
staining part of the chromosome (nucleolar organizer) could 
be Seen to traverse the nucleolus (Fig. 16). 

Discussion 
The techniques described above were well suited for 

study of the early stages of microlsporogenesis in Pinus. 
For the later stages of meiosis, these methods were less 
effective because the cytoplasm generally remained intact, 
thus preventing spreading of the chromosomes. The vari- 
ous chemical treatments designed to dissolve the callose 
walls od the meiocyteis did not irnprove removal of the cyto- 
plasm. It is not known if these treatments faileld to remove 
the callose walls, thus inhibiting co~ntact between the hot 
stain solvents and the cytoplasm, or if the cytoplasm in the 
later meiotic stages was less sensitive to the solvents than 
the cytoplasm in earlier stages. This failure to disintegrate 
the cytoplasm resulted in clumping olf the chromosomes. 

The most effective treatment to disintegrate the cyto- 
plasm, and separate the chromosomes in the later stages 
of meiolsis was prolonged boiling in EGW; the main draw- 
back of this methold being swelling of the chromoso~mes. 
However, the results were sufficiently promising to start a 
series of experiments to determine if this bo~iling technique 
could be modified to one that would cause less chromo~some 
swelling. These experiments will be discussed in the next 
Paper. 

Literaturne Cited 
BALLOU, B., SUNDIIARADAS, G., and BACH, M. L.: Chloral hydrate: 

a solvent for biological membranes. Science 185: 531-533 (1974). - 
BECAK, M. L., FUKUDA, K., and CARNEIRO, S. M.: Chromatin ultra- 
structure of lower vertebrates. Experientia 33: 1314-1316 (1977). - 
BOKE, N. W.: Clearing and staining plant materials with lactic acid 
and pararosaniline hydrochloride. Oklahoma Acad. Sci. Proc. 49: 
1-2 (1970). - BONGA, J.  M.: A glycerine - water - DMSO - car- 
mine stain used to determine the effect of IPC, EDTA, and aera- 
tion on the acoumulation of metaphase figures in root tips of 
Pinus resinosa. Can. J .  Bot. 55: 1696-1699 (1977). - BONGA, J. M., and 
V~NKETTSWARAN, S.: Fixing and staining of conifer tissues with lacto- 
propiono-dimethylsulfoxide-carmine. Stain Technol. 51: 197-199 

(1976). - BORCTEL, R. C., VON, and LIN»SI.EY, D. L.: Insect embryo 

chromosome techniques. Stain Technol. 34: 23-26 (1959). - CCJRRIEH, 
H. B.: Callose substance in plant cells. Amer. J. Bot. 44: 478-488 

(1957). - GERLACH, D.: Botanische Mikrotechnik. George Thieme, 
Stuttgart (1969). - GRIMSTONE, A. V., and SKAER, R. J.: A guidebook 
to microscopical methods. Cambridge University Press, London 
(1972). - HFSLOP-HARRISON, J.: Cyto~lasmic continuities during spore 

formation in flowering plants. Endeavour 25: 65-72 (1966). - LIN, 
C. H., FALK, R. H., and STOCKING, C. R.: Rapid chemical dehydration 

of plant material for light and electron microscopy with 2,2-dimeth- 

oxypropane and 2,2-diethoxypropane. Amer. J. Bot. 64: 602-605 

(1977). - SHARMA, A. K., and SHARMA, A.: Chromosome techniques. 
Theory and practice. Buttenvorths, London (1972). - SHAHMA, C. 
B. S. R., PANDA, B. P., and SAHU, R. K.: A macerating ammonium 

oxalate fixative and schedule for some root meristems. Biol. Plant. 

19: 150-152 (1977). - RUPERT, E. A., and WEBSTER, G. L.: A procedure 
for staining pollen nuclei when obscured by cytoplasmic inclusions. 

Stain Technol. 47: 185-187 (1972). 

Seedling Growth Rates, Water Stress Responses and Root-Shoot 
Relationships Related to Eight-year Volumes among 

Families of Pinus taeda L. 

By M. G. R. CANNELL~), F. E. BRIDGWATER~) and M. S. GREENWOOD~) 

(Received July / December 1978) 

Summary 

First-year seedling growth characteristics were corre- 
lated with mean individual-tree 8-year volumes of 16 North 
Carolina families of Pinus taeda L., with a view to develop- 
ing seedling screening methods for early volume growth. 

Rates of seedling height growth (mmlweek) were in- 
fluenced by family differences in seed size until the seed- 
lings were about 140 mm tall. Thereafter, until bud-set, 
the growth rates of well-watered seedlings became posi- 
tively correlated with 8-year volumes, on a mean family 
basis, especially for families field tested on a poorly drained 
site. For families testeld on a better-drained site, the cor- 
relations with seedling height grioiwth rates were significant 
only when the seedlings were subjected to mild water 
stress: families which produced the greatest 8-year volumes 
grew fastest under mild water stress as seedlings. These 
families also tended to have high rod  to shoot relative 
growth rates, as revealed by regressions olf shoot on root 
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dry weights of seedlings grown in two contrasting media. 
This suggested that superior volume-producers on the bet- 
ter-drained site avoided water stress by producing ex- 
tensive root systems. 

There was little evidence that superior volume-produc- 
ing families had prodolnged seaslonal peiriolds olf growth as 
seedlings. 

It seems promising to further examine seedling height 
growth rates as a measure of future family field perform- 
ance, taking mealsurements after seed size effects have 
disappeared and under environmental stresses that mimic 
those which influence growth in the field. 
Key words: bud-set, early genetic evaluation, juvenile-mature 

correlations, progeny-test, root-shoot relationships, 
water stress responses. 

Zusammenfassung 

Einjährige Sämlinge von Pinus taeda L. aus 16 Familien 
in Nolrth Cad ina  wurden im Wachstum mit 8 Jahre alten 
Kiefern aus dein deichen Familien verglichen. Hierbei wur- 
de gefunden, daß bis zu einer Sämlingsgröße von etwa 14 
cm eine Abhängigkeit zur mittleren Samengröße der jewei- 
ligen Falmiilie gegeben ist, während danach Standorteiinflüs- 
se, wie z. B. die Wat~eirfÜhrung des Bodens für den Holz- 
zuwachs bestimmend sind. So waren spiäter Beziehungen im 
Gesamtwachsrtum (Volumen) der Sämlinge zum mittleren 
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