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PREFACE 

The information in this publication was presented at two Cone Analysis 
Workshops organized by Dr. Earl W. Belcher, Jr., Director of the Eastern Tree Seed 
Laboratory, during November 1976 at Macon, Georgia. These workshops were presen- 
ted by personnel from the Southeastern Area, State and Private Forestry, and the 
Southeastern Forest Experiment Station. The authors of this workbook are those who 
developed the workshop and conducted training sessions. 

This guidebook contains the information essential for cone analysis and interpreta- 
t ~ o n  of the results. Cone Analysis Service (CAS) is also available at cost from the Eastern 
Tree Seed Laboratory at Macon, Georgia. 
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I. INTRODUCTION 

Southern pine tree improvement programs require an ample supply of improved seeds,t but production from so 
pine seed orchards has often been disappointing. If high production is to be maintained, yields must be monitorc 
causes of seed losses must be identified. Techniques for determining seed efficiency were first used for red pine, 
resinosa Ait., by Lyons (1956). Bramlett (1972b, 1974) modified and further developed a procedure, known as 
analysis, for evaluating production efficiency in southern pine seed orchards. 

Cone analysis provides information needed to evaluate seed production and seed orchard management. Actuc 
yield of individual cones is compared to the potential seed yield. Productivity can then be expressed in terms of sc 
ficiency. One can determine in which stages of seed development certain losses occur, and the types of seed failures 
identified and quantified. 

This guidebook outlines the basic cone-analysis procedure, the factors involved in losses of seed, and the interprc 
and value of the results. It is a stepwise guide for those who wish to conduct their own cone analyses. More detail! 
cussions may be found in the publications listed in the Literature Cited section. Tree tmprovement workers who 
want to analyze cones themselves can obtain this service at cost from the Eastern Tree Seed Laboratory. This guic 
will help them understand the analytical results they receive. 

1Terms in boldface type are defined in a glossary at the end of th~s  gutdebook. 
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. CONE AND SEED DEVELOPMENT 
AND MORPHOLOGY 

A basic knowledge of cone and seed development and morphology is essential to understand cone analysis. 
Pine trees produce two types of strobili: male or pollen-producing catkins and female or ovule-producing c 

primordia of the female cones are initiated in the summer. The following spring female flowers emerge in an r 
tion from protective bud scales on the tips of new shoots (fig. 1A). The female flowers are composed of many 5 

scales spirally attached at right angles to a central axis. Pairs of ovules originate as small protuberances at thc 
scales (fig. 1 B). Not all scales produce functional ovules; only those in the central region of the cone have the p 
produce ovules and eventually seeds. These are called fertile scales. The lower scales and those at the tip of thc 
infertile and never bear seeds (infertile scales). 

At  the time of pollination, a single layer of cells (integument) covers the ovule. Pollination occurs when 1 

grains are carried by the wind from the male catkins to the female flowers. Pollen grains enter the ovule (fig. 1( 
an opening (the micropyle) in the seedcoat. Once in contact with the ovule, pollen grains germinate,and pol 
grow from the pollen chamber into the ovule tissue (nucellus) (fig. 1 D). The pollen tube develops slowly durin 
growing season, and the winter is over before it reaches the mature egg cell of the ovule. For more than 1 ful 
ovule remains only a fraction of the size of a fully developed seed. During the year after pollination, the female fl 
called conelets. ..:* 
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Figure 1. -Pine seed formation. Drawing adapted from one provided by Carolina Biological Supply Company. 
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When vegetative growth starts in the second spring, the ovule also resumes development and enlarges. From 12 t c  
months after pollination, depending on pine species, the pollen tubes grow far enough into the ovule to reach special 
structures (archegonia) containing the egg cells (fig. 1 E). Sperm cells from the pollen tubes fertilize the eggs, and embl 
(2N tissues) form. The gametophyte tissue surrounds the embryo and provides the nutritional reserves for the seed 
tissues}. During this time, the conelet enlarges rapidly to form a full-sized cone. Seeds are full sized at the t i m ~  
fertilization, b u t  seeds and cones continue to mature until late summer or early fail. 

A mature, fully developed seed (fig. 1 G) has an embryo composed of immature needles (cotyledons), immature s 
(hypocotyl), and an immature root (radicle). The gametophyte tissue enveloping the embryo provides the food reserve! 
germination. The hardened seedcoat protects the seed. 

The sequence of pihe seed development - from flower primordia formation to seed fall - is illustrated in figure 2. 
development spans parts of three growing seasons. 

FIjrure 2.-The cyc/e for ftowering and seed production in southern pines. 
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