
Mea n 1 67740.0 
Regression total 2 894.6 
~ue to x2 ,3 (ad?· for x4 ) 1 787.0 
uue to x4 (addit.to x2 3) 1 107.6 
Residual ' 12 119.8 

S oysota x Mandarin T 16 87810.0 
M 1 87030.0 
Reg 2 677.4 
X 1 493.1 x2,3 1 184.3 4 
Res 13 105.6 

Ams oy x T19 T 15 82310.0 
M 1 80810.0 
Reg 2 1450.0 
X 1 1294.o 
x2,3 1 155.9 4 
Res 12 47.42 

Nayne x PI-54-608-II T 16 99010.0 
M 1 98600.0 
Reg 2 352e8 
I.. 1 15.27 x2,3 1 337.5 4 
Res 13 59.2 

Jlayne T 10 58340.0 
M 1 5776000 
Reg . 2 556.0 
x2 3 1 554.2 
X ' 1 1. 85 4 
Res 7 21.95 

Dare T 15 116800.0 
M 1 116500.0 
Reg 2 152.0 
X 1 0.01308 
x2,3 1 152.0 4 
Res 12 135.7 

Hill T 15 80980.0 
M 1 80810.0 
Reg 2 117.4 
X 1 62.06 
x2,3 1 55.36 4 12 46.18 Res 

Ogden T 15 131200.0 
M 1 130500.0 
Reg 2 681.3 
X 1 340.4 
x2,3 1 340.9 4 12 27.65 Res 
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Appendix 14.3 continued: 

Cultivar .::i ource of Variation df ss F(see•) 

Bragg T 15 107500.0 
M 1 106300 .. 0 
Reg 2 1116.0 
X 1 633.0 x2,3 1 482.6 4 Res 12 48.81 

~ills 'l' 16 95120.0 
M 1 94560.0 
Reg 2 488.2 
X 1 118.5 
x2,3 1 369.7 4 Res 13 77.54 

K162 T 10 60550.0 
M 1 60220.0 
Reg 2 320.1 
X 1 240.9 
x2,3 1 79.19 4 Res 7 8.332 

Dain tree T 10 55420.0 
M 1 54910.0 
Reg 2 491.4 
X 1 198.0 
x2,3 1 293.4 
R4 es 7 17.45 

Mamloxi T 8 38870.0 
M 1 38360.0 
Reg 2 489.2 
X 1 418.3 
x2 ,3 1 70.90 4 Res . 

5 16.34 

Appendix 14.4 Significance pf the partial regression coefficients 

for Model II (t-test ratios) 

Cul t :i. var a b2,3 b4 

Acme 1 . 89ns - 5.22••• 3.28•• 
Soys9ta x Mandarin -0.45ns - 5.99••• 4.76••• 
Amsoy x T19 0.24ns - 9.12••• 6.28••• 
Wayne x PI-54-608-II -4.41••• - 8.78• .. 8.61••• 
Wayne 3.05• - o.43ns - o. 77ns 
Dare -1.38ns - 3.6P• 3.67•• 
Hill -0.23ns - 4.47••• 3.79•• 
Ogden -7. 04 • • • -14.29 ... 12.16••• 
Bragg -5.17••• -14.13••• 10.89••• 
Wills -5.53• •• - 8.61· .. 7. 87 • • • 
K162 -7. 56* .. - 4.76•• 8.16•• .• 
Daintree -9.90*** - 4.75•• 10.85••• 
Mamloxi - 6 .61*** - 1. 95ns 4.66•• 
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Appendix 14.5.1 

Cultivar
00 00 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

-1..6069ns 
-1.2540ns 0.5033ns 
-4 .1793 .. -2.1677• 

1.99oons 2.9317•• 
-2.2422• -0.7797ns 
-1.5813ns 0.2113ns 
-5.9617•• -3.9301•• 
-4.7004•• -2.6936• 
-5.6150•• -4.1288·· 
-4.7004•• -4.0508•· 
-5.6150•• -4.6666•• 
-6 .1515• • -5.2854• • 

Appendix 14.5.2 

-1.2420ns 
-1 .6935ns -0.1726ns 
-3.2433•• -1.8254ns 

2.2657• 3.0820•• 
o.7084ns 1.8191ns 
1.4892ns 2.6933• 

-1.5275ns 0.1829ns 
-0.8274ns o.8131ns 
-1.6536ns -0.1690ns 

1.0251ns 2.2532• 
1.6582ns 2.8701•• 

-o.1382ns o.4828ns 

Between cultivar comparisons - homogeneity tests of the partial re~ression coefficients 

for the model: 
y =a+ b2,3x2,3 + b4X4 

_, 
+ 
+ 

T-test ratios for the partia!_!'egreasion coefficient a 

1 2 3 4 5 6 7 8 9 10 

-3.0779•• 
2.7390• 4-.3380 .. 

-1.2858ns 1.0188ns -3.3275•• 
-0.3352ns 2.7659•• -2.9245•• 1.0342ns 
-5.0232•• -2.2175• -5.3663•• -2.6050• -4.7495•• 
-3.6537•• -0.6803ns -4.6405** -1.4957ns -3.3552•• 1.5243ns 
-4 .8390•• -2.7978•• -5.5831•• -3.1315** -4.6269•• -1.2203ns -2.3116• 
-5.2110 .. -2.3277• -5.4244•• -2.6745• -4.9333•• -0.0260ns -1.6057ns 1.2227ns 
-6.0568 .. 3.0212•• -5.7348•• -3.1185•• -5.7779** -o.4809ns -2.2135• o.9648ns -0.4723ns 
-5.9572•• -4 .1649** -6.4335•• -4.3250 .. -5.7713•• -2.7451• -3-7260 .. -1.4097ns -2.7656• -2.5803• 

T-test ratios for the partial regression coeficient b213 

. 
-1.9677ns 
3.5273•• 4.5810•• 
2.3174• 3.7025•• -1.6531ns 
3.6547•• 4.9382•• -1.4034ns o.5708ns 
o.512ons 2.6000• -3.4852•• -2.2261• -3.9805•• 
1.390?ns 3.2817•• -3.0592•• -1.6129ns -3.1872** 1.225ons 
o.ooo4ns 1.9295ns -3.4880 .. -2.2711• -3.5396 .. -0.4901ns -1 .3289ns 
3.0426·· 4.4314•• -1.6684ns 0.1735ns -0.4856ns 3.1810•• 2.4075• o.8254ns 
3.9562•• 5 .1848• • -1.3491ns o.6924ns o.1382ns 4.4441•• 3.6147 .. o.991ons o.6396ns 
o.5856ns 1.4596ns -1.4595ns -0.4826ns -0. 7649ns o.4347ns 0.163?ns o.346?ns -o.5812ns -0.8166ns 
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Appendix 14.5 continued: 

Appendix 14.5.3 T-test ratios for the partial regression coefficient b~ 

1.4705ns 
1 .5851 ns -0.1197ns 
3.7766 .. 2.0118ns 2.4779• 

-2.1586• -3.0622• • -3.1800•• -4.5526 .. 
0.7923ns -o.5852ns -o.5464ns -2.5634• 2.5880• 

-0.1108ns -1 .6802ns -1.873ons -4.2224•• 2.1635• -0. 9428ns 
3.9581•• 1.8561ns 2.4616• -o.5o62ns 4 .5489 .. 2.4779• 4.6131•• 
2.9098 .. o.8786ns 1.2638ns -1.6455ns 3.9432•• 1.5556ns 3.4509 .. -1.4726ns 
3.9102•• 2.2915• 2.7240· 0.1t611ns 4 .6890 .. 2.8002•• 4.2923•• o. 9756ns 
2.561y 0.7283ns 1.0256ns -1.6017ns 3.7673•• 1.3709ns 2.9708•• -1 .3951 ns 
2.7665• o.7381ns 1.0922ns -1.8195ns 3.8603* • 1.4251ns 3.2954•• -1.7032ns 
2.8841•• 1.9021ns 2. 0769ns o.6891ns 3.9661•• 2.2664• 3.0239•• o. 9870ns 

1.9857ns 
-0.1236ns -1.9371ns 
-0.2218ns -2.1392• 

1.5682ns 0.3827ns 
-0. 061t7ns 

1 .5825ns 1 .6536ns 

-> 
+­

\.11 
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;.;.ppendix 15 Trial det0ils fo r t~e apical bud di s section s t udy 

1 • 

2 . 

'Z .,,., 

4 . 

5 . 

,. 
o . 

7 . 

8. 

9. 

Location 

De~ ig.l 

flot size 

...; o,,ing dates 

flan ting pa ttern 

"ir ter.ipe r a t ure 

Day leng th 

Soil moisture 

Notation used 

2ele nsville, jG 0 . 39 ' S 

ib :1<lomised co:r,_;::le te b lock , wi .;h four 

re f,lict. tions . 

1 • _)f.'; X 16r.'.l • 

:wverr:ber 2!la , 1 2tl , 1 22nd ; Dec err.be r 2nd , 

'1975 . Tte cul ti var Dare was not included 

in the 30w~nl of the 22nd No ve mber . 

lnocul ~te~ seed was so~n ton de pt h of 3cm , 

in roN~ 30cm a~art , with an approximate 

intr~-row spacin5 of 10cm . 

f~i s ~as monitore d conti nuously a t t he t r ial 

sit~ , ~sing a screened t he rmohygrogr~ph . 

~e terolo
0

i cal daylengt ~fo r t he s ite latitude 

of 36° . 3G 1 ~ ., were obtained from the ~975 and 

1976 ~ditions of the British Nautical rllmanac . 

Day l ength me~surernents included civil twilight . 

r he trial w0s not irri ga~ed . Gr a vimetr ic 

tests from 15cm soi l core samples, r eported 

a minimum ~oil mois ture level of 19 . 4% for 

the trial pe ri od . 

X. = t he ;;,ver.,.ge daylength (hours) 
1 

x2 = the a ve r age h ourly day temperatu re ( oc) 

x3 ::: tt.e a ve r a ,.,.- e hourly night tem pe r a ture (oC) 

X4 ::: plant agE: (days from emerge nee ) 

x5 = A I th t'? :r:, la nt a verage f.loral sta te ( y 1 ) 

'/:i th A being. the population mean 

X ' = log10 x5 c:· 
:J 

x6 = .R ' the plant maximum floral state (y2) 

witn R being the population me an 

X ' 6 = log10 Xe 
0 

>.. '"1 
I 

= t he daily change in R (Y3) 

X ' ·- 1o~ x? 7 ~ 0 10 

X =- the da ily change in A ( Y4) 
C 

X ' '8 = log 1c X8 



Appendix 16 • Meterological data for the apica~ bud dissection study - fuylen5th (X
1

) , average hourly day (X
2

) 
and night (X3 ) temperatures a t 36~9 1 S durin5 Ko vember 1975 - February 1976 • 

Vay November December January Februa r y 
(X) (X2) o C (X3 ) (X ) (X~) (X

3
) (X1) (X2) oC (X3) . (X 1) (X2) oC (X3) 1 1 c OC hours hours hours nours 1 15 . 42 17 . 2 16.1 15 . 57 19 . 3 1 .5 . 9 1 "! • 78 18 . 5 14 . 6 2 14 . 57 15 .7 15 . 5 15 . 45 18. 6 13 . 2 15 . 55 19 . 5 17 . 2 14 . 75 19 . 5 13.0 

3 14 .60 17.7 13 . 9 15 . 47 19 . 1 15 . 4 15 . 52 19 . 9 16.2 14.72 21 • 1 15 . 1 4 14.63 17.4 16 . 4 15 .48 18 . 4 14. 2 15. 50 18 . 4 15 . 2 14 . 67 19 . 4 16 . 3 
5 14 . 66 18. 1 15 . 8 15 . 50 18 . 9 13 . 7 15 . 50 20.1 14. 8 14 . 63 19 . 8 12.7 6 14 . 72 16 . 5 14 . 7 15 . 52 18.7 16 . 6 15 .Li.b 20 . 1 16.7 14 . 6c 19 . 6 17 . 5 
7 14 . 75 16 . 4 15 . 7 15 . 5;, 19 . 8 14 . 1 15 , 45 21 . 1 17 . 5 14 . 57 17 . 6 19. 8 
8 14 . 80 16.5 15 . 1 15 . 55 19 . 5 14. 8 1.5.,,5 20 . 3 10 . 6 '14 . 53 12 . 6 1 5-5 
9 14 . 83 15 . 5 13 . 8 15 . 57 19 . 8, 15 . 2 15 . l3 1 ~-4 1 s: . '.;, 14 . 50 17 . 8 12 . 6 10 14 . 87 15 . 9 12 . 7 15 . 56 IS! . 7 15. 6 1;, . L~ 2/• 0 19. 3 111 . !... 7 , C ~ 1i+-.~ ' . ,, / . ' 11 14 . 92 15 . 7 11 . e 15 . 60 19 . 1 18 . 2 15 . 4r, 20 . 6 10 x 14 . Lr.3 2(., . 5 14 • f'.; ,, . -
12 14.95 16 . t 14 . 9 15 . 60 18 . 7 15 . 6 15 . 3f 22 . 2 22 . 3 '14 . l1 -~ 20 . 'i 1 C: , 

. 7 . ' 13 1 l; • 97 17.6 15 . 0 15 . 62 19 . 4 ,, q 1:; . 35 20. 5 21.5 14 . ;5 A(• 0 16.9 ./ . / ' .,,, .. .,,-
14 15 . 00 17 . 1 15,6 15 . 62 18 . 9 ~ () 1 15 . 33 2;2 . 7 21 . R 1 l1 . 32 19 . 8 18. 1 ' .. · . ' 

15 15 . 02 16.6 14.4 15 . 62 1r . 7 15 . 6 15 . 32 L ,.. • f, 19.9 14.28 18 . 7 15 . 8 
16 15 . 05 15 . 9 13 . 2 15 . 62 1 F, . b 15-9 15 . 28 24 . o 21 . 2 14 . 25 18 . 3 14 . 5 
17 15 . 08 17 . 4 15 . 0 '15 . 63 20 . 1 18. 2 15 . 27 22 . 2 21 . 7 14 . 22 20.3 14 . c, 
18 15. 12 17 . 3 14 . 6 15 . 62 20. 7 17.9 15 . 23 20 . 6 1 E. 4 14. 1 S 19.3 1L -z. . ' . ..., 19 15 . 15 16.5 12. 9 15 . 62 20 . 9 20 . 5 15 . 20 21 . 5 18 . 0 
20 15 . 17 16 . 6 15 . 6 15 . 62 19 . 7 17 . 1+ 15 . 18 21 .4 16 . 9 
21 15 . 17 16.0 14 . 4 15. 63 19 . 7 17 . 0 15 . 15 20 . 4 16 . 0 
22 15 . 20 15.0 12. 2 15 . 63 17 . 6 1 7 . 0 15 . 12 20 . 9 19 . 5 
23 15 . 22 16.4 13. 2 15.63 18. 1 15 . 9 15 .1 0 20. 4 16 . 1 
24 15 . 25 17 . 2 15. 6 15.63 16 . 6 14. 1 15 . 07 19. 3 18 . 9 
25 15 . 28 18. 0 15. 6 15 . 63 17. 2 16 . 7 15 . 03 21 . 2 16-3 
26 15.32 18 . 2 14 . 3 15 . 63 16 .4 14 . 5 15 . 00 21.7 20 . 2 
27 15 . 33 17.0 17.6 15 . 63 16 . 8 14 . 1 14 . 97 20 . 0 22 . 5 
28 15.35 18 . 2 14 . 3 15. 62 17 . 2 14 . 9 14 . 93 21 . 0 18. 2 
29 15.37 18 . 5 1 /;. 1 15 . 62 16 . 7 13.11 14 . 90 20 . 8 18. 7 
30 15 . 38 19 . 5 16 . 8 15 . 60 17 . 7 14 . 1 14 . 87 19 . 8 18.6 
31 15 . 58 18. 2 15 . 0 11-t . 83 18 . 7 17 . 2 

• me terological daylength - i . e . sunrise to sunseL, incluciing civil twilight 

.... 
~ 

---.J 



Appendix 17 Amsoy x T19 Floral Bud Dissections 

Appendix 17.1 Dissection data 

I Pre-initiation £hase 
-

Sowing Emergence Sampling Period x1 _ x2 x3 X4 x5 Block - Date Date• Date ( davs) 
A 2/11/75 9/11/75 3/12/75 24 15 .19 17.2 14.5 24 20.0 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 6.6 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 42.9 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 1"4 .5 24 16.7 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 26.7 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 40.0 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 20.0 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 15.0 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 20.0 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 32.5 
B 12/11/75 18/11/75 5/12/75 17 15,.32 17.6 14.7 17 23.3 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 24.o 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 7.5 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 25.0 
B 12/11/75 18/11/75 5/12/75 17 15.32 17.6 14.7 17 24.o 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 28.3 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 33.3 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 ,, 8 26.7 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 22.5 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 12.0 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 15.0 

II Post-initiation !hase ' 
Samp ing dates 

A 3/12/75 9/12/75 6 15.53 19.2 14.8 30 58.8 
A 3/12/75 9/12/75 6 15.53 19.2 14.8 30 55.6 
A 3/12/75 9/12/75 6 15.53 19.2 14.8 30 66.7 
A 3/12/75 9/12/75 6 15.53 19.2 14.8 30 77.0 
A 3/12/75 9/12/75 6 15.53 19.2 14.8 30 77.0 
B 5/12/75 9/12/75 7 15.56 19.3 15.7 30 38.9 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 24 25.6 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 24 51.0 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 24 42.2 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 · 24 50.0 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 24 69.4 
B 5/12/75 12/12/75 7 15.56 19.3 15.7 24 37.5 

-

A x6 R 

30 
20 
80 
30 
40 
80 
40 
30 
40 
70 
40 
30 
30 
40 
40 
35 
40 
40 
30 
30 
30 

24.7 90 45.7 
24.7 90 45.7 
24.7 90 45.7 
24.7 80 45.7 
24.7 80 45.7 
21.4 70 40.0 
21.4 70 40.0 
21.4 90 40.0 
21.4 85 40.0 
21.4 75 40.0 
21.4 90 40.0 
21.4 90 40.0 

x7 . 

1.25 
0.83 
3.33 
1.25 
1.66 
3.33 
1.66 
1.76 
2.35 
4.12 
2.35 
1.76 
1.76 
2.35 
2.35 
4.38 
5.00 
5.00 
3.75 
3.75 
3.75 

7.38 
7.38 
7.38 
5.72 
5.72 
4.29 
4.25 
7.14 
6.43 
5.00 
7 .14 
7 .14 

--

XB 

0.83 
0.28 
1.79 
0.70 
1 • 11 
1.67 
0.83 
o.88 
1.18 
1.91 
1.37 
1.41 
o.44 
1.47 
1.41 
3.54 
4.16 
3-31+ 
2. 81 
1.50 
1.50 

3.50 
5.15 
7.00 
8.72 
8.72 
2.50 
0.60 
4.23 
2.97 
4.09 
6.86 
2.30 

_.. 
*'"" CX) 



Appendix 17.1 continued: 

B 12/12/75 12/12/75 7 15.56 19.3 15.7 
B 12/12/75 17/12/75 5 15.62 19.2 16.7 
B 12/12/75 17/12/75 5 15.62 19.2 16.7 
B 12/12/75 17/12/75 5 15.62 19.2 16.7 
B 12/12/75 17/12/75 5 15.62 19.2 16.7 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18. 7 14.9 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18. 7 14.9 
C 22/11/75 28/11/75• 7/12/75 9 15 .46 18.7 14.9 
C 22/11/75 28/11/75• 7/12/75 9 15.46 18. 7 14.9 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18. 7 14.9 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18.7 14.9 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18.7 14.9 
C 22/11/75 28/11/75* 7/12/75 9 15.46 18. 7 14.9 
C 7/12/75 17/12/75 10 15.60 19.3 16 .3 
C 7/12/75 17/12/75 10 , 15.60 19.3 16.3 
C 7/12/75 17/12/75 10 15.60 19.3 16. 3 
C 7/12/75 17/12/75 10 15.60 19.3 16.3 
C 7/12/75 17/12/75 10 15.60 19. 3 16.3 
C 7/12/75 17/12/75 10 15.60 19.3 16.3 
C 7/12/75 17/12/75 10 15.60 19.3 16.3 
C 7/12/75 17/12/75 10 15.60 19.3 16.3 
C 17/12/75 27/12/75 10 15.63 18.4 16.5 
C 17/12/75 27/12/75 10 15.63 18.4 16.5 
C 17/12/75 27/12/75 10 15.63 18 .4 16.5 
C 17/12/75 27/12/75 10 15 .63 18.4 16.5 
D 17/12/75 27/12/75 10 15;63 18. 4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 17/12/75 27/12/75 10 15.63 18.4 16.5 
D 27/12/75 6/1 /76 10 15.55 18. 7 15.3 
D 27/12/75 6/1 /76 10 15.55 18 . 7 15.3 
D 27/12/75 6/1 /76 10 15.55 18.7 15.3 
D 27/12/75 6/1 /76 10 15.55 18. 7 15.3 
D 27/12/75 6/1 /76 10 15.55 18. 7 15.3 
D 27/12/75 6/1 /76 10 I 15.55 18.7 15.3 
D 27/12/75 6/1 /76 10 i 15 .55 18.7 15.3 
D 27/12/75 6/1 /76 10 1 15. 55 18. 7 15.3 

24 40.0 21.4 70 
29 65.7 44.3 90 
29 47 .1 44 .3 90 
29 47.1 44.3 90 
29 56.0 44.3 90 

9 32.0 60 
9 32.5 60 
9 55.0 70 
9 60.0 70 
9 35 .0 60 
9 55.0 60 
9 52.5 60 
9 26.7 40 

19 17.1 43.6 40 
i 19 41.4 43.6 70 

19 18.9 43.6 50 
i 19 32.9 43.6 70 l 

I 19 25.5 43.6 45 
19 30.0 43.6 40 

I 
19 20.0 43.6 50 
19 28.9 43.6 40 
29 49.3 26.8 90 
29 23.3 26.8 50 
29 59.1 26. 8 90 
29 53.5 26. 8 90 
18 27.5 19.7 55 
18 26.7 19.7 60 
18 40.0 19.7 70 
18 44.2 19.7 70 
18 26.0 19.7 40 
18 42.0 19.7 Bo 
18 25.0 19.7 40 
18 28~6 19.7 70 
28 47.3 32.5 Bo 
28 60.9 32.5 90 
28 62.4 32.5 95 
28 52.7 32.5 95 
28 65.8 32.5 90 
28 57.9 32.5 80 
28 64.6 32.5 90 
28 70.5 32.5 90 

4o.o 4.25 
80.0 2.00 
80.0 2.00 
80.0 2.00 
80.0 2.00 

6.67 
6.67 
7.78 
7.78 
6.67 
6.67 
6 .67 
4.44 

51. 3 -1.13 
51.3 1. 87 
51.3 -0.13 
51. 3 1. 87 
51.3 -0.63 
51 .3 1.13 
51.3 -0.13 
51.3 -1.13 
53.1 3.69 
53.1 -0.31 
53. ~ 3.69 
53. 1 3.69 
31~ . 2 2.08 
34.2 2.58 
34.2 3.58 
34.2 3.58 
34.2 0.58 
34.2 4.58 
34.2 0.58 
34.2 3.58 
60. 1 1.99 
60. 1 2.99 
60.1 3.49 
60 .1 3.49 
60. 1 2.99 
60.1 1.99 
60. 1 2.99 
60.1 2.99 

2.66 
4.28 
0.56 
0.56 
2.34 
3.56 
3.61 
6.11 
6.67 
3.89 
6.11 
5.83 
2.97 

-2.65 
-0.22 
-2.47 
-1.07 
-1. 81 
-1.36 
- 2 .36 
-1.47 
2.25 

- 0.35 
3.23 
2.67 
0.78 
0.70 
2.03 
2.45 
0.63 
2.23 
0.53 
0.89 
1.48 
2.84 
2.99 
2.02 
3.33 
2.54 
3.21 
3.80 

..... 
+:"' 
\0 



Appendix 17.2 Amsoy x T19 Correlation Coefficients 

I Pre-initiation phase (n = 21) 
--

Variables x1 x2 x3 X4 x5 x6 

x1 0.992••• 0.971••• -0.988 ... -0. 048ns -0.277ns 
x2 0.994•• • -0.960••• -0. 030ns -0.267ns 
x3 -0.923• .. -0.013ns -0.254ns 
X4 0.070ns o.284ns 
x5 o. 840• • • 
x

5
, - 0.025ns o.034ns O. 042ns - 0 . 013ns o. 74 8 • • • 

x6 
x6, -0.218ns -0. 216ns -0.212ns 0.215ns 0. 869••• 
x7 
xi 0.744··· 0 . 737••• 0.721••• -0.736"'** 0. 551 .... o.423ns 
X8 

0.672••• 0.673n * o . 664•• - 0.657,.,. 0 . 675 •,.. 0.343ns X3• 

' (n = 53 ~ II Post-ini t ia t ion fhase 

I x1 -0.081ns 0.922··· o.4 39• • -0.287· - 0.011ns 
! x2 -0. o84ns o. 226ns o.o28ns O. 064ns 

X3 o.1 52ns -0 . 461**"' - 0 .1 86ns 
X4 o.4 85• • • o . 664••~ 

x5 0.777••• 
X5, -0.292* -0.005ns -0.444••• o.451 • • • o . 811•n 

x6 
x6' -0.042ns o. 051 ns -0.205ns 0.616••• 0. 768••• 

x7 
x7' invalidated by negativ e values for x

7 
x8 I 
X81 invalidated by negative values fo r x 8 

I 
Xi, X~, Xi and X~ = log10 forms of x5 , x6 , x7 and x8 , res pectively. 

x7 
0.781·"* 
o. 789• • • 
0.785••* 

-0. 755.,. • 
0. 509• 
0. 501• 
0.355ns 
o .403ns 

0.8.81 ... 

-0.675••• 
-0.006ns 
-0.690.,.,. 
-0.154ns 

o.497•• • 
0.546· ·· 
o.459• .. 
0.564••• 

X8 
0 .737••• 
0.750••• 
0.752••• 

-0.704··· 
0.552•• 
0.580 .. 
0. 190ns 
o. 258ns 
0.889••• 
o . 834 • * • 

- 0 . 604 • .. • 
-0 . 070ns 
-0.6 87 • * * 

O. 055ns 
o.795• n 
0.732••· 
o.491••• 
0.576*** 
0.825••* 

.... 
\J1 
0 
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Appendix 17.3 Amsoy x T19 regression models considered: 

I Pre-initiation phase 

Model 1001i F Non significant variables (F) 

Y1=a+b6x6+b4X4+b
3
x

3
+b1X1+b2X2 74.9 16.92**"' x4(2.01) x

3
(0.91) X1(o) X2(0) 

Y1=a+b6x6+b1x
1 74.2 25.85••• X/2.57) 

Y1=a+b6x6 +b
2

X
2 57.0 11.96 • h xz<2.30) 

Y1=a+b6x6+b
3
x

3 56.9 11.90••• x3(2.25) 
Y1=a+b6x6+b4x4 73.6 25.04•.,. x4(2.10) 
Y1=a+b6x6 70.5 45.38••• 

Y2=a+b5x
5

+b4x4+b
3
x

3
+b1X1+b2X2 76.4 18.35**" x4 (3.67) x

3
(0.59) X2(0) X1(0) 

Y2=a+b
5
x

5
+b1X1 76.1 28.66*** X 1 ( 4 .23) 

Y2=a+b5x
5

+b2X2 76.3 29. 04 • * • 
Y2=a+b

5
x

5
+b

3
x

3 76.4 29.14••• 
Y2=a+b

5
x

5
+b4x4 75 .6 27. 85 * • * X4(3.75) 

Y3=a+b6x6+b
5
x

5
+b1X1 96.9 l378.87•u x6 (2.49 )if the sole variable 

Y3=a+b6X6+b
5
x

5
+b

3
x

3 94.7 100.69••• x6 < 2. 73)if the sole variable 
Y3=a+b

5
x

5
+b

1
X

1 91.0 90.84*** 
Y
3

=a+b
5
x

5
+b

2
X

2 90.6 86.68··· 
Y3=a+b5x

5
+b

3
x

3 88.6 69.64··· 
Y3=a+b5x

5
+b4X4 88.7 70.42••• 

. 
Y4::a+b6x6+b 1X

1 71.1 22.12••• x6(2.24) 
Y4=a+b

5
x

5
+b 1X1 88.9 72.40••• 

Y4=a+b
5
x

5
+b

2
X

2 89.4 75.52••• 

Y4=a+b
5
x

5
+b

3
x3 88.2 67.06··· 

- - 88.o 46.01··· x
5

(2.11) Y4=a+b7x
7

+b
5
x

5
+b 1X

1 
Y4=a+b7x7+b 1X1 79.5 34. 80• ** x1co.o4) 

Y4=a+b7X7+b2X
2 79.6 35.19••• X2(0.56) 

Y4 =a+b7X
7

+b
3
x

3 79.8 35.47••• x
3

(o.68) 

- "-Y 4 =a+b
5
X

5
+b4x4 85.9 55.02• .. 

II Post-initiation phase 

Y
1

::a+b6x6+b4X4+b
3
x

3
+b

1
X1+b

2
X

2 72.2 24.37••• x4(0.30) X 1 ( 0) X 2 ( 1 • 07 ) 

Y
1

=a+b6x6+b
3
x

3
+b4x4 71.5 41.04••• x4 ( 1 .23) 

Y1=a+b6x6+b
3
x3 

70.8 60.67• ** 
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Appendix 17.3 continued: 

II Post~initiation pha5e 
100R2 Model F Non significant variables (F) 

Y.j=a+b6x6+b1x1 73.8 70 . 53 .,.• 

Y.j=a+b6x6+b
3
x

3 
74.7 73. 89·--· 

Y2=a+b
5
x

5
+b4x4+b

3
x

3
+b 1X1+b2X2 73 .9 26.60··· x

3
(0.3'.)) X1(3 .10) x2(1.40) 

Y2=a+b 1X1+b4x4+b
3
x

3
+b

5
x

5 
73 . 9 .32 . 63* .. X1(0.02) x

3
(2 . 85) 

Y2=a+b
5
x

5
+b

3
x

3
+b4x4 71.4 40 . 75••• 

y 2=a+b5X5+b4X4 7 1.2 61. 87••• 

Y
3

=a+b
3
x

3
+b1X1+b6x6+b4x4+b2X2 77 . 0 31. 41··· X1(2 . 13) X2(1.19) 

Y
3

=a ~b
3
x

3
+b6x6+b4x4 76 . 0 51.60••*' x4(o .5 o) 

Y
3

=a+b6x6+b4x4+b
3
x

3 
76 . 0 51 . 60• .... 

Y
3

=a+b6x6+b 1X1+b4x4 73 .1 44 . 39,.. • 

Y
3

=a+b 8x8+b4x4+b 1X1 73 . 8 1+5 . 90 • • * x1 (3. 06) 

Y
3

=a+b8x8 t b
5
x

5
+b 1X1+b4x4 

: 

76.9 39 . 93•n X1(3.41) x4 (0.60) ! 

' 
Y
3

=a+b 8x8+b
5
x

5
+b

3
x

3
+b4x4 

! 76.4 38.89•• • x
3

(2 .96 ) x4(0.01) 
I 

Y
3

=a+b8x8+o
5
x

5
+b

3
x

3
+b 1X1 

I 76. 6 3') .3 2 • * .. x
3

(2 .99 ) X1(0.43) I 
I 

Y4=a +b
3
x

3
+b 1X1+b

5
x

5
Tb4x4+b 2X2 31 . b 42 . 21 * .. x1(1 . 46) x

2
(o.48) 

Y4=a Tb
5
x

5
+b4x4+b

3
x3 81. 5 72.12••· 

Y4=a+b
7
x

7
+b6X6+b

5
x

5
+b 1X1 95 . 5 ?. 54 .59*h 

Y4=a +b
7
x

7
+o6x6+b

5
x

5
+b

3
x

3 95 . 3 245 . 70• ... x
3

(3 .52) 

Y4=a+b
7
x

7
Tb5x

5
+b 1X1+b 4x4 89 . 7 105 . 00• ... 

Y4=a+b
7
x

7
+b

5
x

5
+b

3
x

3
+b4x4 89 . 9 106 . 90··-- .X3(3.11) 

Y4=a +b
7
x

7
+b

5
x

5
+b1X1+b

3
x

3 
88. 7 94. 21 •• "' X1(4 .03) x

3
(o.06) 

Note: Y' = 1 



Appendix 18 Dare Floral Bud Dissections 

Appendix 18.1 Dissection data 

I Pre-initiation Ehase 

Sowing Emergence Sampling Period x1 x2 x3 X4 x5 
Block - Date Date •Date (days) 

A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 0 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 10.0 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 6.7 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 5.0 
A 2/11/75 9/11/75 3/12/75 24 15 .• 19 17.2 14.5 24 0 
A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 8.o 

'---- A 2/11/75 9/11/75 3/12/75 24 15.19 17.2 14.5 24 0 
A • 3/12/75 9/12/75 6 15.53 19.2 14.8 30 0 
A • 3/12/75 9/12/75 6 15.53 19.2 14.8 30 10.0 
A •3/12/75 9/12/75 6 15.53 19.2 14.8 30 10.0 
A •3/12/75 9/12/75 6 15.53 19.2 14.8 30 5.4 
A •9/12/75 17/12/75 8 15.61 19.2 16.6 38 12.5 
A •9/12/75 17/12/75 8 · 15.61 19.2 16.6 38 3. 1 
A • 9/12/75 17/12/75 8 15.61 19.2 16.6 38 10.0 
A • 9/12/75 17/12/75 8 15.61 19.2 16.6 38 11.2 
A • 9/12/75 17/12/75 8 15.61 19.2 16.6 38 3.0 
A • 9/12/75 17/12/75 8 15.61 19.2 16.6 38 16.0 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 0 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 13.6 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 15.8 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 18.3 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 15.0 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 17.5 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 18.6 
B 12/11/75 18/11/75 10/12/75 22 15.38 18.0 14.8 22 5.7 
B • 1,0/12/75 17/12/75 7 15.61 19.1 16.7 29 0 
B ·10/12/75 17/12/75 7 15.61 19. 1 16.7 29 7.5 
B • 10/12/75 17/12/75 7 15.61 19. 1 16.7 29 3.3 
B •10/12/75 17/12/75 7 15.61 19.1 16.7 29 3.0 
B •10/12/75 17/12/75 7 15.61 19. 1 16.7 29 32.1 
B •10/12/75 17/12/75 7 15.61 19.1 16.7 29 12.7 
B •10/12/75 17/12/75 ~ 15.61 19.1 16.i 2e 7.8 
D 2/12/75 9/12/75 17/12/75 15.61 19.2 16. 0 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 20.0 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 8 20.0 

A x6 R 

0 
30 
20 
20 
0 

20 
0 

3.7 0 11.2 
3.7 50 11.2 
3.7 40 11.2 
3.7 30 11.2 
6.3 30 30.0 
6.3 30 30.0 
6.3 30 30.0 
6.3 30 30.0 
6.3 30 30.0 
6.3 40 30.0 

0 
30 
40 
40 
40 
30 
40 
20 

13.1 0 30.0 
13.1 30 30.0 
13.1 30 30.0 
13. 1 30 30.0 
13 .1 60 30.0 
13. 1 40 30.0 
13. 1 30 30.0 

0 
30 
30 

-

x7 

0 
1.25 
0.83 
0.83 
0 
0.83 
0 

- 1.87 
6.47 
4.80 
3.13 
0 
0 
0 
0 
0 
1.25 
0 
1.36 
1. 82 
1. 82 
1 .82 
1.36 
1. 82 
0.91 

- 4.29 
0 
0 
0 
4.25 
1.43 
0 
0 
3.75 
3.75 

X8 

0 
0~42 
0. 28 
0.21 
0 
0.33 
0 

- 0.62 
1.05 
1.05 
0.28 
0.78 

- o.4o 
o.46 
0.60 
o.41 
1.21 
0 
0.62 
0.72 
0.83 
o.68 
0.80 
0.85 
0.26 

- 1.87 
- 0.80 
- 1.40 
- 1.44 

2.71 
- 0.06 

-" - .0.76 
0 
2.50 
2.50 

~ 

-' 
\.Jl 
\,,I 



Appendix 18.1 continued: 

D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 
D 2/12/75 9/12/75 17/12/75 8 15.61 19.2 16.6 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *17/12/75 22/12/75 5 15.63 19.7 1 .3. 9 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *17/12/75 22/12/75 5 15.63 19.7 13.9 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 

I D •22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 
D *22/12/75 27/12/75 5 15.62 17.0 15.3 

II Post-initiation Ehase 
I Samnlin'1: dates 

I 
A 17/12/75 27/12/75 10 15.63 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 , 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 I 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 I 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 i 18.4 16.5 
A 17/12/75 27/12/75 10 15.63 1 18.4 16.5 
A 27/12/75 6/1 /7'6 10 15.50 18.7 15.3 
A 27/12/75 6/1 /76 10 15.50 18.7 15.3 
A 27/12/75 6/1 /76 10 15.50 18.7 15.3 
A 27/12/75 6/1 /76 10 15.50 18.7 15.3 
A 27/12/75 6/1 /76 10 15.50 18.7 15.3 
A 6/1 -/76 14/1 /76 8 15.40 21.0 20.2 
A 6/1 /76 14/1 /76 8 15.40 21.0 20.2 
A 6/1 /76 14/1 /76 8 15.40 21.0 20. 2 
A 6/1 /76 14/1 /76 8 15.40 21.0 20.2 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 

8 12.5 30 
8 0 0 
8 7.5 30 
8 0 0 
8 0 0 

13 10.0 7.5 20 
13 8.7 7.5 25 
13 0 7.5 0 
13 5.0 7.5 20 
13 0 7.5 0 
13 12.0 7.5 30 
13 7.5 7.7 30 
18 17.0 5.4 30 
18 11.2 5.4 25 
18 7.5 5.4 20 
18 4.0 5.4 20 
18 6.o 5.4 30 
18 10.0 5.4 30 
18 0 5.4 0 
18 6.o 5.4 30 

48 20.7 9.3 40 
48 24.2 9.3 40 
48 25.0 9.3 50 
48 23.6 9.3 40 
48 21.4 9.3 50 
48 34.2 9.3 55 
48 35.7 9.3 50 
58 61.0 25.0 90 
58 44.8 25.0 75 
58 63.7 25.0 95 
58 55.0 25.0 Bo 
58 36.5 25.0 85 
66 73.6 56.5 95 
66 54.3 56.5 90 
66 ; 64.3 56.5 85 
66 I 58.5 56.5 90 
39 I 41.6 9.5 60 

I 39 24.5 9-5 40 
; 

3.75 
0 
3.75 
0 
0 

15.0 1.00 
15.0 2.00 
15.0 - 3.00 
15.0 1 .oo 
15.0 - 3.00 

! 15.0 3.00 
i 15.0 3.00 

16.3 2.74 
i 16.3 1. 74 
I 16 .3 0.74 
I 16 .3 0.74 
I 16. 3 2.74 
I 16. 3 2.74 
I 

l 16. 3 - 3.26 
! 16.3 
! 

2.74 

; 

j 31.7 0.83 
I 31. 7 o. 83 

31.7 1 • 83 
31.7 0.83 
31.7 1 • 83 
31. 7 2.33 
31. 7 1 • 83 
39.4 5.06 
39.4 3.56 
39.4 5.56 
39.4 4.06 
39.4 4.56 
85.0 1.25 
85.0 0.63 
85 .0 0 
85.0 0.63 
31.4 2.86 
_3 1.4 o. 86 

1.56 
0 
0.94 
0 
0 
0.50 
0.24 I 

- 1. 50 I 
- 0.50 i 
- 0.50 I 

0.50 
0 
2.32 
1.16 
o.42 

- 0. 28 
0.12 
0. 9 2 

- 1.08 
0.12 

1. 14 
1.49 
1.57 
1 • 4 3 
1. 21 
2.49 
2.64 
3.60 
1.98 
3.87 
3.00 
1.15 
2. 14 

- 0.28 
0.98 
0.25 
3.21 
1. 50 

~ 

\Jl 
..::-



Dare Floral Bud Dissections 
Appendix 18.1 Dissection data continued: 

II Post-initiation phase continued: 

Sowing Sampling dates Period x1 x2 x3 X4 x5 
Block - Date (days) 

B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 34.1 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 36.1 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 15.3 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 19.5 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 13.0 
B 17/12/75 27/12/75 10 15.63 18.4 16.5 39 3.3 
B 27/12/75 6/1 /76 10 15.50 18.7 15.3 49 41.2 
B 27/12/75 6/1 /76 10 15.50 18.7 15.3 49 45.0 
B 27/12/75 6/1 /76 10 15.50 18. 7 15.3 49 42.7 
B 27/12/75 6/1 /76 10 15.50 18.7 15.3 49 32.4 
B 27/12/75 6/1 /76 10 15.50 18. 7 15.3 49 40.3 
B 6/1 /76 11/1 /76 5 15.43 20.5 19. 1 54 64.6 
B 6/1 /76 11/1 /76 5 15.43 20.5 19.1 54 40.3 
B 6/1 /76 11/1 /76 5 15.43 20.5 19. 1 54 50.5 
B 6/1 /76 11/1 /76 5 15.43 20.5 19 .1 54 57.6 
B 11/1 /76 21/1 /76 10 15.27 21.7 19.8 64 57.6 
B 11/1 /76 21/1 /76 10 15.27 21.7 19.8 64 60.6 
B 11/1 /76 21/1 /76 10 15 .27 21.7 19.8 64 55.8 
B 11/1 /76 21/1 /76 10 15.27 21.7 19.8 64 60.4 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 5.0 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 16.4 
D 27/12/75 6/1 /76 10 1 :i. 50 18.4 15.3 28 9.3 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 9.5 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 26.2 
D 27/12/75 6/1 /76 10 ·15.50 18.4 15.3 28 11.9 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 10.6 
D 27/12/75 6/1 /76 10 15.50 18.4 15.3 28 8.9 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 4o.o 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 28.7 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 35.2 
D 6/1 /76 11/1 /76 5 15.43 20.5 19 .1 33 45.9 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 42.9 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 32.1 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 26.0 
D 6/1 /76 11/1 /76 5 15.43 20.5 19.1 33 20.5 

A x6 R 

9.5 55 31.4 
9.5 55 31,A 
9.5 40 31.4 
9.5 40 31.4 
9.5 30 31.4 
9.5 20 31.4 

23.4 60 42.5 
23.4 75 42.5 
23.4 75 42.5 
23.4 70 42.5 
23.4 70 42.5 
40.3 85 70.0 
40.3 75 70.0 
40.3 75 70.0 
40.3 85 70.0 
53.2 90 80.0 
53.2 90 80.0 
53.2 90 80.0 
53.2 90 80.0 
7.7 30 23.1 
7.7 50 23.1 
7.7 25 23.1 
7.7 25 23. 1 
7.7 50 23.1 
7.7 50 23. 1 
7.7 50 23.1 
7.7 20 23.1 

12.2 60 37.5 
12.2 70 37.5 
12.2 70 37.5 
12.2 65 37.5 
12.2 60 37.5 
12.2 60 37.5 
12.2 60 37.5 
12.2 60 37.5 

-

x7 

2.36 
2.36 
o.86 
o.86 
0.14 

- 1.14 
1. 75 
3.38 
3.38 
2.75 
2.75 
3.00 
1.00 
1.00 
3.00 
4.oo 
4.oo 
4.oo 
4.oo 
0.69 
2.69 
0.19 
0.19 
2.69 
2.69 
2.69 

- 0.31 
4.50 
6.50 
6.50 
5.50 
4.50 
4.50 
4.50 
4.50 

X8 

2.46 
2.66 
o.58 
1.00 
1.35 

- 0.62 
1.78 
2.16 
1. 93 
0.90 
1.69 
4.86 
0 
2.04 
3.46 
o.44 
0.74 
0.26 
0.72 

- 0.27 
0.87 
0.16 
0.18 
1.85 
o.42 
0.29 
0.12 
5.56 
3.30 
4.60 
3.37 
6.14 
3.98 
2.76 
1.66 

.... 
\J1 
\J1 
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Appe ndix 18. 1 continue d : 

D 11/1 /76 21/1 /76 10 15 . 27 21.7 19.8 
D 11/1 /76 21/1 /76 10 15 . 27 21.7 19 . 8 
D 11/1 /76 21/1 /76 10 15.27 21.7 19 . 8 
D 11/1 /76 21/1 /76 10 15.27 21 . 7 19 . 8 
D 11/1 / 76 21/1 /76 10 15 .27 21 .7 19. 8 
D 11/1 /76 21/1 /76 10 15. 27 21 . 7 19 . 8 
D 11/1 /76 21/1 /76 10 15 . 27 21.7 19 . 8 
D 11/1 /76 21/1 /76 10 15.27 21.7 19.8 
D 21/1 /76 31/1 /76 10 14.98 20.4 18.6 
D 21/1 /76 31/1 /76 10 14.98 20. 1-1 18. 6 
D 21/1 /76 31/1 /76 10 14 .98 20.4 18 . 6 
D 21/1 /76 31/1 /76 10 14.98 20.4 18 . 6 
D 21/1 /76 31/1 /76 10 14 . 98 20.4 18. 6 
D 21/1 /76 31/1 /76 10 14. 98 20 . 4 18. 6 
D 21/1 /76 31/1 /76 10 14 . 98 20. 4 18. 6 
D 31/ 1 /76 10/2 /76 10 14.62 19 . 1 15 . 2 
D 31/1 /76 10/2 /76 10 14 . 62 19.1 15.2 
D 31/1 /76 I 10/2 /76 10 14.62 19 . 1 15. 2 
D 31/1 /76 10/2 /76 10 14 . 62 19. 1 15 . 2 

-- Insert:-
A 2/11/75 9/11/75 3/12/75 24 15.1 9 17 . 2 14 . 5 

' ' ' 
! I 
I 

I I ! 
43 54 .4 33. 9 ! 7 
43 53 . 6 33 . 9 7 
43 40 . 2 33.9 7 
43 40.0 33 . 9 5 
43 41 .4 33.9 6 
43 42 . 9 33 . 9 7 
43 44. 1 33.9 7 
43 46.8 33.9 7 
53 67 . 3 45.3 I 9 
53 68 . 1 45.3 8 
53 69.4 45.3 I 9 
53 56 .7 45 . 3 1 9 
53 68 . 3 45.3 I 9 
53 50. 0 45 . 3 3 
53 69 .6 45 . 3 9 
63 90 . 2 64 . 2 9 
63 ~3 -9 64 . 2 9 
63 84 . 2 64 . 2 9 
63 ?7.4 64. 2 9 

I 

24 0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
5 
5 
5 

63 .1 
63 .1 
63 .1 
63 . 1 
63.1 
63 . 1 
63. 1 
63 , 1 
66 .2 
66 . 2 
66 . 2 
66 . 2 
66 . 2 
66 . 2 
66 . 2 
90.0 
90.0 
9::i . o 
90.0 

o. 69 
0. 60 
0.69 

- 1.31 
- 0.31 

0.69 
0.69 
0 . 69 
2 . 38 
1. 88 
2 .38 
2 . 38 
2 . 38 
1. 88 
2. 88 
0. 50 
0. 50 
0.50 
0.50 

0 

4 .10 
1.97 
0.63 
0.61 
0.75 
0.90 
1 .02 
1.29 
2.20 
2. 28 
2 .'-11 
1 • 14 
2 . 30 
o .47 
2 . 43 
2 .60 
1 • 97 
2. 00 
1. 32 

0 

~ 

V, 
O'\ 



Appendix 18.2 Dare Correla tion Coefficient s 

I Pre-i nitiation £has e (n = 56) 

Variables x1 x 2 x3 X4 XS x6 
x1 0.57~··· 0.461•• • -0.157ns 0.087ns 0.1 81ns 
x2 0.280· -0.016ns o.o44ns 0.115ns 
x3 o. 213ns 0 .122ns 0.174ns 
X4 o. 075ns 0.333• • 
x5 0.815••• 
X5, i nvalida ted by negative values fo r x5 
x6 
x6, invalidated by negative value s f o r X 
x7 

6 

xi invalidated by nega ti ve values fo r x7 
XB 
XB' invalida te d by nega t i ve va l ues fo r ). 8 

II }os t- jni tiation phase ( n = 'i 12) 

x1 -o.403••• -0. 184ns -0.447• .. -0.749••• -0.650••• 
x2 0.929• • • . o.28y o.472•• • 0.516••• 
x3 0.191ns o.315u 0.358• • 
X4 o. 785• • • 0.778••• 
x5 0.916••• 
x5, -0.583• * * 0.516··· 0.395••• 0.723• • • 0.896••• 
x6 
X6, -0.575• .. 0.525••• 0.384• •• 0.712••• 0. 871••• 
x? 
xi invalidated by negative values for x7 
X3 
x8' invalidated by negative values for X3 

X51
, X6'• x7 and x8• = log 10 forms of x

5
, x6 , x

7 
and x

8
, respectively. 

x7 
o. 044ns 
0.003ns 

-0. 030ns 
-0. 139ns 
0.629••• 

0.716••• 

0.133ns 
O. 059ns 
O. 050ns 

-0.041 ns 
0.101ns 
o. 238• 
0.332•• 
0.393 .. • 

X 8 
-0. 028ns 
-0.103ns 

0.108ns 
- 0 .116ns 
0.785••• 

0.552••• 

0.764*** 

-0.029ns 
0.075ns 
0.107ns 

-0.062ns 
0.329•• 
o.425••• 
0.264• 
0.333•• 
0.581••• 

..... 
IJ1 
--J 
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Appendix 18.3 Dare regression mod~ls considered : 

I Pre-initiation phase 
') 

Model i100Rc: Non signicicant variables (F 
1---- -- ---

Y1~a+b6x6 +b4X4+b
3
x

3
+b1X1+b 2X2 72 . 7 C'6 . 58* 4 * x

3
(o . 04) x, (3.58) x2(0) 

Y1=a +b6x6+b
3

X
3

+b4x4 70.7 43.18 ... x
3

(0.07) 

Y1=a+b6x6+b4X4+b1X1 72.0 41+.50*** x1(2.37) 

Y1=a+b6x6+b4x4 70.7 63 . 89 ••• 

Y1=a +b6x6+b 1x1 66.7 53.18•** x1(o.6o) 

Y z =a+b
5
x

5
+b4 x4 +b

3 
x
3 

+b1 X1 +b2x2 
76 .8 33.03"'** x

3
(o .o8) x2(0.02) 

Y2=a+b5X5+b4X4+b1X1 76.3 55.67• .. 

Y
3

=a+b
3
x

3
+b 1X1+b6x6+b4X4+b2X2 70 . 8 24.21··· x

3
(o.16) x1<0.73) x2 (o) 

Y
3

=a+b6X6+b
5
x

5
+b4x4+b

3
x3 

68 .6 27 . 84 * • • x
5

(1 .01) x
3

(1.31) 

Y
3

=a+b 8x8+b6x6+b
5
x

5
+b4x4 89 .7 111.11••• 

Y
3

=a +b 8x8+b6x6+b
5
x

5
+b

3
X

3 
84.2 67.79••• 

Y4=a+b
3

X
3

+o 1X1+b
5
x

5
+b4x4+b2X2 6,3. 7 21 . 90•·· x

3
(1.85) X/ 1.24) x2 < 1 .o4) 

Y4=aTb
7
x

7
+b6x6+b

5
x

5
+b4x4 88.9 101 . 97••• x6(0 .02) 

Y4=a+ b
7

X
7

+b
5
x

5
+b4x4 74 .6 50. 86 • • • x4(1.82) 

Y4=a+b
7

X
7

+b
5
x

5 
73.7 74, 23• .. 

II Post-initiation phase . 
Y1=a+b6x6+b4x4+b

3
x

3
+b 1X1+b 2X2 90 .2 121 . 26 • .. x

3
(o.01) x2(1.17) 

Y1=a+b6x6+b1X1+b4x4 90 .0 202 . 92••• 

Y1=a+b4x4+b 1X1+b2X2 83 .0 110.29••• 

Y2=a+b
5
x

5
+b4X4+b

3
x

3
+b1X1+b 2X2 86 .7 86.42··· x

3
(3.37) x1(o.o8) 

Y2=a+b
5
x

5
+b2X2+b

3
x

3
+b4x4 86 .4 106.59••• X/0.91) 

Y2=a+b
5
x

5
+b2X2+b4X4 86 . 1 139.88 .. • 

Y
3

=a+b
3
X

3
+b 1X1+b6x6+b4X4+b 2X2 65 . 2 24.71••• x

3
(o.47) X1(3.97) X/0.61) 

Y
3

=a+b8x8+b6x6+b1X1+b4x4 77.8 56 . 74••• 

Y
3

=a+b8x8+b4x4+b1X1 77.8 79.48· .. 

Y4 =a+b
3
x

3
+b 1X1+b

5
x

5
+b4X4+b2X2 70 .1 30.94••• x

3
(2 .51) x1(0.02) 

Y4=a+b
7
x

7
+b4x4+b6x6+b

5
x

5 
72 .9 44. 95• ** x4(0.36) 

Y4=a+b
7
x

7
+b

5
X

5
+b6X6 68 .9 50.34··· 

Y4=a+b
7
x

7
+b

6
x

6
+b

5
X

5
+b 2X2 

: 0 '") 37 . 70- .. X,,. ( 1 . 23) X (0 .65) 
1) .,I • ...: . 

b 2 




