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Cone and Seed Yield of 16 Populations of Pinus tecunumanii
at 5 Sites in Zimbabwe

By B. I. NYoral) and P. TONGOONA?)

(Received 9th September 1998)

Summary

Cone and seed yield of 160 families from 16 populations (10
families per population) of Pinus tecunumanii were assessed in
eight- and nine-year old provenance/progeny tests located at
five sites ranging in altitude from 700 m to 1700 m a.s.l. Eight
of the 16 P. tecunumanii populations came from an altitudinal
range of above 1500 m a.s.l. (high elevation population group)
while the other eight were from below 1500 m a.s.l. (low eleva-
tion population group). P. patula and P. oocarpa, a high and low
elevation species respectively, were also included in the test as
controls.

Provenance variation in cone and seed yield was significant
at varying probability levels at all sites. Family within-
provenance effects were significant at some sites while at other
sites they were not (P <0.05). At Nyangui and Stapleford, both
high altitude sites, P. patula was consistently superior in cone
and seed yield to all the populations of P. tecunumanii but
Pinus oocarpa was not significantly different from most of the
P. tecunumanii populations in the lower altitude sites.

Cone yields for the high elevation population group were
highest at Nyangui (13.8 g per tree) while the highest yields for
the low elevation population group were at Maswera (6.1 g per

Silvae Genetica 49, 45 (2000)

tree). The highest seed yields for high elevation population was
at Stapleford (0.26 g per tree) and Gungunyana (0.07 g per
tree) for the low elevation population. Best locations for seed
orchards of P. tecunumanii are sites above 1600 m a.s.l. for
selections made in high elevation populations and below
1100 m a.s.l. for selections made from low elevation popula-
tions.

The highest cone and seed yields were from San Jeronimo,
Piedrecitas, La Paz and La Soledad in the high elevation
population group and from Jocon, Mountain Pine Ridge and
San Francisco in the low elevation group. At family level, some
families from populations like Piedrecitas, San Jeronimo and
La Paz had seed yields of up to 55 g, 49 g and 48 g per tree
respectively. In the low elevation populations the most produc-
tive families from Culmi, Mountain Pine Ridge and San

1) Geneticist and Senior Tree Breeder, Forest Research Centre, P. O. Box
HG595, Highlands, Harare, Zimbabwe

2} Senior Lecturer in Genetics and Plant Breeding, University of
Zimbabwe, P. 0. Box MP167, Mount Pleasant, Harare, Zimbabwe
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Estaban, had seed yields of up to 21 g, 21 g and 19 g per tree
respectively.

Cone and seed yield differences appeared to be chiefly caus-
ed by failure to produce cones or seed by all or some of the
families in some populations. Frequency of cone or seed produc-
tion among families of the different populations ranged from
0% to 100%. Juquila for example, only produced few cones and
seed at only site in one year.

In the across site analysis, site, population and their interac-
tion effects were all significant (P <0.001). The family and the
family-site interaction effect was only significant for cone yield
in one season.

Key words: Pinus tecunumanii, conc and seed yield, high and low eleva-
tion populations.

Introduction

Pinus tecunumanii is a Central American and Mexican clos-
ed-cone-pine that has been a subject of intense studies on its
potential as a plantation species in the tropics and subtropics.
In its natural range, the species extends from Oaxaca and
Chiapas in Mexico through the central American countries of
Guatemala, Belize, El Salvador, Honduras to central Nicara-
gua in a series of small disjunct populations (BARNES and Sty-
LES, 1983; StyLes and HUGHES, 1983; STYLES, 1985; DVORAK
and RavyMOND, 1991). The altitudinal range of distribution
spans from 440 m a.s.l. to over 2800 m a.s.l. and the latitudinal
range varies from 12°N to 18 °N.

P tecunumanii has for long been a subject of intense debate
on its taxonomic status. The species was first described and
named P fecunumanii in the early 1950s (SCHWERDTFEGER,
1953). STaANDLEY and STEYERMARK (1958) regarded SCHWERDT-
FEGER's pine as a deviant form of P. oocarpa or a hybrid
between P. oocarpa and Pinus pseudostrobus. AGUILAR (1962)
considered it to be a variety of P. vocarpa (P. oocarpa var.
tecunumaniti). STYLES (1985) considered SCHWERDTFEGER’S pine
to be a southern, more tropical variant of P. patula to which he
accorded a subspecific rank (P. patula ssp. tecunumanii). The
taxon is today, regarded as a distinct species, P. tecunumanii,
with a slight change in the original spelling of the epithet
(EGumn.uz and PrrRry, 1983).

Extensive exploration and assemblage of P. tecunumanii
germplasm by the Central America and Mexico Coniferous
Resources cooperative (CAMCORE) and the Oxford Forestry
Institute (OFI) began in the early 1980s and continued through
to the 1990’s (DvorRAK and DONAHUE, 1992). The germplasm
was evaluated extensively for adaptation and productivity of
wood in provenance and progeny tests. Although these studies
have been exciting as some of the populations have outperform-
ed some of the traditional species (CROCKFORD et al., 1990;
Dvorak and SHaw, 1992; Dvorak and Ross, 1994), the poor
cone and seed production in this species in most of the arcas
tested has almost killed the enthusiasm originally created by
its phenomenal growth.

There is limited information on site requirements of this
species for optimum seed production. In its native environ-
ment, populations growing at altitudes above 1500 m a.s.l., P
tecunumanii trees were found to produce only about 6 filled
seeds per cone (Dvorak and LAMBETH, 1992). Trees in popula-
tions growing at altitudes lower than 1500 m were found to
produce three times that of the high altitude populations. In
the many provenance and progeny tests established in many
countries, cone production was reported to be low and this was
attributed to the age of the tests (5 to 10 years), close commer-
cial spacings used and climatic and soil factors (DVORAK and
LamBeTH, 1992). They concluded that P. tecunumanii orchards
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should be sited between latitudes 17 °S and 28 °S in areas with
well defined dry seasons.

Seed production is very important for propagation in the
absence of cost effective vegetative propagation programmes.
Also, early seed production can shorten the breeding cycle
thereby improving the economics of breeding of the plantation
tree species (GIBSON et al., 1983). The choice of provenances,
families or even individuals to use in a breeding programme
may necessarily be influenced by variation in cone and seed
production. In Pinus caribaea, GIBSON et. al. (1983) have shown
that there is wide provenance variation in cone production and
that climate and altitude both influence cone production.
Significant genotype-environment interaction in cone produc-
tion has also been reported in P. caribaea (SIRIKUL ef al., 1991;
GIBSON et al., 1983).

In this study we report on variation in cone and seed yield
among 16 populations of P. tecunumanii at five sites in Zim-
babwe.

Materials and Methods

Open pollinated seed was collected from 160 parent trees
comprising 16 wild populations of P. tecunumanii from the
natural range of the species in southern Mexico and central
America. Eight of the populations were from sites above
1500 m a.s.]. while the other half were from sites below this
altitude. These two population groups are often referred to as
high and low elevation populations respectively. Each popula-
tion was represented by 10 families. Table I shows the geo-
graphic and climatic details of the native environment of the
populations used in the study. Two other commercially planted

species (P. patula and P. oocarpa), each represented by 10

families, were included in the tests as control lots. The control
species are not only commercially important species in the high
and low altitude sites in Zimbabwe but have in the past been
taxonomically linked to the different population groups of P,
tecunumanit.

The seed was sown in April 1987 and the field trials
established at five sites in December of the same year as
provenance/progeny tests in which families were nested in
populations. Table 2 shows the details of the test sites. The
field design was a randomized complete block arranged as a
split plot. The populations were randomized into the main
plots and the families were in turn randomized into the
subplots. Each trial had 5 replications with 5 tree family line
plots (subplots). The population main plot had therefore 50
trees at establishment.

The trials were assessed for cone and seed yield at eight and
nine year in 1995 and 1996 by harvesting and weighing the
two-year-old cones by family (subplot). Seed was then extracted
and weighed also by family. No assessments were done at
Cashel in 1995 and only four blocks were assessed in 1996.

Although all five tests were completely balanced at estab-
lishment, subsequent differential mortality mainly due to
drought at Maswera and vandalism at Nyangui resulted in an
unbalanced design at family subplot level but not at population
main plot level. All analyses were done using generalized
lnear models to get least squares means. This was donc using
Procedure GLM in SAS® (SAS Institute Inc., 1988).

For individual sites a full mixed model (1) based on subplot
family means was fitted to test significance of the various
sources of variation and to estimate population means of cone
and seed yield.

Yy =t+B+ P+ BP, + F(P)  + By (1)
Y =1is the cone or seed yield of the kth family of the jth
population in the ith block;
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Table 1. — Locations of origin and climatic data of the P. tecunumanii populations used in the test.

Provenance Name Code Altitude  Country Altitude Latitude Longitude Mean Mcan
{Number) Group inm °N W rainfall  temp.
mm °C

Yucul (1) Yue LE Nicaragua 850-1000 12°55  85°48 1394 224
Culmi {2) Cul LE Honduras 550-650 15°086' gs=21 1325 243
Villa Santa (3) Vil LE Honduras 850-950 14°11 86°20 1348 224
Mt Pine Ridge (4) Mpr LE Belize 700-720 17°00 88°55 1558 23,9
San Esteban (5) Est LE Honduras 700-800 15°22! 85735 1400 25,0
Jocon 0 Joc LE Honduras 850-1100 15716 86°55 1400 21,7
San Francisco (7) Fra LE Honduras 870-1100 15°05'  86°20 1600 20.0
Finca las Victorias (8) Vic LE Guatemala 1200-1300 1512 89°22 1700 224
Cusuco  (9) Cus HE Honduras 1500-1650 15°30*  88°10' 2500 17.0
LaPaz  (10) Paz HE Honduras 1750-2000 14°19  87°45 1619 200
Guajiguiro (11) Gua HE Honduras 18352250 14°11*  87°50" 2000 15,0
San Jeronimo (12) Jer HE Guatemala 17002000 15°03  90°18 1600 17.0
Montana Sumpul (13) Sum HE Honduras 1950-2050 14°24'  89°08' 2200 16,0
Juquita  (14) Jug HE Mexico 2000-2250 16°15* 97°17 1400 14.0
La Soledad (15) Sol HE Guatemala 2000-2300 14°350  90°25" 1543 15,0
Las Piedrecitas (16) Pie HE Mexico 2300-2600 16°4¢ 92°35t 1228 14,8
P, patula (17) Pat HEC Zimbabwe Clonal orchard seed controls

P, socarpa (18) Ooc LEC Zimbabwe Clonal orchard seed controls

HE and LE refers to High and Low Elevation populations,
HEC and LEC refers to High and Low Elevation species controls,
Temp. refers to temperature

= is the general trial mean,;

= is the fixed effect of the ith block;

= is the fixed effect of the jth population;

BPiJ. =1is the fixed interaction effect of the ith block with
the jth population;

i

o mR

.

F(P); =is the random effect of the kth family of the jth
population in the ith block;
E = is the random plot error.

ijki
Four orthogonal contrasts were tested namely:-

(a) High altitude P. tecunumanii populations versus low alti-
tude populations.

(b) P. tecunumanii populations versus P. patula (at medium
and high altitude test sites Cashel, Stapleford and Nyangui)
and versus P. oocarpa (at low altitude sites, Gungunyana and
Maswera).

(c) Low altitude P. tecunumanii populations versus the low
altitude Belize populations.

(d) All high altitude P. tecunumanii populations versus the
high altitude Mexican populations.

Table 2. — Details of test sites included in this trial series.

The last two contrasts were performed to test the validity of
the suggestion that Belize and Mexican populations are respec-
tively different from the low and high elevation population
groups (DVORAK, 1985, 1986).

For the across site analysis, another mixed model (2) was
fitted to the data.

Yijkl =u+8 + B(S)jm + P+ SP, + PB(S)kji(i) + F(P),, +
SF(P)y + Ejg cevvveeenns (2)

Yin =is cone or seed yield of the lth family of the kth
population in the jth block of the ith site;

U = is the across site mean;

S, = is the fixed effect of the ith site;

B(8),;, = is the random effect of the jth block of the ith site;

P, =is the fixed effect of the kth population;

SP, =1is the fixed interaction effect between the ith site

and the kth population;

PB(S),;;, =is the random interaction effect between the jth
block of the ith site and the kth population;

Location Trial Altitude Lat. Long. Rainfall Mean Temperature ® C
Code (m) °S °E (mm) annual max. min,
Stapleford PX125A 1651 18°41' 32°51' 2159  15.1 19,2 11.1
Gungunyana PX125B 1050 20°24' 32°43' 1097 18.1 24.0 13.9
Cashel PX125C 1450 19°25' 32°45' 891 19,5 244 14.6
Maswera PX125D 750 18°41' 32°55' 1498 20,7 28,4 13.0
Nyangui PX125E 1800 18°00" 32°47' 1572 13.0 177 08.3

Lat., Long., max. and min. Refer to latitude, longitude, maximum and minimum respectively
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F(P),, =is the random effect of the Ith family of the kth
population;
SF(P),,,, =1is the random interaction between the ith site and
the 1th family of the kth population;

E =is the random plot error.

For those effects in the models that did not have exact test
statistics, the method of SATTERTHWAITE, (1946) method was
used to synthesize the mean square errors and their associated
degrees of freedom.

Besides the statistical analyses, the percentage of families
with either cones or seed was also derived for each population
for all the five sites.

Results

There were significant differences at varying probability
levels among the populations and the species controls for cone
yield in both years at all five sites (Table 3 and 4). Except for
Maswera in the 1995 season, there were also significant
differences at varying probability levels among populations for
seed yield. The contrasts that were consistently significant for
both traits at all sites were those of P. tecunumanii populations
against either of the two species controls and that between the
two elevation population groups of P tecunumanii. Mountain
Pine Ridge, essentially a low elevation population from Belize
was significantly different (P <0.05) from the other low eleva-
tion populations for both cone and seed yield at Maswera only.
The two Mexican high elevation populations were also
significantly different (P <0.05) from the other high elevation
populations for both cone and seed yield at Gungunyana,
Cashel and Maswera. Family-within-population differences
were significant at varying probabilities at Stapleford,
Gungunyana and Maswera.

In both the high and medium altitude environments of
Nyangui, Stapleford and Cashel, the top-ranked populations
were all of high elevation origin namely San Jeronimo, Las
Piedrecitas, Montana Sumpul, La Paz and La Soledad (Table 5
and 6). The ranking of the populations was completely reversed
at Maswera, the lowest altitude of the test sites, where the top
ranked populations were mostly from the low elevation group.
These were San Francisco, Jocon, Culmi, San Estaban and
Mountain Pine Ridge. The mean cone and seed yields of the
high elevation population group were consistently higher than
that of the low elevation group at Stapleford, Nyangui and
Cashel. At Maswera and Gungunyana, the low elevation popu-
lation group was more productive than the high elevation
group (Tables 5 and 6).

Montana Sumpul, a high elevation population was however
surprisingly ranked consistently in the top five for both cone
and seed yield at all the five sites. At Nyangui and Stapleford,
both high altitude sites, P. patula was always consistently
superior to all populations of P. tecunumanii in both cone and
seed yield. This was also true at Cashel, a site considered
marginal for both timber and seed production of P. patula. At
Nyangui, where there was the highest cone yield of P. fecunu-
manii, the most productive populations, San Jeronimo and Las
Piedrecitas had cone yields of about half those of P, patula and
only about tenth of seed yield. Although most of the high eleva-
tion populations were significantly superior to P. oocarpa at
high altitudes, the low elevation populations were, however not
significantly different from P oocarpa at all the five sites.

Although not statistically tested, there was evidence of
seasonal variation in cone and seed yield at Nyangui, Staple-
ford and Maswera with the 1995 year having lower yields than
the year later. The differences between years was however
confounded by age effects as yields of 1996 are from older trees

Table 3. - Significance of the different sources of variation at individual sites for cone and seed yield in 1995.

Source of Variation Stapleford Nyangui Gungunyana Maswera
DF* VR VR VR VR
CONE
Blocks 4 2.4ns 1.2ns 4,60** 2.84*
Populations 17 4,35%%# 15.4%** 2,53%* 3,12%%*%
P. tecunumanii vs Controls® | 63,0%%% ne 24,3%%% 37,64+
Low alti. vs Low Belize 1 0.01ns ne 0.58ns 7.94%*
High alti. vs High Mexican 1 0.39ns 0.12ns 3.22ns 0.81ns
Low altitude vs High altitude 1 6.24% ne 0.20ns 1.37ns
Block*Population 68 5.4%%* 2.04%%* 1,44* 0.78ns
Family(Population) 161 SA3H** 0.82ns 1.54%+* 1.37**
Error 649
SEED
Blocks 4 1.95ns 1.14ns 5,76%** 2,60*
Populations 17 11,0%** 12,45%** 2.18% 1.46ns
F. tecunumanii vs Controls® 1 150,0%** ne 11,65%** 21,72%**
Low alti. vs Low Belize 1 0.01ns ne 0.50ns 0.00ns
High alti. vs High Mexican 1 1,62ns 0.0Ins 3.65ns 0.12ns
Low altitude vs High altitude 1 18,2%** ne 0,46ns 0,21ns
Block*Population 68 1.60%* 2,87 1.36* 2,93kx*
Family(Population) fel 1.41** 0.99ns 3 R 0.83ns
Errar 649

DF = degrees of freedom, VR = variance ratio, ns = not significant at 5%, *** and *** significant at respectively 5%, 1% and 0.1%;
ne = not estimable due unbalancedness at the site. %) Control is P. patula at Stapleford and Nyangui, P. nocarpa at Gungunyana and

Maswera; *) DF of Error at Nyangui is 509.
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Table 4. — Significance of the different sources of variation at individual sites for cone and seed yield in 1996 season.

Source of Variation Stapleford Nyangui  Cashel Gungunyana Maswera
Dr¥ VR VR VR VR VR
CONE .
Blocks 4 L.llns  3,58* 0.75ns 5.58%¥* 3. 83%xx
Populations 17 25,8%k% 1] QQmkE 16,9%%* 2.03* 3,52%%%
P, tecunumanii vs Control® 1 373.9%** ne 226,4*%* 12,85%** 31,36%*
Low alti, vs Low Belize 1 0.1lns  n¢ 0.05ns 0.36ns 0,38ns
High alti, vs High Mexican 1 1.,69ns  1,56ns  5.21% 5.14% 4.08*
Low altitudc vs High altitude | 30.7%*%* ne 26,8** 0.41ns 5.71%
Block*Population 68 1.28ns 249%%%  (0.98ns 1.43* 1.88**x
Family(Population) 161 1.72%**  091ns  1.50%** 1.32* 2,45%%%
Error 649
SEED
Blocks 4 0.53ns  1.25ns  1.45ns 4,82%* 1.44ns
Populations 17 36,0%%%  13,1%**  19,0%** 247** 2,94*%%
P. tecunumanii vs Control® 1 556,4*%** nc 257.9%%% 2.36ns 22,65%*%
Low alti. vs Low Belize 1 0,07ns  nc 0.18ns 1.09ns 5.10%
High alti, vs High Mexican 1 1,72ns  0,0ins 5,92 6,89% 3.49ns
Low altitude vs High altitude 1 23,6*** ne 28, 7%** 0.00ns 4 A6*
Block*Population 68 1.42% 6,48%**  0,83ns 1,02ns 1.24ns
Family(Population) 161 1.32* 1.12ns  0.98ns 097ns 1 67*%**
Error 649

DF = degrees of freedom, VR = variance ratio, ns = not significant at 5%, *
not estimable due unbalancedness at this site. ¥) Control is P. patula at Stapleford, Cashel and Nyangui, P. oocarpa at

ne

“* significant at respectively 5%, 1% and 0.1%;

Gungunyana and Maswera; ) DF of Error at Nyangui and Cashel are 509 and 487 respectively. DF for Block is 3 at Cashel.

Table 5. — Cone yield in grams per plot (g/plot) of 16 populations of P> tecunumanii at all five sites in the 1995 and 1996 seasons.

Stapleford Gungunyana Cashel Maswera Nyangul
1995 1996 1995 1996 1996 1995 1996 1995 1996
Pop yld g/plot Pop yid gfplot Pop yld g/plot Pop yid Pop yld afplot Pop yld g/plot | Pop yld g/plot Pap Yid g/plat Pop yld g/plat
g/plot
Jer 977.6 a Jer 1166 a Fra 116,6 | a Fra 436 | a Jer 83.5 a Mpr | 748 | a Sum | 463.4 a Jer 1190 a Pie 1443 a
Paz 884.6 | ab Paz 964,0 } ab Cus 07,0 | a Jer 336 | a Sum | 76,0 | ab Sum | 400 | a Est 4002 | ab Pie 892.2 | ab Jer 1030 ab
Pie 845.0 | abc Pie 8772 | abc Mpr | 72.4 a Est 332 | a | Paz 710 | abc Fra 326 | a | Joc 399,2 | abc Sum | 377.6 | abe Sum | 895.8 | abe
Sole | 6848 | abcd | Sum | 688,4 | abed | Paz 68.8 a Cus 330 | a Pie 558 | abed Cul 260 | a | Fra 376.6 | abed | Paz 3266 | abe Sol 755.0 | abed
Sum | 6294 | abed | Sol 4496 | bede | Sum | 63,7 a Cul 326 f a Sol 54.5 | abcde Joc 236 | a Mpr | 3758 | abed | Sal 305.0 be Paz 628.8 bede
Vic 4526 abed | Vie 3314 bede | Cul 544 a Sol 3.8 | a Cus 333 cdef Cus 212 | a Vic 365,6 abed | Gua 160.6 ke Gua | 399.2 bede
Cus | 238,6 | bed | Cus {3118 | bede | Vic | 474 | a | Sum [ 306 | a | Vic | 285 def | Sol | 146 | a | Cus | 2586 | abed | Vie | 1181 be | Jug | 2142 cde
Gua | 2052 bed | Gua | 2586 cde | Sol 43.6 a Mpr | 302 | a | Est 150 det | Est 134 | a jCu 2522 | abed | Juq 48,8 be Cus 156.0 cde
Est 112,0 d Fra 57,8 € Joc 414 a Paz 198 | a Yuc 140 ef Jer 8,6 a Jer 249.6 abed | Cus 19.2 be Vie 103.2 de
Mpr | 40.0 d Est 55.0 3 Jer 40,8 a Yuc 188 | a Gua 14.0 ef Yue 64 a Vil 2384 abed | Cul 13,0 Est 444 de
Fra 20,0 d Joc 20,0 e Est 322 a Vil 9,6 a Cul 12,8 f Paz 6.2 a Paz 157.0 abed | Joc 5.8 c Yuc 200 de
Joc 1.4 d Yuc | 14,0 ¢ | Yuc | 168 a vic 9.4 a | Fra 123 £ Vil 3.6 a { Seol 119,2 | abed | Fra 4.6 c Fra 17.2 de
vil 0.0 d Cul 13,6 e Vil 110 a Jac 68 a vil LS f Vict 32 a Yuc 4,0 Yue | 3.8 4 Joc 15,4 de
Cul 0.0 d Mpr | 120 ¢ | Pie 108 a Pie 2,0 a Mpr | 10.8 £ Gua 1.6 a Gua | 568 bed Vil 3.8 c Vil 7.0 de
Yue | 0.0 d Jug 38 ¢ | Gua | 0.0 a | Gua | 00 a | Joo 4.8 f Pie 0.6 a | P 47,6 Est 3.2 c Mpr | 0.0 c
Jug 0.0 d vil 0.0 e | Juq 0,0 a Juq 0,0 a | Juq 40 f Jugq 0,0 a | Jug 10,2 bed Mpr | 2,4 c Cul 0.0 c
Fiow | 795 S | 69,2 Riw | 49,0 fpw | 23,0 R | 137 R | 23.0 R | 309.0 e | 193 Row | 250
i | 5582 R | 5899 Zug | 42.0 R | 18,9 R | 49.0 Rggy | 116 T | 1703 | bed | % | 4400 Ry | 690.6
Pat 3703 Pat 4068 Pat 4,1 Pat 0,0 Pat 243 Pat 0.0 Pa( 171 d | Pat 2818 Pat 3288
Ooc | 270.8 Ooc | 3135 Ooc | 2163 Ooc | 69.6 Qoc | 385 Qoc { 146 Ooc | 981 Ooc | 68.8 Qoc | 287.1
Means followed by the same letter do not differ significantly at 5%. X, and X, are respectively means of low and high elevation population

groups; Pat and Qoc is P. patula and P. oocarpae controls.

Table 6. — Seed yield in grams per plot (g/plot) of 16 populations of P. tecunumanii at all five sites in the 1995 and 1996 seasons.

Stapleford Gungunyana Cashel Maswera Nyangui
1995 19%6 1995 1996 1996 1995 1996 1995 1996
Pop yld g/plot Pop  yldg/plot | Pop yld g/ptot Pap yldg/plot | Pop | yld g/plot Pop | yid Pop yld g/piot Pop | Yid giplot Pop yld g/plot

g/plot

Jer 172 | a Jer 29211 b Fra 5,0 a Cus 102 | a Paz 1051 a Sum | 0.2 | a Mpr 62 a Jer 180 | a Pic 20.6 a
Paz 15.2 | ab Paz 218 b Cus 3.6 ab Jer 6,8 ab Sum | 10,5 | a Fra 00| a Joc 52 ab Pie 168 | a Paz 16,8 ab
Sol 13,2 1§ abe Ple 1801 b Mpr 2.6 ab Fra 5.8 ab Jer 8.5 ab Joc 00| a Sum 5.0 abc Sum | 11,8 | a Sum 15,4 abe
Pic 10,0 | abe Sum | 144 | b | Sum 2,6 ab Est 5.6 ab Pic 7.3 abe Yuc | 00 | a | Est 38 abe Paz 5.0 a Jer 14,4 abed
Sum 9.2 abc Sol 11,0 | b | Sol 24 ab Cul 5.2 ab Sol 7.0 abed Mpr | 0,0 | a Vie 3,0 abe Sol 4.2 a Sal 122 abede
Vic 34 abc Vic 5.8 b Cul 2.2 ab Sol 5.0 ab Cus 5,0 abcde | Esta | 00 | a Fra 2.6 abe Gua 1.8 a Gua 5.4 bede
Cus 3.2 abe Gua | 5.6 b | Paz 18 ab Joc 48 ab | Vic 43 bede | Vie 001 a | vil 2,6 abe Cus 1.6 a Jug 1.8 cde
Gua 24 be Cus 4,0 b Vic 1.6 ab Sum | 44 ab Yue | 2.3 cde | Paz 001 a Cul 24 abe Vic 1.0 a Cus 1.4 cde
Fra 04 c Fra 1.8 b | Est 1.4 ab Yuc | 2.2 ab Gua | 1.8 cde | Cul 00| a | Cus 24 abe Jug 0.6 a Vie 0.8 de
Est Q.0 [ Est 1.2 b Joc 1.2 ab Mpr [ 1.8 ab Est 18 ede | Vil 00| a Jer 20 abe Vil 0.2 a Est 0.2 e
Mpr 0.0 c Yuc | 0.6 b Jer 1.2 ab Vic L8 ab Fra 1.8 cde | Gua | 0.0 | a Sol 2.0 abe Cul 0,1 a Fra 02 e
Joc 0,0 c Joc 04 b Yuc [1X] ab Vil 12 ab Cul 1.5 e | Jer 00 ] a Paz 1.4 abc Jon 0,0 a Joc Q.2 3
Vit 0,0 c Cul 0.4 b | Pic 04 ab Ple 1.2 ab Mpr | 1.0 e | Cus 00 { a | Yuc 0.8 be Fra 0,0 a Yuc 0.0 e
Cul 0.0 ¢ Jug 0.2 b vil 0.0 b Paz .0 b Vil 1.0 e | Seol 00| a | Gua (X3 be Yue | 0.0 a Vil 0,0 e
Yuc 0.0 c Mpr | 0.0 b | Gua 0.0 b | Gua | 0.0 b § Joc 0.8 e | Ple 00 | a | Pie a4 be Est 0.0 a Mpr 0.0 c
Jug 0.0 c Vit 0.0 b | Jug 0.0 b Juq Q.0 b | Jug 0.8 ¢ | Jug 00| a |Ju Q.o 4 Mpr | 0.0 a Cul 0,0 e
Kigw 0.5 R 1.3 Rlow 1.8 K | 3-6 Riger 1.8 Riow 0.0 Raow 33 R 0.2 Frne 0.2
S | 88 Zimn | 130 Sgn | 15 T | 36 T | 64 S | 0.0 Sfa | 17 Rugn | 75 | 110
Pat 53.5 Pat 126 Pat 0.2 Pat 0.0 Pat 323 Pat 0.0 Pat 0.1 Pat 171 Pat 231
Ooc 2.3 Quc | 49 Ooc 5.6 Ooc | 6.5 Qoc | 34 Ooc | 05 Ooc 9.4 Qoc | 1.1 Ooc 4.2

Means followed by the same letter do not differ significantly at 5%. X, and X,

groups; Pat and Qoc is P. patula and P, oocarpa controls.

are respectively means of low and high elevation population
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Fig. 1. — Frequency of conc and seed production at four sites in the 1995 season. 1 to 8 low elevation populations, 9 to 16 high elevation populations,

17 P. patula, 18 P. oocarpa.

than those of 1995. There was however an unexpected trend at
Gungunyana where yields were higher in 1995 than in 1996.

The family ranges in cone and seed yield ranged from 0 g to
8600 g of cones and 276 g of seed per five tree plot. The highest
yielding families in Las Piedrecitas, San Jeronimo and La Paz,
the most productive high elevation populations had seed yields
of 276 g, 243 g and 242 g per plot (55 g, 49 g and 48 g per tree)
respectively. The most productive families in the low elevation
populations were from Culmi, Mountain Pine Ridge and San
Estaban and had yields of 107 g, 104 g and 94 g per plot
(approximately 21, 21 and 20 seeds per trec) respectively. In
general, the cone and seed yield ranges of the P tecunumanii
populations were very much comparable to those of the
controls particularly that of P. oocarpa.

The percentage of families with either cones or seed also
followed the same trends as actual yields. The percentage of
families with either cones or seed in the high elevation popula-
tion group ranged from 60% to 100% at Stapleford, Nyangui
and Cashel in both years (Fig. Ia and d, Fig. 2a, d and e). At
these same sites, the percentage of families from the low eleva-
tion populations with cones and seed were all below 60%. At
Gungunyana and Maswera, both low altitude sites the trend
was reversed, with low elevation populations having a higher
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frequency of cone and seed production than the high clevation
populations (Fig. 1b and ¢, Fig. 2b and c).

Site and population effects were both significant (P <0.001)
in both years for the two traits (Table 7). Family effects were
significant at all three probability levels (P<0.001, 0.01 and
0.05) tested. Genotype-environment interaction was present
and significant (P<0.001) at population level but was not
consistently significant at family level (Table 7). A plot of the
population means against the sitc means although not shown,
indicated that this interaction was mainly due to rank changes.
Most of the populations from the high elevation group gave
high cone and seed yields in the high altitude sites while popu-
lations from low elevation group were more productive in low
altitude sites.

Discussion and Conclusions

The two population groups of P. tecunumanii are different in
their cone and seed production as evidenced by the significant
contrasts tested. The differences between the isolated Moun-
tain Pine Ridge population and other low elevation populations
although significant, may be of limited practical relevance to
breeding as the differences were only significant at one site.
The differences between the Mexican high elevations popula-
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Fig. 2. — Frequency of cone and seed production at five sites in 1996. 1 to 8 low elevation populations,

e

(

9 to 16 high elevation populations,

, 18 P. oocarpa.

17 P. patula

high altitude environments while the reverse is true of selec-

tions and the other high elevation populations were consistent

tions made in populations from low elevation environments.
Only one population namely Montana Sumpul, a high elevation

at medium and low altitude sites and this was attributed to
Juquila, a Mexican high elevation population which sometimes

source, was consistently ranked in the top five at all sites and

failed to produce cones and seed. The differences between the
population groups largely agree with suggestions made by

years. Despite this stability or consistency in ranking across

sites, selections from this population should ideally be planted

in higher elevation sites where yields were higher.

DvoORAK (1985, 1986), although then this was largely based on

less substantial evidence.

Cone and seed yields of the high elevation populations were
lower than that of P. patula in the high altitude sites while the

Seed orchards of the selections made in the high elevation

populations group will produce more seed if sited in equally
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Table 7. ~ Variance ratios of the various sources of variation for across site analysis of cone
and seed yield, and significance of the differences between means.

Source 1995 Season 1996 Season

DF Cone Seed DF Cone Seed
Site S 3 68,84+ 39.3%%% 4 86,5%*%*  59,Q***
Block/Site B/S 16 A G 3.5%%* 19 5. 7%k* 5.6%%*
Population P 17 27,2%%% 36.1%%+ 17 37.9%%*  g3,8%%**
Site*Population 51 17.5%%* 26,4%** 68 20,6%** 45, 7x%*
Block/Site*Popn 270 3.6%x 3,0%¥* 321 2,0k 4,9%**
Family/Population 161 1, 74%% 1.3* 161 1.3* 1,5%%*
Site*Family/Popn 483 1.0ns 1.1ns 644 [ 3k 1.1ns
Error 2419 2910

DF = degrees of freedom, VR = variance ratio, ns = not significant at 5%, *,** and *** signif-

icant at respectively 5%, 1% and 0.1%.

low elevation populations were comparable to those of P. oocar-
pa in the lower altitudes. The low yields may mean that the
cost of seed production will be much higher for selections from
high elevation populations of P. tecunumanii than for P. patula
due in part to a large land area required to get reasonable
quantities of seed. The other option available to plantation
developers will be to bulk seedlings by vegetative propagation
provided the timber yield potential of the species is high
enough to justify such a strategy.

There could be an argument that the low yields reported in
this study could be influenced by the genetics of the species,
spacings in the tests and the age of the trees (DVORAK and Lam-
BETH, 1992). Considering that the results here are contrasted
with those of P. patula and P. oocarpa of the same age and
spacing, they can be taken to be absolute. It can be inferred
from the evidently wide provenance and family variation in
frequency as well as actual yields of cone and seed that it is
both genetics of the species as well as environmental factors
that affect seed production. HaLL, (1985) came to the same
conclusions regarding seed yield in clones of European Larch
(Larix decidua MILL,).

In this study with trees of about eight years old, the highest
seed yield in the most productive family from an equally
productive high elevation population was 276 g per plot of 5
trees or 55 g per tree. The highest yielding family in the low
elevation population Culmi, had seed yield of 107 g of seed per
plot or (21 g per tree). Observations made in 60-year old trees
of populations growing above 1500 m a.s.l. in the natural range
of the species indicated that trees averaged only 10 to 15 filled
seeds per cone or 10 to 20 grammes per tree and three times
this figure for trees in populations growing at an elevation
below 1500 m a.s.l. (DVORAK and LAMBETH, 1992). The yields
from this present study are obviously higher than those report-
ed by Dvorak and LAMBETH (1992) for this species. This there-
fore means that some sites in Zimbabwe are even more
favourable for cone and seed yields than the sites in the species
native range. Also in this study, the seed yields of the low
altitude populations in their best sites were always lower than
those of high altitude populations also in their best sites. This
finding is not consistent with observations made in the wild in
which low altitude populations were found to produce three
times the amount of seed produced from high elevation popula-
tions (DVORAK and LAMBETH, 1992).
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Although Dvorak and LAMBETH (1992) studied the number of
filled seeds per cone as opposed to absolute yield quantities,
their conclusions largely agree with our findings in that the
seed orchards of selections from the two elevation population
groups of P. tecunumanii will have to be sited in different
localities. In a related study with seed from this series of tests,
MANHANDO (1995) reported germination percentages ranging
from 12% to 82% at Stapleford, 6% to 84% at Maswera and
34% to 88% at Nyangui with the highest proportion of empty
seeds coming from Maswera.

The best sites for siting seed orchards of P. tecunumanii for
optimum seed production in Zimbabwe are Stapleford and
Nyangui for selections made from high elevation sources. This
represents an altitudinal range >1600 m a.s.l. Selections from
low altitude sources can be planted at Gungunyana and
Maswera representing an altitudinal range of between 700 m
and 1100 m a.s.l. An analysis of percentage of families with
cones and seed showed that this ranged from 0% to 100% and
this appeared to be the major source of differences between
populations.

This study also found evidence of significant population
variation as well as genotype x environment interaction for both
cone and seed yield. This is consistent with results reported for
other pines (Pinus caribaea var hondurensis by SIRIKUL et al.,
1991; P. caribaea by GIBSON et al., 1983; P. tecunumanii by
Dvorak and LaMBETH, 1992). Effect of seasons, although
evident from the data, was difficult to quantify due to confound-
ing effect of age. This could be resolved by assessing mature
tests where flowering and seced production has peaked and
stabilized.

In Malawi, P, tecunumanii, has been reported to flower much
more profusely (Dr. R. D. BARNES, pers. comm.)?). This observa-
tion indicates that seed production could be higher in the lower
latitudes.

Even in the high altitude sites, considered potentially prime
environments for it, Juquila, a high elevation population,
consistently produced fewer cones and seed than any other
population of the same group. On the other hand, Montana

%) Geneticist, Oxford Forestry Institute, Department of Plant Sciences,
University of Oxford, UK.



Sumpul, also a high elevation population was consistently
ranked in the top five across all five sites. Juquila is isolated
from any other known stands of this taxon in its natural range
of occurrence. This high degree of dissimilarity from other
populations confirms the results from molecular studies indicat-
ing that it may be a natural interspecific hybrid of Pinus
herrerai and P. patula. (Dr. W. S. DVORAK, pers. comm.)}!). In
the natural range, trees of Montana Sumpul were reported to
exhibit characteristics intermediate between P. oocarpa and
P patula suggesting a possibility of hybridization. These
natural hybrids, being a result of a cross between high and low
altitude species would obviously show the typical stability
found in this study.

Except probably for the stable Montana Sumpul population,
it is recommended to create two breeding populations namely
high and low elevation group as originally proposed by DVORAK
(1985, 1986). The population and within-population variation
in cone and seed yield in P. tecunumanii is substantially high
enough to warrant selection. This finding has significant
bearing in the future breeding of this species, which was nearly
abandoned because of its poor seed set. In view of the evidently
wide between population and within-population variation in
cone and seed production in P. fecunumanii, it is recommended
to include these as additional traits in the selection of superior
trees for further breeding. Before this is done, information on
genetic control of these traits must be investigated so as to
design an efficient selection method. This additional informa-
tion forms part of our second paper. Methods of inducing
flowering could also be investigated otherwise superior
individuals from populations such as Juquila will not be very
useful in the breeding programme.
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