adaptation with a desired level of mean performance. The
wide unpredictable variations in agro-climatic conditions
found in Hevea growing areas of Sri Lanka make it im-
portant that clones with general adaptition or stability to
agro-climatic variability should be selected for commercial
planting.

Acknowledgements

I am grateful to Professor J. L. Jinks, Department of Genetics,
University of Birmingham, U. K., for reading the manuseript and
making valuable suggestions. I thank Messers K. B. KARUNASEKERA
and K. W. Rurartunce, for technical assistance and Mr. V. Agey-
WARDENA, for statistical analysis.

Literature Cited

Bucio Avrpanis, L.: Environmental and genotype-environmental
components of variability. I. Inbred lines. Heredity 21: 399—405
(1966). — Finray, K. W. and WikiNsoN, G. N.: The analysis of adap-
tation in aplant breeding programme. Aust. J. Agric. Res. 14:
742—1754 (1963). — HiL, J.: Genotype-environment interactions — a
challenge for plant breeding. J. Agric. Sci. Canb. 85: 477—493 (1975).
— JAvasekera, N. E. M., SAMARANAYAKE, P. and KARuNAsekera, K. B.:
Initial studies on the nature of genotype-environment interaction
in some Hevea clones. JI. Rubb. Res. Ins. Sri Lanka. 54: 33—42
(1977). — Jinks, J. L., Javasexkera, N. E. M. and Boucny, HiLLARY:
Joint selection for both extremes of mean performance and of
sensitivity to a micro environmental variable. II. Single seed
descent. Heredity 39: 345—355 (1977). — Jinks, J. L. and Maruer, K.:
Stability in development of heterozygotes and homozygotes. Proc.
Roy. Soc. B 143: 561—578 (1955). — Perxins, JEaNn M. and Jinks, J. L.:
Environmental and genotype-environmental variability. III. Mul-
tiple lines and crosses. Heredity 23: 339—356 (1968).

Karyotype Analysis in Pinus caribaea var. hondurensis Barr. and Golf')

By R. SaLAzAr

Tropical Agricultural Research and Training Center (CATIE),
Department of Renewable Natural Resources,
Turrialba, Costa Rica.

(Received 3rd January 1983)

Summary

The karyotypes of six provenances of Pinus caribaea
var. hondurensis Barr. and Gorr. were analysed using the
Feulgen technique on meristematic cells of the root tips.

Significant differences were detected in some of the
chromosomes, mainly due to the provenances Limones and
Guanaja.

The haploid number of chromosomes is n = 12 in this
variety; chromosomes are simple, long, and very similar
between pairs, as has been found in most of the pine spe-
cies.

The first 11 chromosomes are metacentric. Three secon-
dary constrictions were observed but two were more per-
sistent within the first six chromosomes. It was not pos-
sible to stain the heterochromatin regions using the Giem-
sa technique.

Key words: Pinus caribaea var. hondurensis Barg. and Goir., Pro-

venances, Karyotype, Chromosomes, Analysis of vari-
ance.

Zusammenfassung

Es wurden die Karyotypen von 6 .-Provenienzen von
Pinus caribea var. hondiirensis Barr. and Gotr. analysiert,
indem die Feulgen-Technik an Meristemzellen der Wur-
zelspitzen angewandt wurde. In einigen Chromosomen
wurden signifikante Unterschiede gefunden, hauptséchlich
in solchen der Provenienzen Limones und Guanaja.

Die haploide Chromosomenzahl ist bei dieser Varietit
n = 12; die Chromosomen sind einfach, lang und innerhalb
der Paare sehr dhnlich, wie von den meisten Kiefernarten
bekannt ist.

Die ersten 11 Chromosomen sind metazentrisch. Drei
sekundire Einengungen wurden beobachtet, wobei zwei
innerhalb der ersten 6 Chromosomen bestidndiger waren.

1) The paper is adapted from part of the author’s D. Phil. thesis,
Forestry Department, Oxford University, England, 1981.
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Es war nicht moéglich, die Heterochromatin-Regionen mit
der Giemsa-Technik anzuféarben.

Introduction

The haploid number of chromosomes in all the species
of the genus Pinus already studied has been reported as
n = 12, The chromosomes are very similar and only a
small amount of inter specific differences has been found
(Sax and Sax, 1933; Savror 1964; Peperick 1970; Borzan and
Papes 1978).

According to Sax and Sax (1933), Santamour (1960) and
SayLor (1961) the stability in the morphology of the chro-
mosomes in the conifers may indicate that evolution in
this group of plants has passed the climax and the existing
forms are survivors of a long natural selection.

They also suggested that it is possible that the intra-
and interspecific variation that is visible could be the re-
sult of alterations at gene level. Peperick (1970) suggested
that small but significant differences in arm length in
the corresponding chromosomes of certain pine species
may be attributed to the gradual accumulation of dupli-
cations.

Sayvror (1961) in a comparative study between the karyo-
types of P. strobus L., P. taeda L., P. palustris MiLL., P. vir-
giniana ML, and P. resinosa Arr., did not find intraspeci-
fic variation in terms of the relative arm length. However,
it was possible to detect interspecific variation with respect
to arm length. The secondary constrictions proved to be
an unreliable diagnostic trait.

The present is the first attempt to determine morpholo-
gical variations in the karyotype of six different collec-
tions of P. caribaea var. hondurensis at the chromosomal
level; the populations represent extreme points in the
distribution of the variety. Any difference detected could
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be of great value in present and future breeding program-
mes of the variety.

Materials and Methods

The study was carried out at the Botany School, Ox-
ford University, using seeds supplied by the Common-
wealth Forestry Institute (CFI), Oxford, England.

Seeds from six locations, representing the extreme points
of the variety’s natural distribution, were used in the
study. The assessment was carried out on root tips of seed-
lings growing in a mixture of sand and peat (1:1) under
greenhouse conditions, with temperatures of 18—22%C du-
ring the day, and 10—12° C at night.

The best stage for measuring mitotic chromosomes is at
the metaphase stage, where they appear more contracted,
well spread and less tangled (Mercen and Novorny, 1957;
BurLey, 1965; THomas and CHiNg, 1968).

It was found that a higher number of cells at the meta-
phase stage were present between 11 and 12 in the morn-
ing. The slide preparation followed the Feulgen technique
described by DaruincToN and La Cour (1962). As the chro-
mosomes appeared too long and twisted, the pretreatment
in colchicine was modified by soaking the root tips in a
colchicine solution of 0.15% for 36 hours at room tempera-
ture.

Measurement of the chromosomes was by the photo-
graphic method which is more objective and forms a per-
manent record as explained by Burtey (1965). The photo-
graphs were taken with a microscope ULTRAPHOT 11
(Carl Zeiss) with RECORDAK microfilm, using 500X mag-
nification. They were printed on photographic paper at
7.5X magnification; resulting in a final magnification of
3750X, from which the measurements were taken to the
nearest 0.1 mm., using a map measurer.

The short arm (a) and the long arm (b) of each of the 24
chromosomes were recorded and arranged in descending
order, on the basis of their relative value as described by
Taomas and Cuing (1968). In this case, the system was mo-
dified because the relative values were calculated on the
haploid number, selecting the member of each chromosome
pair that gave the most confident measurement.

The analysis of variance was performed to detect the
degree of variation between provenances, and between
chromosomes within provenances, in terms of short and
long arm length and total length, as a preliminary assess-

Table 1. — Provenance Location.

ORIGIN

Latie Longi- Alti- Rain- Dray Mean
No. Country Location tude tude tude fall months Temperature
{*n) (oW (masl) (mm) °c
1 Nicaragua Alamicamba (ALA) 13° 34' 84° 14 25 2610 3 27
2 Honduras Los Limones (LIM) 14° 03' 86° 42' 700 663 7 22
3 Belize  Mountaln Pine  gmm) 16+ s8' @90 00' 487 1558 3 23
dge
4  Honduras Guanaja (Gun) 16+ 27+ 85° 54" 75 2308 3 27
5 Balize Melinda {MEL) 17* 01' 88° 20° 12 2137 2 26
6 Honduras Bruslagoon (BRU) 15° 45°' 84° 40°* 10 2840 2 26
“Table 2. — Shows the analysis of variance and the expectation

mean squares for chromosome size assessment between popultions.

Entry Sources of d.f, Test against
. Variation entry Expectation mean square
24 - - atco?P
1 Provenances (P) (p-1) 1] 9 2 ;co
2 Chromosomes (C) (c-1) 3 0y + t o PC + tpoC
3 PxC (p-1) (c-1) 4 " +ta” PC
[} Trees (T) in € in P PC(T-1) 2

g

Table 3. — Analysis of variance and expectation mean squares
for individual chromosome assessment ktetween populations.

Entry Sources of Test against Expectation mean
variation d.f. entry square

1 Provenances (P) (p-1) 2 PPN czp

2 Trees (T) in P P(T-1) o?

Table 4. — Analysis of variance and expectation mean squares for
individual chromosome analysis from Limones and Guanaja.

Entry Sources of Test

o. variation d.f. against Expectation mean square
entry
2 2 2
1 Provenance (P) (P-1) 2 g +8 0 T/ + st 0" p
2 Trees (T) in P P(T-1) 3 o +s o /e
3 Slides (8) in T in P PT(S-1) 2

ment of six populations and six trees per provenance. The
following mixed model was adopted, where chromosomes
were considered to have fixed effects (Table 2):
Yijk = U + Pi + CJ + (PC)” + T iik
where:
Y;;x = mean value of kth tree in jth chromosome in ith
provenance;
1 = true mean effect;
P; = effect of ith provenance; i = 1.2, ---6
C; = effect of jth chromosome; j = 1,2, ---12
(PC);; = interaction effect ith provenance with jth chro-
mosome;
Tj;x = residual associated with kth tree in jth chromo-
some in ith provenance; k = 1,2 ---6
The degree of variation of the arms a, b, and a + b of
each individual chromosome among the six provenances
was analysed using the following random model of the
analysis of variance (Table 3):
Yij = M+P1+Eu
where:
Y;; = mean value of jth tree in ith provenance;
u = true mean effect;
P; = effekt of ith provenance; i = 1,2, ---6
E;; = residual associated with jth tree in ith prove-
nance; j = 1,2, ---6
Nonlinear regression analyses were performed in order
to detect any relationships between morphology of the
chromosomes and latitude, longitude and temperature at
the site of origin. As a result of the previous analyses a
more intensive study was carried out in the karyotype of
the populations Los Limones (high elevation) and Guanaja
(low elevation) to confirm the differences found in the
preliminary analyses. Two provenances, five {rees per pro-
venance, and-tive slides per tfee, were assessed using the
following mathematical model (Table 4):
Yije = #+ P+ Ty + Ejj

where:
Y;;x = mean value of kth slide in jth tree in ith pro-
venance;
1 = true mean effect;
P, = effect of ith provenance; i = 1,2
Tj; = effect of jth tree in ith provenance; j = 1,2, ---5

E;;x = residual associated with kth slide in jth tree in
ith provenance; k = 1,2, ---5

Results and Discussion

The classification of the 12 chromosomes in terms of
centromere location as explained by Smak (1962) shows
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Table 5. — Mean arm ratios of each chromosome.

- T~
Chromosome Ratio (a/b) Chromosome Ratio (a/b)
1 0.92 7 0.89
2 0.91 8 0.90
3 0.92 9 0.89
4 0.90 10 0.88
5 0.91 1 0.84
6 0.92 12 0.60
Table 6. — General chromosome means, arm ratios and Studenti-
zed range test (P < 0.05).
Chromosome Short arm (a) Long arm (b) Total length (a+b) a/b
No. mean mean mean
1 58.05 63.23 121.28 0.92
2 53.67 59.13 112.86 0.91
3 52,52 57.31 109.93 0.92
4 50.87 56.55 107.77 0.90
5 50.17 54.91 105.09 0.91
6 49.56 53.64 102.94 0.92
7 47.42 53.58 101.19 0.89
8 46.36 51.52 97.89 0.89
9 44.60 50.52 94.85 0.89
10 42.95 48.80 91.75 0.88
1 38,52 46.03 85,17 0.84
12 26.20 43.78 €9.69 0.60

that only chromosome 12 is acrocentric and the rest are
metacentric (Table 5). In the median position group, the
a/b arm ratio ranked from 0.84 to 0.92. In the accrocentric
one the arm ratio was 0,60.

The largest differences in relative total length occurred
between chromosomes 1 and 2 (8,4 units), chromosomes 10
and 11 (6.6 units), and chromosomes 11 and 12 (15.5 units)
(Table 6). Between chromosomes 1 and 12 there is a diffe-
rence in relative length of 51.6 units, which means that
the chromosome 1 is 42.5% bigger than chromosome 12.
The bigger difference in these two chromosomes is in the
short arm that has 31.8 units less than the long arm.

It was observed that there is great similarity in the re-
lative length of neighboring chromosomes. The difference
in the pairs from 2 to 9 ranged from 1.7 to 3.3 units; making
identification rather inaccurate and difficult. Only chro-
mosomes 1, 11 and 12 can be properly identified by length.
As the chromosomes are too long it is necessary to have
a strong contraction to avoid overlapping, but if the con-
traction is not uniform the measurements can not be ac-
curate. Figure 1 shows the somatic chromosomes.

Due to the contraction effect, it was not possible to find
consistent secondary contrictions in all. the slides. Three
of them were observed frequently biit tw0 were more pro-
minent, located in any one of the first six chromosomes. It is
possible that the technique described by DarLingTON and
LA Cour (1962) is not adequate to detect these regions in
P. caribaea var. hondurensis. Peperick (1967, 1970) and Bor-
zAN, and Parpes, (1978) demonstrated that in several pine
species these constrictions have a great value in chromo-
somes identification. The sticky phenomenon described by
Borzan (1977) was observed in some slides.

The preliminary statistical assessment (Table 7) of the
karyotype as a whole showed that only arm a was signifi-
cantly different (P < 0.05) between the six populations,
but the variation was only 0.19% of the total variation,
which is an irrelevant amount.
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Figure 1. — Somatic chromosomes of P. caribaea var. hondurensis
(2n = 24) at metaphase stage (1300x).

Table 8 shows that in the individual chromosome analy-
sis, only long arm and total length in chromosome 2 and
total length in number 6 were significantly different (P <
0.05); respectively they represent 23.4, 27.3, and 25.0% of
the total variation observed. This percentage of variation
is relevant, and it could be the result of accumulations of
DNA duplications in the case of the total length, and trans-
locations of chromosome sections in the case of the long
arm. Because only six slides were scanned per population,
these observations can not be conclusive, mainly because
inversion and misclassification could have taken place in
the adjacent chromosomes 2-3-4-5-6-7 and 8 which have
similar dimensions (idiograms Figure 2).

The Studentized range test (Table 8) supports the pre-
vious analysis showing that there are no significant diffe-
rences in the morphology of the chromosomes of the six

Table 7. — Summary of analysis of variance and variance com-
ponents for short arm, long arm and total length in six prove-
nances.
SwoRT v Tone Amt TomaL LeweTn
Bntry Sources of ., Test
Mo, variation """ against Mean Variance Variance Variance Variance Mean Variance Variance
entry square ratio(F) components. square ratio(P} component Square ratio(F) components
' Provenan-
ces (P} s 4 wmos o+ 0.1 s.e0  ows 000 0.83  ws 0.00
2 chromoso-
mes (© 13 202,00 e 8901 079,00 e 7.8 6706.00 e 94.3

3 pxc 55 . 8.07 ns 0.00 13,27 s 1.36 9.60  ws 0.00

4 Residual 360 8.30 10,79 9.97 24.79 a2 5.64

*  at <0,05 of probability
+#% at P<0.0001 of probability
WS not significant at P<0.05 of probability




Table 8. — Summary of analysis of variance and variance compo-
nents for individual chromosome assessment between populations.

Chromo-  Witry  Sowrces of Test
some W, Mo, vartation d.f. agatnst SHORT_ARM, LONG ARM TOTAL LENG

entry NS, r ve(s) ] r ve(s) MS 14 veis)

1 1 Provenance (P} s 2 6.81 L 0,00 7.76 NS 0.00 .43 NS 0.00

2 Trees (T) in P 30 7.35 100.00 19,95 100.00 32,29 100.00

2 M Provenance (P} s 2 17.04 RS 7.25 28.34 - 23,39 24,39 - 27.16

2 Trees (T) in P 30 11,60 92,75 10,01 76.71 7.33 72.83

3 1 Provenance (P) 5 2 8.1 L 13.57 2.96 NS 0.00 9.20 s 20.25

2 Trees (T} in P 30 4,18 86.43 3.78 100,00 3.64 79.75

4 1 ‘Provenance (P) 5 2 10.41 Lo 6.43 14.18 NS 3.38 2,75 s 0.00

3 Treea(T) 4n P 30 7.37 93,57 11,60 %6.42 450 100.00

5 1 Provenance (P} 5 2 4.95 NS 4.63 4.82 NS 8.89 3.10 NS 0.00

2 Trees(T) in P 30 3.83 95,37 3.04 91.1% 3.66 100.00

6 1 Provenance (7) 5 2 323 N5 000 5.3 NS 000 9.8 *  24.97

2 Trees (T} in P 30 3.3 100.00 6.40 100.00 3.29 75.08

7 1 Provenance (P) 5 2 7.07 NS 11.69 13,45 NS 7.58 8.24 NS 20.04

2 Trees (T} in P 30 3.94 88,31 9.01 92.48 3.49 79.96

8 1 Provenance (P} 5 2 5.50 NS 0.00 6.76 NS 0.00 B.45 NS 12.63

2 Trees(®) in P 30 .03 100.00 8,51 100.00  4.49 87,17

9 1 Provenance (P) 5 2 10,88 NS 0.00 8,34 L 0.00 6.24 NS 0.00

2 Trees(T) in P 0 12.41 100.00 2.67 100.00 6.32 100.00

10 1 Provenance (?) 5 2 Bo8 NS 0.0 1218 NS 1901 7.62 NS 0.00

2 Trees(T) in P 30 13,96 100.00 5.08 80.89 12,46 100.00

n 1 Provenance (P} 5 2 23,28 NS 3.87 26.96 NS 1101 2.45 NS 0,00

2 Trees(T) in P 30 18.73 26,13 13,09 84.99 27.7 100,00

12 1 Provenance (p) 5 2 246 NS 000 19.85 NS 0.24 2217 NS 0.00

2 Trees() in P 2 3.42 100,00 19.56 99.76  23.91 100,00

WS = Mean cquare VE(N) = Variant component
variance ratie B = Significant at P<0.05 of probability
¥t sfonificant at P <0.05 of probability
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Figure 2. — Idiograms of six populations on the bases of relative
length.
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Figure 3. — Relationship of temperature with: a) long arm chro-

mosome 8, b) total length chromosome 8, and of latitude with
¢) long arm chromosome 10.

provenances studied, with the exception of long arm in
chromosome 10 where Limones has a longer long arm; and
in total length where Brus Lagoon in chromosome 1, Ala-
micamba in chromosome 3, and Guanaja in chromosome 6
and 7 showed significant differences (P < 0.05). In the case
of Limones the longer arm chromosome 10 could be re-
lated to the adaptation of this population to a dry condi-
tion (Table 1). In the case of Guanaja longer chromosomes
6 and 7 could be related with the evolutionary process of
the species in its southern migration, and its adaptation to
the isolated condition of an island.

Figure 3 is a scatter diagram which shows that long arm
and total length in chromosome 8 distinguished the lowland
populations analysed. Also the long arm in chromosome
10 shows a clear North-South clinal tendency to increase in
size, which could be the result of accumulations of repeated
DNA duplications during its southern migration.

Guanaja and Limones provenances, which are more than
250 kilometers (km) apart and under different climatic
conditions, were assessed to prove the previous finding.
Although significant differences were found (P < 0.05) in
arm a and b in._chromosemes 5 and 11 respectively (Tab-
le 9), these results do not support the previous results.

The Giemsa banding and fluorescense methods described
by Vosa (1973, 1974), did not give positive results; which
may be due to the small amount of heterechromatin pre-
sent in the chromosomes of P. caribaea var. hondurensis.

Conclusions

Through the statistical analysis, it was possible to de-
tect significant differences between provenances in some
chromosomes. These differences are supposed to be due
to the provenances Limones and Guanaja which also have
showed differences in growth habits in other studies (Bar-
NEs et al., 1980; SALAZAR, 1981).
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Table 9. — Summary of analysis of variance and variance compo-
nents for individual chromosome for Limones and Guanaja.

Chromoscme Entry  Sources of £, Test Short arm Long amm
Wo. No. variation against
entry MS r cviv) MS 4 covis)
1 Provenances(r) 1 2 39.50 23.97

Trees (T)in(P) 8 3 5.43 NS 4.78

3 Error 40 4.06 71.25

1 Provenances (P) 1 2 65.42  * 20.66

Trees (T)in (P) 8 3 7.47 NS 0.00

3 Error 40 8.74 79.34

* = Significant at P< 0.05 of probability
NS = Not significant at P< 0,05 of probability

%S= Mean square
¥ = Variance ratio

CV= Variance component

NOTA: This table is a summary of only those vari present significant

In P. caribaea var. hondurensis as in other pine species,
it was found that the mitotic chromosomes are too long
and of simple morphology. The similarity between chro-
mosome pairs in terms or relative length, principally from
chromosome 2 to 9, is such that misclassification can easily
take place. The phenomenon of inversion with respect to
arm a or b can occur, because 11 of the 12 chromosomes
are metacentrics.

The differences detected in this study may not be con-
clusive for the above mentioned difficulties. A more detai-
led analysis is necessary to confirm these findings.

The use of haploid tissue, such as female gametophyte
tissue, is recomended because the chromosomes are not ex-
cessively compressed and their morphological details can
be easily analysed in this material.

If differences at chromosome level are not detectable in
this variety of Pinus, the phenotypic differences already
observed between provenances in other studies (BARNEs
et al., 1980; SarLazar, 1981), could be the result of changes
at the gene level.
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Abstract

Two mating systems, pair mating and partial diallel
mating, were evaluated with respect to three parameters
single generation gene frequency advance (/A q), ultimate
probability of allele fixation (u), and the time required to
fix or lose an allele (t). These three parameters are useful
in developing long-term breeding strategies. For a given
population size the pair mating showed higher values of
/A q, lower values of u, and shorter t than partial diallel
mating. However, when the number of families was fixed,
u of pair mating was greater than that of partial diallel
mating. The impact of the results on tree breeding is dis-
cussed.
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Key words: Selection 1limit, gene frequency, probability of allele
fixation, pair mating, partial diallel mating.

Zusammenfassung

Zwei Paarungssysteme, die paarweise Kreuzung und das
unvollstidndige diallele Kreuzungssystem, wurden beziig-
lich dreier Parameter: Anderung der Genhiufigkeit in
einer Generation (/A\q), Wahrscheinlichkeit der Fixierung
eines Allels (u) und Zeit, die benétigt wird, um ein Allel
zu fixieren oder zu verlieren (t), untersucht. Diese drei
Parameter sind bei der Entwicklung von Langzeitziich-
tungsstrategien von Nutzen. Fiir eine gegebene Popula-
tionsgroBe zeigte die paarweise Kreuzung hothere A q
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