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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS - ELEMENTAL
ANALYSIS OF ZYGOTIC FEMALE GAMETOPHYTE AND EMBRYO TISSUES

Gerald Pullman

Mike Buchanan

Yolanda Powell
Greg Elay

Summary

Full term seeds from loblolly pine were dissected to remove the seed coat, integument, and
nucellus and divided into the female gametophyte and embryo tissue. Tissue was analyzed in
replicate for major and minor elements by use of Inductively Coupled Plasma Emission
Spectroscopy (ICPES). Five sources of seed were analyzed in order to determine an
approximate range of natural elemental composition. Variation between the five seed sources
was minimal providing elemental composition targets for somatic embryos. Analyses of
elemental composition of somatic embryos and comparison to zygotic targets show that somatic
embryos contain 250 times the sodium, 17 times the boron, 3 times the calcium, and 1.8 times
the potassium vs. the target levels of zygotic embryos. Somatic embryos are also deficient in
elemental content for copper (10%), iron (21%), phosphorous (46%), magnesium (50%), and
manganese (66%). Zinc and sulfur appear on target. Microelements such as nickel, cobalt, and
molybdenum were below detection levels in somatic and zygotic embryos. Analyses of
developing zygotic embryos and female gametophyte tissues show significant changes in
elemental composition over time. Phosphorous, potassium, magnesium, calcium, boron, sodium,
and zinc contents in the female gametophyte are highest during early seed development. Sulfur,
iron, and copper contents are relatively constant during female gametophyte growth. Zygotic
embryo tissue showed a manganese peak at stages 1-2. Peaks in boron and sodium occurred at
zygotic embryo stage 3-4. Embryo tissue peaks in phosphorous, potassium, calcium, and zinc,
occurred at stage 5-6. Iron showed an initial peak at stage 5-6 followed by a dip and then
increased until embryos stopped growth. Magnesium rose slightly throughout embryo
development and sulfur and copper were fairly constant through embryo development.

Introduction

The nutritional, osmotic, and hormonal environments surrounding an embryo are well known to
control embryo growth. Optimization of these environments is critical for the growth and
development of high quality, vigorous somatic embryos. In optimizing the nutritional
environment for somatic embryo development, we propose that analysis of the elemental
contents of the female gametophyte and the zygotic embryo will provide models and targets for
the development medium and somatic embryo elemental compositions respectively.



Following is a tentative step by step plan of how we plan to use analysis information of zygotic

“and female gametophyte tissue to improve our somatic embryo protocol. So far, we have
completed the steps 1,2 and have some data for step 4. Experiments are in progress for steps 3
and 5.

Step 1. The first phase of this research is to determine how wide or narrow the natural or
acceptable range of elemental composition is for female gametophyte and embryo tissue. We
decided to initially use full term loblolly pine seed due to its availability and ease in obtaining
the necessary sample weights for analysis. This data provides elemental targets for the somatic
embryo and potentially for the medium.

Step 2. Analyze somatic embryos for elemental composition. Use somatic embryos as
close to maturation as we can currently grow. Compare to target range for each element in
analysis.

Step 3. Modify development and maturation medium based on review of the elemental
composition data. Grow new somatic embryos on modified medium, observe somatic embryos
for morphological improvements, analyze somatic embryos for new elemental composition and
fit to target range.

Step 4. Analyze female gametophyte and zygotic embryos for each developmental stage
to provide a time course of elemental composition during embryo and female gametophyte
developments. (Note, some methods development is necessary to analyze the small amounts
available of very early stage zygotic embryos. Example, twenty stage one embryos have a dry
weight of approximately 0.3 mg)

Step 5. Modify initiation, maintenance, and maturation medium based on the pattern of
elemental change in developing female gametophyte and zygotic embryo tissues. Observe
somatic embryos for morphological improvements, analyze somatic embryos grown in modified
medium for new fit to elemental target range.

Materials and Methods

Step 1. (Presented in the 1997 Spring PAC Report.) Five sets of cones or seed lots of }% sib
materials from four locations and seed orchards were analyzed for embryo and female
gametophyte elemental composition. In order to make seed and embryo dissection easier, cones
were requested at the end of seed development just prior to the seed drying process. With seed
collection just prior to drying any potential elemental loss due to imbibition was eliminated and
seeds were easier to open and remove embryos. Seed collections of 50-100 mg dry weight were
obtained as follows.

BC-1 Boisie Cascade 1995 seed produced in a seed orchard near Lake Charles,
Louisiana.

UC5-1036  Union Camp 1995 seed produced in a seed orchard near Bellville, GA.

UC10-1003  Union Camp 1995 seed produced in a seed orchard near Rincon, GA.

UC10-14 Union Camp 1995 seed produced in a seed orchard near Rincon, GA.

7-56 Westvaco 1995 seed produced in a seed orchard near Summerville, SC



Collected embryos were dried overnight at 70 °C and stored in a freezer. Pre-dried specimens of
Loblolly Pine embryos and gametophytes were submitted for elemental analysis in individually
labeled polyethylene micro-centrifuge tubes. To enable these samples to be analyzed for trace
metals by Inductively Coupled Plasma Emission Spectroscopy (ICPES), the constituent metals
present in the solid sample material were dissolved in an aqueous acid solution. The preparation
procedure followed is outlined below:

1. An aliquot (approximately 50 mg) of pre-dried sample, was weighed into a new, labeled,
graduated, screw-cap, polyethylene centrifuge tube. The weight of the sample was recorded
to the nearest 0.1 mg.

2. Five milliliters (5.0 ml) of high purity concentrated Nitric Acid (EM Science TracePur Plus
Instrumental Grade) were added to each tube, then capped, and allowed to stand at room
temperature for six hours in a fume hood.

The tube was uncapped and two milliliters (2.0 ml) of high purity 30% Hydrogen Peroxide
(J.T. Baker Ultrex Ultrapure Reagent Grade) were added. The tube was capped, inverted
twice to mix the contents, and vented to release any evolved oxygen. The cap was loosely
screwed on the tube to prevent pressure buildup from evolved oxygen. Each sample was
allowed to digest at room temperature for 24 hours in a fume hood.

(V%)

4. At the end of the digestion period, ultrapure reagent grade deionized water (ASTM Type I
water), was added to each tube to bring the total solution volume to 10.0 ml.

5. Prior to analysis, each sample was filtered through a 0.45 pm membrane syringe filter.

Analysis of the sample digests was conducted on a Perkin Elmer Optima 3000 DV ICP Emission
Spectrometer. This instrument, equipped with an autosampler and integral computer
workstation, is configured to detect up to 30 elements simultaneously in less than five milliliters
(5 ml) of sample solution. The principle of analysis is the detection of characteristic ultraviolet
and visible light emissions from metallic elements subjected to a high temperature argon plasma
torch. To improve instrument performance, a Yttrium internal standard is added to each sample,
standard and blank to compensate for small variations in sample flow rate, sample viscosity and
acid concentration as well as to assist in the identification of potential interferences.
Quantification of the metallic analytes in the sample is based on measuring specific wavelength
intensities for each element and comparing these results to multi-point calibration standards
analyzed in the same manner.

The instrument is calibrated daily with three multi-component standards and a blank. A series of
verification standards, interference check solutions and blanks are analyzed and evaluated before
any samples are analyzed. At a frequency of every ten samples, a calibration verification
standard and blank are analyzed. Acceptance criteria for each standard, blank and sample
measurement are defined and used to accept or reject results.



- Step 2. Somatic embryos from genotype 195 (an initiation from immature seed from tree UC
10-1003) were produced in maintenance medium 16 and embryos grown on medium 240.
Somatic embryos were collected at the end of the development period on medium 240;
corresponding in appearance to zygotic stages 8-9.1. Somatic embryos were collected from three
different batches of embryos over a period of three months, each batch was produced from the
same genotype on the same maintenance and development medium. Each of these three
replicates of somatic embryos contained 30-50 mg dry weight of embryo. Metals analysis were
done as described for step 1.

Step 3. Experiments are ongoing for alteration of the maintenance and development media
based on the analyses in steps 1 and 2.

Step 4. During 1994 loblolly pine cones were collected weekly throughout the sequence of
embryo development from Union Camp tree UC5-1036, located in a seed orchard near Bellville,
GA. Cones were shipped on ice to IPST and received within 24-48 hours of collection. Cones
were opened and seeds collected for isolation of embryos. Seeds were cracked using a hemostat,
pried open with the aid of a scalpel, and the integument and nucellus tissue removed from the
ovule. The female gametophyte was slit, pried open and the dominant embryo or mass or
embryos removed. Individual embryos were quickly observed through a dissecting microscope,
evaluated for stage of development (Pullman & Webb, 1994), sorted by stage, and placed in vials
partially immersed in liquid nitrogen. Stage 9 embryos were also categorized by the week they
were collected; 9.1 (Stage 9, week 1) 9.2 (Stage 9, week 2) etc. Staged zygotic embryos were
then placed in a glass vial partially immersed in liquid nitrogen. Frozen embryos were stored at -
70 °C. Samples were dried overnight at 70 °C. Due to the small amounts of embryo tissue
available available from stages 1-8, the analysis method was modified as follows.

1. An aliquot of pre-dried sample, was weighed into a new, labeled, graduated, screw-cap,
polyethylene centrifuge tube. The weight of the sample was recorded to the nearest 0.1 mg.
Weights ranged from a low of 0.5 mg for a mass of early stage embryos to 79.4 mg for later
stage embryos or female gametophyte.

2. One half milliliter (0.5 ml) of high purity concentrated Nitric Acid (EM Science TracePur
Plus Instrumental Grade) was added to each tube, then capped, and allowed to stand at room
temperature for 18 hours in a fume hood.

The tube was uncapped and one milliliter (1.0 ml) each of high purity reagent water and 30%
Hydrogen Peroxide (J.T. Baker Ultrex Ultrapure Reagent Grade) were added. The cap was
loosely screwed on the tube to prevent pressure buildup from evolved oxygen. Each sample
was allow to digest at room temperature for 24 hours in a fume hood.

(93]

4. The tube was uncapped and one milliliter (1.0) of high purity concentrated hydrochloric acid
(J. T. Baker Instra-Analyzed Reagent Grade) was added. Each sample was allowed to digest
an additional 24 hours. At the end of the digestion period, ultrapure reagent grade deionized



water (ASTM Type I water), was added to each tube to bring the total solution volume to
10.0 ml.

5. Prior to analysis, each sample was filtered through a 0.45 pm membrane syringe filter.

Operation of the Perkin Elmer Optima 3000 DV ICP Emission Spectrometer was described in
step 1 above. Due to the low amounts of tissue available for analysis the standard operating
mode was modified. To yield the lowest possible detection limits the instrument was operated in
the “axial” view mode which effectively increases the path length of the spectroscopic
measurement.

Results and Discussion

Step 1. The elemental analyses for zygotic embryo are very similar for the five seed sources
tested. Summaries of the averages per seed source and for all replications are shown for zygotic
embryos in Table 1. Analyses for female gametophyte tissue is also similar for the five seed
sources and is shown in Table 2. Standard errors for zygotic embryo elemental variation
between all of the replicates for Mn, Fe, Cu, Zn, P, S, Mg, and K are less than 4% of the mean
values (Table 1). Nickel, B, Na, and Ca show greater variation with standard errors ranging from
5-16% of the mean (Table 1). Standard errors for female gametophyte elemental variation
between all replicates for Fe, Ni, Cu, Zn, P, S, Mg, and K are less than 4% of the mean values
(Table 2). Manganese, B, Na, and Ca show greater variation with standard errors ranging from
5-8%.

Individual replicate analyses for zygotic embryos per site are shown in Tables 3-7. Individual

replicate analyses for female gametophyte tissue per site are shown in Tables 8-12. Elemental
concentrations detected for Cobalt, Nickel, Molybdenum, and Sodium were sometimes below
the accurate detection limits of the equipment and values for these replicates are shown as <.

Elemental concentrations of zygotic embryo and female gametophyte tissues were often
different. Ratios of elemental compositions, on a dry weight basis, are shown in Table 13.
Embryos contained low contents of Mn, B, and S, suggesting that these elements are selectively
excluded from the embryo. Similar contents of Ca, Ni, Zn, and Cu were found in embryo and
female gametophyte tissue suggesting that these are taken into the embryo by diffusion. Greater
concentrations of P, K, Mg, Na, and Fe were found in the embryo compared to female
gametophyte tissue suggesting that these elements are actively taken up by the embryo.

Overall, the similarity in analyses of zygotic embryo tissues suggest that the mean elemental
compositions of zygotic embryos provide reasonable targets for the elemental composition of
somatic embryos.

Step 2. The analyses for somatic embryos are shown in Table 14. Table 15 shows a
comparison of average zygotic female gametophyte, average zygotic embryo, Clone 195 somatic



embryo and a ratio of somatic/zygotic. These comparisons clearly show that our somatic embryo
is way off for certain elements and on target for others.

Somatic embryos show major differences in some elements compared to zygotic embryos. The
greatest difference is for Boron. Somatic embryos contain 250 times as much sodium as zygotic
embryos, 17 times as much boron, three times the target amount of calcium, and 1.8 times
potassium. These observations suggest the hypothesis that decreasing sodium, boron, calcium,
and potassium in the maintenance or development media will improve embryo growth and
development. On the other side, some elements were low in the somatic embryos. Somatic
embryos contained only 10% of the copper contained in zygotic embryos, 21% of the iron, 46%
of the phosphorous, 50% of the magnesium, and 66% of the manganese. These observations
suggest that these elements should be increased in the maintenance or development media. Other
elements such as zinc, and sulfur appear to be on target. Microelements such as nickel, cobalt,
and molybdenum were present in zygotic and somatic embryos at amounts below detection
levels of the equipment used.

Step 4. Elemental analyses throughout the sequence of development for female gametophyte
and embryo tissues are shown in Figures 1-8. The female gametophyte tissue feeds the embryo
during development and during germination. Elemental contents of the female gametophyte
change over time (Figures 1-4). Phosphorous, potassium, magnesium, calcium, boron, sodium,
and zinc contents in the female gametophyte are highest during early seed development. Sulfur,
iron, and copper contents are relatively constant during female gametophyte growth. Female
gametophyte elemental concentrations were more closely related to the date of tissue collection
than to the stage of embryo contained within.

Zygotic embryo elemental contents also change over time (Figures 5-8). Manganese showed a
peak at stages 1-2. Peaks in boron and sodium occurred at stage 3-4. Since embryos were
collected in sodium borosilicate glass vials during 1994, it is possible that some container
contamination may be present. However, all samples were treated similarly yet distinct peaks in
boron and sodium are clearly present. Embryo collections for later years have used plastic
cryostorage vials. Peaks in phosphorous, potassium, calcium, and zinc, occurred at stage 5-6.
Iron showed an initial peak at stage 5-6 followed by a dip and then increased until embryos
stopped growth. Magnesium rose slightly throughout embryo development and sulfur and
copper were fairly constant through embryo development. In evaluating these mineral changes it
is important to consider that early embryo stages 1-4 contain decreasing masses of suspensor
tissue. Analyses of stage | embryo would consist mostly of suspensor tissue.
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Figure 1. Elemental analysis (mg/Kg dry wt.) for female gametophyte tissue of Union Camp 10-
1036 seed collected in Summer 1994. Sulfur, magnesium, phosphorous, and potassium shown
by date of collection of female gametophyte tissue.
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Figure 2. Elemental analysis (mg/Kg dry wt.) for female gametophyte tissue of Union Camp 10-
1036 seed collected in Summer 1994. Calcium content shown by date of collection of female
gametophyte tissue.
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Figure 3. Elemental analysis (mg/Kg dry wt.) for female gametophyte tissue of Union Camp 10-
1036 seed collected in Summer 1994. Copper, iron, manganese, and zinc content shown by date
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Figure 4. Elemental analysis (mg/Kg dry wt.) for female gametophyte tissue of Union Camp 10-
1036 seed collected in Summer 1994. Boron and sodium content shown by date of collection of
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Loblolly Pine Embryo Elemental Analy
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Figure 5. Elemental analysis (mg/Kg dry wt.) for zygotic embryo tissue of Union Camp 10-1036
seed collected in Summer 1994. Phosphorous, sulfate, magnesium, and potassium content
shown by date of collection of embryo tissue.
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Figure 6. Elemental analysis (mg/Kg dry wt.) for zygotic embryo tissue of Union Camp 10-1036
seed collected in Summer 1994. Calcium content shown by date of collection of embryo tissue.
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Figure 7. Elemental analysis (mg/Kg dry wt.) for zygotic embryo tissue of Union Camp 10-1036

seed collected in Summer 1994. Manganese, iron, copper, and zinc content shown by date of
collection of embryo tissue.
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Figure 8. Elemental analysis (mg/Kg dry wt.) for zygotic embryo tissue of Union Camp 10-1036
seed collected in Summer 1994. Boron and sodium content shown by date of collection of
embryo tissue.
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS - EMBRYO
DEVELOPMENT IMPROVEMENTS BASED ON ELEMENTAL ANALYSIS OF
FEMALE GAMETOPHYTE, ZYGOTIC AND SOMATIC EMBRYO TISSUES

Gerald Pullman
Xiaorong Feng
Paul Montello

Yolanda Powell

Summary

Metal analyses of full term zygotic embryo and female gametophyte tissue were compared to
analyses of our most developed somatic embryos. Major differences in some elemental
compositions were observed. Metal analyses were also done weekly throughout the developmental
sequence for female gametophytes and zygotic embryos . These analyses showed changing
compositions over time for the various elements measured. Based on these observations a series of
experiments on media adjustment for each step in the somatic embryo protocol are ongoing. To
date improvements in embryo yield have been documented due to reductions in boron and calcium
in the development and maturation medium. Reductions in boron speeded embryo development
and caused more embryos to develop. Calcium reductions also caused more embryos to be
produced on development and maturation medium. A combination of Y% strength boron and Y4
strength calcium caused a repeatable statistically significant increase in yield with a marginal
increase in visual embryo quality.

Introduction
Table 1 shows a comparison of elemental analyses for zygotic and somatic tissues with the ratio
of somatic / zygotics. Analyses of elemental composition of somatic embryos and comparison to
zygotic targets show that somatic embryos contain 191 times the sodium, 17 times the boron, 3
times the calcium, and 1.8 times the potassium vs. the target levels of zygotic embryos. Somatic
embryos are also deficient in elemental content for copper (10%), iron (21%), phosphorous
(46%), magnesium (50%), and manganese (66%). Zinc and sulfur appear to be on target. Based
on these findings a series of ongoing experiments was begun to tests modifications in the media
to produce somatic embryos which better match zygotic embryo elemental compositions. The
first experiments targeted the development and maturation step but experiments are also in
progress or planned to modify the initiation, maintenance and germination media.

17



Materials and Methods

Experiment 1. Our standard maintenance medium 16 was used to produce early-stage
embryo suspension cultures. One ml of settled cells was plated onto sterile black filter (not
containing activated carbon) papers placed onto medium 240. Modifications of 240 were tested
which contained altered levels of copper, iron, or boron. Results showed statistically significant
increases in embryo yield with increasing copper and with lowering boron content. Lowering
boron content of the development media also speeded embryo development. Embryos produced
with 1/2 the boron content appeared normal while embryos produced with increased copper were
often smaller in size.

Media Copper Iron Boron Experiment 1
240 1x 1x Ix —— e
683 2x Ix 1x "

684 5x 1x Ix

685 1x 2x 1x £

686 1x Ix 1/2x g

687 1x 1x 1/5x E

688 1x 1x 1/10x 3

689 2x 2x 1/5x g

Media (Treatment)

Experiment 1 - 95% Confidence

Intervals for Factor Means
m -
50 ]
] 4
o) 0 r T .
E] . ]
3 30 + 4 ]
= r . ]
3 : ! ]
8 2 ]
[ H ]
10 f "
I 1 £
o F :
1

240 683 684 685 686 687 688 639

Treatment
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Experiment 2. With the results from experiment 1 suggesting that 1/2 boron was beneficial to
speed embryo development a new experiment was set up to build upon this observation. Normal
boron level or 1/2 boron were coupled with additional changes in calcium, magnesium, or
phosphorous as suggested by the metal analyses. A statistically significant increase in yield over
the control was seen with lowering calcium content or especially with lowering calcium
combined with lowering boron. Although not significant, dry weight analyses of embryos
showed that the lower boron / calcium treatment produced marginally heavier embryos.

Media B  Ca® Mg~ P04 Experiment 2

240 1x 1x Ix Ix R o0 266 B2 275

702 Ix 05x Ix Ix o

703 Ix 1x 1.5 1x o wh

704 Ix 1x 1x 1.5x 8 1

686 0.5x 1Ix Ix Ix £l b

705 0.5x  0.5x Ix Ix 2 Ll % i

706 0.5x Ix I.5x  Ix e Ll g ?

707 05x 1x  Ix  1.5x E Z é
w 1o} Z 7

240 702 703 704 686
Media (Treatments)

~
o
o
~
o
o
~
o
N

Experiment 2 - 95% Confidence

Intervals for Factor Means

50 . ]

40 E ]
=
IS
G 30 3
)
2 I
= T i
T

1 0 B -

0
i

240 686 702 703 704 708 706 707

Treatment
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Experiment 3. This experiment followed up on the observation in experiment 1 that increasing

the phosphorous increased embryo yield. Three genotypes were used to test three levels of boron
(1x, 0.75x, 0.5x) combined in all combinations with three levels of phosphorous (1x, 1.5x, 2x).
Embryo yield was not significantly increased above the control by any combination of boron or

phosphorous.

Experiment 4. To confirm the statistically significant increases in yield by lowering boron and
calcium together and to optimize the media composition for these elements, a experiment was
designed to develop embryos using three levels of boron (1x, 0.75x, 0.5x) combined in all
combinations with three levels of calcium (1x, 0.5x, 0.25x). Four genotypes were used in this
experiment, one did not yield embryos.

Media Boron Calcium
240 1x 1x
702 1x 1/2x
748 1x 1/4x
749 3/4x  1x
750 3/4x  1/2x
751 3/4x  1/4x
686 12x  1x
705 12x  1/2x
752 12x  1/4x
20
16 I
3
E 12
E
E‘ 8
q

Experiment 4

N i 22 331

220 260

40

30 F

)

20

10

Embryo Yield | ml cells

SUSSNNINNINNN

%

240 686 702 705 748 749 750 751 752
Media (Treatments)

Experiment 4 - 95% Confidence
Intervals for Factor Means

PR N

240 686

702 705 748 749 750 751 752

Treatment

20



0 81 0G0 6L ### L'L 9Y0 <CZLL S60 0L'0 O ##### LZ0 990 bAz/wog oney
LGS +022Z 028¢ SlEl €L/Z 6v¥. 8. ¥ZL 8¢ 6y VS Soljewos
28l G/0TL 609/, 6'9  #i#HH 99vC 9¥Z9L G¥ 0SL VLT 8L #HH L€Z 18 soljobAz
oGz 2ZLL6 ZELS V¥ #i#H 886G GLZZL 6L 6Vl 02 €  ##m## L. L2C  @ydojewen
BD M BN eN oW S d g uz nd) IN 0) 94 Uup |ejolN

"SOAIqUId 911034Z / O1)BWIOS Ul PUNOJ JUSWII[ Yord J0J o1jel 3y} ym 3uofe
UM SanssT) 0AIqQUID O11eWOoS pue ‘oAIquud o11034z ‘0)Aydojowred ojewo) 011034z 10§ suonisoduwod [eyuswdo jo uostedwo)) | 9[qe],

21



Table 2. Media compositions for maintenance (16), control (240), and improved (752)
development and maturation media.

Components 16 240 752
NH4NO3 603.8 200 200
KNO3 909.9 909.9 909.9
KH2PO4 136.1 136.1 136.1
Ca(NO3)2:4H20 236.2 236.2 59.05
MgS04-7H20 246.5 246.5 246.5
Mg(NO3)2-6H20 256.5 256.5 256.5
MgCI2+-6H20 101.7 101.7 101.7
Kl 4.15 4.15 4.15
H3BO3 15.5 15.5 7.75
MnSQO4+H20 10.5 10.5 10.5
ZnS04-7H20 14.4 14.4 14.4
Na2Mo04+2H20 0.125 0.125 0.125
CuS04+5H20 0.125 0.125 0.125
CoCI2+6H20 0.125 0.125 0.125
FeS04-7H20 6.95 6.95 6.95
Na2EDTA 9.33 13.9 13.9
Maltose 0 20000 20000
Sucrose 30,000 0 0
PEG 8,000 0 130,000 130,000
myo-Inositol 1,000 20,000 20,000
Casamino acids 500 500 500
L-Glutamine 450 450 450
Thiamine*HCI 1 1 1
Pyridoxine*HCI 0.5 0.5 0.5
Nicotinic acid 0.5 0.5 0.5
Glycine 2 2 2
2,4-D 1.1 0 0
NAA 0 0 0
BAP 0.45 0 0
Kinetin 0.43 0 0
ABA 52 52
Activated Charcoal 0 0 0
Gelrite 0 2,500 2,500
TC Agar 0 0 0
pH 57 57 5.7
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS:
FIELD ESTABLISHMENT OF SOMATIC EMBRYO
DERIVED LOBLOLLY PINE SEEDLINGS

Jerry Pullman, Paul Montello, Mike Cunningham

Summary: On January 22, 1997 thirty five somatic embryo derived loblolly pine
seedlings, initiated in summer 1994, from open pollinated ovules from tree UC10-
1003 were established in a field plot at the Union Camp Ogeechee Forest in Tattnall
County Georgia.

Loblolly pine seeds that originated from tree UC10-1003 of the Union Camp
Corporation were initiated during 1994 initiation trials. The somatic embryos that
resulted subsequently were allowed to undergo conversion and germination. The
seedlings spent approximately 1 year in the greenhouse. This past winter 35 of
these seedlings were delivered to the Union Camp Bellville Georgia location. On
January 22, 1997 they were established in the field. The study was laid out in four
rows. Rows 1-3 have 9 trees whereas Row 4 has 8 trees. The spacing between
seedlings is 10'x6’. The study plot is marked with a post at each corner and a flag
pin at each tree.

As of October 2, 1997 the trees displayed 100% survival in the field.

The average height of the 35 trees is 1.9 feet. The tallest tree is 2.6 feet and the
shortest is 1.2 feet (photo taken late September 1997).

We would like to thank Mike Cunningham, Randy Purvis, and Jerome Martin at
Union Camp for the establishment of these seedlings.
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COMBINED EFFECTS OF ACTIVATED CARBON
AND pH ON IONIC COMPOSITION AND 2,4-D
AVAILABILITY IN A TISSUE CULTURE MEDIUM

S.C. Van Winkle G.S. Pullman

PhD Candidate Associate Professor
IPST IPST

Atlanta, GA 30318 Atlanta, GA 30318
USA USA

ABSTRACT

Activated carbon (AC) is added to tissue culture medium,
often giving positive results. Two different activated
carbons have been found to give different success rates in
tissue cultures. The two carbons have been characterized
using several different techniques with the goal of
correlating character with impact on medium composition.
Ash %, point of zero charge (PZC), and apparent surface
area, showed the greatest differences. Medium pH was
found to vary with AC type, and preparation technique. The
combination of AC and medium pH (ranging from pH 4.8
to pH 6.8) could significantly alter the ionic composition of
the medium, resulting in decreased Cu (-90%), Zn (-50%),
Fe (-50%) and Mn (-60%) and increased Mg (+50%). The
sorption of 2,4-D varied with apparent surface area (BET)
and system pH: the combination of factors resulting in
nearly 50% differences in sorption capacity. These findings
may help to explain some of the contradiction in the
literature regarding the benefits of including AC in tissue
culture medium.

INTRODUCTION

The addition of activated carbon (AC) to plant tissue culture
medium has been shown to benefit many different tissue
culture systems, including algal cultures (1), anther cultures
(2, 3), date palm cultures (4), and Douglas-fir and other
conifer cultures (5). Several different hypotheses have been
advanced to explain the observed benefits: adsorption of
growth inhibitors (toxic metabolites) and prevention of
unwanted callus growth (6), adsorption of breakdown
components of sucrose (7), removal of excess hormone
(2,4-D) (8) and release of substance (9) and the sorption of
mineral nutrients (10, 11).

Anther culture research has shown that success may vary
with the source of activated carbon (12). Work with
Douglas-fir somatic embryogenesis at IPST (unpublished
results) has revealed that acid-washed activated carbon
performs differently from non-acid washed activated
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carbon. Further work at IPST using a Norway spruce
somatic embryogenesis system has shown that success may
also vary with AC production lots.

Research at IPST has shown that the presence of AC in
media used for initiation of loblolly pine results in a 50%
decrease in available zinc and a 90% decrease in available
copper (13). The sorption of 2,4-D onto a single activated
carbon was modeled, allowing predictions of available 2,4-
D based on initial relative concentrations of 2,4-D and AC

(13).

The physical and chemical properties of AC derive from its
extensive surface area, which may include a high
percentage of micropores (pores less than 2 nm) and its
surface chemistry, which is primarily determined by
functional groups containing oxygen. Activated carbon is
produced through oxidation of pyrolyzed material, which is
subsequently pulverized. This oxidation may be achieved
with acids, typically nitric or phosphoric, or using high
temperature treatments under an oxidizing atmosphere,
commonly steam or CO,. The surface may be either acidic
or basic (14).

In this on-going study we seek to correlate the
physical/chemical characteristics of activated carbon with
the impact of AC on the medium composition, and
subsequently, its impact on culture success. This paper
reports results for two different activated carbons for the
sorption of 2,4-dichlorophenoxy acetic acid (2,4-D) from
aqueous solution as well as AC impact on cation
concentrations in an initiation medium (Norway spruce).

EXPERIMENTAL

Characterization of Activated Carbon

Activated carbon was supplied by Sigma as untreated
powder (C-5260), designated “N” type, and acid-washed
tissue culture tested (C-9157), designated “T” type. Two
production lots, designated “1” and “2”, for each type were
characterized. For each characterization, unless stated
otherwise, at least two replications were performed.

Ash % was determined on dry AC (dried using a vacuum
oven at 120°C overnight) through thermo-gravimetric
analysis. The point of zero charge, PZC, was approximated
through mass titration (15) which simply involved adding
an increasing mass of AC to a given mass of water until
some limiting pH value was approached. Apparent surface
area (BET) was determined though nitrogen sorption
(Micromeretics Flowsorb II 2300).



2,4-D Sorption

Experiments were performed using sealed 40mL glass vials
or 200mL plastic bottles. To reach pH targets, acid solution
(0.0IN or 0.1N HCI) was first added to AC and ‘allowed to
equilibrate. The proper amount of acid had been previously
determined through titrations and trial and error. Phosphate
buffer, adjusted to the final pH target, was added such that
the final diluted concentration was approximately 0.0125M.
Stock solution of 2,4-D (1g/L) was added to give a final
concentration of 200mg/L (200ppm). All aqueous phases
were mixed using degassed, deionized water. All vessels
were shaken for the duration of the experiment.
Experiments were performed in duplicate.

Following sorption, typically longer than five days, samples
(10mL) were taken from the vessels and passed through a
syringe filter (Gelman Acrodisc 0.2 pum, HT Tuffryn®
membrane). The first 1.5 mL were discarded. The 2,4-D
concentration was measured at 284nm (Beckman DU 640
Spectrophotometer).

Cation Analysis

Ion analyses were performed on complete and partial media.
Experiments were performed in duplicate. The medium
consisted of a liquid version of the Institute of Paper
Chemistry Norway spruce initiation medium (16), with 2,4-
D (2ppm) substituted for NAA, and BAP (lppm) as
specified previously. When activated carbon was present
(1.25 g/L), the hormone levels were elevated to 90ppm BAP
and 100ppm 2,4-D. Media were typically allowed to
equilibrate three days at room temperature (21°C) before
being analyzed. Samples (approximately 7.5mL) were
collected as per the 2,4-D procedure. Two drops of
concentrated nitric acid were added to each sample. The
samples were then analyzed for cations using inductively
coupled plasma atomic emission spectroscopy (ICP-AES,
Perkin Elmer Optima 3000 DV). Each ICP measurement
was replicated three times.

RESULTS

Characterization of AC

Mean values for the characterization results are summarized
in Table 1. The ash percentage varied significantly between
AC types, with N1 and N2 containing more than twice as
much ash percent as T1 or T2. Significant variation in ash
% was evident between batches 1 and 2 for the N-type AC.
Analysis for trace metals (SEM-EDS) failed to detect
significant differences in atomic species present in the ash
for the different AC samples: the release of toxic metals
does not appear to be a concern when using these AC’s.
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Table 1. Summary AC Character

Ash% | PZC,pH | BET m2/g
T1 2.8 85 1050
T2 2.6 10 940
N1 5.8 10.7 560
N2 8.7 11 710

The point of zero charge (PZC) characterization gives the
pH at which the sum of the charges on a particle suspension
is equal to zero. This measurement differs from the
isoelectric point (IEP) in that the isoelectric point is
determined from moving particles: the internal surface is
not important to IEP determinations. The PZC data indicate
that the T1 and T2 are less basic than N1 and N2. Since the
pH scale is logarithmic, a pH unit of difference is quite
significant at pH 10. It can be concluded that the carbon
types are significantly different with respect to PZC. The
difference between T1 and T2 indicates that production lots
may vary significantly.

The apparent surface area ranged from 560 m¥g to 1050
m?/g. Comparing the average of T1 and T2 to that for N1
and N2, it may be seen that the difference due to carbon
type was approximately 350m*g. The greatest difference
was between T1 and N1. These were the two carbons which
have been used in tissue culture media at IPST. The
between-batch variation, i.e. T1 vs. T2, and N1 vs. N2,
appears to be significant.

Culture Medium pH

As a result of the AC characterization, experiments were
conducted in which media were mixed, allowed to
equilibrate two days and pH measurements made. The two
day period was representative of what might occur in actual
lab practice.

According to our procedure at IPST, the medium pH was
adjusted after adding AC, prior to autoclaving. In this case,
the target pH was 5.8. As can be seen from Figure 1, the
amount of time allowed for pH adjustment influenced the
pH of the medium after two days. Referring to the figure,
the x-axis is labeled according to the amount of time
allowed to adjust pH after addition of AC to the medium.
For the media labeled, “0 min”, the pH was adjusted prior to
AC addition with no further adjustment after AC addition.
As more time was allowed for pH adjustment after AC
addition, the closer was the final pH to the target. The
tendency, however, was for the pH to drift in the basic
direction when AC was present.

After two days, N1 gave higher pH for each treatment,
approaching pH 6.8 when no time was allowed for pH
adjustment. Past experience has shown that the pH of the



medium just after autoclaving is typically below 5.8, about
5.6 for T-type and above 6.5 for N-type. Titrations with acid
have revealed that ten times as much volume is required to
reach a given pH point for N-type vs. T-type carbons. Also,
it has been found that pH drift after the titration end point
has been reached is much more significant for the N-type
carbons: it is much more difficult to obtain pH 5.8 with the
N-type carbons.

For media exposed to a growing Norway spruce culture, the
medium pH drops to about 4.8 over a period of days or
weeks. This phenomenon has been observed for media with
T-type AC and for media without AC. When N-type
carbons have been used, this drop tends to be much more
gradual and doesn’t dip below pH 5.

Therefore, the pH range of interest for this research is from
pH 4.8 to pH6.8.

Sorption of 2,4-D

pH effect.

Data were collected at room temperature (21°C) for sorption
of 2,4-D (200mg/L, 200mL volume, phosphate buffer) onto
AC (0.125g/L) over the pH range of 4.8 to 6.8. These
relative concentrations were chosen after initial experiments
revealed that 2,4-D was being depleted at ten to twenty
times more than what had been expected based on previous
literature (17). It was found that equilibrium was reached
within two days but typically more than five days were
allowed before measurements were taken. These data have
been normalized to sorption capacity at pH 6.8 and are
presented in Figure 2. It can be seen that there was a trend
for both carbons towards greater sorption of 2,4-D as the pH
declined from 6.8. In fact, at pH 4.8 vs. 6.8 the sorption
capacity has increased by more than 40% for both carbons.

Apparent surface area.

Using the same relative concentrations of 2,4-D and AC as

the previous experiments and adjusting pH to approximately
" 6.8 for each solution, sorption data were generated for each

of the four activated carbons. These data were then plotted

as a function of apparent surface area in Figure 3.

The two samples per AC type show a good deal of spread in
their sorption capacity, indicating a high level of variability
in the material. The mean trend is that sorption capacity for
2,4-D increases with apparent surface area. Comparing
mean values for T1 and N1, the difference is about one third
more sorption onto T1.

27

Ion experiments.

Equilibrium conditions were reached within a day but
typically two days were allowed before samples were
analyzed. Data were initially produced for thirty ions.
However, with the exception of silica, neither N1 nor T1
were releasing measurable quantities of non-nutrient ions.
The media at pH 4.8 were visibly clearer than media at
higher pH. After autoclaving, a precipitate was visible in
media with pH above 5.8. The precipitate could be avoided
by omitting the macronutrients from the medium.

Figures 4 and 5 present data for copper and zinc,
respectively. The concentration of each ion is depicted as a
function of medium pH. Media without carbon are
designated “Con” short for “control” and were otherwise
identical to media which included AC. Across the top of
each figure a line is drawn defining the concentration of ion
calculated to be present based on the medium “recipe”.

From the data in Figure 4 it can be seen that more than 90%
of the copper was depleted compared to the control. The
control levels were in good agreement with the calculated
values. There appeared to be a slight increase in copper
availability as pH increased. The data for the two different
AC’s showed no difference.

Figure 5 shows that the control responded to changes in pH.
About 50% of the zinc was depleted in response to a pH
increase from pH 5.8 to-pH 6.75, without AC present. The
presence of AC resulted in reduced availability of zinc
compared to the control across the pH range of 4.8 to 6.75.
The scatter in the data prevented conclusions as to whether
there was an effect due to AC type.

Figure 6 presents data for iron. All of the media were low in
iron relative to the calculated amount, across the pH range
studied. This phenomenon has been observed previously
and attributed to the precipitation of phosphate and Fe-
EDTA (18). Relative to the amount of iron present at pH
4.8, about 50% was depleted as pH increased to 6.8. The
control sample showed higher precipitation than the
activated carbon samples.

Data for magnesium are depicted in Figure 7. Only the
media with N1 showed significant deviation from the
calculated value: N1 added about 50% more magnesium
relative to the calculated value. A pH effect was not
observed in the control or for media containing T1.

Manganese showed a very large pH-dependent drop (Figure
8): more than 60% was depleted as pH increased from 5.8 to
6.8. This drop was independent of the presence of AC.



Molybdate was reduced more than 50% across the pH
range, independent of AC. Cobalt was reduced to levels
near zero and its importance to the medium needs further
investigation.

CONCLUSIONS

The T type activated carbons are different physically and
chemically from the N-type, with at least 50% more
apparent surface area, half as much ash % and a PZC which
is 1 pH unit lower than the N-type carbons. There are also
differences between the production lots within either type,
most notably for BET surface area.

The pH of the medium may have a profound impact on the
medium composition. Medium pH is influenced by AC type
and how much time is allowed for pH adjustment prior to
autoclaving the medium.

The sorption of 2,4-D onto AC appears to be a function of
the apparent surface area and the pH of the medium. The
combination of effects when comparing media with T1 to
media with N1 results in about 40% more 2,4-D sorption
capacity for T1 (over 40% more 2,4-D available in media
with N-type AC).

Several ions showed increased availability as the pH of the
medium declined from 6.8 to 4.8: P (+33%), Mn (+200%),
Fe (+140%), Zn (+190%).

Including AC in the medium results in the increased
availability of several ions. A greater effect was observed
for N1, with increased Si (+30%), Mg (+50%), Ca (+15%),
and Al (+300% approx.).

Only two ions appeared to be sorbed onto AC : Cu (-90%)
and Zn (-50%). When AC was present, the availability of
Cu increased as pH increased.

Figure 9 summarizes a few of the changes in medium
composition which would result from substitution of N1 for
T1. The data have been normalized against a medium
containing T1 at pH 5.8.

REFERENCES

1. Proskauer, J. and Berman, R., Nature, “Agar culture
medium modified to approximate soil conditions,” 227
(Sept. 12): 1161 (1970).

2. Johansson, L., Physiol. Plant., “Effects of activated
carbon in anther cultures,” 59: 397 (1983).

28

3. Kohlenbach, H.W. and Wernicke, W., Z
Pflanzenphysiol. Bd., “Investigations on the inhibitory
effect of agar and the function of activated carbon in anther
culture,” 86.S: 463 (1978).

4. Reuveni, O. and Lilien-kipnis, H., Pamphlet No.145,
the Volcani Institute of Agriculture Research, Isreal,
“Studies of the in-vitro culture of Date palm (Phoenix
dactylifera L.) tissue and organs,” (1974).

5.  Pullman, G.S. and Gupta, P.K.,, U.S. Patent #
5,034,326 (July 23, 1991).

6. George, E.F. and Sherington, P.D., Plant Propagation
by Tissue Culture, Exergetics Ltd., Hants England, 1984, p.
324,357, 365.

7. Druart, P.H. and Wulf, O.D., Plant Cell Tissue and
Organ Culture, “Activated carbon catalyzes sucrose
hydrolysis during autoclaving,” (32): 97 (1993).

8. Zaghmout, O.M.F. and Torello, W.A., HortScience,
“Enhanced regeneration in longOterm callus cultures of red
fescue by pretreatment with activated carbon,” 23: 615
(1988)

9. Johannson, L.B., Calleberg, E., and Gedin, A.,
Physiologia Plantaria, “Correlations between AC, Fe-
EDTA, and other organic media ingredients in cultured
anthers of Anemone canadensis,” 80: 243 (1990).

10. Weatherhead, M.A., Bourdon, L., and Henshaw, G.G.,
Z. Pflanzenphysiol, “Some effects of activated charcoal as
an additive to plant tissue culture media,” 89: 141 (1978).

11. Weatherhead, M.A., Bourdon, L., and Henshaw, G.G.,
Z. Pflanzenphysiol, “Effects of activated charcoal as an
additive to plant tissue culture media. Part 2.,” 94: 399
(1979).

12. Haberle-Bors, E., Z. Pflanzenphysiol, “Interaction of
activated charcoal and iron chelates in anther cultures of
Nicotiana and Atropa belladonna,” 99: 339 (1980).

13. Pullman, G.S., Johnson, S., and Toering, A,
Proceedings Conifer Biotechnology Working Group, 7th
International Conference, June 26-30, 1995, “Activated
carbon adsorbs essential micronutrients: implications for
somatic embryo initiation in loblolly pine (Pinus taeda),”
p-27.

14. Rodriguez-Reinoso, F. and Molina-Sabio, M., Carbon,
“Activated carbons from lignocellulosic materials by



chemical and/or physical activation: an overview,” 30 (7):
1111 (1992).

15. Noh, J.S. and Schwarz, J.A., J. Colloid and Interface
Sci., “Estimation of the point of zero charge of simple
oxides by mass titration,” 130 (1) 157 (1989).

16. Becwar, M.R., Noland, T.L., and Wann, S.R., Plant
Cell Reports, “A method for quantification of the level of
somatic embryogenesis among Norway spruce callus lines,”
(6): 35 (1987).

17. Ebert,A.; Taylor, F., and Blake, J., Plant Cell, Tissue
and Organ Culture, “Changes of 6-benzylaminopurine and
2,4-dichlorophenoxyacetic acid concentrations in plant
tissue culture media in the presence of activated charcoal,”
33: 157 (1993).

18. Shenk, N., Hsiao, K-C., and Bornman, C.H., Plant Cell
Reports, “Avoidance of precipitation and carbohydrate
breakdown in autoclaved plant tissue culture media,” (10):
115 (1991).

29



pH after two days

Medium pH vs. Prep. Technique

0 min 12 min 35 min

Time allowed for pH adjustment

2,4-D Sorption vs. pH of Solution

=
2
&
a
=
S
=
£
s
z
2,4-D Sorption onto AC vs. BET Surface
300
280
260 |
= 240 |
E
220 |
200 -
180 S b !
500 700 900 1100
m2/g

30

Figure 1. Medium pH as a function of the time
allowed for pH adjustment after the addition of
activated carbon (1.25 g/L). Media have been
adjusted to pH 5.8 and then autoclaved and stored for
two days prior to measurement.

Figure 2. Sorption of 2,4-D (initial conc. 200ppm)
onto activated carbon (0.125 g/L) at room
temperature from buffered aqueous solution. The
data for each carbon type were normalized to their
respective mean values at pH 6.8.

Figure 3. Sorption capacity for 2,4-D as a function
of BET surface area of activated carbon. The
experimental conditions were: 2,4-D, 200 ppm; AC,
0.125 g/L; pH 6.8; room temp. (21°C). The range in
apparent surface area for the four different activated
carbons is presented in Table 1.



Cu Present in Medium
0.08
2 0.06
=
=
2 0.04
£ 002
=
3.75 5.75 7.75
pH

Zn Present in Medium
.-.;:
> |
« |
£ |
=
="

3.75 5.75 7.75
pH

Fe Present in Medium
D
=
=
w
; 3
g _ Calc value
= o

31

Figure 4. Copper availability vs. medium pH.
Data were produced using ICP. Media were
complete, including 2,4-D at 100ppm and BAP at
90ppm. Experiments were conducted with one
production lot of each AC type, designated T1 and
N1. “Calc” designates the amount of ion expected
to be present. The control, designated “Con”,
contained no AC but was otherwise identical to
media with AC.

Figure 5. Zinc availability vs. medium pH.
See caption for Figure 4.

Figure 6. Iron availability vs. medium pH.
See caption for Figure 4.
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Figure 7. Magnesium availability vs. medium pH.
Data were produced using ICP. Media were complete,
including 2,4-D at 100ppm and BAP at 90ppm.
Experiments were conducted with one production lot
for each AC, designated T1 and N1. “Calc” designates
the amount of ion expected to be present. The control,
designated “Con”, contained no AC but was otherwise
identical to media without AC.

Figure 8. Manganese availability vs. medium pH.
See caption for Figure 7.

Figure 9. Impact on medium composition of
substituting N1 for T1, including pH effects. Data
have been normalized to expected medium
composition when T1 is present at pH 5.8
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SUMMARY:

In previous studies at IPST comparisons of the fresh weight, dry weight, and patterns of gene
expression between zygotic and somatic embryos, suggested that our somatic embryos develop to
stages 8-9.1 In order to compare in a more functional way zygotic and somatic embryos, we tested the
ability of immature zygotic embryos to germinate. The results show a parallel between the existence of
a functional root meristem and germination. They also indicate that our somatic embryos develop
only to stages 7-8. This suggests that early stages of somatic embryos development are occurring
parallel to zygotic embryo development and that no major developmental step is missed. The results
also suggests that our somatic embryos are not mature enough for normal germination, and that root
growth appears to limit normal germination both in immature somatic and zygotic loblolly pine
embryos.

INTRODUCTION:

In previous studies at IPST comparisons of the fresh weight, dry weight, and patterns of gene
expression between zygotic and somatic embryos, suggested that our somatic embryos develop to
stages 8-9.1. However, the somatic embryos that germinate do so in reverse sequence compared to
zygotic embryos. Mature zygotic embryos germinate when the root emerges before or coincident
with the shoot. In contrast when somatic embryos germinate, the cotyledons green first, the shoot
emerges and then only much later if at all does the root appear. In order to compare the
developmental potential zygotic and somatic embryos, we tested the ability of immature zygotic
embryos to germinate. To determine when immature zygotic embryos acquire the capacity for
normal germination we isolated embryos from stages 5-9.2 and placed them on germination media.
From this functional study of zygotic germination capacity we can determine the developmental
stage and the size and dry weights of immature zygotic embryos that are competent to germinate.
This identifies a target for somatic embryo development. It also allows us to compare these results
of immature zygotic embryos to the germination results from our somatic embryos that are also
immature and obtain an estimate of somatic embryo quality. The results indicate that our somatic
embryos develop to stages 7-8. The results also suggest that in our somatic embryos early stages of
development probably occur normally and no major developmental step is missed.

EXPERIMENTAL APPROACH AND DESIGN:

Genotype UC 5-1036 was used this summer for mass embryo collections for initiation experiments.
To perform germination tests, ovules were surface sterilized and the embryos were surgically isolated.
Up to ten embryos from each stage were placed on one germination plate. This germination media
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did not contain exogenous hormones. Following our normal germination protocol, the embryos
were then cultured in the dark for 7 days and subsequently shifted to continuous white light. After
6-7 weeks in the light the embryos were scored for the presence of roots and shoots under the
dissecting microscope. An embryo was considered to have germinated when it contained both a
root and a shoot. The hypocotyl and root lengths were measured when possible.

RESULTS:

Sterilization and Isolation Techniques Are Not Lethal. 120

100 —+

Most embryos survived the sterilization and isolation procedure.
Seeds were sterilized as for initiation experiments. Figure 1
shows that the most sensitive embryos were from stage 5, but
still 80% of the embryos survived and continued to grow on
hormone free media. In addition, the more mature the embryos
were before isolation the greater their rate of survival, with 0
100% of the stage 9.2 embryos surviving (Figure 1). 50 6.0 7.0 80 9.1
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Figure 1

Cotyledon Development: The Number of Cultured Zygotic Embryos with Abnormal Cotyledons

Decreases with Increasing Maturity

Zygotic embryos isolated at stage 5 showed the greatest percent (40) of embryos that formed
abnormal cotyledons (Figure 2). The embryos that formed abnormal cotyledons were small and the
axis was reduced. Cotyledons were abnormal either when the number of individual cotyledons was
reduced or their morphology was altered. Mostly this was detected as fleshy and fused cotyledons
(Figure 3, next page). By definition, stage 5 embryos have a

. . . . 120 —
shoot apical meristem or dome but no cotyledonary primordia 110 - o normal
are visible with the dissecting microscope. Thus, it was 100 3
.. 0 . - 90 + _ —
surprising that 60% of the zygotic embryos from this early stage o0 - M
of development when cultured on plates without hormone, = 70
. . . 3 60 -

developed normal cotyledons. One possible explanation for this = § o
is that microscopic cotyledonary primordia were present but not 40 -
detectable with the dissecting microscope used. For stage 6 30 ~

. . . . 20 4
embryos, the earliest stage with cotyledonary prlmorc.:ha are w0 % Z
visible, 84% formed normal cotyledons on our germination 0 ;
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plates. About 85% of the stage 7-9.1 embryos formed normal
cotyledons. Thus, once cotyledonary primordia become visible
most are capable of normal growth and greening on our germination plates. Figure 2

Stage
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