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Abstract 

The cultural treatments of root-pruning and heat were used as tools in an attempt to 

promote conebud initiation/differentiation in grafted propagules of Picea ≤i/euce. These 

cultural treatments have been shown to promote flowering in confers when used alone or in 

conjunction with the application of a gibberellin A4s7 mixture [The promotion of flowering in 

forest trees by GA417 and cultural treatments, For. Ecol. Manage. 19:65-84; Promotion of 

flowering in potted P1e enqe/me!rn/ (Perry) grafts: Effects of heat, drought, gibberellin 

A4,7 and their timing, Can. U. For. Res. 15:618-624; Interaction between OA47 and 

root-pruning on the reproductive processes in Douglas-fir. I. Effects on flowering, Can. U. 

For. Res. 15: 341-347]. The levels of endogenous gibberellins (GAs) and metabolism of 

[3H]+[2H](d2)0A4 and [3H]+[2H](d2)OA9 were examined in response to the cultural 

treatments of root-pruning and/or heat to determine if endogenous GAs and/or GA metabolism 

are correlated with conebud initiation/differentiation. 

The cultural treatments of heat and/or root-pruning significantly increased conebud 

production in grafted propagules of P,≥'eegleuca Terminal and lateral shoot elongation were 

significantly increased if root-pruning was accomplished prior to vegetative bud burst. 

The GA precursor, -kaurene, as well as GAg were identified by gas chromatography - 

mass spectrometry - selected ion monitoring (GS-MS-SIM) from terminal and lateral shoot 

apices of Pk.'eag/euce. Endogenous GAs that were identified from elongated lateral shoots by 
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GC-MS-SIM included GA1, GA3, GA4, GA7 and GA9 based on similar Kovats' Retention Index 

(KRI) values and relative m/z ion abundances in comparison to an authentic GA. Oibberellins 

Ag, A20 and GA4- O( 3)-glucoside were similarly identified from needles of elongated shoots. 

Using GC-MS-SIM with (2H}(d2)-labelled internal standards for quantitation, it was 

found that in elongated lateral shoots that GA9 was present in larger amounts than either GA4 or 

and these in turn were present in larger amounts than GA1 or GA3. Concentrations of 

endogenous GA4 and GA9 in lateral shoots undergoing bud initiation/differentiation were 

significantly higher (P≤0.05) in root-pruned propagules that produced female conebuds, 

relative to control propagules which produced few or no female conebuds. 

The metabolism of [3HJOAg was more rapid than that of [3H] GA4 in lateral shoots of 

P,eo'/ouco during three stages of shoot elongation. During rapid/slow shoot elongation, the 

metabolism of (3H]OA9 and [3H]0A4 tended to be faster in root-pruned propagules relative to 

control propagules, e.g. metabolism was either faster than that observed for the controls, or 

rapid metabolism occurred at an earlier stage than in controls. At the stage of slow/late shoot 

elongation, the metabolism of [si-i] GA9 in root-pruned propagules was slower than that 

observed for controls, whereas the metabolism of [3H] GA4 was similar in both control and 

root-pruned propagules. 
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CHAPTER 1 

INTRODUCTION 

Gibberellins (GAs) have been implicated in many plant developmental processes. With 

specific reference to conifers, GAs can influence seed germination (Taylor and Wareing, 1979) 

as well as pollen germination (Kemienska et.oi, 1974). Gibberellins can also influence 

vegetative growth In terms of shoot elongation (pharls, 1976 and references cited therein; 

Ross ae/, 1983; Webber eo/, 1985), form (Pharis and Kuo, 1977), cambial growth 

(Pharls a/.ei, 1980), and apical dominance (Philips I.D.J.,1975; Pharis and Kuo, 1977). 

In reproductive growth, GAs can promote conebud initiation/differentiation (see Pharls and 

Kuo, 1977; Ross e/.&, 1983; Pharls e/.ei, 1987), sex determination (see Ross ot.oj, 1983; 

Ilarquard and Hanover, 1984), cone development (see Pharis and Kuo, 1977; Ross oei, 

1983), and possibly the transition from the juvenile to the mature state (see Ross e/.ei, 

1983). 

The aim of this thesis is to examine the possible correlation of endogenous, GAs with 

flowering in the conifer Phaog1uco, a member of the Pinaceae family, Additionally, the effects 

of exogenausly applied GA417 on flowering were noted. The specific aims are (I) to promote 

conebud initiation/differentiation by the use of cultural treatments and/or 6A4/7, (ii) to 

identify the primary endogenous GAs in Pig/eua (ill) to correlate endogenous GA levels 

with conebud initiation/differentiation and/or cultural treatments, and (iv) to determine if 

flower-promoting cultural treatments influence the metabolism of [3H]+ [2H] (d2) (3A4 and/or 
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[3W + [ 2H] ( d2) GA9 during three stages of ontogeny. 

P/ixj1aua3 (white spruce) is widely distributed throughout the boreal forest region of 

Canada. As this species is heavily utilized in the forest industry, reforestation of harvested 

areas back to this species is desirable. This requires an adequate seed source, and use of 

genetically superior seed can provide a cost-effective method of increasing growth and yield 

from future forest crops (Ross et.al, 1986). 

The usual seed source for reforestation, for either direct seeding or growing of seedlings, is 

wild seed that has been collected without any regard for genetic superiority. As well, the 

traditional methods for seed collection are proving inadequate for the increased demand for seed. 

Attention is thus being focussed on seed orchards, both container and soil-based, as a means of 

meeting increased demand of seed and providing high-quality seed (Ross and Ptiaris, 1982). 

The indoor potted seed orchard (Ross and Pharls, 1982) has many advantages over the 

soil-based seed orchard some of which include controlled environment, controlled pollination 

and ease of handling propagules. The singular most important aspect of potted seed orchards is 

the earlier, more abundant, and more reliable flowering (Ross et.il, 1986; Ross and Pharis, 

1985; Ross, 1987). 

CONE PRODUCTION IN P/c&4OLA1/t4 

In Its natural environment, Pleogl8tice may produce seed at 20 years of age although 

commercial seed production may not be obtained until age 30, and maximum seed yields may not 

be reached until the tree is 60 years of age (Owens, 1977). Even when sufficient quantities of 

seed are produced, periodicity of cone crops is evident with a good cone crop occurring only 
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every 4 to 5 years (Daniel ot.el, 1979). Intensively managed seed orchards were viewed as a 

means of producing superior quality seed in sufficient yield. As clonal seed orchards (usually 

mature scions on seedling rootstock) produce seed earlier than in seedling seed orchards, they 

are more commonly used (Daniel eel, 1979). But, even clonal seed orchards can exhibit slow 

and erratic flowering and seed production (Ross and Pharis, 1982). 

Lite many other northern conifers, Piiia.qIeui exhibits determinate shoot growth; next 

year's shoot is established this year as a primordial bud. The primordial bud contains the full 

complement of leaf prlmorclia, ovuliferous scales or microsporophylls for the next year's 

growth (Pollard, 1974; Owens and Molder, 1984). The determination of bud types coincides 

with the end of budscale initiation, at the late stage of slow shoot elongation (Owens and Molder, 

1977; Owens and Molder, 1984). 

Biochemical changes must preceed the anatomical differentiation of bud types but the time 

between these is not known (Owens and Blake, 1985). Therefore, treatments aimed at 

stimulating reproductive differentiation over vegetative differentiation should be applied before 

and during the conebud initiation/differentiation period (Owens and Molder, 1984), 

FLOWER-PROMOTING TREATMENTS 

Methods employed in promoting cone crops usually consist of one or several cultural 

treatments such as root-pruning (Marquard and Hanover, 1985; Webber ot.a!, 1985; Pharis 

eel, 1987), drought (Philipson, 1983; Ross, 1987), high temperature (Philipson, 1983; 

Ross, 1987), stem girdling (Philipson, 1984; Wesoly, 1985; Longman e/.ei,1986) and 

polyethylene covers (Chalupka atel, 1982). Nitrate N fertilizer applications (examples cited 
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in Pharis eel, 1986; Pharis etal, 1987) and/or growth regulator applications of less polar 

GAS (usually GA4fl mixture) with or without an auxin (Pharis et.al, 1986) are used alone or 

in conjunction with these cultural treatments. These have been reviewed in Jackson and Sweet 

(1972) and more recently by Owens and Blake (1985) and Pharis 9181 (1987). 

The optimal timing of treatments has to be determined for each species as well as each 

treatment. For Pi≥og/aiica (Marquard and Hanover, 1984), Piceeonqa1mnnii(Ross, 1985; 

Ross, 1987) and PseucIo/sugomeazAsfi (Ross a8i, 1985), (3A4/7 was most effective in 

promoting flowering when applied during budsoale initiation, which encompasses both the rapid 

and slow phases of shoot elongation, If is applied before bud swell (i.e. before vegetative 

bud burst) in Psaudo(su moiizXsii , shoot elongation of this year's shoots may be enhanced 

without promoting differentiation of reproductive buds (Ross, 1983; Pharis et.oi, 1987). 

The late stage of shoot elongation is the critical time for application of heat, as an effective 

cultural treatment, to influence flowering in Plow ena/letrni, and heat applied at this time 

had little effect on shoot elongation (Ross, 1985; Ross, 1987). The cultural treatment of 

drought is effective when applied during rapid shoot growth (Ross, 1985; Ross, 1987 ) 

whereas root-pruning is effective when applied relatively early in the growing season (HoIst, 

1959; Ross eal)1985). 

Many of the cultural treatments which promote flowering will retard shoot elongation 

(Jackson and Sweet, 1972; Ross and Pharis, 1985). Sachs and Hackett (1977) suggest that 

assimilates are preferentially used by elongating shoots, and when shoot elongation is retarded, 

flowering may be promoted. But the promotion of flowering by GA41P7 can also increase shoot 

elongation (Ross, 1983; Webber eLo/, 1985). Therefore, another hypothesis was put forth 
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(Ross eai, 1983; Ross eel, 1985; Pharis and King, 1985; Webber et.i, 1985; Pheris 

eLol, 1987) which suggests that ft are preferentially used for vegetative growth, and only 

when a certain threshold level is reached do endogenous or exogenously applied GAs promote 

flowering. 

GIBBERELLIN BIOSYNTHESIS 

Gibberellins are diterpenoid carboxylic acids and form one branch of the isoprenoid 

pathway. An early precursor, mevalonic acid, follows the normal isoprenoid metabolism 

pathway to geranylgeranyl pyrophosphate (OGPP) (Figure 1.1). From GGPP, copalyl 

pyrophosphate (CPP) is the only known intermediate between GOPP and -kaurene. 

The pathway from -kaurene to 0Al2-7-aldehyde involves four sequential oxidations at 

C- 19 and C-7 (see Figure 1. 1) to finally form -7cx-hydroxykaurenoic acid. The final step 

to GA; 2-7-aldehyde involves an oxidative B-ring contraction in which C-7 is extruded from 

the ring. All GAs originate from this common precursor, to 0Al2-7-aldehyth. Oibberellin 

Al2-7-aldehyde is the first GA to possess the -gibberellane structure that is common to all 

GAs (see Figure 1. 1). Gibberelllns fit into one of two categories, the C20 GAs which have 20 

carbon atoms and the C19 GAs which contain 19 carbon atoms. The C19 GAs are derived from the 

C20 GAs (see later). 

Gibberellin A 1 2-aldehyde can remain non-hydroxylated (Figure 1.2) or it can be 
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Figure 1. 1. BIosynthesis of GA 12 -7-aldehyde from mevalonic acid. The enj-

gibberel lane skeleton shows the numbering system for the carbon 

atoms and lettering of the rings. 
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1\ 'C'HO 
COOH 

GA1 2-7-aldehyde 

7 
P 1=OH; R 2=H = GA 14-7-aldehyde 

R 1= H; P 2 = OH = GA 53-7-aldehyde 

R 1=OH; R 2= OH = GA 15-7-aldehyde 

P1 =OH; P2 =H =6A14 

R1=H; P2 =OH =GA53 
1 \ COOH 

COOH R1=OH; R2 =OH =GA18 
GA14 (dicurboxylic aicd) 

HCH2R2 R1 = OH; P2 = H = GA37 - open lactone 

Ri 

COOH 
COOH 

6A IS -open lactone 
(hydroxy acid) 

CPO f\R2 

Ri (_ -'.- 
I ' 'COOH 

COOH 

GA24 (C-20 aldehyde) 

GAg (19.10 -lactone bridge) 

R1 = H; P2 = OH = GA44 - open lactone 

R1 =OH; R2 = OH = GA36 - open lactone 

R1=OH; R2 =H =GA36 

R1=H; P2 =OH =GA1g 

R  =0H; R2 = OH = GA23 

R1=OH; P2 =H =GA4 

P1 =H; P2 =OH =GA20 
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Figure 12. Metabolic pathways from GA12- 7-aldehyde  to the C19 GAs. The 

non-hydroxylated pathway is illustrated (R1= R2= H) and C-3i3-

hydroxylated, C- 13 hydroxyleted, and C-313, 1 3-dihydroxylated 

pathways are listed in relation to the general scheme. 
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hydroxylated in one or more of three positions. Hydroxylation at the C-313-position will give 

rise to GA1 4-aldehyde, whereas hydroxylation at C- 13 will give rise to 0A53-aldehyde (Figure 

1.2). Hydroxylation at both the C-313-position and C-13 will give rise to 0A18-aldehyde 

(Figure 1.2). These GAS can be referred to as C-? aldehydic C20 OAS. 

The C-? aldehydic C20 GAs are recognized as the precursors of each of 4 main pathways; 

6A l2-aldehyde is the precursor in the non-hydroxylated pathway, GA1 4-aldehyde is the 

precursor in the early C-313-hydroxylatecl pathway, 0A53-aldehyde is the precursor in the 

early C- 13-hydroxylated pathway, and GA1 8-aldehyde is the precursor in the early 

C-3J3, I 3-dihydroxylated pathway. There may also be other early hydroxylation pathways at 

the C20 stage of oxidation (e.g. C- il -, C-12- or C-15-hydroxylation). Each of the C-? 

aldehydic C20 OAS can undergo sequential oxidations resulting in the dicarboxylic acid, the 

hydroxy acid and the C-20 aldehyde (Figure 1.2). The C-20 aldehydic C20 OAS can be further 

oxidized to either the tricarboxylic C20 OAS or can be converted to C19 GAS (by the loss of the 

C-20 as CC)2) (Kamiya et.al., 1986; Oraebe, 1987 and references therein). It is the C19 OAS 

which appear to be bioactive, and this activity is influenced by hydroxylation patterns (see 

Hoed, 1983; Graebe, 1987). 
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METABOLISM OF GIBBERELUNS IN PINACEAE CONIFERS 

Cultural treatments known to promote flowering appear to result in high levels of less polar 

GAs and lower levels of the more polar GAs (Chalupka ei, 1982; Wesoly, 1985; Pharis 

eLal, 1987 and references cited therein). As well, the metabolism of 13H1 GA4 is slower in 

propagules covered in polyethylene compared to uncovered propagules (Dunberg eLal, 1983), 

and in root-pruned propagules compared to control propagules (Pharis c/el, 1987). It is 

possible that these treatments may act to influence GA biosynthesis or GA release from 

conjugated forms (Chalupka aLa?, 1982) or to interupt metabolism of less polar to more polar 

GAs (Dunberg et.al, 1983). 

Little is known about GA metabolism in Pinaceae conifers. Dunberg and Odén (1983) 

present a thorough review, the main points of which are summarized here. In shoots of both 

Putuaamenzis/i(Wample e/.el,1975) and Piceaebis(Dunberg c/.el,l 983) as well as 

In pollen of Pinus attenuate (Kamlenska at.el, 1974), products of [ 1,2-3H] GA4 metabolism 

were identified by gas liquid-radiochromatography (GLRC) as GA2 and GA34. Gibberellin A1 

was also found as a product of [1 ,2-31-] GA4 metabolism, but only from germinating pollen of 

Piiusa/tencta (Kamienska et.el, 1974). 

Seedlings of PAzu ebkt' metabolized [1 ,2-3W GA1 to a more polar compound 

chromatographically similar (on a silica gel partition column) to GA8 (Dunberg, 1981). 

From these scant findings, it is not however possible to speculate as to the metabolic 

pathway(s) for GAs in any of these species or for Pinaceae conifers in general. 
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Of the 72 known gibberellins, only six have thus far been identified in conifers of the 

Pinaceae. In pollen of Pirnis atteflwtg GA3, GA4 and GA7 have been identified by gas 

chromatography-mass spectroscopy (GC-M$) (Kamienska etal, 1976). Glbberellin Ag has 

been Identified in seedlings of Pia &bfw (Odén et'i, 1982), and an isomer of GA9 

(15,16-double bond isomer) (Lorenzi et.oi, 1975) and GA9-J3-D-gluco1 ester (Lorenzi 

et.iil, 1976) have been identified from needles of PIis/b s/s. More recently GA1 , GA3 and 

GA9 were identified in shoots from seedlings of P,a/nes Mn etal, 1987). All of these GAs 

are C19 GAs and only one C20 GA, specifically GA15, has been identified from shoots of P,'ius 

rodh/o (unpublished research results, Ruichuan Zhang, M.$c, student, University of Calgary, 

Plant Physiology Research Group). Although the presence of numerous other GA-like compounds 

has been indicated by bioassay after extensive chromatography, definitive identification by 

GC-MS has not been provided. 

However, given the known endogenous GAs, and identified metabolites of [3H] GA 

metabolism, some speculation can be made as to the pathway(s) of GA metabolism in Pinaceae 

conifers. 

As it is the C19 GAs which have been identified in Plneceae conifers, except for GA1 5, and 

the few GA metabolic studies in these conifers has been accomplished with C19 GAs , the 

possible metabolic pathways for endogenous GAs and identified metabolites of [3H] GA 

metabolism are shown in Figure 1.3. 

Of the Pinaceae conifers studied to date, all have contained GA9, a non-hydroxylated GA, or 
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contained an isomer or conjugate of GA9. This, combined with the fact that the only C20 GA 

identified, namely GA15, is also non-hydroxylated, suggests that the non-hydroxylated pathway 

of GA metabolism may predominate in Pinaceae conifers. 

Of the endogenous GAs which have been identified in Pinaceae conifers only the metabolism of 

(3HIGA4 to [3H]GA1 has been shown in germinating pollen of Pi?ette'nta (Kam ienska, 

eal, 1974). As [3H]0A4 was not metabolized to [3H]GA1 in shoots of either Psei,sti 

irnrnzisf/ (Wample etal, 1975) or P,bob,s (Dunberg et.al, 1983), it is still questionable 

as to whether this particular step occurs in vegetative tissue. 

Gibberellins A2 and A34 have been identified as metabolites of [3H}GA4 but have not yet 

been shown to be endogenous to any conifers in the Pinaceae. Kernienska ei (1974) suggest 

that (3A2 may be an artifact formed during workup using charcoal columns. Sponsel (1983) 

suggests that conifer tissue may contain compounds capable of modifying GA structures during 

workup. This may partially account for a large number of minor unidentified metabolites from 

[3H] GA feeds in conifer tissue. 

GA4 was not an identifed metabolite of [3H]GA9 (Dunberg at.oi, 1983) although a GA-like 

structure very similar to, but not GA4, was observed. Therefore, it is not known If GA4 is 

formed from GA9 or if it is derived from the early 3J3-hydroxylation pathway. In a cell-free 

system derived from immature seeds of Pliaseolus vu/qarX', GA4 is formed fom both the early 

3B-hydroxylation and the non-hydroxylated pathway (La directly from GA9; see Figure 1.3) 

(Takahashi at.ei, 1986). 
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The formation of GA  via GA20 has been shown, in v/e in seedling shoots of P,'um &tfvum 

(Ingram eei, 1984) and in a cell free system of Ph7h va,n (see Greeba, 1987). An 

additional route to GA1 from GA4 has been observed in dwarf rice, cv. Tan-ginbozu (Durley and 

Pharis, 1983), and also for intact bean plant (Sponsel. 1983) but not for the cell-free system 

from beans (see Greebe, 1987). 

In 1?llore//o 1ajiX'ori the formation of GA3 Is via GA4 and GA7 (Graebe at.oi, 1980) but 

in Mqrbithq nil, GA (as well as GA1) is formed from (45, with GA5 postulated as an 

intermediate (Koshioka et.&, 1985). 

It is apparent that any or all the pathway or partial pathways mentioned above may be 

operating in Pinaceae conifers. Although the speculated pathway (Figure 1.3) concentrates on 

GAs endogenous to Plnaceae conifers, there are obviously more than six GAs, even though these 

six may constitute the GAs present in the largest quantities. 

In order to better understand the postulated role of less polar GAs in conifer flowering, the 

identification of endogenous GAs and the metabolism of these GAs in the species and tissue of 

interest need to be elucidated. To this end, flower-promoting cultural treatments will be 

employed, firstly, to determine if they do Indeed promote flowering in Phao gleuca, and, 

secondly, to determine If endogenous GA concentrations and/or metabolism are affected by 

cultural treatments that do promote flowering. 
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CHAPTER 2 

GENERAL MATERIALS AND METHODS 

1985 PLANT MATERIAL 

Four-year-old Pheag/ouca grafted propagules (mature scions on seedling rootstock) were 

grown in a potted seed orchard on the Seanlch Peninsula in Victoria, British Columbia. The 

grafts were represented by three clones, each with 24 ramets (individual propagules: members 

of a clone) for a total of 72 ramets. Each propegule was randomly allocated to one of eight 

treatments (three ramets per treatment per clone): Control, Root-pruning (RP), High 

temperature (Heat), RP + Heat, Gibbereflin A41,7 spray application (GA417), RP + 

Heat + 0A47, and RP + Heat + (3A417. 

Repotting, and root-pruning on those propagules designated to receive RP, occurred on April 

24, 1985. At this time, SOZ of the ramets from two clones (Clones 139 and 150) had flushed 

(vegetative bud burst). Grafted propagules were repotted into 9.75 1 plastic containers (from 

5.6 L containers) using a medium of ground bark (hog fuel): sand (10:1 v:v) mixture. Each 

propagule was then top-dressed with Ca(NO3)2 (15.5-0-0 of N-P-K) at 1.2 g i-I with no 

more fertilization until shoot elongation was complete at which time grafted propagules received 

Peter's fertilizer (20:20:20) at 300 mg L 1. 

Root-pruning consisted of removing the outer 2.2 cm from off the bottom and from around 

the circumference of the rootball, Flushing was recorded on a clonal basis and shoot 
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development, measured as the length (mm) of the terminal shoot, was averaged, weekly, for all 

ramets in each clone. 

High temperature treatments were initiated four days before the GA417 treatments, when 

the shoots were approximately 95% elongated (Figure 2.1) at the late stage of slow shoot 

elongation. Heat is applied in a polyethylene shelterhouse regulated by a thermostat (connected 

to a propane heater and cooling tans) to provide 300 C days and 200 C nights. Grafted propegules 

not receiving heat treatment were placed in a similar but unheated shelterhouse with doors and 

sidewalls open. 

Gibberellin A47 (34:60:6; 6A4:0A7:GAg, w/w, imperial Chemical Industries, Plant 

Protection Division, England) was applied once weekly for a total of three "sprays to drip off 

as a 400 mg L 1 follar spray in water with 0.05% (w/v) Aromox C- 12 surfactant (Armax 

Chemical Corp. Ltd., Saskatoon, Canada). Propagules were physically removed from the 

shelterhouse for GA47 spray application until they dried which took 5 -10 mm. 

Six developmentally similar (visual estimate) second-order lateral shoots (those most 

likely to produce female strobili) were chosen and tagged during rapid shoot elongation. 

Harvesting of two shoots occurred 7, 21 and 35 days after the initiation of 0A4/7 treatments, 

coinciding with the stages of early, mid and late bud initiation/differentiation (Figure 2.1). 

Shoots were excised with small pruning shears (those that received (3A417 spray were rinsed in 

3 xl 0 ml methanol to avoid contamination of the GA417), immediately frozen on dry ice, and 

then freeze-dried. Shoots (with associated primordla) were separated from the needles and 

tissue was stored at -70° C until analysis. 
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Male and female conebuds were counted in April of 1986 to determine treatments that 

effectively enhanced flowering in these P1.g/1uco' grafted propagules. Analysis of variance 

was performed on the conebud counts using a general linear model procedure. This method 

generates numbers for missing data (such as trees that died). Analysis was completed using 

square root transformed data. 

1986 PLANT MATERIAL 

Five-year-old Piag/uc8 grafted propagules were grown as in the 1985 experiment. The 

propagules were represented by three clones (different clones from those used in the 1985 

experiment) with 12 ramets in two of the clones, and 16 remets in the third clone, for a total of 

40 remets. Each propagule was randomly allocated to one of four treatments: Control, RP, 

Heat, and the combination of RP + Heat. Within each treatment, half of the propagules were 

designated to receive an injection of either [2H](d2)+ [3H] GA4 or f2H](d2)+ iii] GA9. 

Repotting and/or root-pruning (on those grafts designated to receive RP) were 

accomplished on April 4, 1986 before vegetative bud burst had occurred. Grafted propagules 

were repotted into the same containers (9.75 1) using a medium of ground bark: sand (10:1 

v:v) mixture. As in 1985, each propagule was then top-dressed with Ca(NO3)2 at 1.2 g L 1. 

Root-pruning and heat treatments were conducted as in 1985. Vegetative bud burst was 

recorded on a clonal basis, and shoot development, measured as the length (mm) of the terminal 

shoot, was taken weekly, for each propagule, to determine the proper timing for the injections 

of the appropriate gibberellin. 
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Six developmentally similar second-order lateral shoots per propagule were tagged prior to 

the first injection. At each stage of development, two shoots per propagule were injected with 

the appropriate GA, either 12H2] + [3H] GA4 or [2H2] + [3H] GA9 as previously designated. 

One shoot was harvested four clays after the injection, the other was harvested seven days after 

the injection. Shoots were excised (including the point of injection), immediately frozen on dry 

ice and freeze-dried. Shoots (with associated prirnordia) were then separated from needles and 

stored at -700 C until required for analysis. 

Conebuds were counted in May 1987 and non-parametric analysis of variance on the cone 

counts was accomplished using the Kruskal-Wallis test. 

LOW SPECIFIC ACTIVITY INJECTIONS OF GA4 

583 jig of [17,17-2H] GA4 (synthesized by Prof. L. Mander, Research School of Chemistry, 

Australian National Univ., Canberra) was initially dissolved in 1OO MeOH containing 

4.38x 108 dpm (73x 106 8q) of [1,2(n)-3H] GA4] (purchased from Amersham, 38.2 Ci 

mmoF 1). This low specific activity GA4 was then dried under N2. The residue was later 

dissolved in Et0H:water (10:90 v:v) and stored at -20° C until required for injection. S jil of 

the low specific activity GA4 (3.0 jig of [2H2] GA4: 1.98 x 106 dpm of [3H]GA4) was injected 

into the base of each individual shoot (see Figure 2.2) using a 10 jil Hamilton Microliter 

syringe. A total of six injections per propagule (two injections per stage of development) 
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corresponded to three stages of development: rapid shoot elongation, late stage of slow shoot 

elongation (when bud initiation/differentiation is known to begin), and early stages of leaf 

initiation/conebud development (two weeks after shoot elongation is complete) (Figure 2.1). 

LOW SPECIFIC ACTIVITY INJECTIONS OF GA9 

751g of [I717-2H2J GA9 (also synthesized by Professor L. Mander) was dissolved in 

1OO MeOH containing 1.95x108 dpm (3,23x106 Bq) of (1,2(n)-31-11 GA9 (Yokota, 

8,6X 10-2 jiCl AL- 1)(Yokota and Crozler, 1976) and dried under N2 as with GA4. The residue 

was later dissolved in EtOH:water (10:90 v/v) and stored at -200 C until required for 

injection. Five jil of the low specific activity GA9 (containing 3.0 jig (2H2] GAg: 9.08 x 105 

dpm of [3H1 GA9) was injected into the base of individual shoots (see Figure 22) using a 10 Al 

Hamilton Microliter syringe. A total of six shoots (two shoots for each of three stages of 

development) were injected as with [3H] + [2H2] GA4. 

ANALYSIS OF PLANT MATERIAL FOR GIBBERELLINS 

The methods presented here are common to all extraction/purification procedures carried 

out in the different experiments, and modifications to individual experiments (if any) are 

presented in the appropriate sections. 
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Tissue from Piea gleuco (lateral shoots with associated lateral primordia, needles, or 

excised shoot apices) were extracted for glbberellins using the methods of Koshioka eei, 

(1983b). For all tissues, extraction was with 4 x 10 ml of 80% methanol (MeOH) followed 

by filtering (Whatman No. 1 paper) and adjusting the pH of the filtrate to 6.5. At this point, 

E3H] GAs and [2H] (d2) GAs [where quentitation by gas chromatography-mass 

spectrometry-selected ion monitoring (GC-MS-SIM) was desired] could be added to the filtrate 

to follow recovery throughout the purification and separation procedures. For all tissues a 

01 8-preparative column (C18-PC) was used to remove pigments and other non-polar 

substances from the 80% MeOH filtrate. The column used bulk C18 Sep-Pak material (Waters 

Associates) In amounts of 3 g for tissue dry weights < 1.0 g or 4 x tissue dry weight for dry 

weights >1,0 g, The 018-PC was pecked in a 30 cc glass s,'ringe barrel (Inside diameter 2 

cm), rinsed with 2 x 30 ml of absolute MeOH followed with 2 x 30 ml rinses with 80% MeOH 

both prior to loading the 80% MeOH filtrate. After passing the extract filtrate through the 

C18-PC, it was rinsed with a further 2 x 10 ml of 80% MeOH (total volume of extract now 60 

ml). 

For the initial extractions, two C18-PC columns were used: the first eluted with 80% 

MeOH (as just described), and the second, eluted with 50% MeOH (made by adding the 

appropriate amount of water to the 80% MeOH C8-PC eluate). This two column procedure 

should have removed pigments from the filtrate in the 80% MeOH, and 'precursor-type' GAs 

(e.g. GA12 aldehyde, kaurenoic acid, kaurene) from free GAs plus GA conjugates at the 50% 
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Me0H C1 8-PC step (Koshioka eta!, 1983b). It was later discovered (using standards of [3H] 

GA precursors) that most of the precursor-type GAs were retained on the C1 8-PC column after 

the 80 filtrate has been passed through. It is possible that the affinity of the 018 material for 

non-polar organic compounds has changed since the initial work was accomplished (Koshioka 

e/.e/, 1983b). Thus, these precursors' were removed with the 1OO Me0H wash of the first 

C -PC column. As a result of these findings, it was recognized that not only was the second 

01 8-PC column not required, but also that all early extractions would be missing most of these 

'precursors, as it was normal procedure to discard the 100% 11e0H eluate of the first C1 8-PC 

after verifying that it contained little or no dpm from the EI-IJ GA internal standards. Since the 

100% MeOH wash of the first C1 8-PC also contains large amounts of pigments and other 

non-polar substances, procedures to remove the pigments and other interfering compounds will 

have to be developed before bioassay and/or GC-MS analysis of these fractions can be 

carried out. 

The final filtrate (ca. 60 ml) from the C18-PC was reduced to dryness in vacuo using a 

combination of a flash evaporator (to remove most of the Me0H) and freezing and freeze-drying 

(to remove the residual water). Putative GA glycosyl conjugates are then separated from the 

free GAs and any GA methyl esters using a short silica gel partition column (6i02-PC). The 

residue is first dissolved in aqueous Me0H and adsorbed onto 0.5 g celite (drying is facilitated 

with use of a domestic hair dryer). The SiO2-PC uses 5 g of Woelm (32-100 mesh) deactivated 

(20 water by weight) silica gel that is packed in a glass column (15 mm i.d.) using 90:10 
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(v/v) formate saturated hexane:ethyl acetate (EtOAc). The celite plus extract residue is added to 

the top of the column, which is then eluted with 65-70 ml of 5:95 (v/v) formate saturated 

hexane-ROM (Koshioka eo/, 1983b). The hexane:Et0Ac eluate containing free GAs and GA 

methyl esters, is brought to dryness using a flash evaporator. Putative GA glycosyl conjugates 

(and polyhydroxylated free GAs, such as GA32) are then eluted from the SiO2-PC in 100 ml of 

absolute MeOH. The pH of the Me0H wash is neutralized (pH 6.5) with ammonium hydroxide 

(NH4OH), taken to dryness as above, and then placed on a freeze-drier to remove any water and 

formic acid residue that may result in hydrolysis of the conjugated GAs. 

At the same time that the C18-PC 'precursor problem' was discovered, another step in the 

purification procedure was implemented, this step being use of an activated silica gel adsorption 

column (8102-AC) after the 5102-PC step. The SiO2-AC was prepared in a 10 cc glass syringe 

barrel (13 mm i.di. The activated SiO2 (Woelm 32- 100 mesh) is poured dry into the barrel 

and 35-40 ml of dry (using molecular sieves to dry) absolute isopropanol is used to wash the 

8102-AC, using air pressure to elute it. The sample is then loaded onto the 8102-AC in a small 

amount of isopropanol (however, a small amount of Me0H may be required to dissolve the sample 

initially) and the loaded 8i02-AC Is then eluted with 100 ml of dry isopropanol. This additional 

purification step removes many of the pigments (yellow) that are not removed by the other 

procedures, including high performance liquid chromatography (HPLC). Alternatively, the 

SiO2-AC step may be used on discrete groups of HPLC fractions. 

Following the above purification steps, reversed-phase C18 HPLC provided an initial 
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separation of GAs primarily on the basis of polarity as determined by degree of hydroxylation. 

Two types of 018 columns were used for HPLC, depending on the dry weight and purity of the 

samples: Waters Associates ii-Bondapak C 1 (300 x 7.9 and 3.9 mm i.d.) for <100 mg dry 

weight and relatively clean samples, or a Waters Scientific Z-Module Radial Pak Compression 

System using reversed-phase C18 cartridges (120 x 14 and 8 mm l.d.) for >100 mg dry 

weight, or relatively impure samples. 

The HPLC apparatus was made by Waters Associates, and consisted of two Modal M-45 

pumps, a Model 600 gradient controller, and a Model U6K Injector, modified mid-way through 

the experiments by replacing the U6K injector with a Rheodyne injector. A number of different 

gradients were used, depending on the type of the separation desired, (Jensen et.ei, 1986; 

Jones et.ei, 1980; Koshloko eei, 1983a) and these are listed in Table 2.1. For the most part, 

one minute fractions were collected, other times are noted in the appropriate sections. 

Further separation of GAs Into more discrete fractions after reversed-phase C18 HPLC can 

be achieved either by Isocratic elution using the same column (still separating on the basis of 

polarity but increasing the elution time between compounds of interest) or by using a Nucleosil 

N(CH3)2 column (150 mm and 4.6 mm i.d.) which separates on the basis of functional groups. 

Applicable solvent and column conditions are listed in Table 2, 1. 

The cv. Tan-ginbozu dwarf rice (Oryzesetiva) mlcrodrop bioassay (Murakami, 1968a), 

with fraction residues assayed in serial dilution, was used to detect and roughly quantitate HPLC 

fractions that have GA-like biological activity. These bioassays; were normally conducted after 
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TABLE 2.1. COLUMNS AND GRADIENTS FOR SEPARATION OF GAs USING HPLC 

FLOW RATE 

COLUMN GRADIENT COLUMN CONDITIONS USES (ml/min) 

Cie A 10% MeOH (0-10 mm) Free GM 2.0 

u-Bondapak 73% MeOH (10-50 mm) 

100% MeOH (50+mln) 

B 30-82% MeOH (0-25 mm) Free GAs 2.0 

82-100% MeOH (25+min) 

C 46% MeOH (isocratic) Discrete groups of 2.0 

less-polar free GAs 

Z-module D 37-64% MeOH (0-10 mm) Free GAs and 1.0 

15 cartridge 64% MeOH (10-25 mm) Conjugated GAs 

64-100% MeOH (25-30 mm) 

100% MeOH (30+min) 

E 64% MeOH (0-20 min) Free GAs and especially 1.0 

64-100% MeOH (20-30 min) less- polar free GAs 

100% MeOH (30+mun) 

F 84% MeOH (0-25 min) Precursor type GAs 1.0 

84-100% MeOH (25-30 min) 

100% MeOH (30+mhn) 

Nucleosll 6 99.9% MeOH (Isocratic) Discrete fractions of 1.0 

N(CH3)2 free GAs after C15 HPLC 
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the initial reversed-phase C18 HPLC. If further separation [another HPLC, either isocratic or 

Nucleosil N(CH3)2] followed the initial C1 8 HPLC, then a second bioassay was used to confirm 

the location of the bioactive peaks before final determinations were made by CC-MS-SIM. 

DERIVATIZATION OF SAMPLES FOR GC-MS-SIM 

Identification of gibberellins was achieved using a Hewlett Packard Model 5790A Capillary 

Gas Chromatograph (GC) interfaced to a Model 5970A Mass Selective Detector (MSD). The 

detector controller was a Hewlett Packard 98258 Desktop Computer and Hewlett Packard 26710 

graphics printer as the output device. Two temperature programs were employed on the CC. 

First, a short (normal) gradient (60° C for 1 mm; increase 250 C mir1 1 to 250 C; then 

2500 C for 20 mm.) was used for most samples. The presence of interfering compounds 

(observed as shoulders in the peak of interest) which alter the peak area for the ion of interest 

may be separated therefrom by using a longer temperature program (Initial temperature of 

350C with a 150C mimi 1 for 11 mm (200° C) then 1 min at 2000 C (to allow time to reset 

the rate) followed by 3°C increase mImi 1 to 2500 C for 15 min]. 

Fractions containing GA-like (biologically active) compounds were derivatized prior to 

GC-MS-SIM. 8ioactive fractions after HPLC were thus initially transferred to a I ml 

Reacti-vial and dried with N2. The residue was then methylated by dissolving the sample in 10 

111 of dry MeOH to which 50 jil of diezomethane (ethereal CH2N2) was added and left to stand at 

room temperature for 60 mm. After drying under a flow of N2, methylatlon was repeated for an 
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additional 30 min and the residue again dried with N2. Methylated compounds were silylated 

using 50 ji] of BSTFA (bls-(trimethyl-silyl) trifluoroacetomide] with 1% TCMS 

(trimethylthlorosilane) (purchased from Pierce Chemical Company), after dissolving the 

sample in 50 j.&l of dry pyridine. This mixture was then heated for 30 min at 650C and again 

dried with N2. Samples were dissolved in 10 jil of CH2Cl2 prior to injection of 1 j.il onto the (30. 

PRECURSOR-TYPE GAs 

Although 'precursors' had been looked for previously in extracts of shoots (before It was 

discovered that most of the precursors were retained by the first C 8-PC), few significant 

bloactive peaks had been found. We now know that GA 'precursors' and precursor-type GAs were 

discarded in the 100% MoON wash from the first Ci 8-PC. Since a method has not yet been 

devised to separate precursor-type GAs from chlorophylls, precursors have been analyzed only 

from the lateral shoot apices. This tissue contains only small amounts of chlorophylls, and can 

thus be injected onto the Ci 8 HPLC, using the precursor gradient F (Table 2.1). 

PUTATIVE GA (3LYCOSYL CONJUGATES 

Any GA conjugates present (e.g. contained in the NeON wash after the 5102-PC) are initially 

separated from most of the sugars present in this highly H20-soluble fraction by partitioning 

with -Butanol (BuOH). The putative GA conjugates are dissolved in water at pH 3.0 and 
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partitioned at pH 3.0 (4 x) against equal amounts of water-saturated -8u0H. The Bu0H 

(containing most of the conjugated GAs and polyhydroxylated free GAs If present) was brought to 

dryness in vacuo using a flash evaporator at 37° C. The sample was then passed through a 

SiO2-AC (the same as is used for the free GA fraction), and again dried before being subjected 

to reversed-phase C18 HPLC using the Z-module column and gradient D (Table 2. 1). The dwarf 

rice, cv. Tan-ginbozu, immersion bioassay (Murakami, 1973) was then used to detect GA 

glucoside conjugate-like substances, as well as any free GAs or GA glucosyl esters which may 

be present. With the immersion bioassay, free GAs and GA glucosyl esters are seen' at 

approximately 1/10 the sensitivity of the rnicrodrop bioassay. The GA glucosides (glucosyl 

ethers), however, can be detected by the use of the immersion bioassay but will not be 'seen' in 

the microdrop bioassay. Thus, the combination of an immersion bioassay followed by a 

mIcrodrop bioassay assists in determining the nature of the active compound. 

Further evidence of forms of conjugation can be obtained using a DEAE Sephadex A-25 

column (Turnbull eti, 1986), which separates glucosyl esters from glucosyl ethers 

(glucosides). The DEAE Sephadex A-25 material is converted to the acetate form by 

equilibrating with sodium acetate (Na(c) (1 M), washing with Me0H, and forming a column 

(30 x 10 mm). The dry sample is dissolved in a small amount of Me0}-1 before loading onto the 

column. The column is then eluted with the following solvents in sequence: 3 ml MeOH; 9 ml 

acetic acid (H0Ac):Me0H (3:200); 12 ml H0Ac:Me0H (6:94); 12 ml H0Ac:Me0H (60:40). 

Glucosyl esters will be eluted in the first 9 ml of solvent and glucosides (or free GAs) will be 

eluted in ml 15-24 of solvent (in H0Ac:Ne0H, 6:94). An internal standard of a [3W GA of high 

specific activity is routinely used to mark the exact elution volume of the free Ms. After the 
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DEAE Sephadex A-25 column, the appropriate bioassay can be performed to confirm the 

presence of the compound of interest. 

At least a partial hydrolysis of the putative GA conjugates (to remove the sugar moiety prior 

to analysis by GC-MS-SIM) may be achieved, enzymatically, by using cellulose (Sigma C-7377 

Practical Grade Type I from Aspergillus) (as cited in Schneider, 1983). The sample is 

dissolved in a small amount of pH 3.0 IlcIlvaine buffer (Bates, 1986) and an equal volume of 

enzyme solution (1 mg cellulose per ml of pH 3.0 Met Ivaine buffer) is added. The mixture is 

incubated at 370 C for 24 Ii, then partitioned (4 x at pH 3.0) against equal volumes of EtOAc. 

The EtOAc which contains the free GAs (i.e. hydrolyzed) can be further purified by any or all of 

the above mentioned procedures (if need be) before derivatizetion and GC- MS-SIM. 
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CHAPTER 3 

ONEBUD PRODUCTION IN PIMA OLAUCA IN RESPONSE TO ROOT-PRUNING, HEAT AND 

GIBBERELLIN A417 

/n/roduc/k,n 

The primary objective of tree seed orchards is to produce seed, usually with the combined 

objective to produce superior quality seeds. Conifers generally have an extended 'juvenile' 

period in which seed is not produced (or produced only in small quantities). Even when 

sufficiently large quantities of seed are produced, it is usually not consistent on a year to year 

basis. The use of mature grafted propagules can reduce the time taken for conifers to reach cone 

bearing age but conebud and seed production may still be sporadic (Ross e1. 1986; Ross and 

Pharis, 1982). 

Cultural treatments such as root-pruning, drought, heat and girdling are often implemented 

in conifer seed orchards as a means of promoting flowering (conebud initiation/differentiation) 

and on a more consistent basis. These may be used in conjunction with fertilizer and/or 

hormonal treatments, specifically gibberellin A47 (GA47) for the conifers in the Pinaceae 

family (Pharis and Kuo, 1977; Ross and Pharis, 1985; Ross et.ol, 1983). 

This study was carried out over a two year period, in an attempt to promote flowering in 

P,xj/ua. In the first year, the cultural treatments of Root-pruning and Heat, alone and 

combined, with and without the application of GA47, were used in an attempt to promote 
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flowering in P/g1wia9. In the second year I was concerned only with the cultural treatments 

of Root-pruning and Heat, alone and combined and their effect on conebud production in Picee 

i1em., so that I could investigate the mechanism by which these cultural treatments worked. 

Merntkt 

Female and male conebuds, produced as a result of the cone-inductive treatments 

implemented in 1985 and 1986, were counted following anthesis in 1986 and 1987, 

respectively. 

In 1985, the presence or absence of three factors, Root-pruning, Heat and GA417, and their 

combinations on three clones of Pi2g/euce resulted in a 2 x 2 x 2 factorial design. Due to 

unequal replication, as a result of missing conebud counts from trees that died, non-parametric 

analysis of variance (ANOVA) was performed for the cone counts. The ANOVA was performed on 

the square-root transformed data (x' = x + 3/8) which stabilizes variances when group 

variances are close to the mean. The constant (3/8) is used when some of the observations are 

zero, and has better variance stabilizing abilities than lx or ix + 0.5 (Zar, 1984). 

The experimental design in 1986 was unbalanced, due to a misunderstanding which resulted 

in more propagules receiving the Root-pruning treatment than was desired. In consequence, the 

non-parametric Kruskal-Wallis test (ANOVA by ranks) was performed on female and male 

conebud counts, and non-parametric multiple comparisons were achieved using the critical 

value  (Zar, 1984). 
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R?s'uhIs 

The total female and male conebud counts from 1985 (as a result of treatments implemented 

in 1985) are listed in Tables 3.1 and 3.2, respectively, for each of eight treatments in three 

clones. The number of female conebuds was highly variable between treatments as well as 

between clones. Clone 139 produced twice as many female conebuds as Clones 52 or 150. There 

were no significant differences in seed conebud production between the eight treatments (Table 

3,3). 

The production of male conebuds (Table 3.2) was most abundant in Clone 52, Clone 139, 

which produced the most female conebuds, also produced the fewest male conebuds, 

Root-pruning significantly increased male conebud production (Table 3.3) and there was a 

significant RP x Clone interaction, for RP and Clone 52, for male conebud production (Table 

3.3). 

Female and male conebuds were counted in 1987 as a result of the four treatments 

implemented in 1986. The total number of female and male conebuds produced in each treatment 

are listed by each clone in Tables 3.4 and 3.5, respectively. Only one propagule flowered in 

Clone 171 , which was in the Heat+ Root-pruned treatment and this propagule produced only four 

female conebuds. Clone 40 produced the largest number of both female and male conebuds (Table 

3.4 and 3.5, respectively). Non-parametric multiple comparisons showed that only the 

Heat+Root-pruned treatment produced a significantly greater amount of female and male 

conebuds. 

There is a correlation between growth of the leading terminal shoot and conebud production 

on a clonal basis. Clone 171 which produced only four female conebuds, also showed the least 
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Table 3.1. Total female conebud production in 1956 in response to Root-pruning and Heat, alone 

and combined, and with or without GA417, applied in 1985 to grafted propagules of 

Pica gkiuc≥i. 

Clone 

Treatment 52 139 150 Total 

Control 1 16 1 18 

Root-pruned 42 36 0 78 

Heat 0 35 13 48 

Heat + Root-pruned 0 0 3 3 

6A47 14 18 0 32 

Root-pruned + GA47 0 7 20 27 

Heat + GA47 0 0 16 16 

Root-pruned + Heat + GA417 2 22 19 43 

Total 59 134 72 
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Table 3.2. Total male conebud production in 1986 in response to Root-pruning and Heat, alone and 

combined, and with or without GA417, applied in 1985 to grafted propagules of 

Pkeag/auc≥i. 

Clone 

Treatment 52 139 150 Total 

Control 54 12 0 66 

Root-pruned 353 5 0 358 

Heat 120 22 6 148 

Heat + Root-pruned 9 0 101 110 

GA417 11 0 0 11 

Root-pruned + GA4,7 448 13 27 488 

Heat +GA47 154 0 12 166 

Root-pruned + Heat + GA4117 210 57 8 275 

Total 1359a 109b 154b 

asbNumbers with different letters are significantly different (P≤0.05) using the 0uncans multiple range 

test. 
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Table 3.3. Non-parametric analysis of variance (ANOVA) for main and interaction effects on the 

number of female and male conebuds produced in 1986 as a result of treatments 

implemented in 1985. 

Treatment 

Female conebuds 

per propagule 

Male conebuds 

per propagule 

DF MS Pa MS Pa 

Root-pruned 1 1.9 NS 52.3 0.01 

Heat 1 0.9 NS 0.0 NS 

GA417 1 0.4 NS 2.9 NS 

Root-pruned x Heat 1 0.8 NS 24,7 NS (0.08) 

Root-pruned x 6A4/7 1 0.4 NS 12.0 NS 

Heat x GA4117 1 0.4 US 2.5 US 

Root-pruned x Heat x GA417 1 8.6 US (0.06) 0.3 US 

Root-pruned , Clone 4 4.6 NS 428.6 ≤0.01 

Heat x Clone 2 7.8 US 14.0 NS 

x Clone 2 7.0 US 44.6 US (0,06) 

Root-pruned ,c Heat x Clone 2 1.6 US 40.0 US (0.08) 

Root-pruned , GA4,,7 x Clone 2 4.7 US 44.8 US (0.06) 

Heat x GA47 x Clone 2 0.9 US 25.9 US 

Root-pruned x Heat x GA47 x Clone 2 9.4 US 16.7 NS 

Error 40 2.3 7.4 

a P is the probability that a factor is significant, at the level given, based on an F value. NS is not 

significant at 130.05. 
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Table 3.4. Non-parametric multiple comparisons following non-parametric analysis of variance 

(ANOVA) using the Kruskal-Wallis test on female conebud production in 1987 as a 

result of treatments implemented in 1986. 

Treatment. Clone Total 

40 170 171 

Control 5 0 0 

Root-pruned 4 20 0 248 

Heat 16 0 0 15a 

Heat + Root-pruned 264 132 4 400b 

Average height increment 

of the terminal shoot 207 173 102 

abNumber$ with the same letter are not significantly different. at P0.05. 

Table 3.5. Non-parametric multiple comparisons following non-parametric analysis of variance 

(ANOVA) using the Kruskal-Wallis test on male conebud production in 1987 as a 

result of treatments implemented in 1986. 

Treatment Clone Total 

40 170 171 

Control 16 0 0 16a 

Root-pruned 0 0 0 08 

Heat 23 6 0 298 

Heat. + Root-pruned 371 266 0 637b 

with the same letter are not significantly different at P≤0.05. 
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height growth (Table 3.4) and Clone 40, a'tall' clone, showed the greatest height growth, and 

also produced the most female and male conebuds. 

DiSvusshn 

In 1986, male conebud production was significantly increased in 1,985-Root-pruned 

propagules whereas in 1987, the combined treatment of 1986-Heat+ Root- pruning 

significantly increased both female and male conebud production. 

As the timing of treatments has been shown to influence flowering in spruce (Cecich, 

1985; Marquard and Hanover, 1985; Ross, 1983; Ross, 1987; Tompsett and Fletcher, 

1979), the differences in flowering response will be primarily discussed in relation to the 

timing of the treatments. 

The treatment of root-pruning is most effective when applied early in the growing season 

(Hoist, 1959 as cited in Ross, 1987). In 1985, Root-pruning was accomplished during 

vegetative bud burst (VBB), but in 1986, Root-pruning was completed prior to VBB. It has 

been suggested that the time to Influence conebud initiation/differentiation is earlier for 

female conebuds relative to male conebuds (Ross, 1985; Tompsett and Fletcher, 1979). It is 

possible that the later timing of the RP treatment in 1985 may have been optimal to influence 

only male conebud production, whereas the earlier timing of the RP treatment in 1986 may 

have optimally influenced both female and male conebud production. Alternatively, the RP 

treatment in 1985 and 1986 may influence both female and male conebud 

initiation/differentiation, but only combined with another treatment that is appropriately 

timed. 
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Heat was applied when shoots were 95% and 85% elongated in 1985 and 1986, 

respectively. Heat alone did not affect conebud production in either 1986 or 1987. R is 

possible that the Heat treatment was applied too late in the growing season to affect conebud 

initiation/differentiation. While this seems likely in 1985, as neither Heat nor the combined 

treatment of Heat+RP significantly affected strobili production, it does not explain the 

significant female and male conebud production observed in 1987 for the Heat+ RP treatment 

(1986). An alternate suggestion would be, firstly, that Heat alone may not be a sufficient 

stimulus for strobilus production but may act synergistically with another treatment and, 

secondly, that Heat was applied too late in 1985 to promote seed conebud production, but was 

appropriately timed in 1986. Ross (1987) suggests that Heat treatments should begin when 

shoots are 80-95% elongated, but the upper limit of 95% may be too late, as is suggested for 

the 1985 results. A better, albeit smaller time frame, may be when shoots are 80-90% 

elongated. 

If the Heat treatment was applied too late in 1985, it is likely that the foliar GA417 spray 

application was also too late to influence conebud initiation/differentiation, as the (3A47 

treatment began later than the Heat treatment. It would be appropriate then to initiate similar 

studies to those in 1985, with the GA417 treatments timed to begin when shoots are 80-90% 

elongated (Ross, 1987) and 15-75% elongated (Marquard and Hanover, 1984). 

Male conebud production can be stimulated by Root-pruning around the time of VBB 

(1985), and a combined Root-pruning (prior to VBB) plus Heat treatment (applied when 

shoots are approximately 85% elongated) can significantly increase both female and male 

conebud production in P,y/tt. The effect of OA4 7 on flowering in Pkag/auce in these 
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studies cannot be determined as the time of the (3A4 application was likely too late to 

influence flowering. 

There is an interesting correlation between clones for total height (visual estimate), 

height Increment of the terminal leader and flowering response in 1986. The small 'bushy' 

clone, Clone 171, showed the least height growth for the terminal leader and only one 

propagule responded to the cultural treatments by flowering. However, Clone 40, which was a 

'tall' clone, showed the greatest height growth of the terminal shoot and responded well (in 

terms of flowering) to the l-leat+RP treatment. Whether the potential for flowering is due to 

the height of the propagule, as has been found for woody angiosperms (Hackett. 1985 as cited 

in Ross and Pharis, 1985) or due to the increased height increment in a particular year has 

yet to be discerned. It is also possible that increased height growth implies high levels of 

endogenous GAs (see Ross et.el,1985; Webber et.el, 1985). Shoot elongation in response to 

cultural treatments will be discussed further in Chapter 4. 
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CHAPTER 4 

EFFECT OF CULTURAL TREATMENTS ON SHOOT ELONGATION 

Methods 

Terminal shoot elongation was measured (in mm) for the terminal shoot throughout the 

growing season for all grafted propagules in 1985 and 1986, However, it has been suggested 

that elongation of the terminal shoot is not necessarily a good indicator of lateral shoot growth, 

as it usually outgrows the lower laterals (Daniel et.ei, 1979; Webber et.ei, 1985), due to 

apical control, e.g. the inhibition of lateral shoot elongation by the more distal terminal 

shoot(s). Unfortunately, the small size of the propagules in this study, with their limited 

number of growing points, combined with my intention to destructively harvest six 

second-order lateral shoots (and third-order lateral shoots when necessary) left little choice as 

to which shoot should be used as an index of vegetative growth. Although the final lateral shoot 

lengths were recorded for all shoots prior to their harvest in 1986, earlier measurements were 

not made so as to avoid damaging or otherwise influencing the physiology of the shoots from 

handling during measurement. 

Testing for the significance of differences between two means (e.g. shoot length of non-root 

pruned versus Root-pruned propagules) was completed using the unpaired Student's t test, two 

tailed for the final length of the terminal shoots and one-tailed for the final length of the lateral 

shoots (Zar, 1984). 
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Results 

Shoot elongation of the terminal leader was significantly increased by Root-pruning in 1986 

but not in 1985 (Figure 4.1). In 1985, although terminal shoot growth in Root-pruned 

propagules was consistently higher throughout most of the growing season than in Control 

propagules that were not Root-pruned, the increase was not significant (Figure 4.1). In 1986, 

the trend toward increased terminal shoot elongation did not begin until the fourth week after 

vegetative bud burst (VBB) (Figure 4.1). 

It must be noted that Root-pruning occurred later in 1985 than in 1986. In 1985 almost 

half of the propagules in two clones had flushed (VBB) by the time propagules were 

Root-pruned, whereas Root-pruning occurred two weeks prior to VBB in 1986. The different 

timing of the treatments may partially explain the differences observed in the growth curves 

between 1985 and 1986. 

Growth, of the terminal, as a percent of total shoot elongation, is shown in Figure 4.2. 

Excluding the initial stage of slow shoot elongation, which occurs during bud swell and before 

vegetative bud burst (Owens and Molder, 1984), shoot elongation exhibited a sigmoidal growth 

curve, with rapid shoot elongation followed by a later stage of slow shoot elongation. The sigmoid 

shape of the growth curve was especially noticeable in 1985, when the weather was consistently 

warm throughout the eight weeks following VBB. In 1986, the season began with unusually 

warm weather, and early VBB was anticipated. Prior to VBB in 1986, the weather turned cool 

and damp for approximately three weeks, with only occasional days of warm weather. The 

overall result was  less smooth growth curve than in 1985 (Figure 4.2). Also evident in 
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Figure 4.1. 
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Weeks from vegetative bud burst (VBB) 

Shoot elongation in non-root-pruned ( a ) and root-pruned 
(0 ) propagifies of P,≥?e8gleuca in 1985 and 1986. Root-

pruning was accomplished during vegetative bud burst 

(VBB) in 1985 and prior to VBB in 1986. Arrows indicate 

the beginning of the heat treatments (1985 and 1986) and 

the 0A4/7 treatment (1 985 only). A significant difference 

between non-root-pruned and root-pruned propagules 

(P≤ 0.05) was observed in 1986. 
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Figure 4.2. Percent of total shoot elongation in grafted propagules of Pièo 

,q/ei'ce from non-root-pruned ( • ) and root-pruned propagules 
( 0 ) in 1985 and 1986. Root-pruning was accomplished during 
VBB in 1985 and prior to VBB in 1986. Arrows indicate the 

beginning of the heat treatments (1985 and 1 986) and the 

0A4/7 treatment (1985 only). 
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1986 was an initial lag in shoot growth for Root-pruned propagules (Figure 4.1 and 4.2). 

The effects of the Heat treatment on terminal shoot elongation are illustrated in Figure 4.3. 

Total shoot elongation was not affected by the Heat treatment (although there appears to be a 

small difference in 1985, the difference is apparent before Heat is applied, and this effect was 

not reproduced in 1986). In 1985, Heat was initiated when the shoots were approximately 

95% elongated, but in 1986, Heat treatment began earlier, when the shoots were approximately 

85% elongated. The initiation of Heat during the late stage of rapid shoot elongation (as in 

1986) may thus affect the shape of the growth curve, possibly by reducing the time required to 

complete elongation, although additional work would be needed to verify this. 

Gibberellin A41i- was applied to half of the propagules in each of the RP and the Heat 

treatments, as a spray in 1985 but not 1986. The shape of the growth curve, however, was not 

altered in anyway by GA417 (results not shown). This was expected as the application of GA47 

in Douglas-fir, after shoots were 95% elongated, did not influence shoot elongation (Ross, 

1983). 

The final lateral shoot length (1986) is shown in Table 4.1. As with terminal shoot growth, 

the lateral shoots of Root-pruned propagules showed significantly increased elongation compared 

to non-Root pruned (Control) propagules. 

D15cussiin 

In the Pinaceae shoot elongation is the result of both cell division and elongation in the shoot 

embryonic axis (pith cells) (Owens et.ei, 1985). Cell division, as measured by the mitotic 
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Figure 4.3. Shoot elongation in grafted propagules ofPieag'1auce receiving 

heat (0 ) and without heat ( a) in 1985 and 1986. Root-

pruning was not a treatment variable. Arrows indicate the 

beginning of the heat treatments (1 985 and 1 986) and the 

beginning of the 0A4/7 treatment (1 985 only). 
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TABLE 4.1 Final length of lateral shoots harvested in 1986. 

Number of Lateral shoot length (mm) 

Treatment propagules Mean ± the Standard Error 

Non-root pruned 16 88.69 ± 6,22 

Root-pruned 24 105.08 ± 

8Slgnlflcantly different from non-Root pruned propagules (P≤0.05) using 

the one-tailed Students t test, 
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index, primarily occurs before VBB, and elongation of the pith cells begins at or shortly after 

VBB. The function of the apical meristem is to produce the next year's terminal bud (bud scales, 

needle primordia and conebuds and/or lateral bud tissue), and contributes few or no cells to 

this year's growing shoot. 

Cultural treatments then, can influence the elongation of this year's shoot (immediate 

effect) or the initiation/differentiation of buds that will resume growth in the next growing 

season (latent effect). Cultural treatments that affect this year's elongation can influence either 

cell division or elongation of the cells in the embryonic shoot axis. Since cell division occurs 

prior to VBB (Owens e/.8/, 1985), cultural treatments implemented before VBB may influence 

cell division, cell elongation or both of these processes. Alternatively, treatments initiated after 

VBB are most likely to influence only cell elongation within this year's growing shoot. Next 

year's developing bud, which does not differentiate either terminal or lateral 

vegetative/reproductive structures until the late stage of this year's slow shoot elongation, may 

be influenced by any treatment that occurs throughout this year's growing season. 

The cultural treatment of Root-pruning increased terminal shoot elongation (at least in 

1986) in Pi≥'&.q/ouce(Figure 4.1). As neither mitotic indices nor cell elongation were 

measured, it is not known whether the effect was due to increased cell division, cell elongation, 

or a combination of the two. Since Root-pruning occurred during VBB in 1985, the effect was 

most likely on cell elongation, rather than on cell division within the embryonic shoot axis. In 

1986, when Root-pruning occurred prior to VBB, shoot elongation of this year's shoot was 

initially retarded and then increased after the fourth week from VBB (Figure 4.3). The initial 

retardation, combined with a dramatic difference in final shoot length (for Control propagules 

and in comparison tol 985) leads to the suggestion that cell division as well as elongation of this 
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years shoot were affected in the 1986 Root-pruned propagules. 

The fact that the final shoot length of lateral shoots in 1986 was also increased in 

Root-pruned propagules relative to non-root pruned propagules, suggests that the increased 

terminal shoot growth caused by Root-pruning is not merely a matter of increased apical 

dominance, but rather that shoot growth throughout the propagule (or at least in the upper 

crown) is increased by the cultural treatment. 

Root-pruning or other stress treatments usually tend to cause a decrease in shoot growth 

(see Pharis at at, 1987). This has been observed in 9-10 year old Psu7stjmef1z1s// 

seedlings when Root-pruned (Webber at at, 1985), as well as in 2-year old bareroot 

seedlings of this seine species in response to undercutting (Hobbs at at, 1987). A decrease in 

shoot elongation was also observed in Pke eizgolmairn// grafts when droughted (Ross, 1985). 

Bark-ringing (girdling) in P s/tc/ienst- grafts did not decrease shoot growth in the year of 

girdling, although there was a significant decrease in growth in the year following treatment 

(Longman at at, 1987). However, Philipson (1983) did not observe a decrease in shoot 

growth in P sits, grafts when stressed with drought, heat, or the combination of heat and 

drought. Interestingly though, Philipson found that although in the year following treatment, 

leader growth was decreased in propagules that received drought or combined drought+ heat, 

leader growth was actualily stimulated in those propagules that received heat alone. Picee 

smft/nrna seedlings which were rootclipped at the time of lifting, also showed a tendency toward 

increased shoot growth (although not significant) after being transplanted (Singh at at, 

1984). 

Thus, the literature pertaining to shoot elongation in response to stress treatments is 

neither consistent nor extensive (the effect of stress on conebud production is more frequently 
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reported). As well, the variety of stress treatments (girdling, drought, heat, root-pruning), 

and the variability in timing of their application, do not necessarily offer a valid comparison. 

Although Root-pruning is sometimes considered to simulate (or cause) water stress, 

Root-pruning, followed by an adequate watering regime may not have the same effect as drought. 

Drought does not appear to stimulate root growth in P,,y/euce (Ross, unpublished data), 

whereas decapitating or injuring a root results in the initiation of numerous new lateral roots 

in woody species (Rook, 1971 ; Wilson and Horsley, 1970). The time of the injury may affect 

the form of the roots as well. Hobbs (1987) found that undercutting roots of Pbiuspoiic/erosa 

at the time of new root initiation (before VBB) resulted in the development of secondary and 

tertiary lateral roots, whereas undercutting at the end of bud swell (at VBB) resulted almost 

entirely in elongation of existing primary lateral roots. The initiation of lateral roots in P,ea 

gkuci' seedlings is followed by a lag period, after which there is a spurt in shoot growth (D. M. 

Reid, personal communication, Professor, Department of Biological Sciences, University of 

Calgary, Plant Physiology Research Group). It is possible then that Root-pruning may 

stimulate the initiation of new lateral roots and this phenomenon may then account for the 

spurt in shoot growth that I observed in 1986 (Figure 4.1). Increased lateral root initiation 

should result in a diversion of photosynttiates to the developing roots. This was found in 

seedlings of Pinus r*te (Rook, 1971). Although significant amounts of [1 4C] assimilate 

were found in undercut roots shortly after treatment (two weeks), a different allocation was 

observed eight to ten weeks later when higher levels of [14c) were found in the shoots of 

undercut seedlings compared to the controls (Rook, 1971). Given these results, it is not 

improbable that Root-pruning (if accomplished early enough in the season as appears to be the 

case in 1986) could result in either or both of elongation of existing roots and initiation of 
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lateral roots. Photo'nthate would rapidly accumulate in the roots (which may be accompanied 

by a decrease in shoot growth at this time), but then would follow a second diversion of 

photosynthates, this time to the shoots. The second diversion could result in the 'spurt' of 

enhanced shoot growth (e.g. Figure 4.1; Rook, 1971). 

Although we can speculate as to the cause of the increased growth of the terminal shoot 

observed in 1986, the fact that it also occurred in the lateral shoots indicates that it was not 

just a matter of increased apical dominance . The timing of the root-pruning treatment may 

affect the shape of the growth curve and/or the magnitude of the response. In 1985, an increase 

in shoot elongation was not observed when Root-pruning was accomplished during or shortly 

after VBB, whereas Root-pruning prior to VBB in 1986 significantly increased shoot elongation 

(Figure 4.1). The timing of the heat treatment may also be important. The application of heat 

(Ross, 1983) or GA3 (Lavender et.oi, 1973) prior to VBB will hasten the onset of VBB, 

without changing the growth pattern (Ross, 1983). The application of heat after VBB may 

enhance the growth rate, at least initially (Figure 4.1; Ross, 1983). These results fit with the 

hypothesis that sell temperature influences the export of GAs from the root to the shoot thereby 

influencing the time of VBB or the growth rate (Figure 4.1; Lavender et.ol, 1973; Ross, 

1983; Torrey, 1976 and references cited therein). 

It has been suggested that conifers use GAs preferentially for vegetative growth and only 

when a certain threshold level is reached do endogenous (or exogenously applied) GAs promote 

conebud initiation/differentiation (see Pharis and King, 1985; Pharis e/ e/, 1987; Ross 

1983; Ross e/.el, 1985; Webber 8t al, 1985; and references cited therein). If GAs are 

preferentially used for shoot growth, the significant increase in terminal and lateral shoot 

growth (in response to Root-pruning) observed in 1986 would mean that endogenous GAs of 
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these propagules were preferentially used for shoot growth. As well, a significant production in 

1987 of female and male conebuds for the Heat + Root-pruned treatment, over controls, in the 

1986 treated propagules, indicates that if GAs were preferentially used for shoot growth, it was 

not at the expense of conebud production. It appears then that the'stress' treatment (of 

Root-pruning, at least) may be used in such a fashion that it does not necessarily cause reduced 

vegetative growth, but does provide conditions more favorable for both vegetative growth and 

conebud differentiation. 
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CHAPTER 5 

ENDOGENOUS OIBBERELLINS OF PICEA 6LAU4 WITHIN THE PERIOD OF CONEBUD 

I NI TIATION/DWFERENTIATION 

Introduction 

Endogenous GAs have not yet been identified from any tissue of P,aq/euce. Gibberellins, 

usually of a less polar nature, have however been identified in pollen from Pinus ottenuete 

(Karnienska ot.oi, 1976), shoots of Pi'oo obXs (Odén et.oi, 1982), needles of Pi'oa 

sitchensis (Lorenzi ooi, 1975; Lorenzi ooi, 1976) and shoots of Psoudotsug'emenzisfi 

(R.P. Pharis, personal communication, Department of Biological Sciences, University of 

Calgary, Plant Physiology Research Group). Recently, more polar GAs, such as GA1 and GA3, as 

well as the less polar GA9, have been identified in seedlings of Pheoobis (Odén aei, 1987). 

Less polar GAs (especially a GA417 mixture) have been used to promote flowering in 

conifers of the Pinaceae (see Pharis otol, 1987 for a most recent review). To better 

understand the possible role(s) of GAs in conebud initiation/differentiation, it is necessary to 

first identify at least the major endogenous GAs in the pertinent tissue of the species of interest. 

The following experiments were undertaken in order to identify the most abundant GAs in shoot 

tissues, including apices, shoots, and needles of Pheo '/ouca (a commercially important 

coniferous species in Canada). 
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GIBBERELLINS IN ELONGATED LATERAL STEMS OF P/iZ4 OLA1/4 WITHIN THE PERIOD OF 

CONEBUD INITIATION/DIFFERENTIATION 

Lateral shoots, with associated primordie present but needles removed, were analyzed for 

endogenous GAs for the period of late leaf InItiation/conebud development (Day 35) for each of 

four treatments: Control, Root-pruning, Heat, and Heat+ Root- pruning. The tissue dry weight 

varied from 1.1 to 1.4 g for each treatment. Extraction and purification was carried out as 

described in Chapter 2, except that two C1 8-PCs were used (eluting with first 80% and then 

50% MeOH) and the S102-AC purification step was not used. 

Resilhts 

The free GA fraction, for each treatment, was each chromatographed by reversed-phase C18 

HPLC (Gradient A), and the resultant fractions were bioassayed by the dwarf rice microdrop 

bioassay (Figure 5.1). Three broad regions were identified: GA8 Rt, GA  Rt and 0A201419 Rt. 

For the GAB Rt region (fractions 1- 14 mm), there was no measurable bloactivity in any of the 

four treatments. Further analysis of the GA8 Rt region has yet to be completed. For the GA1 Rt 

region (fractions 15-30 mm), only one bioactive peak was observed, which was in the 
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Heat+ Root-pruned treatment, eluting between authentic GA8 and GA1. Within the GA1 Rt 

region, inhibition (toxicity) was noted, the amount varying in each extract. The Control 

treatment extract gave moderate to high levels of inhibition as did the Heat treatment extract. 

The Root-pruned treatment extract showed more inhibition than either of the Control or Heat 

treatments, but minimal inhibition was observed for the Heat+ Root-pruned treatment. 

Fractions from the GA1 Rt region (fractions 15-30 mm) from C18 HPLC were subjected to 

Nucleosil N(CH3)2 HPLC, keeping each treatment separate, and bioasseyed as . above. 

Measurable b101091c81 activity was not detected at any Rt for any of the treatments (peaks were 

not greeter than I S.D. above the control value) (results not shown). All treatments were 

combined for each HPLC fraction and were rebloassayed. Again, bicactivity was not greater than 

1 S.D. above the control value (Figure 5.2). Although non-significant bloactivity was indicated 

at the GA  and GA3 Rt, there was not enough of the substance(s) present to be detected by 

GC-MS-SIN. 

At the 0A2014119 Rts from C 18 HPLC, as many as three bloactive peaks were observed, the 

amounts varying for each treatment (Figure 5.1). In the Control treatment, there were no 

peaks with bioactivlty greater than 1 S.D. above the control value. In the Heat treatment, a 

bloactive peak was present at the GA9 Rt, and the Heat+ Root- pruned treatment bloactivity was 

present at both the GA4 and GA9 Rts, In the Root-pruned treatment there were three bioactive 

peaks, one at the GA4 Rt and two peaks at Rts more non-polar than GA9. 

Fractions from the GA201419 Rt from C18 HPLC (31-50 mm) were regrouped for each 
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treatment, subjected to Nucleosil N(CH3)2 HPLC, and then rebioass'ed (Figure 5.3). In the 

Control shoots, a bloactive peak at the very early fractions (1-2 mm) may represent a portion 

of the sample that eluted from the column with the solvent front. The bloactive peak at fraction 

6 min in both Control and Root-pruned shoots was derivatized (MeTMSi derivative) and 

subjected to CC-MS-Sill but no known GA could be identified by CC-MS-Sill. In the 

Heat+ Root-pruned treatment, the bioactive peak at fraction 26 min has yet to be analyzed by 

CC-MS-Sill • but is likely to be a C20 GA with the C-20 as a CHO group, such asOA 19 or GA24 

or GA36. 

[2H](d2) (3A4, and GA7 plus GAg (100 ng of each) were added to fractions at the GA4 and 

GA9 Rts, respectively. The sample fractions with added (2HJ GAs, and [2HJ GAs without sample 

extracts, were derivetized (MeTliSi derivatives) and analyzed by OC-MS-SIM. The total ion 

counts obtained by CC-MS-SIN were very low, both for the endogenous protio GA and its [211] 

analogue. Gibberellin A4, GA7 and GA9 were however identified from these elongated shoots 

(Table S. 1). Results are shown for the Root-pruned treatment only, where concentrations of all 

GAs were highest. The molecular ion (M') was not observed for each GA in all treatments, and 

this is probably a function of the low ion counts. Oibberellin A7 was identified from the 

Nucleosil fractions that also contained GA9, which is expected given the C- i ,2 dehydro structure 

of GA7. The relative abundance of most ions from the putative endogenous GA was generally found 

to be higher than observed for the 12H1 analogues (Table S. 1). 

Thus, GA4, GA7 and GA9 were identified by GC-MS-SIM from elongated lateral shoots of 
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Table 5. 1. Capillary GC—MS—SIFI of putative and (2H2] 6A4, GA7 and GAg in elongated shoots of P/c8g/uca from Clone 150. 

Retention Relative abundance of peak at m/ (Percentage abundance in parentheses): 

time (min) [21-11 GA (1H]GA 

420(M) 291 286 418(M) 289 284 

[2H] GA4MeTF1Si 

Putative GA4 + 

[2H] GA4MeTM$i 

10.25 33(8) 97(24) 408(100) 1 9 33 

Uncorr 1 10.25 104 129 394 7 27 57 

Corr  4(15) 15(60) 25(100) 

418(M) 328 284 416(M) 326 282 

[2H] 6A711eTMSi 10.39 67(19) 90(26) 350(100) 1 5 22 

Putative 6A7 + Uncorr 10.40 66 87 364 3 10 36 

12H] GA7MeTMSi Corr 2(15) 5(39) 13(100) 

332(M) 300 272 330(F1) 298 270 

[2H] GAgMe 9.23 71(12) 579(100) 445(77) 2 3 4 

Putative GAg + Uncorr 9.25 32 308 277 3 11 13 

[2H] GAgMe Corr 2(22) 9(100) 10(115) 

1Uncorr = Uncorrected; Corr = Corrected for intensity of protio ions present in each of the deutero ions. 
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Piia ,q1auc based on the following criteria: (1) bloactivity at the GA4 and GA9 Rts on 

reversed-phase C18 HPLC and/or Nucleosil N(CH3)2 HPLC, (ii) co-elution of the putative 

endogenous protio GA with the deuterated analogue on capillary GC and (iii) relative abundances 

of the [1 H] and [2H] characteristic ions, keeping in mind, however that total ion counts were 

low. Based on these identifications of endogenous GA4, GA7 and GA9 as the major GAs present in 

shoots of Piigj/aua these GAs as well as GA1 and GA3, were subsequently quantified during 

three stages of conebud initiation/differentiation (Chapter 6). 

OIBBERELLINS IN ELONGATED LATERAL SHOOTS WITHIN THE PERIOD OF CONEBUD 

INITIATION/DIFFERENTIATION - A BULKED EXTRACTION 

rnth 

For the purpose of identifying as many endogenous GAs as possible in Pi≥'aaq/euce, an extract 

from a relatively large amount of tissue was completed on the supposition that less bioactive GAs 

or GAs that may normally be present in low concentrations may be 'seen' by the dwarf rice 

microdrop bioassay, and thus subsequently identified by GC-MS-SIt1. 

Elongated lateral shoots (with associated primordia but without needles) were extracted for 

GAs from Clone 150. From a total dry weight of 8.6 g, 1.4 g were from the stage of conebud 

Initiation/differentiation (Day 7) and the remaining 7.2 g were from the stage of early leaf 

initiation/conebud differentiation (Day 21). 

The extraction and purification procedures outlined in Chapter 2 are suitable for dry 
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weights of less than 1 g and modifications were necessary in order to accomodate the large 

amount of tissue being extracted. 

Ground tissue was extracted overnight in 200 ml of 80% MeOH (approximately 40 C) and 

filtered. The residue was further extracted in another 100 ml of 80% Me0I-I, filtered and rinsed 

with 80% Ne0H. The filtrates and rinses were combined, the total volume of the filtrate being 

360 ml. The pH of the filtrate was adjusted to 6.5 and 2 x 10 5 dpm (3333 Bq) of high specific 

activity of each of [ii] GA1, GA4 and GA9 were added to the filtrate. The filtrate was then 

divided into ten equal portions, each of 36 ml. Initial purification (to remove pigments) was as 

described in Chapter 2, using one C18-PC (eluting with 80% Me0H) for each of the 10 filtrate 

portions. 

A bulked separation of free GAs plus GA-Me from putative GA glycosyl conjugates was 

achieved using two long 8102-PCs, gradient eluted with increasing amounts of EtOAc in hexane 

(Durley ea/, 1972). Thirty three fractions (each of 17 ml) were collected and aliquots taken 

to determine the location of the added [3H] GAs (Figure 5.4a). A 1/10 aliquot of each of the 17 

ml fractions was subjected to the dwarf rice, cv. Tan-ginb02u, microdrop bioassay at two 

further serial dilutions (1/100 and 1/200) (Figure 5.4b). Five broad regions were 

identified: GA9 Rt, GA4 Rt, GA  Rt, and two polar regions, one of which would elute with GA8 and 

the other which would likely contain glucosyl esters and/or glucosides of less-polar of GAs 

(Figure 5.4a). 

Each of the GA9, GA4 and GA1 Rt regions were further purified using the S102-AC 

procedure, prior to reversed-phase C18 HPLC, 
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The GA9 and GA4 Rt regions were each subjected to reversed-phase C18 HPLC (Gradient E) 

and bioassayed as described above (Figure 5.5a and 5.5b). The fractions at the GA4 Rt (Figure 

S.5a) and the GA9 Rt (Figure 5.5b) appeared relatively 'clean' (i.e. colorless) and were 

derivatized (to MeTMSi derivatives) and analyzed by GC-MS-SUI. Unfortunately, the samples 

were heavily contaminated with numerous other substances and neither GA4 nor GA9 could be 

positively identified by GC-MS-SIM. Although these GAs have already been identified in 

elongated lateral shoots (see previously), further purification (after hydrolyzing the TMSi 

group) of the GA methyl ester will be required before identification of GA4 and OR9 by 

GC-M$-SlI1 can be made from this bulked extraction of shoot tissue. 

The OA  Rt region was also subjected to reversed-phase C18 HPLC, but using Gradient D 

(Table 2.1). The dwarf rice microdrop bioassay indicated one major peak at the GA1 Rt (Figure 

5.6a). As both GA1 and GA3 elute at the same Rt on C18 HPLC, the bioactive fractions at the GA1 

Rt were subjected to Nucleosil N(CH3)2 HPLC in order to separate GA1 and GA3, and 

rebicassayed. The majority of the bioactivity eluted at the Rt of GA3 (Figure 5.6b). One other 

small bioactive peak was also indicated at fraction 7 mm. But bioactivity at the GA1 Rt was not 

greater than 1 S.D. above the control value (Figure 5.6b). 

The fractions at the GA1 and GA3 Rts were derivatized (MeTMSi derivatives) and subjected 

to GC-MS--SUI. Oibberelliri A1 was identified by monitoring for five characteristic fragment 

ions [ M (506), M-15 (491), 11-59 (447), 11-129 (377), 11-193 (313)] plus 
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Figure 5.6. Biological activity after C18 HPLC (Gradient D) (a) and after Nucleosil 

HPLC (b) of the GA 1 Rt from the bulked extract referred to in Figure 

5.4. The 1 / 10 aliquot (Figure 5,4) was combined with the original 

fraction prior to HPLC and the dwarf rice, cv. Tan-ginbozu, microdrop 

bioassay at each of 1/200 and 1/400 aliquots. The Rt of the internal 

OA  standard is shown above (a) and the Rts of authentic GAs are 

shown above the fractions in W. Estimated ng (GA3 equivalents) are 

given for the best of the 1/200 or 1 /400 dilution for peaks> 1 S. D. 

above the control value. 
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hydrocarbons (m/z 85) in the sample extract and for authentic GA1 t1eTMSi. The KRI for both 

the sample (putative GA1) and the authentic GA1 was 2684, and the relative abundance of ions 

in the sample and the standard were similar (Table 5.2). Further confirmation for the 

presence of GA1 was achieved by adding [2H] (Cl2) 0A1 to the sample and observing co-elution of 

the putative OA  with 12H1 (d2) OA  (Table 5.2). 

Gibberellin A3 was identified from the bicactive fractions at the 0A3 Rt after Nucleosil 

HPLC. As with GA1, the initial identification was based on similar KRI values for putative and 

authentic OA3MeTMSi as well as similar relative abundancies of characteristic fragment ions 

EM (504) 11-15 (489), 11-59 (445), 11-134 (370) ,and M-296 (208)1 (Table 5.2). 

Positive identification was further achieved by comparing the full spectrum of putative and 

authentic GA3, obtaining a reasonable match of fragment ions and relative intensities of these 

ions (results not shown). 

The fraction that will contain conjugated GAs (from the combined 100 Me0H wash of the 

long $102-PCs) was purified as described in Chapter 2, by partitioning with water saturated 

-butenol at pH 3.0 which was then followed by the 8i02-AC step. The purified conjugates 

extract was divided into two equal portions and each portion was subjected to reversed-phase 

C 8 HPLC (Gradient D). The C8 HPLC fractions from one half of the sample were subjected to 

the dwarf rice immersion bioassay (see Chapter 2 for details), while the other half was 

subjected to the dwarf rice microdrop bioassay. The immersion bioassay, which 'sees' GA 

glycosyl esters and ethers, indicated four peaks of bloactivity (Figure 5.7e). The microdrop 



Table 5.2. Capillary GC—MS—SIM of putative and authentic GA 1 and GA3 and of putative and [211] GA 1 from elongated lateral shoots 

ofP/ceag/auca (see Figure 5.6). 

GA 

Kovats 

Retention Relative abundance at peak m/z (Relative abundance in parentheses): Retention 

time (mm)  Index 
506 491 447 377 313 

Putative GAiMeIMSi 12.27 

Authentic GA  IleiMSi 12.21 

161(100) 17(11) 18(11) 31(19) 41(25) 2684 

10554(100) 1097(10) 1129(11) 2092(20) 1203(11) 2684 

[2H]GA1 [1H]GA1 

508 493 379 506 491 377 

[2H]GAif1eTh1Si 12.12 7174(100) 737(10) 1542(21) 172 30 1194 

Putative 12.10 Uncorr 1 3772 398 838 209 28 712 

+ [211] GAiMeTIlSI Corr 1 119(100) 12(10) 63(53) 

504 489 445 370 208 

Putative GA3MeT11Si 12.45 1829(100) 124(7) 110(6) 168(9) 2084(115) 2706 

Authentic GA3MeTMSt 12.48 66014(100) 5352(8) 5419(8) 9242(14) 26021(39) 2707 

1Uncorr = uncorrected; Corr = corrected for the intensity of protlo ions present in each of the deutero ions. 
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Figure 5.7. Biological activity of putative conjugated GA-like substances from a 

bulked extract of lateral shoots (approximately 8.6 g dry weight) 

after Ci 8 HPLC (Gradient D) on the dwarf rice, cv. Tan-ginbozu, 

immersion bioassay using 1/2 of the sample (a) and on the dwarf 

rice, cv. Tan-ginbozu, microdrop bioassay at each of 1/50 and 

1/100  aliquots for the remaining half of the sample (b). The Rts 

of authentic GAs are shown above the fractions and ng (GA3 equiva-

lents) are given for the rnicrodrop bioassay for the best of the  /50 

or 1 /1 00 dilution for peaks > 1 S.D. above the control value. 
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bioassasy, which 'sees' free GAs and GA glycosyl esters , indicated two peaks of bioactiv•ity 

(Figure 5.7b). A bloactive peak at fraction 20-21 min in both the immersion and microdrop 

bioassay suggested the presence of large amounts of a GA glycosyl ester at this Rt. A bloactive 

peak at fraótions 35-36 min on the microdrop, but not the immersion bioassay suggested the 

presence of small amounts of a GA glycosyl ester. One bloactive peak on the immersion but not 

the microdrop bioassay (fractions 31-33 mm) suggests a GA glycosyl ether as did two other 

small peaks (fraction 25 mm, and fractions 28-29 mm) on the immersion bioassay. 

Identification, after permethylatlon, of the putative conjugated GAs by GC—MS—SIM has yet 

to be accomplished. 

GIBBERELLINS IN LATERAL AND TERMINAL SHOOT PRIMORDIA DURING THE CONEBUD 

DIFFERENTIATION PERIOD 

Differentiating primordia, dissected from lateral shoots of Clones 52 and 139 were analyzed 

for endogenous GA—like substances. All treatments were combined (Control, RP, Heat and 

Heat+RP) but stages of development were kept separate: early bud initiation/differentiation 

(Day 7); early leaf initiatlon/conebud development (Day 21); and late leaf initiation/conebud 

development (Day 35). Bud scales were removed and apices from the terminal and distal apical 

meristems were excised. The more proximal axillary apices were not excised as they are most 

likely to be latent or aborted, especially if conditions are not favorable for reproductive bud 

development (Owens and Molder, 1984). 
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Apices from the latest stage of development (Day 35) were easily excised because of a 

natural 'release zone' where the apex could be 'popped off'. However, apices from the early and 

mid stages of differentiation had to be cut out, which increased the dry weight (see later) due to 

shoot (vegetative) tissue closely associated with the apex. Thus, quantities of GA-like biological 

activity are expressed on both a per apex and a per gram dry weight basis. 

Results 

At the three stages of development sampled (Day 7, 21 and 35 corresponding to early, mid 

and late conebud initiation/differentiation, see Figure 2.1), there was only one significant peak 

of biological activity present in the free GA fraction, and it occurred at all stages of bud 

initiation/differentiation. This peak coincided on C18 HPLC with authentic GA4 and tended to 

decrease in quantity from the early to the later stage of development (Figure 5.8 and Table 5.3). 

Fractions containing the 0A4-like activity were grouped, combining all stages of 

development, and then subjected to Nucleosil N(CH3)2 HPLC. The resultant biological profile 

(Figure 5.9) shows that the bicactivity was no longer associated with the GA4 Rt, but rather was 

located where GA methyl esters or catabolites of GAs are likely to elute. Oibberellin A4 and GA7 

would elute in fractions 12-14 min and 16-17 mm, respectively, from the Nucleosil HPLC, 

but neither GA could be detected by OC-MS-SIM. 

The remaining fractions after the bioassay of the C18 HPLC were combined (across harvest 

dates) into one set of test tubes, by fraction, to enhance the ability of the bioassay to detect less 
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Figure 5.8. Biological activity of excised shoot apices harvested 7, 21 and 35 

days after conebud initiation/differentiation is known to begin after 

C18 HPLC (Gradient D) on the dwarf rice, cv. Ten-ginbozu, micro-

drop bioassay at each of 1/50 and 1 / 100 allquots. The Rts of au-

thentic GAs are shown above the fractions and ng (GA3 equivalents) 

are given for the best of the 1 /50 or 1 /1 00 dilution for peaks > 1 

S.D. above the control value. 



Table 5.3. Estimates of endogenous GA4/7 -like activity in excised lateral and terminal shoot apices at three stages of bud initiation/ 

differentiation. Estimates are from the dwarf rice, cv. Tan-ginbozu, microdrop bioassay after C18 HPLC (using the best of 

1/50 or 1/100 aliquots; see Figure 5.8). 

Ng 

No. of GA4/7-like Pg 

Stage of apices (from GA4/7 -like 

development excised Figure 5. 1.) per apex 

Recovery of [3H] Tissue 

6A4 radioactivity dry 

(up to and including weight 

C18HPLC) (mg) 

Pg GA4/7 -like per 

apex (corrected 

for losses up to 

including C18 HPLC) 

Ng GA4/7 -like per g 

dry weight (corrected 

for losses up to and 

including C18 HPLC) 

Early (Day 7) 87 

Mid (Day 21) 99 

Late (Day 35) 78 

3.9 

2.1 

1.3 

Total 7.3 

48.8 

21.2 

16.7 

84.5 

95.4 

99.5 

66.8 

43.6 

36.0 

53.1 

22.2 

16.8 

7g•4 

50.5 

36.3 
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Figure 5.9. Biological activity of shoot apices after Nucleosil I-IPLC (Gradient 0) 

of the 0A417-like region from C 18 HPLC (Gradient D)(Figure 5.8) 

on the dwarf rice, cv. Tan-ginbozu microdrop bioassay at the 1/25 

dilution only. The Rts of authentic GAs are shown above the fractions 

and ng (0A3 equivalents) are given for peaks> 1 S.D. above the con-

trol value. 
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bioactive GA-like compounds, or bioactive GAs present in lesser concentrations. A rebloassay of 

these fractions (e.g. excluding the GA4 region) showed that there was indeed another bioactive 

peak at the GA9 Rt (Figure 5.10). The fractions with the GA9-like bioactivity (fractions 

26-27 mm) were methylated and analyzed by GC-MS-SIM. Monitoring for five ions 

characteristic of GA9 EM (330); M-32 (298); 11-60 (270); 11-87 (243) and 11-104 

(226)1, as well as hydrocarbons (m/e 85), resulted in a sample KR) of 2400. Authentic GA9, 

monitoring for the same ions and hydrocarbons, also gave a KR) value of 2400. As well, the 

relative abundances of the M and 11-60 ions were similar in the sample and the standard, using 

11-32 as the base peak (results not shown). Further confirmation of the presence of Ag was 

achieved by adding [211] (d2 ) GA9 to the sample, determining that [2112] GAg co-eluted with 

the sample on capillary GO, and that relative abundances were similar for the ions monitored 

[M+; 11-32; M-60] in both the deuterated GA9 and endogenous GA9 (results not shown). 

The precursor-like fraction (e.g. eluting from the C1 8-PC in 100% Me0H) from the 

extract of shoot apices was also subjected to C1 8 HPLC (Gradient F). Again, the Tan-ginbozu 

dwarf rice microdrop bioassay was used to locate GA-like bioactive peaks. j-kaurene, 

kaurenoic acid and hydroxyleted derivatives of kaurenoic acid generally exhibit relatively low to 

very low bioactivity in this bioassay (Murakemi, 1968b; Hoed, 1983). Thus, even though low 

amounts of bioactivity were expected and observed (Figure 5.11), those fractions with traces of 

activity present where 0A l2-aldehyde, j-kaurene and kaurenoic acid would elute were 

derivatized and analyzed by CC - MS - 3)11. Fractions 32 - 34 min were found to contain 
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Figure 5. 10. Biological activity present in the fractions shown in Figure 5.8 

when analyzed on the dwarf rice microdrop bioassay at more 

concentrated aliquots of 1/25 and 1 /50 (harvests at Days 7, 21 

and 35 combined). The 0A4/7 Rt bloactive fractions were 

removed for GO— MS—SIM. The Rts of authentic GAs are shown 

above the fractions and ng (0A3 equivalents) are given for the 

best of the 1/25 or /50 dilution for peaks > 1 S.D. above the 

control value. 
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acid (KA)] and ng (GA3 equivalents) are given for the best of the 

1/25 or 1 /50 diltulon for peaks> I S.D above the control value. 
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j-kaurene. At this very early GC-Rt, however, it is difficult to establish an accurate KRI 

value as the hydrocarbon peaks are not readily discernible. The amount of putative j-kaurene 

in the apex samples was not sufficient to obtain a full spectrum. The presence ofj-kaurene in 

the apex samples then, was determined from Rt and relative abundances of characteristic ions, 

all relative to an j-kaurene standard, using our normal as well as an extended temperature 

program on the capillary GC (Table 5.4). 

Although kaurenoic acid was not detected in fractions 18-19 mm, another compound with 

similar characteristics was present. This other compound had a similar GC-Rt as the kaurenoic 

acid standard (Table 5.4). A full spectrum of the compound was obtained and, although the 

characteristic fragment ions were similar to those in kaurenoic acid (Table 5.4), the relative 

abundances of these masses were not similar. 

GIBBERELLINS IN NEEDLES FROM ELONGATED SHOOTS OF P/CE,4 OLA(JCA 

Me/h0d5 

Fully elongated needles of Phee g/ouco were extracted for GAs following the methods in 

Chapter 2. Needles from Clone 52 were initially extracted from propagules that were untreated 

(Control). They were from shoots at three stages of bud initiation/differentiation, 7, 21 and 

35 days after bud initiation/differentiation is known to begin. Based on preliminary results 

with Clone 52, needles from Clone 139 were then extracted from four treatments (Control, RP, 

Heat and Heat+ Root-pruned) for the early conebud initiation/differentiation stage (Day 7). 



Table 5.4. Capillary GC-MS-SIFI of GA precursors from excised shoot apices of P/cea1auca (see Figure 5.11 for spectrum 

of biological activity). 

GA precursor 
Retention 
time (mm) Relative abundance at peak m/z (Percentage abundance in parentheses): 

Authentic kaurene 

Putative kaurene 

Authentic kaurene 

Putative kaurene 

8.14* 

8.12* 

12,73** 

12.68 

272(M) 257 229 213 201 167 

434(89) 

68(102) 

487(100) 252(52) 

67(100) 37(55) 

1197(85) 1411(100) 990(70) 

78(96) 81(100) 64(79) 

170(35) 88(16) 

34(51) 23(34) 

764(54) 

46(57) 

239(17) 

24(30) 

325(23) 

29(36) 

Authentic 

316(M) 301 273 257 241 213 

15.82** 205(67) 104(34) 

kaurenoic acid methyl ester 

Putative 15.88 16637(70) 7872(33) 

kaurenoic acid 1methyl ester 

214(70) 307(100) 261(85) 96(3 1) 

1222(5) 23949(100) 40122(166) 3313(14) 

* Normal temperature gradient. 
* Extended temperature gradient. 

Due to discrepancies between relative abundances of the methyl esters of authentic kaurenoic acid and the putative kaurenoic acid 
(for mk 273, 241 and 213), this substance is not identified as kaurenoic acid. 
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Results 

After extraction and purification of GAs from needles of Clone 52, the GAs from each stage of 

bud initiation/differentiation for Clone 139 were separated on reversed-phase C18 HPLC 

(Gradient E) and divided into two regions: GA8120 Rt and OA4g Rt regions. 

The GA4 g Rt region was subjected to further reversed-phase C1 8 HPLC (Gradient E) and 

bicassayed by the dwarf rice microdrop bioassay (Figure 5.12). The biological activity at the 

GA4 Rt was relatively low at Day?, increased by Day 21 and decreased again by Day 35. 

Bioactivlty at the GA9 RI decreased from Day 7 through to Day 35. The bioactive fractions at 

the GA9 Rt were grouped for all harvest dates and further purified using an $102-AC. The 

sample extract was derivatized (MeTFISI derivative) and analyzed by GC-MS-SIM. Gibbereflin 

Ag was identified based on similar KRI values and relative abundances for the putative and 

authentic GA9 (Table 5.5). 

Bioactivity at the GA4 Rt was again chromatographed using reversed-phase C18 HPLC, but 

with isocratic mixture C, and fractions then bioassayed as above. The bicactivity (Figure 

S. 13), indicated unexpectedly high concentrations of a 0A4-like substance. For each harvest 

date, the bioactive fractions at the GA4 Rt were derivatized (MeTMSi derivatives) and analyzed 

by 6C-MS-SIM, using both the normal and extended temperature program, but GA4 could not be 

identified at any stage of conebud initiation/differentiation. The sample extracts from all stages 
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Figure 5. 12. Biological activity of extracts from needles taken from shoots of 

untreated (Control) propegules at 7, 21 and 35 days after conebud 

initiation/differentiation is known to begin after reversed-phase 

C 15 HPLC (Gradient E) of the GA419 Rt on the dwarf rice, cv. 

Tan-glnbozu, micrdrop bioassay at each of 1/00 and 1/200 ali-

quots. The Rts of authentic GAs are shown above the fractions and 

ng (GA3 equivalents) are given for the best of the 1/ 100 or 

1/200 dilution for peaks> 1 S.D. above the control value. 



Table 5.5. Capillary GC-418-SIM of authentic and putative GAg (see Figure 5.12 for spectrum of biological activity) and authentic 

and putative 6A4-O(3)-glucoside (Figure 5.13) from elongated needles of Pfceg/atic. 

GA 

Kovats 

Retention Retention 

time (mm) Relative abundance of peak at m/z (Percentage abundance in parentheses): Index 

330(M ) 296 270 243 226 

Authentic GAg* 9.34 1 1730(13) 88138(100) 52401(60) 30659(35) 23997(27) 2432 

Putative GAg 9.35 753(16) 4655(100) 3267(68) 2277(47) 1454(30) 2434 

533(M) 389 329 285 101 

Authentic 

0A4- O(3)-glucoside 14.02 N.D. 15(5) 77(27) 97(34) 269(100) 3533 

Putative 

GA4_2(3)_glucoside** 14.02 N.D. 28(4) 117(17) 267(39) 681(100) 3534 

N.D. = not detected. 
*Analyzed as the methyl ester. 
"Analyzed as the permethyl ester. 
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Figure 5. 13. Biological activity of needles after reversed-phase Ci 8 HPLC 

(Gradient C) of the 0A419 Rt from C18 HPLC ( Gradient E) 
(see Figure 5.12) on the dwarf rice, cv. Ten-ginbozu, micro-

drop bioassay at 1/50 and 1/1 00 allquots. The Rts of authen-

tic GAs are shown above the fractions and ng (GA3 equivalents) 

are given for the best of the 1/50 or 1 /00 dilution for peaks 

> 1 S.D. above the control value. 
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of bud initiation/differentiation were regrouped and analyzed by GC-M$ to obtain a full 

spectrum. Unfortunately, no known GA could be identified, but a very strong peak containing 

sugar ions was present, indicating possibly the presence of a conjugated GA. The TMSI group was 

removed by hydrolysis with water and the sample was permethylated as described in Taylor 

eoi (1984). The permethylated sample was analyzed by GC-MS-St1, monitoring for five 

characteristic fragment ions for GA4- O( 3)-glucoside plus hydrocarbons (m/z 85) for both the 

sample extract and authentic GA4- O( 3)-glucoside. A KRI value of 3534 was obtained for the 

sample extract and was similar to the KRI of 3533 obtained for authentic GA4- O( 3)-glucoside. 

Relative abundances were also similar for sample extract and authentic GA4- O( 3)-glucoside 

(Table 5.5). 

The presence of a conjugated GA in the free acid fraction suggested an incomplete separation 

of the free GAs from the conjugated GAs (on the Si02-PC). Sembdner, however, has commented 

that 0A4-glucoside is partially soluble in EtOAc when partitioning at pH 3.0 (personal 

communication with R.P. Pharis). Hence, partial solubility in the -hexano:Et0Ac mixture 

(5:95) at the 8102-PC stage may be occuring. This would imply that large amounts of 

GA4- O( 3)-glucoside would be present in the GA conjugate fraction. 

Purification of the conjugated GA fraction from Clone 52 (partitioning with -Bu0H at pH 

3.0, followed by an 8i02-PC) and separation by reversed-phase C18 HPLC (Gradient C) was 

followed by the dwarf rice immersion bioassay (using one half of the sample) and the dwarf rice 

microdrop bioassay. Measurable biosetivity was not observed on the immersion bioassay. 
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Bloactivity on the microdrop bioassay was observed to be at an Rt two min earlier than authentic 

GA4 (results not shown), which would coincide with an Rt for GA4- 0 (3)-glucoside (Schneider 

ot.ei, 1984). This suggests incomplete separation of free and conjugated GAs on the 8102-PC, 

at least for needles from Clone 52. 

Needles from Clone 139 were then extracted using the same methods as for Clone 52, but a 

different source of 8102 for the S102-PC, The free GAs were separated on reversed-phase C,s 

HPLC (Gradient C) and bioossayed, but a large bioactive peak at the GA4 Rt was not observed 

(results not shown). The samples from this Clone (Clone 139) have not been further analyzed. 

Until the conjugated GA fraction is analyzed, it is not known whether GA4- 0( 3)-glucoside is not 

present in large amounts in Clone 139 or whether the 8102-PC used for Clone 139 was more 

effective in separating free GAs from GA conjugates than for Clone 52. 

The bloactive peak at fraction 18 mm (Figure 5.13; Day 7) was analyzed by GC-MS-SIM 

monitoring for five characteristic ions and hydrocarbons for each of 0A19, GA34 and GA44. 

Gibberellins A19 and A44 could not be detected but a substance with the same KR! as GA34 (KRI 

of 2683 in the sample extract and for authentic GA34) was detected although the relative 

abundances of the characteristic ions were not similar (Table 5.6) 

The bloactive peak at fractions 21-23 mm (Figure 5.13; Day 35) was derivatized 

(MeTMSi derivative) and analyzed for GA7 by GC-MS-SI M, but GA7 could not be detected. 

The GA81 1120 region was grouped across all three harvest dates, then chromatographed on 



Table 5.6. Capillary GC-MS--SIFI of authentic and putative 9A34 (Figure 5.13) and authentic and putative 6A20 and GA44 

(Figure 5.14c) from elongated needles of P/ceag/auc8. 

Kovats 

Retention Retention 

GA time (mm) Relative abundance at peak m/z (Percentage abundance in parentheses): Index 

506(M) 475 416 372 313 

Authentic GA34l1eT11Si 11.43 45774(100) 1319(3) 2227(5) 3061(7) 4596(10) 2683 

Putative GA341eTMSi 11.40 37(100) N.D. 1 11(30) 18(49) N.D. 2683 

418(M) 403 366 375 359 

Authentic GA2QF1eT11Si 10.12 246(100) 29(12) N.D. 110(45) 38(15) 2522 

Putative GA2OMeTt1Si 10.16 4802(100) 518(11) 94(2) 2474(52) 562(12) 2525 

432(M) 417 373 238 207 

Authentic GAMeTMSi 13.00 2693(100) 34(1) 413(14) 595(21) 1818(63) N.A.2 

Putative GA44MeThSi 12.94 31(100) 13(42) 15(46) 25(81) 68(219) 

1N.D. = not detected. 
2NA = not available 

01 
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reversed-phase C18 HPLC (Gradient 6), fractions being bioassyed by the dwarf rice microdrop 

assay (Figure 5.14a). The bioactive peak at the GA4 Rt is most likely a shoulder from the 

initial separation of the GA81 1/20 and 6A419 Rts. This bioactive peak at the GA4 Rt was 

subjected to Nucleosil HPLC and rebicassayed (Figure 5.14b). The bioactive peak was found to 

elute very early on Nucleosil HPLC where GA methyl esters and GA catabolites are known to 

elute. 

Non-significant peaks at the GA8 and the GA1 Rts were each subjected to Nucleosil HPLC, and 

all fractions except those that were expected to contain GA8 and GA1 were rebloassayed, but no 

GA-like biological activity could be detected. The fractions expected to contain GA8 and OA  were 

derivatized (MeTrisi derivatives) and analyzed by 60-MS-SRI but neither GA8 nor GA1 could 

be detected from needles of Clone 52. 

The bloactivity at the GA20 Rt was also subjected to Nucleosil HPLC and rebloassayed, except 

for one fraction at the GA20 Rt which was taken directly to GO-MS-SRI. Bicactivity was 

observed near the GA20 St (Figure S. 14c), and another bioactive peak at an Rt earlier than 

GA20 was also observed (Figure 5.1 4c). 

The bioactive peak near the GA20 St was combined with the fraction that should contain 

GA20, and this single fraction was then derivatized and analyzed by 60-115-SRI. Gibberellin 

A20 was identified based on the KRI and the relative abundances of five characteristic fragment 
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Figure 5.14. Biological activity in an extract of fully elongated needles of P/'e8 

gleuco (a) originating from the GA811 /20 region after reversed-

phase C 18 HPLC (Gradient A) and (b) originating from the GA4 

Rt [shown in (a)] after Nucleosli HPLC (Gradient 0) and (C) ori-

ginating from the GA2O Rt in [shown in (a)] after Nucleosil HPLC 

(Gradient 0). Aliquots used in the bioassay are given on each fig-

ure. The Rts of authentic GAs are shown above the fractions and ng 

(GA3 equivalents) are given for the best aliquot dilution for peaks 

> 1 S.D. above the control value. 
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ions in both the sample extract and authentic GA20 (Table 5.6). 

The bioactive peak at the Rt earlier than GA20 (Figure 5.14c) was also derivatized and 

analyzed by GC-I18-SIM. Although a substance similar to GA44 was indicated, GA44 was not 

identified. The 0A44-like substance eluted at a similar Rt as authentic GA44 on capillary GO and 

had similar fragment ions, but they were not of similar relative abundances (Table 5.6). Other 

possibilities, such as GA37, have yet to be examined. 

OLcc1/ssli?/7 

Terminal and lateral shoot primordia (both of which are potential conebuds) of Pico 

g/uco were found to contain a GA precursor, nj-keurene, and GA9, a non-hydroxylated C19 

GA. Gthberellln Ag was also identified from lateral shoots as were the C-313-hydroxlylated GA4 

and GA7, and the C-3J3, 1 3-dthydroxylated GA1 and GA3. Gibberellin Ag was also identified from 

elongated needles, along with the C-i 3-hydroxylated GA20 and a conjugated GA, namely 

GA4- O( 3)-glucoside. 

Of the endogenous GAs Identified in Pieeg1ouce, all are C19 GAs. In GA metabolism, C20 

GAs are the immediate products of GA precursors, such as nj-kaurene. These in turn, become 

the immediate precursors to 019 GAs when they are at the 0-20 aldehyde oxidation state 

(Kamiya oLel, 1986). As C20 GAs were not conclusively identified in Pkeeg1euce (although 
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their presence is implied from Nucleosil HPLC; see Figures 5.3 and 5. 14c), this suggests that 

New qiel/ca may be rapidly metabolizing the C20 GAS to C19 OAS. 

Oibberellin Ag was the only free GA common to the three shoot tissues examined, suggesting 

that the non- hydroxylated pathway is the primary pathway of GA metabolism in Pkey1euce. 

nt-Kaurene was identified from terminal and lateral shoot apices of P,cae gl8ile8 In 

P,'um s8ftttln, the shoot tip, along with last internode and last unfolding leaves were found to 

contain high levels of GA precursors relative to the older internodes and leaves and were 

especially higher than the GA precursor levels found in the root tips (Coolbaugh, 1985). If OAS 

are rapidly metabolized in growing regions, as is suggested by Oreebe (1987), and GA 

precursors are primarily located in regions with the greatest growth potential (Coolbaugh, 

1985), the identification of j-kaurene in the shoot apices would not be surprising. 

Precursors to GA metabolism were looked for in the shoot tissue but could not be identified, 

although the fraction analyzed was from the MeOH wash of the 50% Ci 8-PC, which was later 

found to contain few or no precursor-type OAS. Precursor-type GAS are now known to be 

retained on the first C1 8-PC and only elute therefrom in the MeOH wash, which was routinely 

discarded. Due to the excessive amounts of pigments in shoot and needle tissue, which are 

difficult to separate from j-kaurene and kaurenoic acid in the MeOH wash of the first C1 8-PC 

(a suitable method has yet to be devised for this particular procedure), GA precursors have not 

yet been analyzed for either shoot or needle tissue. Although the identification of GA precursors 

has yet to be accomplished for the shoots and needles, these tissues may be expected to contain 

them, as was the case for P/sum sotivum shoots, and the concentrations may be expected to be 
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lower than those found in the apical buds. 

Gibberellins A4 and A7, which were identified from shoot tissue, could be metabolites of GA9 

by C-313-hydroxylation to GA4 (see Greebe, 1987) and the subsequent C- 1 ,2-dehydrogenation 

of GA4 to form GA7 (speculative). Alternatively, GA4 could be formed through a series of steps 

that would include early C-3J3-hydroxylation of a C20 GA, such as GA15, to form GA37, which 

would then be converted to GA36 and finally to GA4. But the early C-3-hydroxylated C20 GAs 

(e.g. GA36 or GA37) nor the non-hydroxylated GA15 has yet to be identified in Pi≥'eog/auce, 

although GA 15 is known to be native to P,?wsrot/ife (unpublished research results, Ruichuan 

Zhang, M.Sc. student, Department of Biological Sciences, University of Calgary). 

The C- 13-hydroxylated GA20 could be formed directly from the non-hydroxlyated GA9 (see 

Groebe, 1987) or the C- i 3-hydroxylation could theoretically take place at any of three steps 

prior to GA9 formation, which would imply an intermediate C-i 3-hydroxylated C20 GA, such 

as GA53, GA44, or GA19. However, C-i 3-hydroxylated Ctj GAs have yet to be identified in 

P,csy1u. 

Gibberellin A3 could be formed by C-1,2-dehydrogenation of 6A1, or by 

C- 13-hydroxylation of GA7. It is also possible that GA3 may be formed from GA5 via the 

epoxide GA6 (Koshloka eoi, 1985). But only GA1 and GA7 (not OAS or GA6) have been found 

thus far in Ph'eog/uoce. 

In P&um so/ivuin, GA20 appears to be biosynthesized in the leaves and transported to 
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shoots where it is converted (C-313-hydroxylation) to GA1 and is not further transloceted 

(Ingram etel, 1984). The fact that GA20 was identified in needles but not shoots of P,ee 

g&= combined with the identification of GA1 in shoots but not needles, leads to the suggestion 

that the conversion of GA20 to GA1 is similar to that found in Pi'um sot/vim. In Pseuths/uga 

menzhs// (Wample et.oi, 1985) the identified products of [3H] GA4 metabolism did not 

include GA1, suggesting that GA1 may indeed be preferably formed from GA20 rather than GA4. 

As well, the abundance of GA4- 0 (3)-glucoside in needles of Piaw glesice may suggest 

conjugation (at this stags at least) of GA4 rather than rapid metabolism to GA1. 

Gibberellin A9 glucosyl ester has been identified as a major component in needles of Pi'eo 

glleZ&'7S1? (Lorenzl et.e!, 1975; Loren21 e81, 1976). The abundance of GA9 glucosyl ester 

in P,ea MMwsfs and of GA4- O(3)-glucoside in Piei gleuca in needles suggests that 

conjugated GAs may be stored in needles rather than shoots of these species. 

The endogenous GAs identified in Pkeeplouca (GA1, GA3, GA4, GA7, GA9, GA20 and 

0A4-O (3)-glucoside) are all C19 GAs, although bicactive C20-GA-like substances are 

indicated (see Figures 5.3 and 5.14). The presence and relatively high concentration of GA9 in 

shoot primordia, shoots and needles suggests that the non-hydroxylated pathway of GA 

metabolism is predominant in Pi'eog/ouce. Although possible steps for the conversion of GA9 to 

other endogenous GAs is speculated, metabolic studies of labelled GAs that give rise to specific 
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products need to be performed (see Chapter 7) in order to provide evidence for the pathway(s) 

of GA metabolism in Pi'eeg/euce. 
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CHAPTER 6 

QUANTITATION OF ENDOGENOUS GIBOERELLINS IN ELONGATED SHOOTS OF P/CM 

OLAUCI4 DURING THREE STAGES OF CONEBUD INITIATION/DIFFERENTIATION 

Introducti 7/i 

The finding that GA4 and GA9 were the major endogenous free GAS in P/ceo glouco shoot 

tissue stimulated my interest in the quantitative amounts and concentrations that may exist in 

lateral shoots with primordla that are being initiated and undergoing differentiation. 

In lateral shoots of Pheeg/ouco, differentiation of terminal apical merlstems and newly 

initiated axillary meristems into vegetative or reproductive buds occurs during the late stage of 

slow shoot elongation (Owens and Molder, 1984). If endogenous levels of GAs are causally 

related to flowering in Pk'eo, then quantitation of endogenous GAs during conebud 

initiation/differentiation might provide substantiating evidence. I thus proposed to determine if 

there was a correlation between endogenous levels of GA4, GA7 and GA9 and female conebud 

production. Virtually nothing is known about what endogenous hormone changes occur when a 

vegetative apex is converted to a reproductive apex, or when a newly initiated (but 

undetermined) primordia differentiates into a conebud. Thus I sampled shoots at three stages of 

bud initiation/differentiation in an attempt to encompass the time when biochemical changes 

might be influencing conebud morphogenesis. 
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Mothis 

Lateral shoots, with associated primordia but excluding needles were harvested in 1985 at 

three stages of development, and endogenous levels of GA4, GA7 and GA9 therein were quantified 

by GC-MS-SIM using [2H] (c12) GAs as internal standards. The first harvest occurred 7 days 

after the initiation of GA417 treatments on other propagules in a parallel experiment 

(hereinafter referred to as 'Day 7'). At this time shoot elongation is just complete. Terminal 

apical meristems are differentiating and axillary meristems are initiating/differentiating into 

next year's vegetative or reproductive buds. The second and third harvests occurred 21 and 35 

days after the initiation of GA4 7 treatments referred to above. 'Day 21' represents early leaf 

initiation/conebud development and 'Day 35' represents late leaf initiation/conebud 

development. 

Quantitation of GA4, GA7 and GA9 was accomplished for each of two clones. The lateral 

shoots from Clone 139 were extracted first. Added to each MeOH extract were 1667 Bq and 

100 ng each of [3H]+[2H2] GA1 [3H]+[2H2] GA3, [3H]+[2H2] (3A4, [2H21 GA7, and 

[3H] +(2H2] GA9. Purification and separation leading to GC-MS-SIM were as outlined in 

Chapter 2, but excluded the extra purification by the Si02-AC procedure. After obtaining 

results from CC-MS-SIN for Clone 139, a second set of shoots, from Clone 52, was extracted, 

duplicating the previous procedures. 

The harvested shoots (approximately 1 g for each sample) were taken from propegules that 
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either received no treatment (Control) or only Root-pruning (RP). It is important to note that 

although RP as a treatment did not significantly affect overall production of female strobili, the 

shoots from Root-pruned propagules extracted in this experiment were second-order lateral 

shoots (which are most likely to differentiate into female conebuds) and are from propagules 

that did exhibit female conebud production (Table 6.1). In contrast, 'Control' shoots were from 

non-Root-pruned propagules which produced few or no female conebuds (Table 6.1). 

Table 6.1. Conebud production for propagules used to analyze endogenous GA levels. 

Propagule Number of female Number of male 
Clone numbers Treatment conebuds produced conebuds produced 

139 11,19 Control 0 2 

28,34 Root-pruned 42 5 

52 78,56 Control 1 32 

44,65 Root-pruned 35 321 

Results 

QUANTITATION OF GA4, GA7 AND GA9 IN LATERAL SHOOTS FROM CLONE 139 

Purified extracts of lateral shoots for both Control and RP treatments, at three stages of bud 
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initiation/differentiation were initially chromatographed by reversed-phase C18 HPLC 

(Gradient A). Three broad regions were identified based on the Rts of authentic [3H] GAS: GA8 

Rt, GA113 Rt, and GA4g Rt regions. Each grouping was then subjected to Nucleosil HPLC 

(Gradient 0), prior to analysis by radloassay and by the dwarf rice microdrop bioassay. 

Biological activity after Nucleosil N(CH3)2 HPLC for the less polar 0A419-like region 

(from C18 HPLC) is shown for Control (Figure 6.1) and Root-pruned shoots (Figure 6.2). 

There is a tendency for biological activity to increase from Day 7 to Day 21 or 35. The low 

amount of bloactivity in Day 21 for the Control shoots is due to losses that occurred when part of 

the sample was accidentally spilled. 

As noted in the legends, the majority of the biological activity observed in Figure 6.1 and 

6.2 is due to the addition of [2H] (d2) GAs (GA4, GA7 and GA9), which were added at the time 

of extraction. As all of the extracts received the same amount of deuterated GAs, the increased 

biological activity observed at Days 21 or 35 is possibly due to increased levels of endogenous 

GAs (see later). 

When comparing quantitative estimates by bioassay between Control and Root-pruned shoots 

at Day 7, Control shoots showed higher bloactivity at the GA4 and GA7 g Rts relative to 

Root-pruned shoots. However, by late leaf initiation/conebud differentiation (Day 35), 

Root-pruned shoots exhibit more 0A4-like as well as more GAg-like bioactivity when compared 

to the Control shoots. 

Fractions containing 0A4-like and 0A9-like blo- and radioactivity were derivatized (to 
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Figure 6. 1. Biological activity of control shoots from Clone 139 on the dwarf rice, 

cv. Tan-ginbozu, microdrop bioassay at 1/100 and 1/200 aliquots, 

after Nucleosil HPLC (Gradient 0), of the 0A4/9 Rt group from c1 8 

HPLC. Shoots were harvested 7, 21 and 35 days after bud initiation/ 

differentiation is known to begin. The Rts of authentic GAs are shown 

above the graph and estimated ng (GA3 equivalents) are given for the 

best of the 1 / 100 or 1/200 dilution for peaks >1 S.D. above the con-

trol value. The bloactivity mainly reflects the presence of [2H] GA 4 

(GA4Rt) and [2H]0A 7 endGAg (0AgRt). 
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Figure 6.2.Biological activity of root-pruned shoots from Clone 139 on the dwarf 

rice, cv. Tan-glnbozu, microdrop bioassay at 1 / 100 and 1/200 aliquots, 

after Nucleosil HPLC (Gradient 0) of the OA 4/9 Rt grouping from C18 

HPLC. Shoots were harvested 7, 21 and 35 days after bud initiation/diff-

erentiation is known to begin. The Rts of authentic GAs are shown above 

the graph and estimated ng (GA3 equivalents) are given for the best of the 

1/1 00 or 1/200 dilution forpeaks> 1 S.D. above the control value. The 

bioactivity mainly reflects the presence of [2W 0A4 (GA 4 Rt) and [2H] 
GA7 and OR9 (GA9 Rt). 
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MeTMSi derivatives) and analyzed by (3C-MS-SIM using the deuterated GAs ([2H2] GA4, [2H21 

GA7, and I2H21 GA9) to quantitate the amount of endogenous GA4, GA7 and GAg. Relative 

abundances of characteristic fragment ions are shown in Tables 6.2 to 6.4. Although the Rts 

very slightly, the putative endogenous [1H] GA and its [2H] (d2) analogue co-eluted in all 

samples. Thus, the Rt and relative abundances of the characteristic ions were taken as a 

qualitative confirmation of the presence of endogenous GA4, GA7 and GA9. Oibberellin A7 was 

identified from the Nucleosil HPLC fractions that contained GA9 which is the expected Rt based on 

its C-i ,2 dehydro structure. 

Quantitative data for endogenous GA4, GA7 and GA9 per shoot are given in Table 6.8 and 

Figure 6.5, and in Table 6.9 and Figure 6.6 for concentrations per gram of dry weight, for both 

this clone (Clone 139) and Clone 52 (see below). 

QUANTITAT ION OF GA4, GA7 AND GA9 FROM LATERAL SHOOTS OF CLONE 52 

As with Clone 139, an initial reversed-phase C18 HPLC (Gradient E) was used to separate 

the several regions based on polarity of [3H] GA elution. However, for Clone 52, only two broad 

regions were recognized: GA81113120 Rt and GA471g Rt. The GA47g Rt region was 

subjected to Nucleosil N(CH3)2 HPLC (Gradient 0) and bioassayed as described above for Clone 

139. 

As noted above, the biological activity (Figures 6.3 and 6.4) is primarily due to the 



Table 6.2. Capillary GC-MS-SI11 of endogenous putative GAg + E2H2] GAg in Piceag/auca shoots from Clone 139 after Nucleosil HPLC 

(Figures 6.1 and 6.2). 

Days from cone- Relative abundance of oeak at m/z (Percentage abundance in oarentheses):  

bud initiation/ Retention E2H] GAg GAg 

Trtmt differentiation time (mm) 

332(M) 300 272 330(M) 298 270 

[2H2] GAg 9.501 218(15) 1472(100) 1069(74) 10 15 17 

Control 7 9.66 Uncorr2 40(19) 213(100) 173(81) 28 110 73 

Corr2 26(24) 108(100) 70(65) 

21 9.64 Uncorr 69(14) 502(100) 302(60) 31 147 109 

Corr 28(20) 142(100) 104(73) 

35 9491 Uncorr 97(23) 416(100) 306(74) 16 85 73 

Corr 13(16) 81(100) 68(84) 

Root- 7 9.66 Uncorr 89(15) 595(100) 406(68) 82 510 356 

pruned Corr 78(15) 504(100) 68(64) 

21 9.66 Uncorr 95(15) 626(100) 528(84) 41 251 171 

Corr 37(15) 245(100) 163(67) 

35 9.64 Uncorr 248(12) 2019(100) 1273(63) 66 425 296 

Corr 55(14) 404(100) 276(68) 

1A change in retention time occurred after the cooling tower on the GC was tightened. 
2Corr = corrected; Uncorr = uncorrected for intensity of protio ions (m/z 330, 298, 270) present in each of the deutero ions 
(m/z 332, 300, 272). 0 

0 



Table 6.3. Capillary GC-MS-SIFI of endogenous putative GA4 + [2H21 GA4 in P/ceag/auca shoots from Clone 139 after Nucleosil 
HPLC (Figures 6.1 and 6.2). 

Days from cone- Relative abundance of peak at m/z (Percentage abundance in parentheses):  

bud initiation! Retention [2H] 6A4 GA4 
Trtmt differentiation time (mm) 

420(F1) 291 286 418(M) 289 284 

[2H2] GA4 19.87** 495(58) 336(39) 859(100) 3 18 85 

[21121 GA4 19.56* 542(28) 791(42) 1910(100) 9 47 185 

Control 7 19.58* Uncorr 1 1136(22) 2280(45) 5054(100) 67 288 892 

Corr  48(12) 153(38) 402(100) 

21 19.55* Uncorr 249(22) 464(41) 1 140(100) 26 86 323 

Corr =1 0) 69(33) 212(100) 

35 19.58* Uncorr 427(26) 762(47) 1657(100) 32 96 273 

Corr 25(22) 50(45) 112(100) 

Root- 7 20.07** Uncorr 186(57) 137(42) 324(100) 12 20 51 

pruned Corr 11(58) 10(51) 19(100) 

21 19.67** Uncorr 133(52) 104(40) 257(100) 16 20 68 

Corr 15(35) 14(33) 43(100) 

35 19.55* Uncorr 61(33) 93(50) 186(100) 7 16 27 

Corr 6(35) 10(51) 17(100) 

*/**GC_SIM runs with the same number of asterisks were chromatographed on the same day (extended temperature program) 
1Corr = corrected; Uncorr = uncorrected for intensity of protio ions (m/z 418, 289, 284) present in each of the deutero ions 
(m/z 420, 291 286). 0 



Table 64. Capillary GC-MS--SIM of endogenous putative GA7 + (2H21 6A7 in P/ceag/8eic8 shoots from Clone 139 after Nucleosil 

HPLC (Figures 6.1 and 6.2). 

Days from cone- Relative abundance of peak at m/z (Percentage abundance in parentheses):  

bud initiation/ Retention (2H] GA7 GA7 

Trtmt differentiation time (mm) 

416(f1) 328 284 416(M) 326 282 

[2H2] GA7 10.79 60(25) 90(37) 242(100) 0 4 21 

Control 7 10.75 Uncorr 1 25(45) 34(62) 55(100) 3 6 10 

Corr  3(60) 4(80) 5(100) 

21 10.75 Uncorr 12(32) 16(42) 38(100) 0 4 10 

Corr 0 3(43) 7(100) 

35 10.75 Uncorr 21(36) 22(38) 58(100) 2 5 12 

Corr 2(29) 4(57) 7(100) 

Root- 7 10.79 Uncorr 38(32) 39(33) 120(100) 2 7 23 

pruned Corr 2(18) 7(45) 11(100) 

21 10.81 Uncorr 45(34) 50(37) 134(100) 4 10 17 

Corr 4(24) 8(47) 17(100) 

35 10.81 Uncorr 63(33) 71(37) 192(100) 3 8 24 

Corr 3(18) 5(29) 17(100) 

1Corr = corrected; Uncorr = uncorrected for intensity of protio ions (m/z 416, 326, 282) present in each of the deutero ions 
(m/z 418, 328, 284). 
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Figure 6.3. Biological activity of control shoots from Clone 52 on the dwarf rice, 

cv. Ten-ginbou, microdrop bioassay at 1/100 and 1/200 aliquots, 

after Nucleosil HPLC (Gradient 0), of the 0A4/9 Rt group from Cl 8 

HPLC. Shoots were harvested 7, 21 and 35 days after bud initiation/ 

differentiation is known to begin. The Rts of authentic GAs are shown 

above the graph and estimated ng (GA3 equivalents) are given for the 

best of the 1 / 100 and 1/200 dilution for peaks >1 S.D. above the con-

trol value. The bloactivity mainly reflects the presence of [2H] 0A4 

(GA4Rt)and [2H] GAg and GA7 (GAg Rt). 
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deuterated GAs that were added as internal standards at the time of extraction. Bicactivity at the 

GA4 Rt for Control shoots was relatively high at Days 7 and 21, and decreased by Day 35. 

Root-pruned shoots showed relatively high bioactivity at the GA4 St for all three harvest dates. 

For the Control shoots, bioactivity at the GA9 Rt was similar for Days 7 and 21 and incresed 

by Day 35. However, Root-pruned shoots showed an increase in bioactivity at the GA9 Rt for 

Day 21 shoots compared to Days 7 and 35 shoots. 

The GA4 Rt and GA9 Rt fractions (Figures 6.3 and 6.4) were derivatized (11eTMSi 

derivatives) and analyzed by GC-M$-SIII. Relative abundances of characteristic fragment ions 

for putative and [2H2] GA9, GA4 and GA7 are listed in Tables 6.5 to 6.7, respectively. Based on 

Rt, relative abundance and co-elution of the putative GA with the (2H2] GA, GA4 and GA7 were 

positively identified from all treatments and harvest times. Gibberellin Ag was not 

unequivocally identified in these shoots as the relative abundance of the m/z 330 (the molecular 

ion of GA9) was consistently higher than that observed for authentic GA9 and [2H21 GA9. It is 

likely however, that GA9 is present, and that the samples are merely contaminated with another 

co-eluting compound possessing a m/z 330. However, further purification of the fractions will 

be required to unequivocally confirm the presence of GA9. 

The molecular ion (Ni) cluster for each of authentic GA4, GA7 and GA9 as well as each of 

the deuterated analogues were monitored for a full spectrum using CC-MS. This data was then 

used to calculate a correction factor (R) for determining quantities of endogenous compounds 



Table 6.5. Capillary GC-MS-SIM of endogenous putative GAgl + [2H2] GAg in Piceag/atica shoots from Clone 52 after Nucleosil 
HPLC (Figures 6.3 and 6.4). 

Days from cone- Relative abundance of Desk at m/z (Percentage abundance in oarentheses):  

bud initiation/ Retention [2H] GAg GAg 
Trmt differentiation time (mm) 

332(M) 300 272 330(M) 298 270 

(2H2] GAg 9.25* 206(13) 1533(100) 920(60) 11 17 13 

(2H2] GAg 9.29** 48(8) 566(100) 577(102) 0 7 9 

Control 7 9.30* Uncorr2 41(12) 349(100) 252(72) 21 83 88 

Corr2 19(24) 79(100) 84(106) 

21 9.28* Uncorr 22(7) 310(100) 310(100) 31 137 161 

Corr 30(22) 134(100) 157(117) 

35 9..29* Uncorr 29(10) 282(100) 262(93) 29 100 126 

Corr 27(28) 97(100) 122(126) 

Root- 7 9.29** Uncorr 96(11) 837(100) 835(100) 72 345 305 

pruned Corr 72(21) 335(100) 292(87) 

21 g.29** Uncorr 33(8) 402(100) 384(96) 30 161 167 

Corr 30(19) 156(100) 161(103) 

35 9.29** Uncorr 20(9) 219(100) 213(97) 15 82 91 

Corr 15(19) 79(100) 88(111) 

GC-SIM runs with the same number of asterisks were chromatographed on the same day. 1Due to an apparent contamination of 

m/z 330 by another substance(s), GAg cannot be conclusively identified in these extracts. 2 Corr = corrected; Uncorr = uncorrected 
for the intensity of protlo ions (m/z 330, 298, 270) in each of the deutero ions (m/z 332, 300, 272). 



Table 6.6. Capillary GC—MS—SIM of endogenous putative 0A4 + (2H2] GA4 in Piceag/auca shoots from Clone 52 after Nucleosil 
HPLC (Figures 6.3 and 6.4). 

Days from cone— Relative abundance of oeak at m/z (Percentage abundance in parentheses):  

bud initiation! Retention [2lI] GA4 GA4 
Trtmt differentiation time (mm) 

420(M") 291 286 418(M) 289 284 

E2H2] GA4 1g.42 11(11) 23(24) 97(100) 0 0 0 

[2H21 GA4 1g.4g 1921(63) 1039(35) 3028(100) 11 60 222 

Control 7 19.43 Uncorr 1 52(14) 107(28) 376(100) 8 17 43 

Corr  8(19) 17(40) 43(100) 

21 19.57 Uncorr 1435(67) 773(36) 2138(100) 218 157 500 

Corr 210(61) 133(33) 343(100) 

35 19.54 Uncorr 1047(69) 572(38) 1513(100) 101 88 289 

Corr 95(53) 55(31) 178(100) 

Root— 7 19.39w Uncorr 89(15) 183(30) 613(100) 15 39 100 

pruned Corr 15(15) 38(39) 100(100) 

21 19.49 Uncorr 93(59) 47(30) 158(100) 22 15 50 

Corr 21(75) 12(32) 38(100) 

35 19.55 Uncorr 479(55) 318(36) 875(100) 79 59 184 

Corr 76(61) 41(33) 124(100) 

/3 GC—SIM runs with the same number of asterisks were chrornatographed on the same day (extended temperature program). 

1Corr = corrected; Uncorr = uncorrected for the intensity of protio ions (m/z 418, 289, 284) in each of the deutero ions (m/z 420, 
291, 286). 



Table 63. Capillary GC—MS—SIM of endogenous putative GA7 + 12H21 GA7 in P/ceag/auca shoots from Clone 52 after Nucleosil 

HPLC (Figures 6.3 and 6.4). 

Days from cone— Relative abundance of peak at rn/a (Percentage abundance in parentheses): 

bud initiation/ Retention [2H] 6A7 GA7 

Trtmt differentiation time (mm) 
418(M) 3262 284 416(M) 326 282 

[21-121 GA7 10.24 143(55) 102(39) 262(100) 12 16 35 

Control 7 10.26 Uncorr 1 176(72) 272(111) 244(100) 30 37 1061 

Corr  15(54) 17(61) 28(100) 

21 10.26 Uncorr 17(46) 63(170) 37(100) 18 24 53 

Corr 17(35) 19(39) 49(100) 

35 10.25 Uncorr 167(56) 349(118) 297(100) 44 68 101 

Corr 30(49) 28(46) 61(100) 

Root— 7 10.27 Uncorr 93(67) 48(35) 139(100) 30 25 78 

pruned Corr 28(47) 21(36) 59(100) 

21 10.25 Uncorr 79(31) 254(101) 251(100) 25 34 80 

Corr 23(50) 15(33) 46(100) 

35 10.24 Uncorr 108(46) 210(89) 237(100) 20 29 60 

Corr 11(39) 13(46) 28(100) 

1Corr = corrected; Uncorr = Uncorrected for the intensity of protio ions (rn/a 416, 326, 282) in each of the deutero ions (rn/a 416, 
328, 284). 2lhere is an apparent contaminant at rn/a 328 that is not noticeable at any other rn/a. GA7 is identified based on the 

abundance of the putative 6A7 compared with the [2H2] 6A7. 
0 
co 
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using a modified isotope dilution analysis (Cohen el el, 1986): 

Y=(  
Ci 

Cf 

X 
R 

where V = amount of endogenous GA in the sample 

C1 = Initial percent of [2H2] ions relative to [1H1 + [2H2} ions in the 

authentic deuterated GA at a specifc m/z. 

C1 = final percent of m/z of (2H2] ions relative to [1 H] + [2H2] ions in the 

sample (to which the deuterated GA was added to the extract) at a specific 

m/z, 

X = amount of [2H2] GA added to the sample (which is 100 ng for these 

experiments), 

R = ratio of the proportion of endogenous GA that has a peak at a specific m/z to 

the proportion of deuterated (d2) GA that has a peak at that m/z + 2 a.m.u.. 

e.g. To calculate R for GA9 from full spectrum data: 

of area counts at rn/z 298 

of area counts from ions at m/z 296-304 

% of area counts at m/z 300 

of area counts from ions at m/z 298-306 

The correction factor (R) values were obtained for each GA as follows: GA9 = 1.0007 for the 

base peak at m/z 300/298; GA4 = 1.0901 for the molecular ion at m/z 420/418; GA7 

=0.9973 for the base peak at m/z 328/326 and 1.0495 for the molecular ion at m/z 418/416; 
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GA1 = 1.0148 for the molecular ion at m/z 508/506 and GA3 = 1.0064 for the molecular ion at 

m/z 506/504. 

The amounts of GA4, GA7 and GA9, on a per shoot basis (Table 6.8 and Figure 6.5) are very 

similar to concentrations calculated on a per gram dry weight basis (Table 6.9 and Figure 6.6) 

since approximately 1 g of tissue was used in the initial extracts. Except where noted, comments 

on the results will refer to observations made for both methods of calculations. 

For both clones, GA9 is the most abundant endogenous GA, being present in greater amounts 

and higher concentrations than either GA4 or GA7. Although GA4 is present in larger 

quantities than GA7 in Clone 139, this result should be viewed tentative as the total ion counts for 

both GAs from GC-MS--SIII were fairly low. In Clone 52, for which the endogenous 

concentrations of GA4 and GA7 were very similar (in five of six comparisons), the total ion 

counts for fragment ions of GA7 were reasonably high and are considered to be good estimates. 

The largest quantities of GA9 are present at the early stage of conebud 

initiation/differentiation (Day 7) for both clones (Figure 6.5 and 6.6) although the overall 

concentrations are higher in Clone 139 compared to Clone 52. The Root-pruned shoots of both 

clones had higher concentrations of GA9 than the Control shoots at all harvest dates, although two 

of the six comparisons were only marginally higher (see below for statistical significance). The 

Control shoots in Clone 139 showed decreasing concentrations of GA9 from Day 7 through to Day 

35. In Clone 52, however ,the Control shoots had the highest GA9 concentration at Day 21. 

Endogenous levels of GA4 are higher in Clone 52 relative to Clone 139. For both clones the 

GA4 concentration is greater in Root-pruned propagules than in Control propagules at all harvest 

dates although only marginally so in three out of six comparisons (see below for statistical 

significance). The GA4 concentration in Control and Root-pruned propagules is similar at early 

bud initiation/differentiation (Day 7) but by Day 35, the shoots from Root-pruned propagules 

contained appreciably higher concentrations of GA4 than shoots from Control propagules. 



Table 6.8.. Concentrations of endogenous GA4, GA7 and GAg in elongated shoots of P/cea.qhica from Clones 139 and 52 

during three stages of bud initiation/differentiation. 

Average number of Days from cone- Number of Nanograms of GA per shoot 

female conebuds bud initiation/ shoots analyzed (based on GC-MS-SIM analysis) 

Clone Trtmt per propagule differentiation (2 per propagule)   
GAgl GA42 6A73 

139 Control 0 7 

21 

35 

4 

4 

4 

12.5 1.1 3.2 

7.0 1.9 4.9 

4.6 1.3 4.4 

Root-pruned 21 7 4 21.0 1.3 3.2 

21 4 9.6 2.5 3.8 

35 4 4.9 2.6 1.5 

52 Control 0.5 7 4 5.6 3.5 2.1 

21 4 10.6 3.3 22.7 

35 4 8.6 2.2 4.3 

Root-pruned 17.5 7 

21 

35 

4 

4 

4 

9.9 3.6 5.5 

9.7 5.3 5.3 

9.0 3.6 2.4 

1Concentrations calculated using the modified isotope dilution analysis (Cohen eai, 1966) using the base peaks (m/z 300/298) for GAg. 

2Concentrations calculated as above but using the m/z of 420/418 (M I of GA4). 

3Concentrations calculated as above using the m/z of 418/416 (M of 6A7) for Clone 52 and m/z of 328/326 (base peak) for Clone 139.... 
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Figure 6.5. Amounts (ng) of GA9 , GA4 and GA7 per shoot in control (ci ) and 
root-pruned ( .) shoots from Clones 139 and 52 harvested at 7, 
21 and 35 days after conebud initiation /differentiation is known 

to begin. 

25 

20 

15 

10 

5 

0 

5 

4 

3 

2 

1 

0 

20 

15 

10 

5 



Table 6.9. Concentrations of endogenous GA4, GA7 and GAg in elongated shoots of PIcwgIaz1cv from Clones 139 and 52 
during three stages of bud initiation/differentiation. 

Clone 

Number of female 

conebuds produced 

Treatment by the propagules. 

Days from cone-

bud initiation/ Tissue dry 

differentiation weight (g) 

Nanograms of GA per g dry weight 

(based on GC-MS-SIM analysis) 

GAgl GA42 GA73 

139 Control 0 

Root-pruned4 42 

7 

21 

35 

7 

21 

35 

0.85 

0.97 

1.03 

0.75 

1.00 

1.03 

59 

29 

18 

5 

8 

5 

7 

10 

10 

15 

20 

17 

17 

15 

6 

52 Control 

Root-pruned4 35 

7 

21 

35 

7 

21 

35 

o.sg 
1.03 

1.23 

0.61 

0.88 

0.97 

38 

41 

28 

65 

44 

37 

24 

13 

7 

25 

24 

15 

14 

88 

14 

36 

24 

10 

1Concentrations calculated using the modified isotope dilution analysis (Cohen eEa/, 1986) for the base peak (m/z 300/298) for GAg. 

2Concentrations calculated as above but using the m/z 420/418 (M I of GA4). 

3Concentrations calculated as above using the m/z 418/416 (M I of GA7) for Clone 52 and m/z 328/326 (base peak) for Clone 139. 

4The Students paired t test, using data from both clones, gave significantly higher concentrations of endogenous GA4 (P≤0.025) and 
GAg (130.05) in root-pruned shoots compared to control shoots. - 
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115 

The concentrations of GA7 were lower in RP shoots relative to Control shoots in four out of 

six comparisons. In Control shoots, Clone 139 had marginally higher concentrations of GA7 at 

Days 21 and 35 whereas Clone 52 had high concentrations of GA7 only at Day 21. In 

Root-pruned shoots from both clones, the concentrations of GA7 steadily decreased from Day 7 

through to Day 35. 

The paired Student's t test (one-tailed) was used to test for differences in GA concentrations 

in Control versus Root-pruned propagules. The concentrations of GA4 and GA9, for both clones 

and for all three harvest dates, were significantly higher in Root-pruned shoots compared to 

Control shoots (P≤O.025 and P≤O.05, respectively). There were no significant differences in 

GA7 concentration between Control and Root-pruned propagules. 

COMPARISON BETWEEN ACTUAL VALUES OBTAINED BY GC-MS-SIM WITH THE EXPECTED AND 

MEASURED VALUES OBTAINED BY BIOASSAY FOR QUANTITIES OF GA4 ,GA7 AND GA9 

The biological activity measured by the dwarf rice, cv. Tan-ginbozu, microtirop bioassay for 

GA4, GA7 and GA9, can be compared to the bioactivity expected by this bioassay, The expected 

bioactivity is the summation of the actual concentration of endogenous GAs measured by 

GC-MS-SIM and the concentration of [2H] GAs in the sample (both protlo and deutero GAs being 

adjusted to the point of bioassay by taking into account the losses of [3H] GA internal standards at 

the Nucleosil HPLC stage). 

Measured bioactivity (Figures 6.1 to 6.4), adjusted for bioactivity per gram dry weight, is 

compared to expected bioactivity per gram dry weight (Table 6. 10). The purpose of this 

comparison is to indicate the possible presence of inhibitors or other promoters (likely to be 

other GAs) of dwarf rice seedling growth. 

In Clone 139, the bioactivity at the GA4 and 0A719 Rts is not inhibited in Control shoots at 



Table 6. 10. Comparison of expected nanograms of biological activity to actual nanograms estimated on the dwarf rice, cv. 
Tan-ginbozu microdrop bioassay in elongated shoots of P/cea,qlauca during conebud initiation/differentiation. 

Days from cone-

bud initiation/ 

Clone Treatment differentiation 

Percent recovery 

of [3H] GA4 and GAg 

internal standards 

from Nucleosil HPLC 

Tissue dry 

weight 

(grams) 

Nanograms of GA4 

per gram dry weight  

Expected 1 Actual2 

bioactivity bioactivity 

Nanograms of GA7/g 

per gram dry weight  

Expected 1 Actual2 

bioactivity bioactivity 

139 Control 

Root-pruned 

52 Control 

Root-pruned 

7 

21 

35 

7 

21 

35 

7 

21 

35 

7 

21 

35 

• 6.06 

9.80 

20.53 

20.28 

22.05 

23.62 

25.81 

41.05 

38.76 

31.97 

33.71 

26.23 

0.65 

0.97 

1.03 

0.75 

1.00 

1.03 

0.59 

1.03-

1.23 

0.61 

0.88 

0.97 

7.5 26.6 

10.9 ND3 

20,9 33.8 

28.9 18.0 

24.3 34.0 

25.2 29.1 

54.2 57.6 

45.0 31.6 

33.7 8.9 

65.5 

47.5 

31.1 

35.6 

24.4 

20.4 

19.5 38.8 

25.2 ND3 

46.6 66.0 

89.0 24.9 

56.0 99.0 

51.6 67.6 

110.2 83.1 

131.1 47.1 

76.3 57.3 

157.8 

102.7 

66.8 

78.4 

89.3 

42.1 

1Calculated as ng of endogenous GA estimated by GC-MS-SIM (at the time of bioassay) plus the amount of [2H] GA in the sample at the time 
of bioassay, the calculation of both amounts taking into account [3H] losses of the GA internal standards at the stage of Nucleosil HPLC. 

2From Figures 6.1 -6.4. 3ND = not determined due to major losses prior to bioassay. 
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any of the harvest dates. In Root-pruned shoots, bioactivity at both the GA4 and 0A719 Rts is 

inhibited at Day 7 but not at Days 21 and 35. 

In Clone 52, bioactivity for Control shoots at the GA4 Rt was not inhibited at Day 7 but was 

strongly inhibited by Day 35. In Root-pruned shoots, bioactivity at the GA4 Rt was inhibited at 

all three harvest dates, but less so at Day 35. At the GA719 Rt, both Control and Root-pruned 

shoots show inhibition, to some degree, at all three harvest dates, but the main difference is that 

Control shoots are strongly inhibited at Day 21 whereas Root-pruned shoots show very little 

inhibition at this time, 

QUANTITATION OF GA  AND GA3 FROM LATERAL SHOOTS OF CLONE 139 

The more polar GA13 Rt region from each C18 HPLC was subjected to Nucleosil HPLC 

(Gradient 0) for each Control and Root-pruned shoots from each of the three harvest dates (Days 

7, 21 and 35) as noted earlier. The majority of the biological activity is due to the [2H2] GA1 

and [2H2] GA3 which were added at the time of extraction. Except for Day 21(of which the 

sample was partially lost), there is no difference in biological activity at the GA1 Rt or at any of 

the harvest dates for Control or Root-pruned shoots (Figure 6.7 and 6.8). At the GA3 Rt, 

bioactivity in the Control shoots is higher at Day 7 compared to Day 35 (Figure 6.7). For the 

Root-pruned shoots (Figure 6.8) there appears to be slightly more bioactivity at Day 21 

compared to Day 7 and Day 35. 

All samples were derivatized (I1eTN1Si derivatives) and analyzed by GC-MS-SIM. The 

[2H21 standards were also analyzed to correct for contributions of [1 Hi ions in the [2H2] 

analogues. The presence of endogenous GA3 was indicated in only one of the six samples in that 

the molecular ion (m/z 504) for GA3 was only found to be present in RP shoots at Day 21. This 

is the sample that also showed increased bioactivity relative to Days 7 and 35. As GA3 was found 
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Figure 6.7. Biological activity of control shoots from Clone 139 on the dwarf rice, cv. 

Tan-ginbozu, microdrop bioassay at each of 1/40 and 1/80 aliquots after 

Nucleosil HPLC (Gradient 0) of the GA 1 /3 Rt from 18 HPLC. Shoots 

were harvested 7, 21 and 35 days after bud initiation/differentiation is 

known to begin. The Rts of internal GAs are shown above the graph and ng 

(GA3 equivalents) are given for the best of the 1/40 or 1/80 dilution 

for peaks> 1 S.D. above the control value. The bioactivity mainly reflects 

the presence of [2H] GA3 (GA3 Rt) and [2W GA1 (GA1 Rt). 
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Figure 6.8. Biological activity of root-pruned shoots from Clone 139 on the dwarf 

rice, cv. Tan-ginbozu, microdrop bioassay at each of 1/40 and 1/80 

aliquots after Nucleosil HPLC (Gradient 0) of the GA1 /3 Rt from Ci 8 

HPLC. Shoots were harvested 7, 21 and 35 days after bud initiation/ 

differentiation is known to begin. The Rts of internal GA standards are 

shown above the graph and ng (GA3 equivalents) are given for the best 

of the 1/40 or 1/80 dilution for peaks >1 S.D. above the control value. 

The bicactivity mainly reflects the presence of [2W GA3 (GA3 Rt) 
and [2H] GA1 (GA1 Rt). 
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in only one of six samples, this is not considered to be a reliable verification of the presence of 

endogenous GA3 (e.g. it could theoretically have resulted from contamination during work-up 

although this seems unlikely as more than one sample would then be expected to be contaminated). 

As GA3 was identified in shoots of Pig1ouce (Chapter 5) and has also been identified as an 

endogenous GA in (Oden et.ai, 1987) it is likely that GA3 is correctly identified 

here. It is also possible that the other samples contain GA3, but in such small quantities that it is 

not detected by GC- MS-SI M. 

Endogenous OA  was found in two of six samples based on Rt and corrected relative abundances 

which are given for characteristic fragment ions (Table 6.11). The four samples in which GA1 

was not conclusively identified probably contain GA1 but the ions at the lower m/z values (491 

and 377) show significant contamination by another substance(s). Keeping in mind that 

quantities of endogenous GA1 are very low compared to the quantities found for the less polar GAs, 

Control shoots had relatively high concentrations of a GA1 -like compound at Days 7 and 21 

relative to Day 35 (Table 6.12). Root-pruned shoots contained small concentrations of a 

GA  -like substance at all three harvest dates. 

OTHER GIBBERELL INS 

After removal of the GA4 Rt and GA9 Rt fractions from the Nucleosil HPLC for analysis by 

OC-MS-SIM, the remaining fractions from the several Nucleosil HPLCS were combined. Except 

for keeping the clones separate, Control and Root-pruned shoots as well as all harvest dates were 

combined. A rebioassay of these fractions indicated that there were two major bioactive peaks 

present (Figure 6.9). The Rt of the early bioactive peak (fractions 3-4 mm) suggest a methyl 

ester of a free GA or a catabolite, both of which will elute early on Nucleosil HPLC. However, 

these are generally not highly bioactive. A similar bioactive peak (same Rt on Nucleosil HPLC) 



Table 6.11. Capillary GC-MS-SIII of endogenous putative GAi + (2H21 GAi in Piceag/atic shoots from Clone 139 after Nucleosil 

HPLC (Figures 6.7 and 6.8). 

Days from cone-

bud initiation! Retention 

Trtmt differentiation time (mm) 

Relative abundance of peak at m/z (Percentage abundance in parentheses):  

(2H] GAl GA  

508(t1) 493 379 506(M) 491 377 

[2H2] GAl 11.16 60928(100) 5748(9) 6612(11) 12 

Control 7 11.15 Uncorr2 9014(100) 765(9) 992(10) 

Corr2 

21 11.17 Uncorr 4226(100) 441(10) 490(11) 

Corr 

35 11.17 Uncorr 14958(100) 1316(9) 

Corr 

Root- 7 11.15 Uncorr 24333(100) 2 184(9) 

pruned Corr 

21 11.16 Uncorr '16852(100) 4261(9) 

Corr 

35 11.17 Uncorr 23027(100) 2518(11) 

Corr 

1340(9) 

2420(10) 

4094(9) 

2617(11) 

16 

317 43 

93(100) 12(13) 

148 30 

43(100)1 13(29) 

377 86 

5(100)1 34(680) 

667 123 

62(100)1 37(60) 

1306 201 

141(100)1 34(24) 

732 122 

160(100) 23(14) 

35 

791 

20(22) 

400 

19(45) 

961 

80(1600) 

1995 

115(132) 

3295 

115(81) 

2051 

18(1 1) 

1 Due to an apparent contamination at m/z 491 and 377 by another substance(s). GA i cannot be conclusively identified in these 

extracts. 2Corr = corrected; Uncorr = uncorrected for the intensity of protio ions (m/z 506, 491, 377) in each of the deutero 
ions (m/z 508, 493, 379). 



Table 6.12. Concentrations of endogenous GAi and GA3 in elongated shoots of P/ceag/8uc8 from Clone 139 during three stages of 

bud initiation/differentiation. 

Average number 

of female cone— Days from cone— Number of Tissue Nanograms of GA per shoot based on GC—MS—SIM 

buds produced bud initiation/ shoots analyzed dry weight (Nanograms of GA per g dry weight in parentheses): 

Trtmt per propagule differentiation (2 per propagule) (g) 

GAil 6A32 

Control 0 7 4 0,85 0.66 (4.06) N.D.3 

21 4 0.97 0.66(3.54) N.D. 

35 4 1.03 0.62 (2.39) N.D. 

Root—pruned 21 7 4 0.75 0.67(3.57) N.D. 

21 4 1.00 0.66 (2.73) 2.6 (10.4) 

35 4 1.03 0.78 (3.02) N.D. 

1Concentrations calculated using the modified isotope dilution analysis (Cohen eE.ai, 1986) using the M (m/z 508/506) for GAi. 

2Concentrations calculated as above but using the M (m/z 506/504) for GA3. 

3N.D. = not detected. 
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Nucleosil HPLC, combined for shoots from control and root—pruned 

treatments for each of Clones 139 and 52. The Rts of authentic GAs 
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control value. 
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was also observed when characterizing endogenous GAs (Chapter 5) and as a metabolite of [3H] 

GA9 from various C1 8 HPLC regions of differing polarity (Chapter 7). The substance(s) in 

fractions 3 + 4 min remain, as yet, unidentified. 

Another bicactive peak in Clone 139 is found just after the fractions where authentic GA9 

elutes. It may or may not be a tailing shoulder of GA9 bioactivity. Analysis of this peak remains 

to be accomplished. A similar peak was not observed in Clone 52. 

The GA8 Rt region from Clone 139 was combined for all treatments and all harvest times, and 

subjected to C1 8 HPLC (Gradient A). Unfortunately, the dwarf rice microdrop bioassay (Figure 

6.10) of this region gives only a hazy picture due to severe toxicity (fractions 13-21 mm) and a 

control value with a large standard deviation. The earliest peak (fraction 2) my be a portion of 

the sample that came directly through the column with the solvent. The peak in fractions 5 + 6 

min is only seen at the lower dilution, suggesting an inhibitory effect at the higher dilution. Such 

a compound would be more polar than the trihydroxylated GA8 (Rt 16.2 mm). Two other 

bicective peaks are present although neither are more than one standard deviation above the 

control value. One of these (fractions 11 -12 mm) would also be more polar than GA8 while the 

other peak (fractions 22-23) elutes between GA8 and GA1. The low amount of biological activity 

observed, combined with the relatively large amounts of pigments and dry weight, made these 

fractions unsuitable for further analysis. 

D'cussi7n 

When comparing concentrations of GAs as estimated from the microdrop bioassay (e.g 

biacitvity) or from GC-MS-SIM, some differences are apparent. For Clone 139, both Control 

and Root-pruned shoots showed relatively low bloactivity at Day 7 which increases by Days 21 or 

35. However, the results for GA7 and GA9 from GC-MS-SIM analysis indicate an opposite trend, 
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the highest quantities of endogenous GA7 and GA9 being found at D' 7 rather than at Day 21 or 

35 (Tables 6.9 and 6.10). This differential effect is likely due to biologically inhibitory 

substances on the dwarf rice bioassay which co-chrornatograph with the known OAS. If so, this 

suggests that compounds inhibitory to GA action on dwarf rice are more abundant in Clone 139 at 

the early state: of bud initiation/differentiation, and especially for Root-pruned propagules. 

Alternatively, there may be other GA-like substance co-eluting with GA9 and GA7 on Nucleosil 

HPLC which were not detected by GC-MS-SIM. 

For Clone 52 at the 0A719 Rt, the Root-pruned propagules showed a lowered bloactivity at 

early conebud initiation/differentiation (D 7). Control propagules also showed a similar 

lowered bioactivity, but at Day 21 rather than Day 7 (Table 6.10). 

In Clone 139 the trend for GA4 concentration to change in both Control and RP shoots was 

similar in both the microdrop bioassay and by GC-MS-SIM. This implies that inhibitory 

compounds were not present at the GA4 Rt, and this conclusion is substantiated by the few 

differences observed for the expected and actual measured bicactivity (Table 6.10; Clone 139). 

Although GA9 is the predominant GA present in both clones, the total concentrations of GA9 

are much higher in Clone 139 compared to Clone 52. As well, for both clones, the RP shoots had 

higher concentrations of GA9 compared to Control shoots (significant at P≤0.05). Gibbereflin 

A4, which is present in higher concentrations (by GC-MS-SIM) in Clone 52 relative to Clone 

139, shows however, less biological activity in Clone 52 due an apparent effect of inhibitors. As 

with GA9, the concentration of GA4 is significantly higher in Root-pruned shoots compared to 

Control shoots (P≤0.025). 

As well as showing differences in endogenous GA9, Clones 139 and 52 also differed in 

flowering capacity. While Clone 139 had low to moderate levels of both female and male conebud 

production (134 and 109 conebuds respectively), Clone 52 primarily produced male conebuds 

(1359) and few female conebuds (59), 
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Thus, Clone 139 which produced female conebuds (about equally on Control and RP 

propagules), tended to have higher concentrations of GA9 than Clone 52 (Table 6.8 and 6.9). As 

well, the shoots analyzed from the RP propagules (propagules which did produce female 

conebuds) had higher concentrations of GA4 and GA9 than did the Control shoots (which came from 

propagules that did not produce female conebuds). There is thus a correlation between 

endogenous GA4 and GA9 concentrations and female conebud production; significantly increased 

GA4 and GA9 concentrations being positively correlated with seed conebud production. 

Clone 52, which appears to be a predominantly male flowering clone, had lower 

concentrations of GA9 and higher concentrations of GA4 than did Clone 139. An inhibition of GA4 

bioactivity is indicated in Clone 52 but not Clone 139. 

Chalupka -t a (1982) found that a stimulated production (caused by covering the 

propegules with polyethylene) of male conebuds was accompanied by increased levels of less 

polar GA-like substances in Peeebi's grafted propagules. For Clone 139, the bioactivity at 

the GA4 and 0A719 Rts is also higher in RP relative to Control shoots, and increases with later 

stages of conebud initiation/differentiation. However, as noted earlier, this was not an adequate 

method to quantify endogenous GA4, GA7 or GA9 levels due to apparent presence of inhibitors. It 

is thus possible that the bioactivity measured by Chalupka e/.ei (1982) reflected changing 

inhibitor concentration. Nonetheless, his conclusion is similar to mine, namely that higher 

concentrations of less polar GAs are positively associated with conebud production. 

The shoots that were analyzed came from propagules that had actually produced female 

conebuds in response to RP. It is, however, impossible to know if the destructively harvested 

shoots would actually have produced female conebuds. Nonetheless, even with these caveats, it is 

interesting to note that the significantly higher concentrations of GA4 and GA9 in RP shoots are 

correlated with female conebud production in both clones. 

In summary then, GA9 is the most abundant GA in lateral shoots of P,eeg1euca. Gibberellin 
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A3 may or may not be present. The abundance of GA4 and GA7, relative to each, is difficult 

to determine due to the low ion counts from Clone 139. Gibberelin A1 was identified in two 

extracts, and is probably present in all extracts but in much lower quantities than any of GA4, 

GA7 or GA9. It is also possible that significantly higher concentrations of GA4 and GA9 may be 

correlated with female conebud production in the RP propegules sampled for analysis relative to 

Control propegules. 
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CHAPTER 1 

METABOLISM OF [3H]+E2H1(d2) GA9 AND [3H]+[2F1](d2) ON IN LATERAL 

SHOOTS OF PICEA OLAUCA DURING RAPID, SLOW AND LATE SHOOT ELONGATION 

/nfrocIuatin 

Thus far, we have examined endogenous GAs and we have quantified certain endogenous GAS in 

elongated lateral shoots of P,ea glouce during the conebud initiation/differentiation period. 

However, even though we know the concentration of GAs during a particular stage of bud 

initiation/differentiation, this information by itself does not provide direct evidence as to 

metabolic pathways, or to the rate of metabolism. 

The present experiment was initiatied to study the rate of metabolism of both 

[3H1+[2H)(d2)GAg as well as [3H1+[2H](d2)GA4 in grafted propagules of Pheg/euca 

subjected to four treatments during three stages of shoot elongation. Gibberellins Ag and A4 had 

been identified as major endogenous GAS in elongated lateral shoots of Pièeog/euc8 (Chapter 5), 

and GA9 is considered to be a logical precursor to GA4 (Takahashi e(.oi, 1986). However, 

previous work on GA metabolism in conifers is limited, involving only the study of metabolism 

of [3H]0A4 at three stages of ontogeny in Psedo/sugomenzis// (Wample ot,91, 1975), 

metabolism of [3H}0A4 and [3H]GA9 in P,≥ee oLiis with grafted propagules, covered in 

polyethylene and uncovered (an attempt to promote conebud production) (Dunberg e/.ei, 1983) 
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and the metabolism of [3H] GA1 in seedlings of P,eab,'s (Dunberg, 1981). A knowledge of 

the rate of metabolism of E3H1 GA9 to GA4 (and other metabolites) and of GA4 to OA  (and other 

metabolites) could provide evidence as to changes in metabolism that might be the basis for the 

promotion of flowering that occurs in response to cultural treatments. Information on the time 

of the change in metabolism (if any) may be useful, if correlated consistently with one or more 

stage(s) of shoot elongation, especially if the cultural treatments that promote flowering in 

P/ceo gleuco are shown to affect GA metabolism. 

The addition of the [2lI) GA with the (3H] GA will allow definitive identification of the 

tritiated metabolites (e.g. proof of incorporation by GC-M$-SIM), and the presence of the [2H] 

GA, with or without the enodogenous protio GA, will provide information as to whether the 

metabolic pathway(s) is normal, or substrate-induced, in these shoots and needles of Pi≥'ee 

gleuce. 

Mernocls 

Second-order lateral shoots (those most likely to produce female conebuds) were used to 

follow the metabolism of [3H] + ( 2H21GA9 and [3H] + [2H2]0A4 (see Chapter 2 for details). Two 

shoots per propagule were injected with the appropriate GA mixture at each stage of rapid, slow 

and late shoot elongation (see Figure 2.1). Shoots were harvested four and seven days after the 

injection. 

Extraction and purification for the GA metabolites followed the methods set out in Chapter 2. 

However, only one C1 8-PC was used, which was then followed by the 8i02-PC. Separation of 
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free GA metabolites was initially accomplished on reversed-phase C1 8 HPLC (Gradient A, C or 

D). The metabolism of GA4 has not been pursued any further than the C18 HPLC stage. 

Metabolism of GA9, however, has been examined by use of Nucleosil N(CH3)2 HPLC, and by the 

dwarf rice, cv. Tan-ginbozu, microdrop bioassay of the Nucleosil HPLC fractions. The putative 

identities of the various metabolites is based on chromatographic behavior after C18 HPLC 

and/or Nucleosil N(CH3)2 HPLC, and biological activity (for GA9 metabolism only). Definitive 

identification by GC-MS awaits the upgrading of the computer data handling components of the 

GC-MS. This will permit monitoring of a larger number of ions as well as provide increased 

data storage. 

Results 

METABOLISM OF 13H1+(2H210A9 DURING RAPID SHOOT ELONGATION IN CLONE 40 

Initial extraction, purification and separation of metabolites from the [3H]+{2H2}GA9 feed 

was accomplished for shoots at the stage of rapid shoot elongation (F1 , Figure 7.1) for all four 

cultural treatments (Control, RP, Heat and Heat+RP). At this stage of rapid shoot elongation, 

Root-pruning had been accomplished but the Heat treatment had not yet been applied. The 

Control and Heat treatments (non-Root-pruned) are thus identical at this stage and can be 

considered as replicates, as can the RP and Heat+RP treatments. 
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jections for the first feed (F 1), second feed (F2), third feed (F3) and the 

fourth feed (F4). Heat was applied at Feed 2(3.9 weeks from VBB). Root-

pruning was done prior to VBB. 

aF4 was not harvested for this treatment. 
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Of the total amount of [3HIGA9 injected, 25-4O was extracted from the tissue, including 

the point of injection. During the injection, a small droplet of the mixture ([3H]+[2H210A9) 

remained on the surface of the tissue, and evaporation before uptake (especially on a warm day) 

may have resulted in a reduced amount of the mixture being taken up by the shoot. As well, 

needles which have yet to be analyzed, are expected to contain a significant portion of the 

injected mixture. Nonetheless, extractable radioactivity between the eight shoots is fairly 

uniform (295,073 dpm ± 15,955 dpm; mean ± S.E.), 

For all treatment propagules during the period of rapid shoot elongation the total 

extractable radioactivity was higher at day 4 than at day 7 (Table 7.1 and 7.2). Radioactivity in 

free and conjugated GA fractions is given as "dpm", and as a percent of extractable radioactivity, 

normalized for losses during workup (Table 7.1 and 7.2 respectively). Non-Root-pruned 

propagules (Control and Heat), tended to have more extractable radioactivity at both the 4 and 7 

day harvests compared to the Root-pruned propagules (Root-pruned and Heat+ root-pruned) 

(Table 7.2). 

For all propagules the amount of putative conjugated GAs increased between the 4 and 7 day 

harvests, except in the RP treated propagule (Table 7. 1). This may be related to the extended 

period of shoot elongation observed in this propagule (Figure 7. 1). Nonetheless, on the average 

the non-Root pruned propagules showed appreciable conjugation between days 4 and 7 whereas 

the Root-pruned propagules showed a minimal increase in conjugation between days 4 and? 

(Table 7.2). 

The percent of radioactivity remaining in the shoot as residual [3HJ0A9 (identified by 

location after C18 HPLC, Gradient A) is also an indication of rapidity of metabolism. Although 



Table 7. 1. Total radioactivity in extractable, acidic and conjugated GAs and GAg (as residual [3H1 Gk)) during rapid 

shoot elongation in Clone 40 (Fl, Figure 7.1). 

Propagule Days Extractable Radioactivity Radioactivity in Residual [3H]GAg 

receiving Shoot dry after radioactivity in free GAs conjugated GAs after C 18 HPLC 

treatment weight (g) Injection (from C18-PC) (from SiO2-PC) (S102-PC wash) (Gradient A) 

Control 0.08 4 297,225 251,057 27,975 56,650 

0.12 7 291,038 241,844 44,775 37,347 

Heat5 0.08 4 360,960 334,000 27,347 24,063 

0.07 7 298,540 231,568 32,442 14,676 

Root-pruned 0.10 4 261,375 221,708 26,842 143,664b 

0,09 7 230,148 213,207 22,308 48,552 

Heat5+Root 0.10 4 355,618 299,657 26,142 167,862b 

pruned 0.15 7 265,680 264,564 29,606 25,068 

a The Heat treatment had yet to be applied; "Heat should thus be the same as "Control", and "Heat + Root pruned" should 
be the same as "Root pruned". Table 7.2 thus shows averaged values for "Control" versus "Root pruned" propagules. 
b The radioactivity recovered in these samples is higher than in other samples as the extract was not filtered prior to 
Ci6 HPLC. 



Table 7.2. Percent of radioactivity in extractable, acidic and conjugated GAS and GAg (as residual [3H] GAg) during rapid shoot 

elongation in Clone 40 (Fl, Figure 7.1). 

Treatment 

Days 

after 

injection 

Percent of 

radioactivity 

recovered in 

the shoot 

(from C15PC) 

Radioactivity in 

free GAs (as a percent 

of total radioactivity 

eluted from Si02-PC) 

Radioactivity in Residual [3111 GAg 

conjugated GAs (as (as a percent of 

a percent of total total radioactivity 

radioactivity eluted eluted from C 18 

from SiO2-PC) HPLC; Gradient A) 

Non-Root-pruned 

(Control and Heat) 

4 

7 

Root-pruned (Root-pruned 4 

and Heat + Root-pruned) 7 

36.5 

32.5 

34.0 

27.0 

91.2 

86.0 

90.6 

8.8 

14.0 

9.4 

54.4 

49,1 

68.4 

90.2 9.8 54.0 
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some differences my be partially explained by patterns of terminal shoot elongation observed 

for each of the individual propagules, there is a faster rate of metabolism (i.e. less 0A9 left) 

for the non-Root-pruned propagules than for propagules that were Root-pruned at this early 

stage of rapid shoot elongation (Tables 7.1 and 7.2). 

Although metabolism between days 4 and 7 was relatively slow for all propagules, the 

non-Root-pruned propagules tended to have both an increased percentage of OR conjugates, and a 

decreased amount of residual [3H]OA9, whereas Root-pruned propagules showed little or no 

increase in conjugation, but an appreciable decrease in residual [3H)0A9 between days 4 and 7. 

This implies that more free GA metabolites of GA9 were present in Root-pruned shoots than 

non- Root-pruned shoots. 

METABOLISM OF [3H]+[2H2] GA9 DURING RAPID, SLOW AND LATE SHOOT ELONGATION IN 

CLONE 40 

Lateral shoots from Clone 40 (using shoots from the same propagules as above) were again 

analyzed for GA9 metabolism, this time for all three stages of shoot elongation (rapid, slow and 

late). Extractable radioactivity varied from 15 - 50 %, except for the 7 day harvest of the RP 

treated propegule during late shoot elongation which gave an extractable dpm of 2.6%. It is 

likely that the injection was improperly performed by inserting the syringe too deep, resulting 

in the mixture going through rather than into the shoot. In the event that I noticed this 

occurring a reinjection was made but it is possible that it went unnoticed in this shoot. The 



137 

extract from this particular shoot was not further analyzed. 

The average radioactivity extracted in the shoot (mean of extractable radioactivity from 

days 4 and 7 for each stage of shoot elongation in each treatment) is shown in Figure 7.2. 

During 'early' rapid and 'mid' rapid shoot elongation, the percent of extractable radioactivity 

was similar for all treatments. By 'late' rapid shoot elongation, differences were evident in that 

treatments with RP (RP and RP+Heat) maintained a larger proportion of [3H] GA9 in the shoot, 

relative to the Control. By the slow shoot elongation stage, the situation was reversed such that 

Control shoots maintained more radioactivity in the shoot relative to propagules that had been 

Root—pruned. In Figure 7,2 the most striking differences occur between Control and RP+Heat 

treated shoots. Although both of these treatments indicate large fluctuations in percent of 

radioactivity recovered in the shoot, at a given stage of shoot elongation, the fluctuations are in 

the opposite directions. The RP alone and Heat alone treatments show fewer fluctuations, at the 

stages of shoot elongation analyzed, relative to Control and Heat+ RP treatments. 

There is a tendency for the proportion of conjugated GAs to increase from day 4 to day 7 in 

the Control and Root—pruned propagules, but in the Heat and Heat+RP treated propagules, the 

trend tends to be in the opposite direction (Tables 7.3 and 7.4). The 4 and 7 day harvests were 

combined for each stage of elongation prior to separation by C18 HPLC. Gradient A (Table 2.1) 

was used in the initial analysis at rapid shoot elongation, but was not considered satisfactory as 

losses from filtering prior to HPLC were as high as 50 - 70 %. Gradient B, which maintained 

losses below 25, was then used to analyze these shoots on C18 HPLC. 

Separation of free GAs by C18 HPLC (Gradient B) at each of the rapid, slow and late shoot 

elongation stages was completed for Control and Heat treatments, and for rapid and slow shoot 
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Figure 7.1 ). 



Table 7.3 Total radioactivity in extractable, acidic and conjugated GAs and GAg (as residual 13H] GAg) during three stages of 

shoot elongation in Clone 40. 

Stage Days Extractable Radioactivity Radioactivity in Residual [3H1 GAg 

of shoot after Shoot dry radioactivity in free GAs conjugated GAs after C18 HPLC 

Treatment elongation injection weight (g) (from C18-PC) (from S102-PQ (S102-PC wash) (Gradient B) 

Control Rapid 4 0.09 247,646 206,203 15,500 

7 0.19 138,900 110,338 17,250 45,000 

Slow 4 0.32 498,486 436,710 40,437 

7 0.16 350,056 280,777 32,503 64,290 

Late 4 0.28 353,088 312,368 30,533 

7 0.22 283,680 239,134 17,617 44,890 

Heat Rapida 4 

7 

Slow 4 0.11 330,096 273,456 31,637 

7 0.14 370,571 346,132 26,170 86,280 

Late 4 0.14 377,952 324,736 24,400 

7 0.12 243,305 195,402 23,063 54,140 

a Only one injection was made at the stage of rapid shoot elongation and this was analyzed with the initial extractions (Table 7.1). 



Table 7.3 (continued) 

Stage Days Extractable Radioactivity Radioactivity in Residual (3H] GAg 

of shoot after Shoot dry radioactivity in free GAs conjugated GAs after C 18 HPLC 

Treatment elongation injection weight (g) (from C 18-PC) (from $102-PC) (Si02-PC wash) (Gradient B) 

Root-pruned Rapid 4 0.16 225,400 197,446 14,700 

7 0.37 340,088 302,220 23,550 28,810 

Rapid 4 0.48 317,753 318,908 25,037 

7 0.58 441,408 399,118 37,970 40,510 

Slow 4 0.58 333,800 305,344 20.767 

7b 0.72 24,133 26,910 

Heat+ Root- Rapid 4 0.21 438,863 358,458 32,950 

pruned 7 0.15 320,760 279,243 144,425 

Slow 4 0.26 184,884 159,358 23,303 

7 0.33 226,000 199,066 12,670 

Late 4 0.44 456,006 393,092 29,867 

7 0.42 403,450 304,656 20,583 

b As this shoot was not properly injected with the E3H] + [2H2] GAg mixture, it was not further analyzed. 



Table 7.4. Percent of radioactivity in acidic and conjugated fractions and GAg (as residual [3W GAg) during three stages of 

shoot elongation in control and root-pruned shoots from propagules of Clone 40 (Figure 7.4). 

Stage of 

shoot 

Treatment elongation 

Days 

after 

injection 

Percent of 

radioactivity 

recovered in 

the shoot 

(from C18-PC) 

Radioactivity in free 

GAs (as a percent of 

total radioactivity 

eluted from $102-PC) 

Radioactivity in 

conjugated GAs (as 

a percent of total 

radioactivity eluted 

from SiO2-PC) 

Residual (3H] GAg 

(as a percent of total 

radioactivity eluted 

from C 1 HPLC; 
Gradient B)C 

Control 

Heat 

Rapid 

Slow 

Late 

Rapida 

Slow 

Late 

4 

7 

4 

7 

4 

7 

4 

7 

4 

7 

4 

7 

27 

15 

55 

39 

39 

31 

36 

41 

42 

27 

93.0 

86.5 

91.5 

89.6 

91.1 

93.1 

89.6 

93.0 

93.0 

89.4 

7,0 

13.5 

8.5 

10.4 

8.9 

6.9 

10.4 

7.0 

7.0 

10.6 

38.6 

32.1 

26.6 

37.5 

31.4 

a0nly one injection was made at the stage of rapid shoot elongation which was analyzed with the initial extractions (Table 7.1 and 7.1). 
c$hoots from the 4 and 7 day harvests were combined prior to C IS HPLC: except for the Heat + Root-pruned treatment which was not 
analyzed by C18 HPLC. 



Table 7.4.. (continued) 

Percent of Radioactivity in Residual (3H] GAg 

radioactivity Radioactivity in free conjugated GAs (as (as a percent of total 

Stage of Days recovered in GAs (as a percent of a percent of total radioactivity eluted 

shoot after the shoot total radioactivity radioactivity eluted from C18 HPLC; 

Treatment elongation injection (from C 18-PC) eluted from SiO2-PC) from SiO2-PC) Gradient 

Root-pruned Mid 4 25 93.1 6.9 23.5 

rapid 7 37 92.8 7.2 

Late 4 35 92.7 7.3 27.3 

rapid 7 49 91.3 8.7 

Slow 4 37 93.6 6.4 36.3 

7 

Heat + 

Root-pruned 

Rapid 

Slow 

Late 

4 48 91.6 8.4 

7 35 95.1 4.9 

4 20 87.7 12.3 

7 25 94.0 6.0 

4 50 92.9 7.1 

7 44 93.7 6.3 

bAs this shoot was not properly injected with the [3H] + [2H2] GAg mixture, it was not further analyzed. 

C Shoots from the 4 and 7 day harvests were combined prior to Ci8 HPLC except for the Heat + Root-pruned treatment which was not 
analyzed by Ci3 HPLC. 
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elongation in the RP treatment. The percent radioactivity as residual [3H}GA9 is listed in 

Tables 7.3 and 7.4. The radioactive profiles of the [3H10A9 metabolites are only given for the 

Control and Root—pruned treatments (Figure 7.3) as the Heat and the Heat+Rcot—pruned 

treaments gave similar radioactive profiles to that of the Control and Root—pruned shoots, 

respectively. 

In Control shoots, the metabolism of EI-IJ GA9 increased as one progressed from rapid to 

slow to late stages of shoot elongation (Table 7.3 and Figure 7.3). The propagules that received 

the Heat treatment (heat applied together with the injection of [3H]+[2H2J6A9 for the stage of 

slow shoot elongation), also showed increased GA9 metabolism as one progressed from slow to 

late shoot elongation stages but it was less than that observed for the Control shoots (Table 7.3). 

Conversely, the RP propagule exhibited a relatively high rate of metabolism at 'mid' rapid shoot 

elongation, but metabolism then decreased at the 'late' rapid shoot elongation stage, and even 

more so at the slow shoot elongation stage (Table 7.4 and Figure 7.3 ). Due to the extended 

period of terminal shoot elongation in the RP propagule, the first two injections of GA9 

corresponded to the rapid shoot elongation stage, and the third to the slow shoot elongation stage 

(Figure 7.1). Injections were not accomplished for the late stage of shoot elongation for the RP 

treatment. At 'mid' rapid shoot elongation in the RP shoots, a large amount of more polar 

compounds dominate the profile. (Figure 7.3). By 'late' rapid shoot elongation there is a 

decrease in GA9 metabolism that is mainly associated with a decrease in one radioactive peak 

(fraction 13, just before the Rt of GA20) (Figure 7.3). 
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Control shoots, at rapid shoot elongation, yielded a major [3H] metabolite eluting at the Rt of 

E 3H10A4, with few metabolites in the more polar region (Figure 7.3). By the time of slow shoot 

elongation in the Control shoots, the 0A4-like peak had decreased while the more polar peaks 

increased, and this trend was even more pronounced at the time of late shoot elongation (Figure 

7.3). 

For the purpose of identifying the major metabolites, all stages of shoot elongation as well as 

treatments were grouped and again subjected to C18 HPLC (Gradient D; Figure 7.4). From the 

radioactive profile (Figure 7.4), three main regions were identified: the more polar 

0A1120-like (I), less-polar, 0A4-like (II) and non-polar, 8A9-like (HI). Each of the three 

regions were then subjected to Nucleosil N(CH3)2 HPLC (Figures 7.5 - 7.7). 

Region I, which contained one main radioactive peek (A20-like) and several minor 

radioactive peaks on C1 8 HPLC (Figure 7.4), was found to contain three major and possibly two 

minor radioactive peaks after Nucleosil HPLC (Figure 7.5a). Peak A (fractions 3-4) was 

initially thought to be a portion of radioactivity that came through with the solvent. A 1/10 

aliquot of this peak was rerun on C1 8 HPLC and the radioactive profile was similar to the 

original C18 HPLC chromatography (results not shown). The main peak from this second C18 

HPLC was again subjected to Nucleosil N(CH3)2 HPLC and the radioactivity was again found in 

fractions 3-4. This indicated that the peak (compound) was real and not an artifact from poor 

chromatography. It is difficult to speculate on the identification of this compound except that it 

is possibly a methyl ester of a relatively polar metabolite, or a catabolite (e.g. loss of a lactone, 
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formation of -COOH at C-18), as these have been found to elute very early from Nucleosil 

N(CH3)2 HPLC. Peak B (Figure 7.5a) elutes at the Rt of authentic [i-i] GA1 and peak C elutes 

with authentic [3H] GA3. However GA20 also elutes with [3H] GA3 on Nucleosil HPLC. 

The dwarf rice microdrop bioassay of Region I (Figure 7.sb) shows two major bioactive 

peaks, only one of them being closely associated with a radioactive peak (Figure 7.5a and b). 

The radioactive A3120-like peak (C) is highly bioactive. The radioactive A1 -like peak (B) 

exhibits some bicactivity but not greater than I S.D. above the control value. The radioactive 

peak A is not associated with measurable biological activity. A bioactive peak (fractions 

29-30) which is not radioactive indicates an endogenous GA-like compound that is likely to be a 

C20 GA With the C-20 as -CHO (e.g GA19 or GA24). 

Gibberellins A1, A3 and A20 have been identified as endogenous GAs in P,≥ea glalice 

(Chapter 5). Based on radioactive profiles from C18 and Nucleosil HPLC, and biological activity 

after Nucleosil HPLC, these compounds are indicated as possible metabolites of E3H1+[2H2] GA9 

metabolism. 

The polar region (II) from C18HPLC (Figure 7.4) was also subjected to Nucleosil N(CH3)2 

HPLC, and indicated four major radioactive peaks and at least one minor radioactive peak 

(Figure 7.6a). Again, a very early peak (A) was found. The fractions from peak A were 

derivatized (IleTilSi derivative) and analyzed by GC-MS for full spectrum, but no known GA 

could be identified. Although it is highly possible that this peak may represent a GA methyl 

ester or a catabolite as a metabolite of [si-i] +[2H2] GA9, based on the behavior on Nucleosil 
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of authentic GAs are shown above the graph and ng (GA3 equivalents) 

are given for peaks> 1 S.D. above the control line. 
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HPLC, the high biological activity present in these fractions make that supposition seem 

unlikely, unless massive amounts of endogenous GA methyl ester or catabolite are present (e.g. 

both categories of compounds have appreciably reduced bioactivity relative to GA3) (Crozier, 

1982). 

Radioactive peak B, eluting in fraction 8, is not bloactive (or exhibits insignificant amounts 

of activity). There are no known C19 gamma lactone GAs that would elute at this Rt on Nucleosil 

HPLC. Radioactive peak C, which elutes with authentic [3H] GA4, is biologically active, as is 

peak D which elutes with authentic [3H] GA9 (and GA7). 

Gibberellins A4, A7 and Ag have been identified as endogenous to Piceeglouco (Chapter 5). 

Gibberellin A4 is a likely candidate as a metabolite of GA9, based on Rts on sequential C18 and 

Nucleosil HPLC's, as well as bioactivity. Gibberellin A7, which elutes with GA4 on C18 HPLC 

and with GA9 on Nucleosil N(CH3)2 HPLC, has previously been identified from fractions that 

contain endogenous GA9 (see Chapter 5) and may also be a metabolite of [3H] +[2H21 GA9. 

The less polar region (III), which is located between GA4 and GA9 on C18 HPLC (Figure 

7.4), was found to contain four radioactive peaks after Nucleosil N(CH3)2 HPLC (Figure 7.7). 

Peak A, with low radioactivity and minimal bioactivity (fraction 3 only) may be a shoulder 

from the early radioactive peak observed in region II, or it may be another GA methyl ester or 

catabolite. The radioactive peak B is not very bicactive and elutes where A1 —type 

(dihydroxylated without a double bond in ring A) GAs can be expected. The main radioactive peak 



151 

P
e
r
c
e
n
t
 o
f 
to

ta
l 

ra
di
oa
ct
iv
it
y 

Le
ng

th
 o
f 
se

co
nd

 l
ea

f 
sh
ea
th
 (
m
m
)
 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

14 

13 

12 

11 

10 

A4 9. 

A 

3-4 

-RL 

-F 

flrfl 

ii 

-1-

F-1 .Th.rflp i rr 

I- J I I I I I I , II I II I I 1 I (' I I I) 1 1 1 1 

0 4 8 12 16 20 24 28 32 36 40 

HPLC Retention time (mm) 

Figure 7.7. Radioactive profile (a) and biological activity (b) on dwarf rice, cv. 
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from peak C could not be identified as bloactive or bio-inactive as the test tube containing the 

fraction was broken prior to bioassay but a shoulder of bioactivity in fractions 18+ 19 mm 

suggests that fraction 16 would be bloactive. Peak D, which is radioactive but not biologically 

active, elutes where A5-type (C- 1 3-hydroxylated, with a double bond in ring A) GAs would 

elute. Gibberellmn-like metabolites of GA9 will be difficult to identify from this less polar 

region (I I I) due to unavailability of logical authentic GAs. It is likely that tentative 

identification will have to be made from further HPLC runs using different columns and/or 

gradients prior to analysis by OS-MS. 

METABOLISM OF [3H]+[2H2] GA9 IN CONTROL AND ROOT-PRUNED SHOOTS DURING THREE 

STAGES OF SHOOT ELONGATION IN CLONE 171 

Lateral shoots from Clone 171 were analyzed for [3H] GA9 metabolism for Control and 

Root-pruned treatments at rapid, slow and late shoot elongation in order to determine if the 

trends observed in Clone 40 could be replicated in this clone. At each stage of shoot elongation, 

the 4 and 7 day harvests were combined prior to extraction, and two injections at rapid shoot 

elongation for the RP treatment were also combined. 

The extractable radioactivity varied from 16 to 48 L similar to the variability found for 

Clone 40. There is a trend for more radioactivity to be recovered (maintained) in Control 

shoots with later stages of shoot elongation (Tables 7.5 and 7.6). The opposite was found with 

Root-pruned shoots as less radioactivity was recovered (maintained) in the shoot with 

increasing stages of shoot elongation (Tables 7.5 and 7.6). 



Table 7.5. Radioactivity in extractable, acidic and conjugated GAs and GAg (as residual 13H1 GAg) during three stages of 

shoot elongation in Clone 171 (Figure 7.8). 

Stage Shoot Extractable Radioactivity Radioactivity Residual [3H] GAg 

of shoot dry radioactivity in free GAs in conjugated GAs after C18 HPLC 

Treatment elongation  weight (9) 1 (from C 18-PC) (from SiO2-PC) (SiO2-PC wash) (Gradient D) 

Control Rapid 0.15 293,760 305,480 37,967 100,460 

Slow 0.15 451,875 474,950 49,867 146,230 

Late 0.20 808,250 738,273 82,667 229,800 

Root-pruned Rapid 0.31 869,962 802,317 97,133 280,320 

Slow 0.14 537,075 523,707 39,600 164,070 

Late 0.18 445,410 447,883 38,733 153,510 

1 Shoots from the 4 and 7 day harvests were combined prior to extraction. 



Table 7.6. Percent of radioactivity in acidic and conjugated fractions and GAg (as residual (3H] GAg) during three stages of 

shoot elongation in control and root-pruned shoots shoots from Clone 171 (Figure 7.8. 

Stage of 

shoot 

Treatment elongation 1 

Percent of 

radioactivity 

recovered in 

the shoot 

(from C18-PQ 

Radioactivity in free 

GAs (as a percent of 

total radioactivity 

eluted from S102-PC) 

Radioactivity in 

conjugated GAs (as 

a percent of total 

radioactivity eluted 

from SiO2-PC) 

Residual [3H] GAg 

(as a percent of total 

radioactivity eluted 

from C  a HPLC; 

Gradient D) 

Control Rapid 

Slow 

Late 

Root-pruned Rapid 

Slow 

Late 

16 

25 

45 

48 

30 

25 

86.9 

90.5 

69.9 

89.2 

93.0 
92.1 

10.8 

7.0 

7.9 

42.8 

43.5 

41.2 

44.5 

37.8 

44.0 

1 Shoots from the 4 and 7 day harvests were combined prior to extraction. 
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There is little difference in the amount of conjugated GAs (as a percent of radioactivity 

elated from the SiO2-PC) in the Control and Root-pruned shoots, but there may be a tendency 

for conjugation to decrease with increasing stage of shoot elongation, especially for Root-pruned 

propagules (Table 7.6). 

Free GAs were separated by C18 HPLC (Gradient D). The radioactivity remaining as 

residual [3H] GA9 is listed in Tables 7.5 and 7.6. For Control shoots, the amount of residual 

[3H] GA9 is similar at all stages of shoot elongation but there is a higher proportion of 

metabolites of a polar nature as elongation proceeds from the rapid to late stage of shoot 

elongation (Figure 7.8). The shoots from Root-pruned propagules also tend to show an increase 

in polar free GA metabolites from rapid to slow shoot elongation, but the more polar metabolites 

are predominant at the slow stage of shoot elongation rather than at the late stage of shoot 

elongation (as in the Control propagules) (Figure 7.8). 

Sumnzryoff3HJ a49 metebo/irn 1'7gref/efpro/2eg'u/es ofP/cg1euca 

There is no apparent trend in the percent of radioactivity recovered in the shoot either 

between treatments or between stages of shoot elongation. 

At each stage of shoot elongation, shoots from RP and Heat+RP treated propagules tend to 

have less radioactivity in conjugated GAs compared to shoots from Control and Heat treated 

propagules, respectively. 

In Control shoots the proportion of residual [3W GA9 in Clone 40 steadily decreased from 
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rapid to late shoot elongation, whereas residual [si-i] GA9 was similar for all stages of shoot 

elongation in Clone 171. 

In Clone 40, the percent of residual ti-ii GA9 in RP shoots increased from rapid to slow 

stages of shoot elongation whereas the percent of residual [3H] GA9 decreased from rapid to slow 

stages of shoot elongation in Clone 171. 

The differences in [3H] GA9 metabolism between clones may be associated with the growth 

habit of the propagules and/or conebud production. Clone 40 was considered to be a 'tell' clone 

with an average length of terminal shoot growth of 207 mm (Chapter 3, Table 3.4) whereas 

terminal shoot growth in Clone 171 (which was 'bushy') averaged 102 mm, As well, Clone 40 

responded well to the RP+Heot treatment with significantly increased female and male conebud 

production while Clone 171 produced only 4 female conebuds and could not be induced to produce 

male conebuds (Chepter3, Tables 3.4 and 3.5). 

For Clone 40, the RP treatment appears to have initially reduced GA9 metabolism relative to 

the Control treatment (observed for 'early' rapid shoot elongation, Table 7.2) but then increased 

the metabolism of [3H] GA9 by the 'mid' stage of rapid shoot elongation relative to the Control 

(Table 7.4). At the stage of slow shoot elongation [3H] GA9 was metabolized faster in Control 

shoots compared to the Root—pruned shoots (Table 7.4). 

In Clone 171, [3W GA9 metabolism in Control shoots was similar at all stages of shoot 

elongation. In RP shoots, [i-i] GA9 metabolism was increased at the stage of slow shoot 

elongation relative to the rapid and late stages of shoot elongation and relative to the Control 
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shoots. 

In both clones, the RP treatment has increased metabolism by either increasing [3H] GA9 

metabolism over and above that in the Control shoots (Clone 171), or by causing increased [3W 

GA9 metabolism at an earlier stage of shoot elongation compared to the Control shoots (Clone 

40). By the late stage of shoot elongation, metabolism in the RP propagules was similar to 

(Clone 171) or slower (Clone 40) than in Control propagules. 

METABOLISM OF (3H] + [2W (d) GA4 DURING THREE STAGES OF SHOOT ELONGATION IN 

CLONE 40 

The metabolism of [3H] GA4 was followed in second-order lateral shoots of Piog/uce 

during rapid, slow and late shoot elongation for each of four treatments: Control , RP, Heat, and 

Heat+RP. Each shoot was injected with 1.98 X 106 dpm (3.3 x 104 Bq) of E1 ,2 (n)-  3H1 ON 

[as well as 3 jig of [2H](d2) GA4]. The 4 and 7 day harvests were combined for each stage of 

shoot elongation in each treatment (i.e. two shoots per stage of elongation). Varying amounts of 

radioactivity were recovered from the shoots (21-48 %) as was observed for [3H] GA9. The 

Root-pruned shoots consistently had lower amounts of the injected radioactivity in the shoot 

relative to other treatments (Tables 7.7 and 7.8). 

The percent of [3H] GA4 recovered in the shoot (as a percent of the radioactivity injected) 

at each stage of elongation, is similar to that observed for [3H] GA9 (e.g. compare Figure 7.9 



Table 7.7. Total radioactivity in acidic and conjugated GAs and remaining as residual [3H] GA4 in lateral shoots of Piceag/auca. 

Propagule Stage of Shoot Extractable Radioactivity Radioactivity in Residual [3ffl GA 

receiving shoot dry radioactivity in free GAs conjugated GAs after C 18 HPLC 

treatment elongation weight (g) 1 (from C1S-PC) (from 9102-PC) (9102-PC wash) (Gradient D) 

Control Rapid 0.10 962.267 651,600 75,833 567,710 

Slow 0.26 1,655,000 1,592,250 142,933 1,079,400 

Late 0.42 1,793,307 1,600,277 192,667 990,990 

Heat Rapid 0.13 1,673,344 1,176,391 108,267 963,600 

Slow 0.20 1,895,680 1,828,250 175,067 1,088,870 

Late 0.35 1,205,360 1,092,690 201,533 503,730 

Root-pruned 'Early' rapid 0.17 627,136 525,653 82,333 235,490 

'Late' rapid 0.26 900,000 846,625 82,133 518,430 

Slow 0.39 945,500 938.520 124,733 601,150 

Late 0.52 728,000 609,900 71,667 465,020 

Heat + 'Early' rapid 0.23 956,730 668,445 71,733 679,150 

Root-pruned 'Late' rapid 0.53 1,797,787 1,592,106 178,400 1,101,260 

Slow 0.49 1,551,080 1,233,630 195,133 882,710 

Late 0.64 1,795,710 1,558,787 163,000 654,400 

1Dry weight is combined for the two shoots harvested at 4 and 7 days. 



Table 7.. Percent of radioactivity in free and conjugated fractions and 6A4 (as residual (3H] 6A4) during three stages 
of shoot elongation in Pice8qlrnxa (Figure 7.10). 

Percent of Radioactivity in Residual (3H1 GA4 

radioactivity Radioactivity in free conjugated GAs (as (as a percent of total 

Stage of recovered in GAS (as a percent of a percent of total radioactivity eluted 

shoot the shoot total radioactivity radioactivity eluted from C  8 HPLC; 

Treatment elongation (from C la-PC) eluted from SiO2-PC) from SiO2-PC) Gradient D) 

Control Rapid 24 89.6 10.4 84.7 

Slow 47 91.8 8.2 81.4 

Late 45 89.3 10.7 76.6 

Heat Rapid 42 91.6 8.4 85.7 

Slow 48 91.3 8.7 81.7 

Late 31 84.4 15.6 74.0 

Root-pruned Early rapid 21 86.5 13.5 84.9 

Late rapid 23 91.2 8.6 69.2 

Slow 24 86.3 11.7 68.9 

Late 18 89.5 10.5 74.6 

Heat+ Early' rapid 24 90.3 9.7 82.6 

Root-pruned Late rapid 45 89.9 10.1 75.6 

Slow 39 86.3 13.7 69.4 

Late 45 90.5 9.5 77.5 
ON 
0 
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with Figure 7.2). The Control treatment and the Heat+ Root- pruned treatment show opposing 

trends with regard to total uptake and/or maintenance of radioactivity in the shoot (as was the 

case with [3H] GA9). 

Radioactivity in free GAs (from the eluate of the S102-PC) and conjugated GAs (11eOH wash 

of the SiO2-PC) are shown as actual radioactivity recovered (Table 7.7) and as a percentage 

(normalized for losses during workup) in Table 7.8. There are no apparent trends in 

conjugation, either with treatment or stage of elongation, 

The free GAs were subjected to reversed-phase C18 HPLC (Gradient D) for each stage of 

shoot elongation in each treatment. The radioactivity located in the fractions where authentic 

[ti] GA4 elutes is considered to be unmetabolized [ii] GA4. The percent of GA4, as residual 

GA4 remaining in the shoot, normalized for losses during workup, is listed in Table 7.8, There 

is  trend for [3H] GA4 metabolism to increase with increasing stages of shoot elongation. 

During rapid shoot elongation, the amount of residual [3H] GA4 remaining in the shoot was 

similar for all treatments (Table 7.8). As heat had not yet been applied at this time, Control and 

Heat treatments can be considered as duplicates, as can RP and Heat+RP treatments. The RP 

treatment does not effect the proportion of residual [3W GA4 at the early stage of rapid shoot 

elongation. 

When heat was applied, the propagules in Control and Heat treatments were injected with 

[3H]+[2H] ON to follow the metabolism during the stage of slow shoot elongation. Propagules 

that were RP (RP and Heat+RP) were still rapidly elongating, but were also injected with 
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[3H]+[2H} GA4, this particular injection being referred to as 'late' rapid shoot elongation. At 

'late' rapid shoot elongation, then, the RP propagules tended to show an decreased residual [i-i] 

GA4 (implying increased metabolism of [3H] GA4). By the stage of slow shoot elongation, the 

metabolism of [3H1 GA4 was definitely faster in Root-pruned propagules, relative to non-Root 

pruned propagules (Table 7.8). By the stage of late shoot elongation, however, the amount of 

residual [3H] GA4 was similar for all treatments. 

Overall, non-Root-pruned propagules exhibited a steady increase in [3H] GA4 metabolism 

from rapid through to late shoot elongation (Table 7.8 and Figure 7.10). Root-pruned 

propagules also showed increased [3W GA4 metabolism from rapid to slow shoot elongation but a 

decreased metabolism from slow to late shoot elongation (Figure 7.10). 

The qualtitetive pattern of [3H] GA4 metabolites is roughly apparent Figure 7. 10, based on 

elution of authentic [3H] GAs on reversed-phase C18 HPLC. A radioactive metabolite at fraction 

12 elutes at the same Rt as E3H] GA1. Another radioactive metabolite that elutes late on C18 

HPLC (fractions 26-27) corresponds to the Rt for 13H1 GA4-methyl ester. A small amount of a 

radioactive metabolite at fraction 14, is located between Rts for authentic [si-i] GA1 and [3W 

GA20 Another small peak at fraction 16 elutes with I 3H1 GA20. Although GA20 cannot be a 

metabolite of GA4, GA34 is a possible metabolite of GA4 and elutes near GA20. 
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D,xissi'n 

Tritiated GA9 is metabolized faster than [3f] GA4 at all three stages of shoot elongation 

studied for Ph'eogleuce. 

In non—Root—pruned propagules (Control and/or Heat treatments), the metabolism of [3W 

GA9 steadily increases from rapid through to late shoot elongation in Clone 40 (Tables 7.2 and 

7.4) wheras [3H1 GA9 metabolism varies little in Clone 171 at the three stages of shoot 

elongation that were examined (Table 7.6). For both of these clones, there is a larger 

proportion of more polar [3H] GA9 metabolites at the later stages of shoot elongation (Figures 

7.4 and 7.9). 

In RP propegules (RP and/or Heat+RP), (3H] GA9 metabolism was fastest at either rapid 

(Clone 40;: Table 7.4) or slow (Clone 171: Table 7.6) shoot elongation and thereafter tended to 

decrease (at slow shoot elongation for Clone 40, and late shoot elongation for Clone 1 71). In 

both clones, the stage with the largest proportion of polar (SI-I] GA9 metabolites conicides with 

the stage of shoot elongation in which metabolism is most rapid. 

Both [3H1 GA4 and [si-i.] GA9 metabolism were studied in Clone 40, and similar trends were 

observed for the metabolism of each GA in this clone. Control shoots showed a steady increase in 

[3H1 GA4 (Table 7.8 and Figure 7.10) and EI-IJ GA9 (Tables 7.2 and 7.4 and Figure 7.3) 

metabolism from rapid through to late shoot elongation. In RP shoots, [3H} GA4 (Table 7.8 and 

Figure 7.10) and [3H} GA9 (Tables 7.2 and 7.4 and Figure 7.3) metabolism increased from 'the 
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stage of early' rapid to slow shoot elongation but then decreased from the stage of slow to late 

shoot elongation. 

The metabolism of [31-11 GA4 is slower in Pheep/ouao than has been observed for P,≥e 

eb,s (Dunberg eel, 1983), but is more rapid than [3H} GA1 metabolism in seedlings of 

Now eb,'s (Dunberg, 1981). In Pñ'ê obis, [3H] GA4 was metabolized slower in 

polyethylene covered propagules relative to uncovered propagules (Dunberg et.ei, 1983). The 

cultural treatments of Heat and/or RP in Picwgl=8 did not slow metabolism of [3H} GA4 

although the metabolism of [i-i} GA9 was slower in RP shoots, relative to the Control shoots, at 

the late stage of shoot elongation. 

Between Control and RP propagules, there is a consistent finding that RP either increased 

metabolism over and above that for Controls ([3H] GA9 metabolism in Clone 171) or increased 

metabolism at an earlier stage of shoot elongation relative to the Control shoots ([3H] GA9 and 

E3W GA4 metabolism in Clone 40). By the late stage of shoot elongation, the metabolism of [3HJ 

GA9 was slower in RP propagules relative to Controls, whereas [31-fl GA4 metabolism was 

similar in Control and RP propagules. 

Unfortunately, the effect of RP on GA metabolism cannot be correlated with conebud 

formation as shoots that were analyzed for the RP treatment came from propagules that did not 

produce female or male conebuds. In Clone 40, the Heat+RP treatment which significantly 

increased the production of conebuds was not analyzed, by itself, by C18 HPLC but rather was 

grouped with all other treatments in order to identify the metabolites of [3ffl GA9 metabolism. 
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The treatments of RP or Heat, alone, did not promote conebud differentiation in this 

experiment. The fact that RP alone does alter the metabolism of [3W GA4 and [3H1 GAg even 

though it was ineffective in conebud promotion, indicates that it may be a predisposing factor, 

and especially when Heat is added to the system, conebud initiation/differentiation is then 

stimulated. 

Root-pruned propagules (RP and Heat+RP), relative to non-Root-pruned propagules 

(Control and Heat), showed a significant increase in terminal shoot elongation (two-tailed 

Student's t test at the 95 level) and also increased lateral shoot elongation (significance for 

P<O.O5 was obtained using a one-tailed Student's t test) (Chapter 4). 

It has been suggested that GAs in conifers are preferentially used for vegetative growth and 

promote flowering only when a certain threshold level is reached (Pheris and King, 1985; 

Pharis oa!, 1987; Ross oz&t, 1983; Ross et.ei, 1985; Webber et.ei, 1985). The results 

presented here suggest that on increased metabolism of [3H] GA9 or [3H] GA4 to more polar 

free [3H] GA-like metabolites in RP propagules may be associated with increased shoot 

elongation. The absence of flowering in propagules that received RP alone, suggests that the 

'threshold level' of endogenous GAs required for flowering had not been reached (or that another 

factor was limiting for conebud initiation/differentiation). The addition of Heat to RP 

propagules resulted in significant conebud production, relative to RP alone, Heat alone, or 

Control treatments, 

As there were few differences between Control and Heat treatments, and between RP and 

RP+Heat treatments (from the data that is available), this leads me to the conclusion that Heat 

does not directly effect GA metabolism. It is possible though, that bloactivity of metabolites 
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(both [3H] and endogenous GAs) may differ between treatments (possibly due to inhibitor 

action), as was indicated for endogenous GA4 and 0A719 when assayed by the microdrop bioassay 

(Chapter 6). Alternatively, other hormonal or nutritional events my be influenced by the 

cultural treatments to stimulate conebud initiation/differentiation. 
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CHAPTER 8 

CONCLUSIONS 

The promotion of flowering, for seed production, in P,oag1euca grafted propagules can be 

achieved by the use of appropriately timed cultural treatments, specifically Root-pruning 

and/or Heat. As a result of the Root-pruning treatment in 1985, male conebud production was 

significantly increased in 1986. The combination of Root- pruning+ Heat, applied in 1986, 

resulted in significantly increased numbers of female and male conebuds in 1987. 

Conebud induction, through the use of appropriately timed cultural treatments, combined 

with pollen forcing and collection, followed by supplemental pollination of seed orchards can 

provide a method by which high quality seed can be generated (Owens and Blake, 1985). The use 

of this genetically 'superior' seed in reforestation may improve the yield of future forest crops, 

an appealing prospect in view of the diminishing forest land base. 

While the importance of reproducible and consistent flowering in seed orhcards should not 

be underestimated, understanding the basic floral inductive process is perhaps more important. 

Through the use of proven flower-promoting cultural treatments we can observe the effects of 

these specific cultural treatments on endogenous growth regulators which may be implicated in 

flowering. 

Cultural treatments can also influence vegetative tree growth, possibly also through an 

effect on endogenous growth regulators. Root-pruning, if accomplished prior to vegetative bud 

burst in Pk.eeg1euce, can, somewhat surprisingly, significantly enhance terminal and lateral 

shoot elongation. The promotion of both flowering and shoot elongation by 0A4/7 have been 
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suggested to be independent responses to the GA417 (Ross, 1983; Pharis ot.el, 1987). Since 

the cultural treatment of Root-pruning significantly increased shoot elongation in 1986 but did 

not promote conebud initiation/differentiation, this also suggests that the processes are 

independent. But Root-pruning, which increases shoot elongation, when combined with Heat, 

will also increase conebud production. As the endogenous concentrations of GA4 and GA9 are 

significantly higher in Root-pruned relative to Control propagules, this supports the hypothesis 

(Pharis and King, 1985; Pharis et.e41987; Ross, 1983; Ross oe1, 1985; Webber et.oi, 

1985) that endogenous GAs are preferentially used for vegetative growth, and only when a 

certain threshold level is reached do they promote flowering. If the Heat treatment does result 

in less extension growth relative to non-Heated propagules (suggested in both 1985 and 1986, 

but not statistically significant), the GAs which would have been used for elongation may now be 

available for conebud initiation/differentiation thereby supplying the primordia with enough 

endogenous GA(s) to reach the 'threshold' level. 

The main endogenous GAs in Pix8 ,gl8mo8 have been characterized by GC-MS-SIM. 

Gibberellins A1, A3, A4, A7 and A9, which have been previously identified in other Pinaceae 

conifers (Kamienska o/.ai, 1976; Odén et.ei, 1982; Odên aiel, 1987) have now been 

identified in Pheegleuce as well. Additionally, GA20 and GA4- O( 3)-glucoside are reported 

for the first time in a Pinaceae conifer, as being endogenous to recently elongated needles of 

Pk'&,q1euce. The GA precursor, j-kaurene, was characterized from terminal and lateral 

shoot apices. These are likely locations of GA biosynthesis, as has been found for P/st/rn set/vrn 

(Coolbaugh, 1985). 

The identification of the above endogenous GAs has allowed me to quantify some of these GAs 
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in elongated shoots of Control and Root-pruned propagules during the period of conebud 

initiation/differentiation. Of import is the finding of significantly higher concentrations of GA4 

and GA9 in shoots from Root-pruned propagules (that produced female conebuds), relative to 

Control propagules (that produced few or no female conebuds). 

The metabolism of [3H]+[2H](d2) ON and [3H]+[2H](d2) GA9 was followed in Control 

and Root-pruned treated propagules. Root-pruning, which significantly increased shoot 

elongation also increased the metabolism of both [3H]+ [2H]( d2) GA4 and [3H] + 2j.fl ( d) GA9 

either over and above that observed for the Controls or at an earlier stage of shoot elongation 

relative to the Controls. The stage of shoot elongation in which [3H]+[2H](d2) GA4 or 

[3H]+(2H](d2)OA9 metabolism was most rapid coincides with the stage having the largest 

proportion of more polar metabolites. By the late stage of shoot elongation, during conebud 

initaition/differentiation, the metabolism of [3H1+[2H](d2)GA9 is slower (although only 

marginally slower in one of the two clones studied) in Root-pruned propagules compared to 

Control propagules, whereas the metabolism of [3H]+[2H1(d2)0A4 is similar in Control and 

Root-pruned propagules. The identification of metabolites from the [3H]+[2H](d2) GA feeds is 

still in progress. 
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