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(ABSTRACT) 

The variation for embryo production in anther culture of Solanum phureja was 

examined as a function of maximum greenhouse temperature prior to bud harvest and 

innate responsiveness among anthers within a bud. S. phureja clones PPS, AD2-4, 

A3P2-6 and AD3-4, were grown in a greenhouse under a 16 h photoperiod. The 

temperature was monitored continuously using a thermograph. Buds were collected from 

PPS and AD2-4 and the anthers were cultured in two groups of five flasks. In the first 

group, each flask contained the 30 anthers from 6 buds; the second group, each flask 

contained 1 anther from each of 30 buds -- a total of 30 anthers per flask. Significantly 

smaller coefficients of variation were observed for the second group, suggesting that the 

variation for embryogenic capacity among buds was greater than that among anthers 

within a bud. 

Variation in embryo yield as a function of greenhouse temperature for clones 

A3P2-6 and AD3-4 was examined by stepwise regression analysis. Embryogenic 

capacity of clone A3P2-6 was adversely affected by high temperatures (31-37°C) that



occurred 2 and 7 days before bud harvest. However similarly high temperatures 

appeared to enhance the androgenic response of clone AD3-4. 

Regeneration rate of anther-derived embryos over three subcultures to fresh 

regeneration medium was examined as a function of anther donor or clone, cold 

pretreatment of embryos, and morphological classification of embryos. Only clonal 

origin significantly affected regeneration. Regeneration rate declined on each serial 

subculture. The frequency of regenerable embryos varied from 12.5% for clone BARD 

1-3 to 46.0% for clone A3P2-6. 

Flow cytometric analyses were performed on several anther-derived monoploids 

of S. phureja to examine the frequency of nuclei at the 1x, 2x, and 4x levels within and 

among clones. Significant variation was found among duplicate cultures of the individual 

clones, but this variation was small enough to allow the detection of significant 

differences among the clones. Monoploid cell frequency ranged from 22.3% to 35.7%. 

Diploid cell frequency ranged from 48.6% to 59.9%. Tetraploid cell frequency ranged 

from 11.9% to 25.3%. Several families of anther-derived monoploid clones of S. 

phureja were analyzed for differences among clones within a family and among families. 

Significant differences were found in both categories. Finally, unstained protoplasts of 

monoploid S. phureja clone AM3 were sorted based on forward angle light scatter 

(FALS) and autofluorescence. Fractions selected for low FALS and weak 

autofluorescence appeared to be selectively enriched for monoploid protoplasts.
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Chapter One: Introduction 

Introduction 

The potato, Solanum tuberosum L., is the most extensively grown noncereal food 

crop in the world. The potato is typically a cool climate crop but several research 

groups are attempting to adapt this species for cultivation in warmer areas of the world. 

The genus Solanum consists of over 2000 species, approximately 200 of which produce 

tubers (Grun 1990). Such a large genus represents a tremendous source of germplasm. 

Potatoes are usually propagated by tubers because of the general inferiority of seedlings. 

When crops are direct-seeded, yield, tuber size, and uniformity are found to be of lesser 

quality than tuber-planted crops (Martin 1983). Because of the highly heterozygous 

nature of potato plants, conventional breeding among tetraploid cultivars to generate 

seedlings results in the breaking of linkages and the loss of epistatic interactions required 

for economic traits (Ross 1986). Additionally, male sterility, self incompatibility, and 

varying ploidy levels between species have made traditional breeding programs difficult. 

Tissue culture techniques present an attractive supplement to traditional breeding 

programs. 

Potato is the first major food crop where a wide range of tissue culture techniques



has been successfully applied (Bajaj 1987). Such techniques as meristem culture have 

been used to save plant material that has been infected with viruses. Maintaining in vitro 

copies of plants derived from meristem culture is a way of maintaining virus-free 

germplasm, requiring much less space than full grown plants. Microtubers are small 

tubers (3-38 mg) that are produced in vitro. Such tubers can be produced in large 

numbers irrespective of season. Additionally, they can be packed and shipped without 

the use of special medium and they require much less space than full sized tubers (Bajaj 

1987). Tissue culture technology has also facilitated the production of haploid plants. 

The chromosomes of such plants can be doubled to produce homozygous breeding lines. 

These plants are valuble to breeders because gametophytic self-incompatibility in potato 

makes such techniques as single seed descent difficult or impossible (Cipar et al. 1964). 

Use of Haploids 

The production of haploids is of great value to plant breeders and geneticists. In 

crops where haploids can be induced, they provide a rapid technique for producing 

homozygous breeding lines. Several new crop varieties including rice and asparagus 

have already been developed by this route (Han & Qiguan 1981; Tsay & Hsu 1983). In 

potato, both heterozygosity and tetraploidy are considered to be advantages (Chase 1963). 

Thus, a plant that is highly heterozygous at the tetraploid level would be best. 

Traditionally, highly heterozygous plants would be developed by crossing different inbred 

lines. But obtaining inbreds at the tetraploid level is extremely difficult. An alternative



to this approach was proposed by S. S. Chase in 1963. His analytical breeding scheme 

involved the reduction of a tetraploid (2n=4x =48) to the haploid (2n=2x =24) level and 

then crossing with a series of wild or cultivated diploid (2n=2x =24) species to breed in 

desired traits. The final step would be to resynthesize the tetraploid. A modification of 

this technique would be to obtain monoploids (2n=1x=12) of 2n pollen producing 

diploids. These monoploids could be doubled to produce homozygous diploids, which 

could be intercrossed and subsequently crossed with tetraploids. Because monoploids 

have only one set of chromosomes, any recessive lethal alleles will be expressed; thus, 

survival at the monoploid level acts as a "monoploid sieve" filtering out lethal genes 

(Wenzel et al. 1979). 

There are two main methods for producing haploid lines. The first is through 

development of the female gametes -- gynogenesis or pseudogamy (Van Breukelen 1981), 

and the second is through embryogenesis of the microspores -- androgenesis. When the 

chromosomes of the resulting monoploids are doubled, the result is a homozygous 

diploid. These doubled haploids (DH) are very useful in many areas of crop 

improvement. Breeders have found that selection by doubled haploids and single seed 

descent were equally efficient methods (Griffing 1975; Gallais 1989; Chen & Beversdorf 

1990; Yonezawa et al. 1987). Some researchers have found that the DH method yielded 

pure lines faster and the purity was better than those lines developed by single seed 

descent (Chen & Beversdorf 1990; Kubba et al. 1989). In addition to their breeding 

application, doubled haploids are also useful in mapping studies and studies of



quantitative traits (Snape 1988; Choo 1981). 

The problems with haploid production by anther culture are the same as with 

other tissue culture procedures. Variation for responsiveness among replicate cultures 

and gametoclonal variation among the regenerated plants due to the anther culture process 

has been documented even with homozygous anther donors (Snape et al. 1988). 

Different embryo yields have been obtained under identical culture conditions (Powell 

& Uhrig 1987). Additionally, Calleberg et al. (1989) found that different culture 

temperatures had a significant effect on embryo yield. 

Embryo Regeneration 

Successful regeneration of haploid embryos is essential to the development of 

breeding systems utilizing anther culture. A system must be developed to produce large 

quantities of regenerated embryos in a reliable manner. To increase regeneration of 

embryos, various pretreatments have been tried on different species of plants. In 

Brassica napus, Kott and Beversdorf (1990) studied the effect that the partial desiccation 

and chilling had on embryo regeneration. Each variable when used to a certain extent 

was found to be stimulatory. An additional factor that they studied was the age of the 

embryos. They found that older embryos (35 days versus 21 days) regenerated 

significantly better. Higuchi and Maeda (1991) found that type of carbohydrates used 

in the regeneration media had an effect on the regeneration of rice callus cultures. Such



pretreatments may mimic the conditions surrounding seed-bound embryos. Those 

treatments that are found to be stimulatory may be similar to the conditions which break 

dormancy in seeds. 

Ploidy Differences 

The anther culture process results in the regeneration of plants varying in ploidy. 

Regenerants from a diploid may be monoploid, diploid, tetraploid or mixoploid. A 

reliable system is needed to identify the ploidy of the regenerated plants rapidly. Root 

tip squashes are tedious to perform and chloroplast counts are unreliable and often 

impossible. Ploidy determination by flow cytometry is a much more efficient technique. 

This technique has been used extensively in determining ploidy level as well as levels of 

endopolyploidization in various tissues of such plant species as maize, tobacco, and 

petunia (Ho & Rayburn 1991; Bergounioux et al. 1986; Sharma et al. 1983). 

The genetic source of the higher ploidy regenerants (2x and 4x) is ambiguous; 

thus they would not be useful if the desired product is homozygous breeding material. 

The diploids may result from 2n pollen or they may have been monoploids that have 

spontaneously doubled. Without lengthy genetic analysis or some positive marker traits, 

it would be impossible to differentiate the origin. The source of the tetraploids is even 

more ambiguous. 

The monoploids can be used in a variety of ways. They may be doubled and used 

as homozygous breeding material or protoplasts may be obtained and then fused with



monoploids of another breeding line or species to produce highly heterozygous or 

interspecific diploid hybrids that may not be produced by any other method (Knopf & 

Bromova 1987). Because endopolyploidy occurs during the differentiation of some 

tissues, monoploids of angiosperms are never made up of purely monoploid cells (Evans 

& Van’t Hof 1975). Thus, if monoploid protoplasts are desired, then the extent of 

endopolyploidization within the monoploid clones would be important. If the extent of 

endopolyploidization is genetically controlled, then some families may produce 

monoploids that contain a much higher level of monoploid cells than other families. 

Identification of such families would be beneficial. If plant protoplasts could be sorted 

by ploidy in such a way that the protoplasts remained viable, then fusions of monoploid 

cells could be made with much more certainty.



Objectives 

Breeding programs utilizing tissue culture have many drawbacks. The clones that 

are being used must be tissue culture competent and they must be responsive to the 

particular treatment that is being applied to them. Additionally, the results of such tissue 

culture processes must be predictable and reproducible. For this to be accomplished, the 

source of the variation that occurs within the treatments must be identified and 

controlled. The objectives in the following research were as follows: 

7 to examine procedural refinements in the design of anther culture 
experiments to reduce the variability among replicates when performing 
anther culture on Solanum phureja and to evaluate the effects of 

greenhouse temperatures prior to bud harvest on embryo yield 

7 to assess the effects of temperature pretreatment and embryo morphologies 

on regeneration of the anther-derived embryos 

7 to analyze the variability for endopolyploidy among anther-derived 
monoploids by flow cytometry and evaluate the feasibility of selectively 
enriching protoplast fractions for monoploid cells.
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Chapter Two: Factors Affecting 

Variability in Anther Culture 

Introduction 

Production of haploid lines, plants containing the gametic chromosome number, 

has sped up the breeding process of many important crop plants such as wheat, rice, and 

asparagus. Traditional methods such as single seed descent take many years to produce 

useful homozygous plants. Now haploids, whose chromosomes have been doubled, can 

give rise to homozygous breeding lines in a fraction of the time. 

In potato, dihaploids (2n=2x=24) of Solanum tuberosum (2n=4x=48) can be 

crossed with wild or cultivated diploid clones. Chase (1963) proposed pairwise crosses 

of four different dihaploid clones to produce two diploid hybrids; these two hybrids could 

then be doubled and crossed to produce a tetraploid potato. Such a plant would be 

expected to exhibit maximum heterozygosity, having genomes derived from four 

different sources. Mendiburu et al. (1974) proposed the incorporation of 2n pollen 

producing clones of S. phureja (2n=2x=24) into this breeding scheme. S. phureja x S. 

tuberosum hybrids would inherit this trait and thus, could be crossed directly to 

tetraploids or to 2n egg producing hybrids to obtain highly heterozygous tetraploids 

11



through sexual polyploidization (Hermundstad & Peloquin 1985). Additionally, doubled 

haploids of diploid Solanum species that produce 2n pollen can be used in similar analytic 

breeding schemes. The advantage of this system is that haploids of diploid clones are 

monoploids, thus they have only one set of chromosomes (2n=1x=12). Any recessive 

lethal alleles would be expressed during the development of monoploid embryos, thereby 

causing their demise (Wenzel et al. 1979). Once the monoploids have been doubled, the 

desired traits, along with all the other traits, would be in homozygous form. But to 

select effectively at the monoploid level, large quantities of androgenic embryos must be 

produced and evaluated. 

Anther culture has been successfully used to produce monoploids of diploid potato 

species (Veilleux 1990). But, within the anther culture system, there is much variability 

for embryo production. Variation in anther culture has been attributed to the genotype 

of the donor plant (Bhojwani & Razdan 1983; Sopory & Bajaj 1987), the environment 

of the donor plant (Mii & Taguchi 1982; Johannson 1986; Xu et al. 1990; Hamaoka et 

al. 1991), pretreatment of the anthers prior to culture (Reynolds 1984; Fabijanski et al. 

1991), and the in vitro culture conditions of the embryos (Johannson 1986). Variation 

appears as variation in the number of embryos produced per anther or as gametoclonal 

variation between embryos (Veilleux 1990). In Brussels sprouts, embryo yield varied 

between 0 and 800 embryos per 100 anthers under similar conditions (Biddington & 

Robinson 1991). Such variation can mask treatment effects applied during anther culture, 

thus making it difficult to evaluate procedures that may affect embryo yield. To obtain 
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�h�a�p�l�o�i�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �e�m�b�r�y�o�s� �p�r�e�d�i�c�t�a�b�l�y�,� �t�h�e�s�e� �s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�t�i�o�n� �n�e�e�d� �t�o� �b�e� 

�i�d�e�n�t�i�f�i�e�d� �a�n�d� �c�o�n�t�r�o�l�l�e�d�.� 

�I�n� �t�h�i�s� �s�t�u�d�y�,� �p�r�o�c�e�d�u�r�a�l� �r�e�f�i�n�e�m�e�n�t�s� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �e�x�p�e�r�i�m�e�n�t�s� 

�t�o� �r�e�d�u�c�e� �v�a�r�i�a�b�i�l�i�t�y� �a�m�o�n�g� �r�e�p�l�i�c�a�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �m�a�x�i�m�u�m� 

�t�e�m�p�e�r�a�t�u�r�e�s� �i�n� �t�h�e� �g�r�e�e�n�h�o�u�s�e� �w�h�e�r�e� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�s� �w�e�r�e� �g�r�o�w�i�n�g� �f�o�r� �s�e�v�e�r�a�l� �d�a�y�s� 

�p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�i�l�l� �b�e� �a�n�a�l�y�z�e�d� �f�o�r� �a� �p�o�s�s�i�b�l�e� �c�o�r�r�e�l�a�t�i�o�n� �w�i�t�h� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� 

�i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �P�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �i�n� �t�h�i�s� �l�a�b� �(�d�a�t�a� �u�n�p�u�b�l�i�s�h�e�d�)� �h�a�s� �i�n�d�i�c�a�t�e�d� �b�o�t�h� �a� 

�d�a�y� �e�f�f�e�c�t� �a�n�d� �a� �s�e�a�s�o�n�a�l� �e�f�f�e�c�t� �o�n� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n�.� �L�a�t�e� �w�i�n�t�e�r� �t�o� �e�a�r�l�y� �s�p�r�i�n�g� 

�y�i�e�l�d�e�d� �t�h�e� �b�e�s�t� �r�e�s�u�l�t�s�,� �w�h�i�l�e� �s�u�m�m�e�r� �y�i�e�l�d�e�d� �t�h�e� �w�o�r�s�t�.� �X�u� �e�t� �a�l�.� �(�1�9�9�0�)� �f�o�u�n�d� �t�h�a�t� 

�t�e�m�p�e�r�a�t�u�r�e� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �p�o�l�l�e�n� �m�a�t�u�r�a�t�i�o�n� �i�n� �w�h�e�a�t�.� �T�h�u�s�,� 

�t�h�e�r�e� �m�a�y� �b�e� �a� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� �t�h�e� �e�m�b�r�y�o�g�e�n�i�c� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �m�i�c�r�o�s�p�o�r�e�s�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s�.� �F�o�u�r� �c�l�o�n�e�s� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a� �t�h�a�t� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� 

�t�o� �b�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �c�o�m�p�e�t�e�n�t� �i�n� �t�h�i�s� �l�a�b� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �f�i�r�s�t� �c�l�o�n�e�,� �P�P�5� 

�(�2�n�=�2�x�=�2�4�)�,� �i�s� �a� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d� �o�f� �S�.� �p�h�u�r�e�j�a� �(�P�I� �2�2�5�6�6�9� �x� �P�I� �2�2�5�6�8�2�)�.� �T�h�e� 

�s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �c�l�o�n�e�s�,� �A�D�2�-�4� �a�n�d� �A�D�3�-�4�,� �a�r�e� �b�o�t�h� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d�s� 

�(�2�n�=�2�x�=�2�4�)� �o�f� �P�P�S� �(�F�i�g�s�.� �1� �a�n�d� �2�)�.� �T�h�e� �f�o�u�r�t�h� �c�l�o�n�e�,� �A�3�P�2�-�6�,� �w�a�s� �d�e�r�i�v�e�d� �f�r�o�m� �a� 

�c�r�o�s�s� �b�e�t�w�e�e�n� �A�D�3�-�4� �a�n�d� �t�h�e� �h�e�t�e�r�o�z�y�g�o�u�s� �f�i�e�l�d� �s�e�l�e�c�t�i�o�n�,� �N�B�P�2� �(�7�5�-�2�1�,� �p�r�o�v�i�d�e�d� �b�y� 

�H�.� �D�e�J�o�n�g�,� �A�g�r�i�c�u�l�t�u�r�e� �C�a�n�a�d�a�,� �F�r�e�d�e�r�i�c�t�o�n�,� �N�B�)� �(�F�i�g�.� �2�)�.� 
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�P�a�r�t� �o�n�e�:� �b�u�d� �v�a�r�i�a�b�i�l�i�t�y� �s�t�u�d�y�.� �S�i�x� �t�o� �t�e�n� �p�l�a�n�t�s� �o�f� �b�o�t�h� �P�P�S� �a�n�d� �A�D�2�-�4� �p�l�a�n�t�e�d� �i�n� �2� 

�g�a�l�l�o�n� �p�o�t�s� �c�o�n�t�a�i�n�i�n�g� �1� �s�a�n�d� �:� �1� �w�e�b�l�i�t�e� �(�W�e�b�l�i�t�e� �C�o�.�,� �P�.�O�.� �B�o�x� �1�2�8�8�7�,� �R�o�a�n�o�k�e�,� �V�a�.�)�:� 

�1� �s�u�n�s�h�i�n�e� �m�i�x� �(�F�i�s�o�n�s� �H�o�r�t�i�c�u�l�t�u�r�e� �I�n�c�.�,� �V�a�n�c�o�u�v�e�r�,� �B�C�,� �C�a�n�a�d�a�)� �w�e�r�e� �g�r�o�w�n� �i�n� �t�h�e� 

�g�r�e�e�n�h�o�u�s�e� �b�e�t�w�e�e�n� �D�e�c�e�m�b�e�r� �1�9�9�1� �a�n�d� �A�p�r�i�l� �1�9�9�2�.� �S�i�x�t�e�e�n� �h�o�u�r� �d�a�y� �l�e�n�g�t�h� �w�a�s� 

�p�r�o�v�i�d�e�d� �b�y� �h�i�g�h� �p�r�e�s�s�u�r�e� �s�o�d�i�u�m� �v�a�p�o�r� �l�a�m�p�s�.� �T�h�e� �p�l�a�n�t�s� �w�e�r�e� �f�e�r�t�i�l�i�z�e�d� �w�e�e�k�l�y� �u�s�i�n�g� 

�a� �w�a�t�e�r� �s�o�l�u�b�l�e� �f�e�r�t�i�l�i�z�e�r� �(�P�e�t�e�r ��s� �F�e�r�t�i�l�i�z�e�r� �P�r�o�d�u�c�t�s�,� �W�.�R�.� �G�r�a�c�e� �&� �C�o�.�,� �F�o�g�e�l�s�v�i�l�l�e�,� 

�P�a�.�)� �c�o�n�t�a�i�n�i�n�g� �2�0�:�1�9�:�1�8� �(�N�i�t�r�o�g�e�n�:�P�,�0�,�:�K�,�O�)�.� �F�l�o�w�e�r� �b�u�d�s� �w�i�t�h� �m�i�c�r�o�s�p�o�r�e�s� �a�t� �t�h�e� 

�u�n�i�n�u�c�l�e�a�t�e� �s�t�a�g�e� �(�a�n�t�h�e�r�s� �2�.�5� �t�o� �3�.�5� �m�m� �i�n� �l�e�n�g�t�h�)� �w�e�r�e� �p�i�c�k�e�d� �a�n�d� �p�l�a�c�e�d� �o�n� �p�a�p�e�r� 

�t�o�w�e�l�s� �m�o�i�s�t�e�n�e�d� �w�i�t�h� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �i�n� �p�l�a�s�t�i�c� �s�a�n�d�w�i�c�h� �b�a�g�s�.� �T�h�e� �b�u�d�s� �w�e�r�e� �t�h�e�n� 

�r�e�f�r�i�g�e�r�a�t�e�d� �a�t� �4�°�C� �f�o�r� �t�h�r�e�e� �d�a�y�s� �i�n� �t�h�e� �d�a�r�k�.� �S�i�x�t�y� �b�u�d�s� �w�e�r�e� �p�i�c�k�e�d� �p�e�r� �d�a�y� �p�e�r� �c�l�o�n�e� 

�o�n� �t�e�n� �d�i�f�f�e�r�e�n�t� �d�a�y�s�.� �T�h�e� �b�u�d�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �s�e�t�s� �o�f� �3�0� �a�n�d� �t�h�e�n� �s�u�r�f�a�c�e� 

�s�t�e�r�i�l�i�z�e�d� �i�n� �7�0�%� �e�t�h�a�n�o�l� �f�o�r� �3�0� �s�e�c� �a�n�d� �d�i�s�i�n�f�e�c�t�e�d� �i�n� �1�0�0�%� �c�o�m�m�e�r�c�i�a�l� �b�l�e�a�c�h� �(�W�o�n�d�e�r� 

�b�l�e�a�c�h�,� �5�.�2�5�%� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e�)� �p�l�u�s� �"�T�w�e�e�n� �2�0 �� �f�o�r� �5� �m�i�n�.� �T�h�e�n�,� �t�h�e�y� �w�e�r�e� �r�i�n�s�e�d� 

�t�w�i�c�e� �i�n� �s�t�e�r�i�l�e� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� �A�n�t�h�e�r�s� �w�e�r�e� �a�s�e�p�t�i�c�a�l�l�y� �r�e�m�o�v�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �1�2�5� �m�l� 

�D�e�l�o�n�g� �c�u�l�t�u�r�e� �f�l�a�s�k�s� �(�B�e�l�l�c�o� �G�l�a�s�s� �C�o�.�,� �V�i�n�e�l�a�n�d�,� �N�J�)� �a�c�c�o�r�d�i�n�g� �t�o� �e�i�t�h�e�r� �t�h�e� �"�s�a�m�e�"� 

�o�r� �t�h�e� �"�d�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e� �(�F�i�g�s�.� �3� �a�n�d� �4�)�.� �E�a�c�h� �f�l�a�s�k� �c�o�n�t�a�i�n�e�d� �1�5� �m�l� �a�u�t�o�c�l�a�v�e�d� 

�n�u�t�r�i�e�n�t� �m�e�d�i�a� �c�o�n�t�a�i�n�i�n�g� �2�.�5� �m�g�/�l� �B�A�P� �+� �0�.�1� �m�g�/�l� �I�A�A� �+� �2�.�5� �g�/�I� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� 

�(�m�e�d�i�a� �1�)�.� �E�a�c�h� �f�l�a�s�k� �w�a�s� �c�o�v�e�r�e�d� �w�i�t�h� �a� �m�a�g�e�n�t�a� �2�-�w�a�y� �c�a�p� �(�M�a�g�e�n�t�a� �P�l�a�s�t�i�c�s�,� 

�C�h�i�c�a�g�o�,� �I�L�)� �a�n�d� �s�e�a�l�e�d� �w�i�t�h� �p�a�r�a�f�i�l�m�.� �F�l�a�s�k�s� �w�e�r�e� �t�h�e�n� �s�h�a�k�e�n� �o�n� �a� �r�o�t�a�r�y� �s�h�a�k�e�r�,� �s�e�t� 

�a�t� �1�2�5� �r�p�m�,� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�5�°�C�)�.� �T�h�e� �t�e�n� �r�e�p�l�i�c�a�t�e�s� �p�e�r� �c�l�o�n�e� 

�c�o�n�s�i�s�t�e�d� �o�f� �a� �t�o�t�a�l� �o�f� �6�,�0�0�0� �a�n�t�h�e�r�s� �(�1�0� �r�e�p�l�i�c�a�t�e�s� �x� �2� �c�l�o�n�e�s� �x� �1�0� �f�l�a�s�k�s�/�c�l�o�n�e�/�r�e�p� �x� �3�0� 
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�a�n�t�h�e�r�s� �/�f�l�a�s�k�)�.� �A�f�t�e�r� �5� �t�o� �8� �w�e�e�k�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�a�s� �c�o�u�n�t�e�d� �a�n�d� 

�t�h�e� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�l�a�s�k�s� �i�n� �e�a�c�h� �s�c�h�e�m�e� �f�o�r� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �v�i�a� �A�N�O�V�A�.� 

�P�a�r�t� �t�w�o�:� �t�e�m�p�e�r�a�t�u�r�e� �s�t�u�d�y�.� �T�e�n� �p�l�a�n�t�s� �e�a�c�h� �o�f� �A�3�P�2�-�6� �a�n�d� �A�D�3�-�4� �w�e�r�e� �g�r�o�w�n� �i�n� �a� 

�g�r�e�e�n�h�o�u�s�e� �b�e�t�w�e�e�n� �S�e�p�t�e�m�b�e�r� �a�n�d� �O�c�t�o�b�e�r� �1�9�9�1�.� �S�i�x�t�e�e�n� �h�o�u�r� �d�a�y� �l�e�n�g�t�h� �w�a�s� �p�r�o�v�i�d�e�d� 

�b�y� �h�i�g�h� �p�r�e�s�s�u�r�e� �s�o�d�i�u�m� �v�a�p�o�r� �l�a�m�p�s�.� �D�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �a� 

�t�h�e�r�m�o�g�r�a�p�h� �(�W�e�k�s�l�e�r� �I�n�s�t�r�u�m�e�n�t�s�,� �F�r�e�e�p�o�r�t�,� �N�Y�)�.� �T�h�r�e�e� �h�u�n�d�r�e�d� �a�n�t�h�e�r�s� �p�e�r� �c�l�o�n�e� �p�e�r� 

�d�a�y� �w�e�r�e� �c�u�l�t�u�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�c�e�d�i�n�g� �e�x�p�e�r�i�m�e�n�t� �o�n� �1�0� �d�i�f�f�e�r�e�n�t� �d�a�y�s�.� �F�i�v�e� 

�a�d�d�i�t�i�o�n�a�l� �r�e�p�l�i�c�a�t�i�o�n�s� �o�f� �A�3�P�2�-�6� �w�e�r�e� �k�i�n�d�l�y� �p�r�o�v�i�d�e�d� �b�y� �T�a�m�m�a�m� �S�e�r�a�g�e� �(�H�o�r�t�.� �D�e�p�t�.�,� 

�V�P�I�&�S�U�)�.� �A�f�t�e�r� �5� �t�o� �8� �w�e�e�k�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �i�n� �e�a�c�h� �f�l�a�s�k� �w�a�s� �c�o�u�n�t�e�d�.� 

�S�t�e�p�w�i�s�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �b�e�t�w�e�e�n� �e�m�b�r�y�o� �y�i�e�l�d� �f�o�r� �e�a�c�h� �c�l�o�n�e� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� 

�g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �s�e�v�e�n� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�a�s� �c�o�n�d�u�c�t�e�d�.� 

�R�e�s�u�l�t�s� 

�P�a�r�t� �o�n�e�:� �b�u�d� �v�a�r�i�a�b�i�l�i�t�y� �s�t�u�d�y�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �o�f� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� �r�e�v�e�a�l�e�d� 

�s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �c�l�o�n�e�s� �(�T�a�b�l�e� �1�)�.� �T�h�e� �h�e�t�e�r�o�z�y�g�o�u�s� �P�P�S� �h�a�d� �a� 

�h�i�g�h�e�r� �e�m�b�r�y�o� �y�i�e�l�d� �t�h�a�n� �i�t�s� �h�o�m�o�z�y�g�o�u�s� �d�e�r�i�v�a�t�i�v�e�,� �A�D�2�-�4� �(�T�a�b�l�e� �2�)�.� �T�o�t�a�l� �e�m�b�r�y�o� 

�y�i�e�l�d� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�w�e�e�n� �t�h�e� �s�a�m�e� �a�n�d� �d�i�f�f�e�r�e�n�t� �t�r�e�a�t�m�e�n�t�s� �(�T�a�b�l�e�s� �1� �a�n�d� 
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�2�)�.� �T�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �v�a�r�i�a�t�i�o�n� �(�C�V�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�m�a�l�l�e�r� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�c�h�e�m�e� 

�t�h�a�n� �t�h�e� �s�a�m�e� �s�c�h�e�m�e� �(�T�a�b�l�e� �3�)�.� �T�h�e� �h�i�g�h�e�r� �C�V�s� �n�o�t�e�d� �f�o�r� �A�D�2�-�4� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� 

�a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� �f�o�r� �t�h�i�s� �c�l�o�n�e� �w�a�s� �m�o�r�e� �v�a�r�i�a�b�l�e� �t�h�a�n� �t�h�a�t� �o�f� �P�P�S� �(�T�a�b�l�e� �4�)�.� 

�T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �w�a�s� �l�e�s�s� �v�a�r�i�a�b�i�l�i�t�y� �a�m�o�n�g� �f�l�a�s�k�s� �w�h�e�n� �a�n�t�h�e�r�s� �i�n� �e�a�c�h� 

�o�f� �t�h�e� �f�i�v�e� �f�l�a�s�k�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� �3�0� �b�u�d�s�.� 

�P�a�r�t� �t�w�o�:� �t�e�m�p�e�r�a�t�u�r�e� �s�t�u�d�y�.� �T�h�e� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �f�o�u�r�t�h� �a�n�d� 

�s�e�v�e�n�t�h� �d�a�y� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �e�m�b�r�y�o� �y�i�e�l�d� �o�f� �t�h�e� 

�d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d� �c�l�o�n�e�,� �A�D�3�-�4� �(�p�<� �0�.�0�5�)� �(�T�a�b�l�e� �5�)�.� �T�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�.� �5�)�.� �F�o�r� �A�3�P�2�-�6�,� �t�h�e� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e�s� �a�t� 

�t�w�o�,� �f�o�u�r� �a�n�d� �s�e�v�e�n� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�e�r�e� �a�l�l� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� 

�e�m�b�r�y�o� �y�i�e�l�d� �(�p�<�0�.�0�5�)� �(�T�a�b�l�e� �5�)�.� �H�o�w�e�v�e�r� �t�h�e� �t�r�e�n�d� �w�a�s� �o�p�p�o�s�i�t�e� �t�h�a�t� �o�f� �A�D�3�-�4�;� �t�h�e� 

�e�m�b�r�y�o� �y�i�e�l�d� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�.� �6�)�.� �I�n� �t�h�e� �s�e�c�o�n�d� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e� �e�x�p�e�r�i�m�e�n�t� �u�s�i�n�g� �T�-�A�3�P�2�-�6�,� �t�h�e� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e�s� �a�t� �o�n�e� �a�n�d� 

�s�e�v�e�n� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �e�m�b�r�y�o� �y�i�e�l�d� �(�p�<� �0�.�0�5�)� 

�(�T�a�b�l�e� �5�)�.� �A�s� �b�e�f�o�r�e� �w�i�t�h� �A�3�P�2�-�6�,� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� 

�t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�.� �7�)�.� �I�n� �a�l�l� �c�a�s�e�s�,� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �s�e�v�e�n�t�h� �d�a�y� 

�p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �e�m�b�r�y�o� �y�i�e�l�d� �i�n� �s�u�b�s�e�q�u�e�n�t� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e�s�.� 
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�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �"�d�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e� �w�a�s� �a�b�l�e� �t�o� �r�e�d�u�c�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �v�a�r�i�a�t�i�o�n� �t�h�a�t� �o�c�c�u�r�r�e�d� 

�a�m�o�n�g� �r�e�p�l�i�c�a�t�e� �f�l�a�s�k�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �T�h�i�s� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r� 

�c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�c�h�e�m�e� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� 

�m�e�d�i�u�m� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e�r�e�f�o�r�e�,� �t�r�e�a�t�m�e�n�t� �e�f�f�e�c�t�s� �c�a�n� �b�e� �m�o�r�e� �e�a�s�i�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d�.� 

�T�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �g�r�e�e�n�h�o�u�s�e� �u�p� �t�o� �s�e�v�e�n� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �h�a�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �g�e�n�o�t�y�p�e�s� �t�e�s�t�e�d�.� �H�o�w�e�v�e�r�,� 

�t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �e�f�f�e�c�t� �a�n�d� �i�t�s� �d�i�r�e�c�t�i�o�n� �a�p�p�e�a�r� �t�o� �b�e� �g�e�n�o�t�y�p�e� �s�p�e�c�i�f�i�c�.� 

�I�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d�s� �h�a�d� �a� �l�o�w�e�r� �e�m�b�r�y�o�g�e�n�i�c� �r�e�s�p�o�n�s�e� 

�t�h�a�n� �t�h�e� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s�.� �B�o�t�h� �A�D�2�-�4� �a�n�d� �A�D�3�-�4� �a�r�e� �m�a�l�e� �s�t�e�r�i�l�e� �(�M ��R�i�b�u� �&� 

�V�e�i�l�l�e�u�x� �1�9�9�2�)�;� �b�o�t�h� �P�P�S� �a�n�d� �A�3�P�2�-�6� �a�r�e� �m�a�l�e� �f�e�r�t�i�l�e�.� �H�e�b�e�r�l�e�-�B�o�r�s� �(�1�9�8�2�)� �f�o�u�n�d� 

�p�o�l�l�e�n� �s�t�e�r�i�l�i�t�y� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �p�o�l�l�e�n� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �N�i�c�o�t�i�a�n�a� �t�a�b�a�c�u�m�.� 

�H�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �s�t�e�r�i�l�e� �p�o�l�l�e�n� �g�r�a�i�n�s� �w�e�r�e� �i�n� �f�a�c�t� �e�m�b�r�y�o�g�e�n�i�c� �m�i�c�r�o�s�p�o�r�e�s� �(�P�-� 

�g�r�a�i�n�s�)� �t�h�a�t� �w�e�r�e� �s�t�r�u�c�t�u�r�a�l�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �n�o�r�m�a�l� �m�i�c�r�o�s�p�o�r�e�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �b�e�i�n�g� 

�f�u�n�c�t�i�o�n�a�l�l�y� �s�t�e�r�i�l�e�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �(�d�a�y�l�e�n�g�t�h� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�)� �t�h�a�t� �i�n�c�r�e�a�s�e�d� 

�t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �f�u�n�c�t�i�o�n�a�l�l�y� �s�t�e�r�i�l�e� �b�u�t� �a�n�d�r�o�g�e�n�i�c�a�l�l�y� �a�c�t�i�v�e� �P�-�p�o�l�l�e�n� �r�e�s�u�l�t�e�d� �i�n� �h�i�g�h�e�r� 

�e�m�b�r�y�o� �y�i�e�l�d� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �(�H�e�b�e�r�l�e�-�B�o�r�s� �&� �R�e�i�n�e�r�t� �1�9�8�1�)�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �m�a�l�e� 

�S�t�e�r�i�l�i�t�y� �i�n� �p�o�t�a�t�o�,� �w�h�i�c�h�,� �f�o�r� �t�h�e�s�e� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d� �c�l�o�n�e�s�,� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�i�n�c�o�m�p�l�e�t�e� �p�o�l�l�e�n� �m�a�t�u�r�a�t�i�o�n�,� �i�n� �g�e�n�e�r�a�l� �n�e�g�a�t�i�v�e�l�y� �a�f�f�e�c�t�s� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d�.� �B�u�t� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e�s� �m�a�y� �a�f�f�e�c�t� �t�h�e� �m�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �m�a�l�e�-�s�t�e�r�i�l�e� �m�i�c�r�o�s�p�o�r�e�s� �r�e�s�u�l�t�i�n�g� �i�n� �a� 
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�c�h�a�n�g�e� �f�a�v�o�r�i�n�g� �a�n�d�r�o�g�e�n�e�s�i�s�;� �h�o�w�e�v�e�r�,� �t�h�e� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �m�a�y� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� 

�a�n�d�r�o�g�e�n�e�s�i�s� �o�f� �t�h�e� �m�i�c�r�o�s�p�o�r�e�s� �o�f� �t�h�e� �m�a�l�e�-�f�e�r�t�i�l�e� �p�l�a�n�t�s�.� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�s� �p�r�i�o�r� �t�o� �b�u�d� 

�h�a�r�v�e�s�t� �a�p�p�e�a�r� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �a�n�d�r�o�g�e�n�i�c� �c�a�p�a�c�i�t�y� �i�n� �m�a�n�y� �p�l�a�n�t� �s�p�e�c�i�e�s�.� �L�u� �e�t� �a�l�.� 

�(�1�9�9�1�)� �o�b�s�e�r�v�e�d� �i�n� �w�h�e�a�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �t�h�a�t� �b�o�t�h� �t�h�e� �g�e�n�o�t�y�p�e� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �o�f� 

�t�h�e� �d�o�n�o�r� �p�l�a�n�t� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �e�m�b�r�y�o� �y�i�e�l�d�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �c�o�n�d�i�t�i�o�n�s� 

�s�u�c�h� �a�s� �d�r�o�u�g�h�t� �s�t�r�e�s�s� �o�n� �t�h�e� �d�o�n�o�r� �p�l�a�n�t� �n�e�g�a�t�i�v�e�l�y� �a�f�f�e�c�t�e�d� �e�m�b�r�y�o� �y�i�e�l�d�.� �S�u�c�h� �e�f�f�e�c�t�s� 

�h�a�v�e� �a�l�s�o� �b�e�e�n� �n�o�t�e�d� �i�n� �o�v�u�l�e� �c�u�l�t�u�r�e� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �h�a�p�l�o�i�d�s� �i�n� �s�u�g�a�r� �b�e�e�t� 

�(�D�o�c�t�r�i�n�a�l� �e�t� �a�l�.� �1�9�8�9�)�.� �B�j�d�r�n�s�t�a�d� �e�t� �a�l�.� �(�1�9�8�9�)� �n�o�t�e�d� �t�h�a�t� �w�h�e�a�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� 

�w�a�s� �g�r�e�a�t�e�s�t� �w�h�e�n� �d�o�n�o�r� �p�l�a�n�t�s� �w�e�r�e� �g�r�o�w�n� �u�n�d�e�r� �c�o�n�s�t�a�n�t�,� �c�o�o�l� �t�e�m�p�e�r�a�t�u�r�e�s�.� �Y�a�n�g� 

�e�t� �a�l�.� �(�1�9�9�2�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �h�i�g�h�e�r� �f�r�e�q�u�e�n�c�y� �o�f� 

�a�b�o�r�t�e�d� �m�i�c�r�o�s�p�o�r�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �p�l�a�n�t�s� �t�h�a�t� �a�r�e� �m�o�r�e� �a�d�a�p�t�e�d� �t�o� �c�o�o�l�e�r� �c�o�n�d�i�t�i�o�n�s�.� 

�P�e�r�h�a�p�s�,� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �e�m�b�r�y�o� �y�i�e�l�d� �t�h�a�t� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d� �A�D�3�-�4� 

�a�t� �h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �s�o�m�e� �t�y�p�e� �o�f� �h�e�a�t� �t�o�l�e�r�a�n�c�e�.� �M�o�r�e� �r�e�s�e�a�r�c�h� �i�s� 

�n�e�e�d�e�d� �r�e�g�a�r�d�i�n�g� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t�s� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �T�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� 

�o�f� �o�t�h�e�r� �m�a�l�e�-�s�t�e�r�i�l�e� �a�n�d� �m�a�l�e�-�f�e�r�t�i�l�e� �c�l�o�n�e�s� �n�e�e�d�s� �t�o� �b�e� �e�v�a�l�u�a�t�e�d� �t�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� 

�t�h�e� �m�e�c�h�a�n�i�s�m�s� �b�e�h�i�n�d� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e�s�e� �s�t�u�d�i�e�s�.� 

�1�8



�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� 

�T�h�e� �a�u�t�h�o�r� �w�i�s�h�e�s� �t�o� �t�h�a�n�k� �T�a�m�m�a�m� �S�e�r�a�g�e� �f�o�r� �h�i�s� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �a�d�d�i�t�i�o�n�a�l� �e�m�b�r�y�o� 

�y�i�e�l�d� �d�a�t�a� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �A�3�P�2�-�6�.� 

�1�9



�R�e�f�e�r�e�n�c�e�s� 

�B�h�o�j�w�a�n�i� �S�S� �&� �R�a�z�d�a�n� �M�K� �(�1�9�8�3�)� �P�l�a�n�t� �T�i�s�s�u�e� �C�u�l�t�u�r�e�:� �T�h�e�o�r�y� �a�n�d� �P�r�a�c�t�i�c�e�.� �E�l�s�e�v�i�e�r�,� 
�N�e�w� �Y�o�r�k�.� �p�p�.� �1�1�3�-�1�4�7� 

�B�i�d�d�i�n�g�t�o�n� �N�L� �&� �R�o�b�i�n�s�o�n� �H�T� �(�1�9�9�1�)� �E�t�h�y�l�e�n�e� �p�r�o�d�u�c�t�i�o�n� �d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� 
�B�r�u�s�s�e�l�s� �s�p�r�o�u�t�s� �(�B�r�a�s�s�i�c�a� �o�l�e�r�a�c�e�a� �v�a�r�.� �g�e�m�m�i�f�e�r�a�)� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� 
�f�a�c�t�o�r�s� �t�h�a�t� �a�f�f�e�c�t� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� �2�5�:� �1�6�9�-�1�7�7� 

�B�j�¢�r�n�s�t�a�d� �A�,� �O�p�s�a�l�-�F�e�r�s�t�a�d� �H�G� �&� �A�a�s�m�o� �M� �(�1�9�8�9�)� �E�f�f�e�c�t�s� �o�f� �d�o�n�o�r� �p�l�a�n�t� �e�n�v�i�r�o�n�m�e�n�t� 
�a�n�d� �l�i�g�h�t� �d�u�r�i�n�g� �i�n�c�u�b�a�t�i�o�n� �o�f� �a�n�t�h�e�r�s� �o�f� �s�o�m�e� �s�p�r�i�n�g� �w�h�e�a�t� �(�J�r�i�t�i�c�u�m� �a�e�s�t�i�v�u�m� 
�L�.�)� �c�u�l�t�i�v�a�r�s�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� �1�7�:� �2�7�-�3�7� 

�C�h�a�s�e� �S�S� �(�1�9�6�3�)� �A�n�a�l�y�t�i�c� �b�r�e�e�d�i�n�g� �i�n� �S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m� �L�.� �-�-�a� �s�c�h�e�m�e� �u�t�i�l�i�z�i�n�g� 
�p�a�r�t�h�e�n�o�t�e�s� �a�n�d� �o�t�h�e�r� �d�i�p�l�o�i�d� �s�t�o�c�k�s�.� �C�a�n�.� �J�.� �G�e�n�e�t�.� �C�y�t�o�l�.� �5�:� �3�5�9�-�3�6�3� 

�D�o�c�t�r�i�n�a�l� �D�,� �S�a�n�g�w�a�n� �R�S� �&� �S�a�n�g�w�a�n�-�N�o�r�r�e�e�l� �B�S� �(�1�9�8�9�)� �I�n� �v�i�t�r�o� �g�y�n�o�g�e�n�e�s�i�s� �i�n� �B�e�t�a� 
�v�u�l�g�a�r�i�s� �L�.�:� �E�f�f�e�c�t�s� �o�f� �p�l�a�n�t� �g�r�o�w�t�h� �r�e�g�u�l�a�t�o�r�s�,� �t�e�m�p�e�r�a�t�u�r�e�,� �g�e�n�o�t�y�p�e�,� �a�n�d� 
�s�e�a�s�o�n�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� �1�7�:� �1�-�1�2� 

�F�a�b�i�j�a�n�s�k�i� �S�K�,� �A�l�t�r�o�s�a�a�r� �I� �&� �A�r�n�i�s�o�n� �P�G� �(�1�9�9�1�)� �H�e�a�t� �s�h�o�c�k� �r�e�s�p�o�n�s�e� �d�u�r�i�n�g� �a�n�t�h�e�r� 
�c�u�l�t�u�r�e� �o�f� �b�r�o�c�c�o�l�i� �(�B�r�a�s�s�i�c�a� �o�l�e�r�a�c�e�a� �v�a�r�.� �i�t�a�l�i�c�a�)�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� 
�2�6�:� �2�0�3�-�2�1�2� 

�H�a�m�a�o�k�a� �Y�,� �F�u�j�i�t�a� �Y�,� �&� �I�w�a�i� �S� �(�1�9�9�1�)� �E�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �m�o�d�e� �o�f� �p�o�l�l�e�n� 
�d�e�v�e�l�o�p�m�e�n�t� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �B�r�a�s�s�i�c�a� �c�a�m�p�e�s�t�r�i�s�.� �P�h�y�s�i�o�l�.� �P�l�a�n�t�.� �8�2�:� �6�7�-�7�2� 

�H�e�b�e�r�l�e�-�B�o�r�s� �E� �(�1�9�8�2�)� �I�n� �v�i�t�r�o� �p�o�l�l�e�n� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �N�i�c�o�t�i�a�n�a� �t�a�b�a�c�u�m� �L�.� �a�n�d� �i�t�s� 
�r�e�l�a�t�i�o�n� �t�o� �p�o�l�l�e�n� �s�t�e�r�i�l�i�t�y�,� �s�e�x� �b�a�l�a�n�c�e�,� �a�n�d� �f�l�o�r�a�l� �i�n�d�u�c�t�i�o�n� �o�f� �t�h�e� �p�o�l�l�e�n� �d�o�n�o�r� 
�p�l�a�n�t�s�.� �P�l�a�n�t�a� �1�5�6�:� �3�9�6�-�4�0�1� 

�H�e�b�e�r�l�e�-�B�o�r�s� �E� �&� �R�e�i�n�e�r�t� �J� �(�1�9�8�1�)� �E�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�t�r�o�l� �a�n�d� �e�v�i�d�e�n�c�e� �f�o�r� 
�p�r�e�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �p�o�l�l�e�n� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �M�i�c�o�t�i�a�n�a� �t�a�b�a�c�u�m� �p�o�l�l�e�n�.� 
�P�r�o�t�o�p�l�a�s�m�a� �1�0�9�:� �2�4�9�-�2�5�5� 

�H�e�r�m�u�n�d�s�t�a�d� �S�A� �&� �P�e�l�o�q�u�i�n� �S�J� �(�1�9�8�5�)� �G�e�r�m�p�l�a�s�m� �e�n�h�a�n�c�e�m�e�n�t� �w�i�t�h� �p�o�t�a�t�o� �h�a�p�l�o�i�d�s�.� 
�J�.� �H�e�r�e�d�i�t�y� �7�6�:� �4�6�3�-�4�6�7� 

�2�0



�J�o�h�a�n�s�s�o�n� �L� �(�1�9�8�6�)� �I�m�p�r�o�v�e�d� �m�e�t�h�o�d�s� �f�o�r� �i�n�d�u�c�t�i�o�n� �o�f� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 
�o�f� �S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m�.� �P�o�t�a�t�o� �R�e�s�e�a�r�c�h� �2�9�:� �1�7�9�-�1�9�0� 

�L�u� �C�S�,� �S�h�a�r�m�a� �H�C� �&� �O�h�m� �H�W� �(�1�9�9�1�)� �W�h�e�a�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e�:� �e�f�f�e�c�t� �o�f� �g�e�n�o�t�y�p�e� �a�n�d� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� �2�4�:� �2�3�3�-�2�3�6� 

�M�e�n�d�i�b�u�r�u� �A�O�,� �P�e�l�o�q�u�i�n� �S�J� �&� �M�o�k� �D�W�S� �(�1�9�7�4�)� �P�o�t�a�t�o� �b�r�e�e�d�i�n�g� �w�i�t�h� �h�a�p�l�o�i�d�s� �a�n�d� �2�n� 
�g�a�m�e�t�e�s�.� �I�n�:� �K�a�s�h�a� �K�K� �(�E�d�)� �H�a�p�l�o�i�d�s� �i�n� �H�i�g�h�e�r� �P�l�a�n�t�s�:� �A�d�v�a�n�c�e�s� �a�n�d� �P�o�t�e�n�t�i�a�l�.� 
�P�r�o�c�.� �F�i�r�s�t� �I�n�t�e�r�n�.� �S�y�m�p�.� �J�u�n�e� �1�0�-�1�4�,� �U�n�i�v�e�r�s�i�t�y� �o�f� �G�u�e�l�p�h�,� �G�u�e�l�p�h�,� �O�n�t�a�r�i�o�.� �p�p� 
�2�4�9�-�2�5�7� 

�M�i�i� �M� �&� �T�a�g�u�c�h�i� �T� �(�1�9�8�2�)� �E�f�f�e�c�t�s� �o�f� �c�h�i�l�l�i�n�g�,� �a�n�t�h�e�r� �p�r�e�c�u�l�t�u�r�e� �a�n�d� �g�r�o�w�t�h� �r�e�g�u�l�a�t�o�r�s� 
�o�n� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �i�s�o�l�a�t�e�d� �p�o�l�l�e�n� �c�u�l�t�u�r�e� �o�f� �N�i�c�o�t�i�a�n�a� �r�u�s�t�i�c�a� �L�.� �J�a�p�a�n�.� �J�.� 
�B�r�e�e�d�.� �2�:� �3�0�3�-�3�1�0� 

�M ��R�i�b�u� �H�K� �&� �V�e�i�l�l�e�u�x� �R�E� �(�1�9�9�2�)� �F�e�r�t�i�l�i�t�y� �o�f� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d�s� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a�.� 
�A�m�e�r�.� �P�o�t�a�t�o� �J�.� �6�9�:� �4�4�7�-�4�5�9� 

�R�e�y�n�o�l�d�s� �T�L� �(�1�9�8�4�)� �A�n� �u�l�t�r�a�s�t�r�u�c�t�u�r�a�l� �a�n�d� �s�t�e�r�e�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �p�o�l�l�e�n� �g�r�a�i�n�s� �o�f� 
�H�y�o�s�c�y�a�m�u�s� �n�i�g�e�r� �d�u�r�i�n�g� �n�o�r�m�a�l� �o�n�t�o�g�e�n�y� �a�n�d� �i�n�d�u�c�e�d� �e�m�b�r�y�o�g�e�n�i�c� 
�d�e�v�e�l�o�p�m�e�n�t�.� �A�m�e�r�.� �J�.� �B�o�t�.� �7�1�:� �4�9�0�-�5�0�4� 

�S�o�p�o�r�y� �S�K� �&� �B�a�j�a�j� �Y�P�S� �(�1�9�8�7�)� �A�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �h�a�p�l�o�i�d� �p�r�o�d�u�c�t�i�o�n� �i�n� �p�o�t�a�t�o�.� �I�n�:� 
�B�a�j�a�j� �Y�P�S� �(�E�d�)� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �F�o�r�e�s�t�r�y�,� �V�o�l� �3�:� �P�o�t�a�t�o� �(�p�p� �8�9�-� 
�1�0�5�)�.� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�,� �N�e�w� �Y�o�r�k� 

�V�e�i�l�l�e�u�x� �R�E� �(�1�9�9�0�)� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a�:� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �h�a�p�l�o�i�d�s�.� �I�n�:� 
�B�a�j�a�j� �Y�P�S� �(�E�d�)� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �A�g�r�i�c�u�l�t�u�r�e� �V�o�l� �1�2�:� �H�a�p�l�o�i�d�s� �i�n� �C�r�o�p� 
�I�m�p�r�o�v�e�m�e�n�t�,� �(�p�p� �5�3�0�-�5�4�3�)�.� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�,� �N�e�w� �Y�o�r�k� 

�W�e�n�z�e�l� �G�,� �S�c�h�e�i�d�e�r� �O�,� �P�r�z�e�w�o�z�n�y� �T� �&� �S�o�p�o�r�y� �S�K� �(�1�9�7�9�)� 
�C�o�m�p�a�r�i�s�o�n� �o�f� �s�i�n�g�l�e� �c�e�l�l� �c�u�l�t�u�r�e� �d�e�r�i�v�e�d� �S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m� �L�.� �p�l�a�n�t�s� �a�n�d� �a� 
�m�o�d�e�l� �f�o�r� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �b�r�e�e�d�i�n�g� �p�r�o�g�r�a�m�s�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �5�5�:� �4�9�-� 
�3�5� 

�X�u� �A�,� �B�a�r�k� �D�,� �B�a�r�n�e�t�t� �F�L�,� �Q�i�a�n� �C�M�,� �&� �L�i�a�r�s�e� �G� �(�1�9�9�0�)� �E�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 
�g�e�n�o�t�y�p�e� �o�n� �d�u�r�a�t�i�o�n� �o�f� �p�o�l�l�e�n� �m�a�t�u�r�a�t�i�o�n� �i�n� �w�h�e�a�t�.� �B�o�t�.� �G�a�z�.� �1�5�1�:� �1�0�-�1�3� 

�Y�a�n�g� �O�,� �C�h�a�v�i�n� �J�E� �&� �H�e�r�v�é� �Y� �(�1�9�9�2�)� �A� �s�t�u�d�y� �o�f� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� 
�c�a�u�l�i�f�l�o�w�e�r� �(�B�r�a�s�s�i�c�a� �o�l�e�r�a�c�e�a� �v�a�r�.� �b�o�t�r�y�i�s�)� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�.� �O�r�g�a�n� �C�u�l�t�.� �2�8�:� �2�8�9�-� 
�2�9�6� 
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�T�a�b�l�e� �1�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e �� �f�o�r� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �o�f� �A�D�2�-�4� �a�n�d� �P�P�5� �u�s�i�n�g� �t�h�e� 
 ��s�a�m�e�"� �v�e�r�s�u�s� �t�h�e� �"�d�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e� �(�s�e�e� �F�i�g�s�.� �3� �a�n�d� �4�)�.� 

�*� �d�a�t�a� �w�a�s� �t�r�a�n�s�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �o�f� �e�m�b�r�y�o� �y�i�e�l�d�.� 

�S�o�u�r�c�e� �D�F� �M�e�a�n� �s�q�u�a�r�e�s� 

�S�c�h�e�m�e� �1� �5�.�4�4�5�8�5� 
�C�l�o�n�e� �1� �5�0�2�.�4�4�5�°� 

�E�r�r�o�r� �1�9�7� �2�9�.�5�5�3� 

�*� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�t� �p�=�0�.�0�0�0�1� 
�N�S� �=� �n�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�T�a�b�l�e� �2�.� �M�e�a�n� �e�m�b�r�y�o� �y�i�e�l�d� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� �o�f� �t�w�o� �c�l�o�n�e�s� �o�f� �S�.� �p�h�u�r�e�j�a�,� �P�P�S� �a�n�d� 
�A�D�2�-�4�,� �c�u�l�t�u�r�e�d� �e�i�t�h�e�r� �w�i�t�h� �a�l�l� �f�i�v�e� �a�n�t�h�e�r�s� �p�e�r� �b�u�d� �i�n� �t�h�e� �s�a�m�e� �f�l�a�s�k� �o�r� �w�i�t�h� �t�h�e� 
�f�i�v�e� �a�n�t�h�e�r�s� �p�e�r� �b�u�d� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �f�l�a�s�k�s�.� 

�N�o�.� �o�f� �M�e�a�n� �+� �S�.�D�.� 
�C�l�o�n�e� �T�r�e�a�t�m�e�n�t� �f�l�a�s�k�s� �e�m�b�r�y�o�s�/�f�l�a�s�k� 

�a� 
�P�P�5� �S�a�m�e� �5�0� �5�.�5� �+� �6�.�8� 

�D�i�f�f�e�r�e�n�t� �5�0� �6�.�1� �+� �5�.�8� 

�A�D�2�-�4� �S�a�m�e� �5�0� �2�.�6� �+� �5�.�2� 
�D�i�f�f�e�r�e�n�t� �5�0� �2�.�6� �+� �3�.�4� 

�|�
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�T�a�b�l�e� �3�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �v�a�r�i�a�t�i�o�n� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 
�r�e�s�p�o�n�s�e� �u�s�i�n�g� �t�h�e� �"�s�a�m�e�"� �v�e�r�s�u�s� �t�h�e� �"�d�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e� �(�s�e�e� �F�i�g�s�.� �3� �a�n�d� �4�)�.� 

�S�o�u�r�c�e� �D�F� �M�e�a�n� �s�q�u�a�r�e�s� 

�B�e�t�w�e�e�n� �s�c�h�e�m�e�s� �1� �1�5�4�2�5�.�8�°� 
�B�e�t�w�e�e�n� �c�l�o�n�e�s� �1� �2�4�6�6�3�.�4�°� 
�S�c�h�e�m�e� �x� �c�l�o�n�e� �1� �3�4�8�2�.�8�%�5� 

�E�r�r�o�r� �3�4� �3�2�1�7�.�0� 

�*� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�t� �p�=�0�.�0�1� 
�N�S� �=� �n�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�T�a�b�l�e� �4�.� �M�e�a�n� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �v�a�r�i�a�t�i�o�n� �(�n�=�1�0�)� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� �o�f� �t�w�o� �c�l�o�n�e�s� �o�f� 
�S�.� �p�h�u�r�e�j�a�,� �P�P�5� �a�n�d� �A�D�2�-�4�,� �c�u�l�t�u�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �"�s�a�m�e�"� �a�n�d� �"�d�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e�s� 
�(�s�e�e� �F�i�g�s�.� �3� �a�n�d� �4�)�.� 

�C�l�o�n�e� �T�r�e�a�t�m�e�n�t� �C�V� 

�a� 

�P�P�5� �S�a�m�e� �7�1� 
�D�i�f�f�e�r�e�n�t� �5�0� 

�A�D�2�-�4� �S�a�m�e� �1�4�3� 
�D�i�f�f�e�r�e�n�t� �8�3� 

�°
� �W�w
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�T�a�b�l�e� �5�.� �S�t�e�p�w�i�s�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s �� �f�o�r� �e�m�b�r�y�o� �y�i�e�l�d� �v�e�r�s�u�s� �t�h�e� �m�a�x�i�m�u�m� 
�g�r�e�e�n�h�o�u�s�e� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �s�e�v�e�n� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t� �f�o�r� �A�D�3�-�4�,� �A�3�P�2�-�6�,� 
�a�n�d� �T�-�A�3�P�2�-�6� �(�o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�a�y�s� �a�r�e� �n�o�t�e�d�)�.� 

�*� �d�a�t�a� �w�a�s� �t�r�a�n�s�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �o�f� �1� �+�e�m�b�r�y�o� �y�i�e�l�d� 

�D�a�y�s� �p�r�i�o�r� 
�C�l�o�n�e� �D�F� �t�o� �h�a�r�v�e�s�t� �M�e�a�n� �s�q�u�a�r�e�s� 

�e�e�e� �E�E�E� 

�A�D�3�-�4� �1� �F�o�u�r� �1�.�6�7�1�"� 
�1� �S�e�v�e�n� �0�.�2�9�3�"� 

�E�r�r�o�r� �7� �0�.�0�5�7� 

�A�3�P�2�-�6� �1� �T�w�o� �1�.�2�6�5�°� 
�1� �F�o�u�r� �6�.�9�2�1 �� 
�1� �S�e�v�e�n� �4�.�4�5�0 �� 

�E�r�r�o�r� �6� �0�.�1�7�0� 

�T�-�A�3�P�2�-�6� �1� �O�n�e� �0�.�9�9�7�"� 
�1� �T�w�o� �0�.�1�0�9�"� 
�1� �S�e�v�e�n� �3�.�9�6�5�"� 

�E�r�r�o�r� �1� �0�.�0�0�1� 

�*�,� �*�*� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�t� �P� �=� �0�.�0�5� �a�n�d� �0�.�0�1� �r�e�s�p�e�c�t�i�v�e�l�y� 
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� � 

� � 

�A�n�t�h�e�r� �c�u�l�t�u�r�e� 
� � � � � � 

� � 

�L�e�a�f� �d�i�s�c� 
�r�e�g�e�n�e�r�a�t�i�o�n� � � � � � � � � � � � � � � 

�F�i�g�u�r�e� �1�.� �P�e�d�i�g�r�e�e�s� �o�f� �S�.� �p�h�u�r�e�j�a� �c�l�o�n�e�s� �u�s�e�d� �f�o�r� �t�e�s�t�i�n�g� �b�u�d� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �a�n�t�h�e�r� 
�c�u�l�t�u�r�e�.� �T�h�e� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d� �A�D�2�-�4� �w�a�s� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �c�h�r�o�m�o�s�o�m�e� �d�o�u�b�l�i�n�g� 
�o�f� �A�M�2�,� �a�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d� �l�i�n�e� �o�f� �P�P�5�.� 
� � 

� � 

�A�n�t�h�e�r� �c�u�l�t�u�r�e� 
� � � � � � 

� � 

�L�e�a�f� �d�i�s�c� �r�e�g�e�n�e�r�a�t�i�o�n� 
� � � � � � 

� � � � � � � � 
�F�i�g�u�r�e� �2�.� �P�e�d�i�g�r�e�e�s� �o�f� �S�.� �p�h�u�r�e�j�a� �c�l�o�n�e�s� �u�s�e�d� �f�o�r� �t�e�s�t�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �g�r�e�e�n�h�o�u�s�e� 
�t�e�m�p�e�r�a�t�u�r�e� �o�n� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �T�h�e� �d�o�u�b�l�e�d� �m�o�n�o�p�l�o�i�d�,� �A�D�3�-�4�,� �w�a�s� 
�o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �c�h�r�o�m�o�s�o�m�e� �d�o�u�b�l�i�n�g� �o�f� �A�M�3�,� �a�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �d�e�r�i�v�e�d� 
�m�o�n�o�p�l�o�i�d� �o�f� �P�P�5�.� �A�3�P�2�-�6� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �c�r�o�s�s�i�n�g� �A�D�3�-�4� �w�i�t�h� �t�h�e� �h�e�t�e�r�o�z�y�g�o�u�s� 
�f�i�e�l�d� �s�e�l�e�c�t�i�o�n� �N�B�P�2�.� 
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� � 

� � � � � � � � � � � � � � � � 

� � 
�F�i�g�u�r�e� �3�.� �"�S�a�m�e�"� �s�c�h�e�m�e�.� �E�a�c�h� �o�f� �t�h�e� �f�i�v�e� �f�l�a�s�k�s� �c�o�n�t�a�i�n�e�d� �t�h�e� �3�0� �a�n�t�h�e�r�s� �f�r�o�m� �s�i�x� 
�b�u�d�s�.� 
� � 

� � 

� � � � � � � � 

� � � � � � 

�F�i�g�u�r�e� �4�.� �"�D�i�f�f�e�r�e�n�t�"� �s�c�h�e�m�e�.� �T�h�e� �f�i�v�e� �a�n�t�h�e�r�s� �f�r�o�m� �e�a�c�h� �o�f� �3�0� �b�u�d�s� �w�e�r�e� 
�d�i�s�t�r�i�b�u�t�e�d� �t�o� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �f�l�a�s�k�s�.� 
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� � 
�F�i�g�u�r�e� �5�.� �E�m�b�r�y�o� �y�i�e�l�d�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �A�D�3�-�4� �v�e�r�s�u�s� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� 
�t�e�m�p�e�r�a�t�u�r�e�s� �a�t� �f�o�u�r �� �a�n�d� �s�e�v�e�n �� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t�.� 

�*�y� �=� �0�.�5�7�7�x� �-� �1�4�.�7�8�5� 

�*�*� �y� �=� �0�.�2�2�0�x� �-� �4�.�5�8�8� 
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� � 
�F�i�g�u�r�e� �6�.� �E�m�b�r�y�o� �y�i�e�l�d�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �A�3�P�2�-�6� �v�e�r�s�u�s� �m�a�x�i�m�u�m� �g�r�e�e�n�h�o�u�s�e� 
�t�e�m�p�e�r�a�t�u�r�e�s� �t�w�o ��,� �f�o�u�r �� �a�n�d� �s�e�v�e�n �� �d�a�y�s� �p�r�i�o�r� �t�o� �b�u�d� �h�a�r�v�e�s�t�.� 

�*�y� �=� �-�0�.�7�7�1�x� �+� �2�6�.�0�7�4� 
�*�*� �y� �=� �-�1�.�2�2�8�x� �+� �3�8�.�8�6�9� 

�w�e�e� �y� �=� �-�0�.�9�9�6�x� �+� �3�2�.�3�2�8� 
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