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Abstract

The spread in time to flower harvest maturity and an inability to produce an adequate
number of crown buds during crop establishment, were perceived as problems by
commercial growers of gentians for cut flowers. By identifying and investigating plant
and environment related factors that influence growth and development, the current
thesis aimed to investigate both the causes of these problems and identify potential

solutions.

Crown buds which appeared during the previous growth cycle were the source of floral
shoot production and, in both true seedlings and clonally propagated plants, these buds
typically originated on the transition zone between shoots and roots. When formed on
the transition zone the first and, as a consequence, apical bud of the crown bud cluster,
originated adventitiously. The individual crown buds which subsequently initiated
within the cluster developed as axillary buds from that apical bud. As evident from the
appearance of two to five times more crown buds and shoots, and crown bud clusters,
the naturally occurring short photoperiodic regime promoted the crown bud formation
process, compared to a long photoperiodic regime. With the application of Ethephon, or
Ethephon followed by either Thidiazuron or Paclobutrazol, it was possible to achieve a
similar increase in the number of crown buds under the long photoperiodic regime. In
contrast to the strong photoperiodic response, exposure to the cooler temperatures

experienced outside did not influence the crown bud formation process.

Once formed, crown buds were under different types and degrees of dormancy (i.e.
endo, para or eco). Dependent on both the developmental stage of plants and the
hierarchical position of buds within a crown bud cluster, shoot emergence and
subsequent development to flowering varied in the quantity, quality of shoots, and
timing in response to dormancy breaking treatments (chilling, gibberellic acid (GA3), or
clipping), Hence when applied prior to shoot emergence, application of chilling to
plants of the cultivar ‘Diva’ resulted in an eight-fold increase in the number of floral
shoots, along with a 83 day reduction in the spread in time to harvest maturity. The
requirement of chilling could be substituted by GAj;. In contrast, when applied
following the start of shoot emergence, only application of GA; was effective in

increasing shoot emergence and narrowing the spread in time to harvest maturity.



Within a bud cluster, a positive relationship between duration to harvest maturity and a
negative relationship with floral shoot length was evident with hierarchical position of
the crown bud from proximal to the distal end. This influence of hierarchical position
was most evident following application of chilling or GAj3, potentially explaining up to
28 days spread in duration to harvest maturity in ‘Diva’. While the aforementioned
factors related to shoot emergence, development and hierarchical position contribute to
the sources of variability within a plant or an individual cluster, both the sources and
extent of variation in time to harvest maturity, varied within cultivars, with wider spread
in time to harvest maturity in ‘Starlet’ (41 days) than ‘Diva’ (35 days) and ‘Spotlight’
(29 days).

The present study has increased the understanding of factors contributing to growth and
development of gentians as an ornamental crop. Treatments have been developed to
allow manipulation of the formation of crown buds, subsequent emergence and

compactness of flowering duration.
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Figure 5.2 Floral shoot of ‘Spotlight’ sampled in Nov 2007 (late spring); (A) the
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vascular bundles. As indicated by staining with Toluidine Blue, tissue stained

light blue are xylem vessels: Ip - leaf primordia, p - pith, vb - vascular bundles,
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illustrating transition zone, (B) section indicating development of two bud
initials (white arrows) from one corner of the gaps of vascular grouping within
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Figure 5.6 Longitudinal sections of transitional zone of a seedling of G. Lutea in
first growth cycle following germination; (A) intact plant illustrating transition
zone, (B) full section at transition zone indicating positions where magnified
images of (C) and (F) were taken. (C) Positions of bud initials further magnified
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following deflasking; (A) transition zone of a plant before visible evidence of a
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Figure 5.8 Transverse sections of an eventual transition zone of a plant of ‘Diva’
derived from tissue culture following deflasking; (A) intact plant indicating
transition zone, (B) full section at the base of the shoot indicating positions of
magnified images of where (C), (D), and (E) were taken, illustrating vascular
tissues and root initials. As indicated by staining with Toluidine Blue, tissue
stained light blue are xylem vessels: ri - root initials, tz - transition zone, X -
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Figure 5.9 Acropetal sequence of transverse sections of the eventual transition
zone of a plant of ‘Diva’ derived from tissue culture six months following
deflasking; (A) intact plant indicating transition zone, (B) partial section at the
root end indicating unorganized tissue, (C) partial section indicating position
from which magnified image of (D) was taken, indicating the vascular groupings
at the base of the shoot. (E-F) progressive development of vascular ring and
presence of xylem as two layers (black arrows). As indicated by staining with
Toluidine Blue, tissue stained light blue are xylem vessels: ¢ — cortex, tz -
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Figure 5.10 Acropetal sequence of transverse sections through the eventual
transition zone (i.e. shoot) of a plant of ‘Diva’ derived from tissue culture at six
months from deflasking; (A) a crown bud (red circle) and root initials at root end
and, (B) vascular tissues converging at base of the shoot with (C-E), a bud
cluster at stage 1, and the eventual transition zone with secondary thickening. (F-
J) magnified images of acropetal sequence of transverse sections below, and
through, the bud cluster indicating; (F-H) non-differentiated tissue at attachment
to main shoot and, (I-J) association between buds within the cluster. As
indicated by staining with Toluidine Blue, tissue stained light blue are xylem
vessels; cb - crown bud, cbc - crown bud cluster, ps - primary shoot, x - xylem
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Figure 5.11 Acropetal sequence of transverse sections through the eventual
transition zone (i.e. shoot) of a plant of ‘Diva’ derived from tissue culture at six
months from deflasking; (A) intact plant indicating transition zone and crown
bud cluster, (B-F) full sections indicating changes in vascular ring at the lowest
node and the initiation of a crown bud cluster (white arrow) at the node, (G-J)

full sections below and through the bud cluster indicating changes along the bud
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cluster at Stage 3, (G-H) at the base of the cluster and, (I-J) within the buds of
the cluster. As indicated by staining with Toluidine Blue, tissue stained light
blue are xylem vessels. ab — apical bud, ¢ - cortex, cb — crown bud, cbc - crown
bud cluster, ps - primary shoot, vg - gap in vascular ring, vr - vascular ring, X -
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Figure 5.12 Acropetal sequence of transverse sections through the eventual
transition zone (i.e. shoot) of a plant of ‘Diva’ derived from tissue culture at
eight months from deflasking; (A) intact plant indicating transition zone and
crown bud cluster, (B) red object indicating segment magnified in (C)
illustrating vascular grouping at the root end. (D) full section at the base of shoot
illustrating enlarged cortex and, (E, F) development of the bud cluster on the
shoot (white arrow), and the gap in the vascular ring on the other side (black
arrow). As indicated by staining with Toluidine Blue, tissue stained light blue
are xylem vessels. ¢ - cortex, cbc - crown bud cluster, tz -transition zone, x -

xylem vessels, VI - VASCUIAT TINE. .....coiiiiiiiiiieiiiieiieeee et 117

Figure 5.13 Sections through crown bud clusters initiated at different positions
on plants of ‘Diva’ during the first growth cycle from deflasking; (A, B)
transverse sections indicating crown buds at proximal end of roots (red circle),
(C) a crown bud cluster on the base of the primary shoot with visible vascular
connection to vascular ring, (D) a bud cluster developing in between two shoots
at the transition zone, (E) an intact plant with a new shoot emerging from the
cluster located at the base of a shoot, (F) transverse section through the eventual
transition zone of that plant indicating remaining buds within the cluster still
enveloped within scale leaves (red circle), (G) bud clusters at the root end of
eventual transition zone from two positions, one at a distance from the main
shoot (red circle) and other with connection to primary shoot, indicating position
magnified in (H), illustrating vascular connection with the shoot (white arrow).
cb - crown bud, cbc - crown bud cluster, ps - primary shoot, vr - vascular ring, x
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Figure 5.14 Sequential dissections of a crown bud cluster on a plant of ‘Diva’
derived from tissue culture during its second growth cycle, i.e. 15 months from

deflasking; (A - D) progressive removal of individual crown buds and scale
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leaves from oldest (1) to most recent (6). Numbering and age based on distance

from apex and location of scale [eaves. .........cceevviieriiieriiiieeeeee e 122

Figure 5.15 Longitudinal sections through crown bud clusters of ‘Diva’ during
the first growth cycle following deflasking. The same bud cluster viewed along
different planes of axis are presented in A-B, and another cluster in C-F, so as to
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Figure 5.16 Transverse section through the transition zone of ‘Diva’ six months
following deflasking; (A) indicating position of a crown bud cluster at Stage 3 of
development and magnified in, (B-D) a sequence of longitudinal sections
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Figure 5.17 (A-E) Acropetal sequence of transverse sections of the crown bud
cluster of the plant in Figure 5.12A, illustrating the arrangement of buds within a
cluster at Stage 4 of cluster development, with early initiated crown buds
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Figure 5.18 Plants of ‘03/04-114’ following treatment application of either, (A)
control or (B) foliar GAs3, after seven months. (C) control and treated plants after
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distal-positioned crown bud/shoot (1) emerging, (B) crown buds 2-4 revealed,
(C-E) crown buds 4-6 revealed. (F) Diagrammatic illustration of arrangement of
buds within the cluster (cross-sectional view); earliest formed axillary bud (1) to
the last (5). More buds, including the apical bud of the stem cluster, were present
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Figure 5.20 Transverse section of (A & B) floral shoot and (C & D) storage root
of ‘Diva’ at increasing magnification; (A) section at the base of the shoot
illustrating vascular ring, (B) magnified image illustrating lignified cells, (C) full
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Figure 5.22 Schematic diagram illustrating the arrangement of crown bud
clusters on the transition zone, and hierarchical arrangement of buds within the
cluster, as apparent following elongation of the compressed cluster stem (i.e.

WHEN GA trEatEA). .ovviiiieiiieiieeie ettt ettt e b et eebe e teeebeesaae e 134
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from the base of the stack bar; i.e. lower case letters for number of crown buds
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Figure 6.3 Dry weight of primary, secondary and tertiary shoots (combined) per
plant for ‘Diva’ 6% months from the start of treatment application (Experiment
One). Treatment abbreviations as detailed in Figure 6.1. Means with the same
letter are not significant at P < 0.05 (LSD) for each variable located in the order
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Figure 6.4 (A) Typical levels of growth for plants of ‘Diva’ 6% months from
treatment with (GA) or without (Control) GAs, under long days. (B & C) Level
of development of secondary shoots from the axillary buds on the primary shoot,
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Figure 6.6 Dry weight of primary and secondary shoots (combined) per plant for
‘Diva’ 5 months following application of plant growth regulators under long
days (Experiment Two). Treatment abbreviations as detailed in Figure 6.1.
Means with the same letter are not significant at P < 0.05 (LSD) for each
variable located in the order from the base of the stack bar; i.e. lower case letters

for dry weight of primary or secondary and tertiary shoots, and upper case letters

for the combined weight of all ShOOLS. ........cccvvieiiiieiiieeece e

Figure 6.7 Representative samples of crown buds in the transition zone of ‘Diva’

62 months from the start of treatment application in Experiment One and Two;

(A) Outside, (B) LD—SD, (C) TDZ and, (D) ethephon. ..........ccccoeviivieeiiiiiiiieieens
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Figure 7.1 A representative plant of ‘Diva’ at the start of treatment application

within each of three experiments (First growth cycle; 31* March 2009). The

primary shoot and secondary shoots carried opened/opening flowers. ...........cc....c......

Figure 7.2 Schematic representation illustrating the composition of treatments
applied within Experiments One, Two and Three during the first growth cycle.
Left to right presents the time line for both treatment application and sampling
dates commencing 31% March through to 9™ September 2009. As indicated by

the open arrows, the timing of sampling refers to the duration from the last

treatment application (0 t0 20 WEEKS).....c.eevviriiieriieiieiie ettt

Figure 7.3 Combined number of visible crown buds and crown shoots per plant
of ‘Diva’ (Experiment One) for the; (A) main effect of duration from last
treatment application”, (B) main effect of treatment with growth regulators 4
weeks following the last treatment application, (C & D) combined number of
buds and shoots developed from the transition zone or storage roots 20 weeks
following the last treatment application within two photoperiodic regimes (C,
LD; D, LD-> SD). Abbreviations for treatments as described in Table 7.1.
Vertical lines represent standard error values. Means followed by different
letters were significantly different at P < 0.05; upper case letters apply to
variables representing combined value within stack bar in Figure 7.3A. n.s. =

not significantly different (Number of root bud and shoots at LD and number of

crown buds and shoots at LD =2 SD). ....c..ccouiiiiiiiiiiiiicicceceee e

Figure 7.4 Number of crown bud clusters per plant of ‘Diva’ at 20 weeks
following the last treatment application (Experiment One) under; (A) Long day
or, (B) short day photoperiodic regimes and, (C) combined number of visible
crown buds and crown shoots within a cluster, for the main effect of application
of growth regulators. Abbreviations for treatments as described in Table 7.1.
Means followed by different letters were significantly different at P < 0.05; for

data that were sqroot transformed, transformed means and mean separation letter

are presented at the top of each column. ............cccoociiriiiiiiniiii e,

Figure 7.5 Diameter of crown buds on plants of gentian cultivar "‘Diva’ at 20
weeks following the last treatment application within two photoperiodic regimes

(Experiment One); (A) LD, (B) LD—SD. Abbreviations for treatments as
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described Table 7.1. Vertical lines represent standard error values. Means

followed by different letters were significantly different at P < 0.05. .........c..ccceene. 181

Figure 7.6 Number of crown shoots per plant of ‘Diva’ (Experiment One); (A &
B) during the 20 weeks following the last treatment application within two
photoperiodic regimes (A, LD; B, LD->SD) and, (C) for the main effect of
treatment with application of growth regulators at 20 weeks following the last
treatment application. (D) Percentage of crown shoots emerged as a proportion
to the combined number of crown buds and crown shoots for the main effect of
treatment with application of growth regulators 20 weeks following the last
treatment application. Abbreviations for treatments as described in Table 7.1.
Means followed by different letters were significantly different at P < 0.05. n.s.
= not significantly different. .............occoiiiiiiiiiii e 182

Figure 7.7 (A) Shoot length (B), number of nodes and (C), diameter of new
shoots developed from crown, at 12 weeks following last treatment application
for the main effect of treatment with application of growth regulators to plants of
‘Diva’ Experiment One). Abbreviations for treatments as described in Table 7.1.

For each variable, means followed by different letters were significantly

AIFTEIENT AL P S 0.05 . oo e e e e e e e e e e eeaeaeeeeanaan 183

Figure 7.8 (A-B) Combined number of visible root buds and shoots per plant
during the 20 week period following the last treatment application within two
photoperiodic regimes (A, LD; B, LD-> SD) for plants of ‘Diva’ (Experiment
One). Abbreviations for treatments as detailed in Table 7.1. Means followed by
different letters were significantly different at P < 0.05, n.s. = not significantly
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Figure 7.9 Macroscopic features near the transition zone of representative
samples of plants of ‘Diva’ from treatments under the long photoperiodic regime
20 weeks following the last treatment application (Experiment One); (A) Control
with no crown buds, (B) ethephon with clusters comprising both crown buds and
crown shoots, (C) PBZ with clusters comprising crown buds, (D) PBZETH with
clusters comprising both buds and shoots, (E) TDZ with small and thin crown
buds and crown shoots, (F) TDZETH with clusters comprising both crown buds

and crown shoots. Abbreviations for treatments as detailed in Table 7.1......cccccceeeeee. 185
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Figure 7.10 Macroscopic features near the transition zone of representative
samples of plants of ‘Diva’ from treatments under the naturally occurring short
photoperiodic regime 20 weeks following the last treatment application
(Experiment One); (A) Control with clusters of crown buds, (B) ethephon with
clusters comprising both crown buds and crown shoots, (C) PBZ with clusters of
crown buds, (D) PBZETH, (E) TDZ, (F) TDZETH with clusters comprising
buds and shoots from roots, which were small and thin. Abbreviations for

treatments as detailed 1N TaADLE 7. 1. ..o e eeeneees 186

Figure 7.11 (A-B) Dry weight of primary and secondary shoots per plant as at
12th week following the last treatment application within two photoperiodic
regimes (A, LD; B, LD-> SD) of ‘Diva’ (Experiment One). Abbreviations for
treatments as described in Table 7.1. Means followed by different letters were
significantly different at P < 0.05; data were log transformed for analysis, hence
both transformed means and mean separation letter are presented above each

COTUITIIL. o, 188

Figure 7.12 Combined number of visible crown buds and crown shoots and total
above-ground dry weight per plant of ‘Diva’l5 weeks following the last
treatment application (Experiment Two). Abbreviations for treatments as
described in Table 7.1. Vertical lines represent + standard error values. Means
followed by different letters were significantly different at P < 0.05; number of
buds and shoots data were sqroot transformed for analysis, hence both

transformed mean and mean separation letter are presented above each column. ........ 191

Figure 7.13 Combined number of visible crown buds and crown shoots per plant
for the main effect of application with growth regulators at the 12" week
following the last treatment application of ‘Diva’ (Experiment Three).
Abbreviations for treatments as described in Table 7.1. Means followed by
different letters were significantly different at P < 0.05; for data that were sqroot
transformed, transformed means were presented along with mean separation

Lot T e 192

Figure 7.14 Schematic diagram based on Chapters 6 and 7, illustrating potential
origin of buds (shoot, transition zone or root) and potential strategies for
promotion using photoperiod of the growing environment and/or application of

growth regulators. Treatment application abbreviations as per Table 7.1..................... 206
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Figure 8.1. Representative samples of plants of ‘Diva’ at three developmental
stages used for: (A) Experiment One, plants with buds unemerged, (B)

Experiment Two, plants with buds recently emerged, (C) Experiment Three,

plants with emerged and developed ShOOtS. ........cccveeeiiieeiiiiciieee e

Figure 8.2. Arrangement of treatment combinations within Experiments One,

TWO QN TIICE. .. e e e e e e e e e e e aaa e

Figure 8.3. (A) Proportion of shoots emerged and reaching harvest maturity as
compared with unemerged crown buds present at the time of first treatment
application, (B) duration to harvest maturity for each shoot and, (C) shoot length
at harvest, following increasing duration of chilling at 5 °C or application of
GA; to plants of ‘Diva’ with unemerged buds (Experiment One). For each
variable, means with different letters were significantly different. Within (A)

mean separation is based on the log transformed means. Vertical lines represent

+ SEM. Mean separation by DNMRT at P < 0.05........cooviiiiiiieeiieeeeeeeeeee e

Figure 8.4. Number of nodes and number of nodes with floral axillaries at
harvest following increasing duration of chilling at 5 °C or application of GA3 to
plants of ‘Diva’ with unemerged buds (Experiment One). For each variable

means indicated by different letters were significantly different. Vertical lines

represent SEM. Mean separation by DNMRT at P < 0.05. ......coooviiviiieiiiiiiieeee

Figure 8.5. Spread in time to harvest maturity of shoots following treatment
application to plants of ‘Diva’ at three developmental stages comprising; (A)
unemerged buds (Experiment One), (B) shoots recently emerged (Experiment
Two), (C) elongated shoots (Experiment Three). The number of shoots
contributing to the distribution is indicated to the right of each treatment’s box
plot. Solid lines in the centre of each box indicate the median. Boundaries of the
box indicate the 25" and 75" percentiles, whiskers indicate 10" and 90™

percentiles and, solid dots indicate one or more individuals as outliers beyond

these percentile HMItS. .......c.oeviiiiiiiieiiee e e e

Figure 8.6. (A) Proportion of shoots reaching harvest maturity as compared with
the combined number of unemerged crown buds and crown shoots present at the
time of first treatment application, and (B) shoot length at harvest of shoots

developed following increasing duration of chilling at 5 °C and/or application of
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GA; or PBZ to plants of ‘Diva’ with shoots recently emerged (Experiment Two).
For each variable means indicated by different letters were significantly

different. Vertical lines represent £ SEM. Mean separation by DNMRT at P <

0.0 e ettt et

Figure 8.7. Number of nodes and axillaries with flowers, at harvest of shoots
developed following increasing duration of chilling at 5 °C and/or application of
GA; or PBZ to plants of ‘Diva’ with shoots recently emerged (Experiment Two).
For each variable means indicated by different letters were significantly

different. Vertical lines represent SEM. Mean separation by DNMRT at P <

0.0 e e e

Figure 8.8. During the third growth cycle, following increasing duration of
chilling at 5 °C and/or application of GA3 or PBZ to plants of ‘Diva’ with shoots
recently emerged (Experiment Two); (A) combined number of crown buds and
shoots per cluster and, (B) the proportion of shoots emerged as compared to the
combined number of crown buds and crown shoots at the beginning of third
growth cycle. For each variable means indicated by different letters were

significantly different. Vertical lines represent £ SEM. Mean separation by

DNMRT at P < 0.05. ..ottt

Figure 8.9. (A) Proportion of shoots reaching harvest maturity as compared with
combined number of unemerged crown buds and crown shoots present at the
time of first treatment application and, (B) shoot length at harvest of shoots
(present at the beginning of the treatment application; adjusted means are
presented) following increasing duration of chilling at 5 °C and/or application of
GA; to plants of ‘Diva’ with elongated shoots (Experiment Three). Within (A)
mean separation is based on the log transformed means. For each variable

means indicated by different letters were significantly different. Vertical lines

represent £ SEM. Mean separation by DNMRT at P < 0.05.......cccccooiieviiiiniieeenens

Figure 8.10. The combined number of crown buds and shoots per plant, during
the third growth cycle, following increasing duration of chilling at 5 °C and/or
application of GA; or PBZ to plants of ‘Diva’ with elongated shoots
(Experiment Three). For each variable means indicated by different letters were

significantly different. Vertical lines represent + SEM. Mean separation by

DNMRT at P < .05ttt
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Figure 9.1 Schematic representation illustrating the sequence and composition of

treatments APPlIEd. .....cccveieiieiiieiieee e e e s

Figure 9.2 A representative plant of ‘Diva’ with a single bud cluster at differing
stages of development during the first growth cycle within the Clipped + GA
treatment, illustrating the methodology of identifying the hierarchical position of
crown buds; (A), prior to treatment application (3rd September 2009) indicating
positions (1-4) of crown buds within the cluster from oldest (1) to the most
recent bud which is oblong in shape (4; red circle), (B), as at 19™ October 2009
following shoot emergence, indicating newly visible crown buds (positions 5 &
6; red circle) which arose from within the previously most recent bud (4) and,

(C), as at December 2009, indicating emergence of shoots from crown buds that

were not visible prior to treatment application (red arrow at position 5)....................

Figure 9.3 Distribution of duration to harvest from the last treatment application
for crown shoots on plants of ‘Diva’ during the growth cycle immediately
following treatment application. Solid lines within each box indicate the median.

Boundaries of the box indicate 25™ and 75" percentiles, and whiskers (if

present) indicate 10™ and 90™ percentiles. n=number of ShOOLS ..............ccooerrveremenc.n.

Figure 9.4 Spread in the hierarchical position of the bud within a bud cluster of
‘Diva’ which emerged during the growth cycle immediately following treatment
application. Position of buds was numbered from proximal to distal end of the
cluster. The number of shoots represented within each treatment were; Non-
clipped Control (n = 3), Clipped Control (n = 7), Clipped + Chilling (n = 6), GA
(n=15). Solid and dashed horizontal lines in the centre of each box indicate

median and mean, respectively. Boundaries of box indicate 25" and 75"

percentiles, and whiskers (if present) indicate 10™ and 90™ percentiles. ....................

Figure 9.5 Relationship between the hierarchical position of the bud within the
cluster, from proximal to distal end of the cluster and; (A), Duration to

emergence and, (B), Duration to harvest maturity, among treatments of ‘Diva’ in

the first growth cycle following treatment application............ccceevcveeerieeeniieenieeennen.

Figure 9.6 Relationship between the hierarchical position of the bud from

proximal to distal end of the cluster and; (A) shoot length and, (B), number of
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nodes at harvest, among treatments applied to plants of ‘Diva’ in the first growth

cycle following treatment appliCation. .........cccueeeriieeriieeiiee et

Figure 9.7 Relationship between the hierarchical position of the bud from
proximal to distal end of the cluster and number of vegetative and floral nodes at

harvest of ‘Diva’ treated with GAj3 in the first growth cycle following treatment
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Figure 9.8 Distribution of dates of appearance of crown buds and/or their
emergence as shoots, for plants of ‘Diva’ treated with GAs in the first growth
cycle; (A), date of appearance of all crown buds in the first growth cycle, (B),
date of appearance of crown buds that emerged into shoots in the second growth
cycle following treatment application and, (C), the date of emergence of crown
shoots in the second growth cycle following treatment application. Solid lines
within each box indicates median. Boundaries of the box indicate the 25™ and

75" percentiles, whiskers (if present) the 10™ and 90" percentiles and, solid dots

ANY OULIIETS. ..ttt ettt ettt et st

Figure 10.1 Determinants of the development of crown buds through to harvest
maturity, their influence on the process, and potential manipulative strategies,

for commercial cultivars of gentian. (+ve = promotes, -ve = inhibits or less
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Figure 10.2 Potential external stimuli breaking dormancy in crown buds,
depending upon the dominant type of dormancy exerted over a crown bud, its

hierarchical position within the crown bud cluster, and time within a single
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