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Tntroduction

Tinus oocarpa Schiede has a very wide distribution in its native range which
extends 12°H from Nicaragua to 27°% in Mexico. The first introduction of
this species to Kenya was in 1968, but this was a total failture because
the provenances were poorly adapted being from the extreme northern part

of the ¢istribution, Seed originating from latitudes greater than 18°n

in Mexico does not thrive in Kenya, Subsequent introductions in 1971 and
1972 included seed from the southern part of the natural range, this is,
‘Southern Kexico, Guatemala and Honduras. In these trials, two provenances
from Chiapas 3tate in Southern Kexico were outstanding. This paper discus-
ses the international provenance trial established in 1972 with seed
supplied from the Commonwealth Forestry Institute, (CFI), Cxford, which

has been replicated in many tropical countries. This trial comprised
fifteen provenances from Honduras, Guatemala, Belize and Nicaragua and a

provenance of P, caribaea var, hondurensis from Alamicawba, Nicaragua was

included for.inter-specific comparison, and the provenance source details

and proventnce codes are shown in Table 1,

Trial sites

“his experiment was replicated on two sites; Nzoia compartment 2J and
Turbo compartment 10G. However, results, analyses and discussions in
this paper only deal with the Nzoia replicate because the Turbo replicate
failed probably due to the proximity of the murram pan to the surface,

a serious problem in the Turbo Afforestation Scheme. Nzoia compartment
2] is situated on latitude 0°56'N and longitude 35°4'E at an altitude of
1700m. The mean annual rainfall if 1250mm with a four months dry season
which is very severe with humidity below 40% and ptential evapotranspi-

ration reacines 1800mm/year., The mean annual temperature, mean maximum
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emperature of the hottest month and mean minimum temperature of the coldesy
months are 2200, 26OC and 1&00 respectively. The soil is a shallow medium
clay which may be deficient in nitrogen and phesphorus., The depth is
mostly over lm but there are shallow patches to 1Ocm. The underlying
narent rock is laterite and the vegetation is grassland dominated by

myparraenia filipendula and Themeda triandra with aAcacia spp. and Combretum

spp. sprouting from cut stumps.

Zxperimental design

The trial was planted as a balanced lattice with 16 treatments {see Table
1) and five blocks, but due to several missing values it was analysed as
~ randorized complete block, The trial was planted at a spacing of

2.5 x 2,5m, and the individual plot size was 5 x 5 trees,

I'anagement

Seeds were sown at Londiani nursery during August 1971, The mnain germi-
natiocn started after about 3 weeks and pricking out was done into tubes

L weel's after sowing., Culling of weak and damaged plants was done in the
nursery, The seedlings were planted in the field in July 1972, aged 11
months -—nd tubes were removed., Subsequent beating up was done in August
1972, Spot hoeing was done in August, September and December 1972, Survival

was good and pruning was done in November 1976 to half height,

Assesament

The trial was assessed for height in 1972, and height and diameter in

1974 and 1977.

Tn march 1980, the trial was assessed in great detail as part of the
co-operative assessment progranmne between the UFI and various participants
in the international provenance trial series of P, oocarpa and P. caribaea.
Twenty-nine field traits were assessed in total, and details of assessment:
philosophy, methods and formulae for %*rait derivation may be found in
Gibson (1982). The range of traits assessed is beyond the scope of this
paper but a group of the most important measured and derived traits for
nrovenance selection are considred below:

Trait deczivation

1. Heisht (HGT). Measured to the nearest decimetre by use of a height rod.-

2. Diameter breast height (DBE). Measured to the nearest millimetre by
standard diameter tape.
3. Stem straightness (STR). A weighted rating based on the length and

position of straight sections in the first six metres of stem, with
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straight sections contributing more to the overall score the lower

tey were found on the stem, This score was adjusted up or down 104

depending on whether the upper stem form (above 6m) was better or

poorer than the basal 6m,

4, Volume under bark (VUB). Mean tree value in cubic decimetres, derived
from uncer-bark basal area (bark thickness was measured on opposite
sides of the tree by gauge), the height and a form guotient culculated

from the ratio between diameter at breast height and an es—-imete of
diameter at six metres,

5. Branch index 1 (BII). 4n index of branching excellence consitructed
from niean number of branches per whorl, branch diaometer, branch angle
and branch oirder in such a way that the higher the index, the better

the branching.

Index of the average tree (IAT). An index of overall productivity,

O

weigited for qualitative traits, It is comnstructed from vclume productic:

under-bark, stem straightness and brarching index.

Results ~nd discussions

Provenance performance for these traits was examined by analysis of variance,
and Table 2 and 3 present the ramnked means, grand means, strandard errors,
significance of the F-ratio for provenance effects, and the percentage of

total variance attributable to provenance effects,

1. Heighzt, From Table 2 the three Nicaraguan provemances YUC, CiM and RAF
are significantly the most productive. This is in line with previously
publisiied results (Greaves, 1980) and underlines the superior vigour of
these soutlerly provenances. It can also be seen that with the nctable
exception of LAG, the Guatemalan origins are the least vigorous. The
MPR provenance was also productive, maintaining a position in the top

four provenances cver the life of the trial,

2,Diameter. The provenances YUC, CAM, MPR and RAF had the larzest mean
diameter, and are significantly more productive than the otier prove-
narces, <The majority of Guatemalan provenances which had ranked low
for l:eigit were higher for diocmeter but may be associated with thicker

bark or a different degree of stem taper,
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Stem ciraightness. This was a trait under strong genetic centrol,
with 5iy of tatal variance attributable to provenance effects, and
Table 3 shows the large range of mean values. The least straight
sources were all from Guatemala and this is in agreenient with the
findings of Kageyama (Kageyama, 1977) who icentified a significant
andé negative correlation between 1atitude of provenance source and
auality of stem forn. mhere was also a high degree of similarity
between the rankings at the CFI co-ordinated trial in Brazil assessed
by Iageyama and the lizoia trial, JIn both trials the tliree highest
rankting provenances were RAF, TAP and LAG, and of thie pProvenances

common to Lo+th trials, the three poorest HUE, BUC and SJE were 2also tae

sare. The higaly productive MPR provenance was in the middle of the
range for stem straightness at both locations suggesting that though
its wvolurmie production may be amongst the most productive, its poorer
stem Sorm may count against it as a potential breeding provenance.
Volwre under barik, This trait is expressed as mean tree values in
cubie decimetres and highly significant provenance differences ovccurrid.
The ramzing for volume over bark varied from that of diameter due to
different bark thickness or stem taper. At existing stocking rates,
theese —oroductivity figures are equivalent to an under bark annual
inererent ranging from 9 to 31 mz/ha_l, with YUC significantly the
highest rrocucer. The implication of such a range of productivity
figures to production ievels of an afforestation scheme cannot be
overstressed.

Branch index 1. For this trait, the provenance of P. oocarpa were all

better than the &. caribaea provenance, znd again the provenances with
the highest index were YUC, CAM, RAF and MPR, with LAG exhibiting tie
e

most desirable branching habit of cuatemalan DProvenances. Branch size.

angle and distribution are important traits inf luencing the quality of
timbher and the magnitude of the provenance effect correct provenance
selection for this trait, in conjunction with s, will have on the

quality of wood produced.

teeaeenss/B
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2. Index of the average tree., This index can be considered zs Preliminary
selection index as it combines a series of the most important quantita-
tive end qualitative characteristes, The Provenance YUC was signifi-
cantly Detter than all other Provenances, and the next best were CAHM,
R4F and MFR. The poorest Provenances were all from Guaterala and their
index values were almost 50% lower, Although PCH ranked high for
volume production, it was low on this index on account of its pcor
scoring for stem form and branch habit, reducing the utilisaticn value
of txe preduct at this site,

it is clear from the results to age eight that the Nicaraguan provenances

YUC, Cilf and RAF, and MPR from Belize would be the desirable 2rovenances

upon wiich to base a breeding population, though the relatively poor steno

form of FMFR is certaigly a disadvantage of this Provenance, I(ireaves

(1980) rerorted essentially the same results in his review of the CFT

co-ordindated trials, and the constant superiority, combined with the

phenotypic ¢ifferences, and different needle number per fascicle cast

doubt on o iden tity of these provenances. Styles (1984 in press)

suggested that the Nicaraguan provenances may actually be P, patula subsrg,

tecunumanii though he did not mention MPR in this context. MPr may he a

aybrid with E. caribaea var, hondurensis with which it occurs on the

INountain FPine Ridge, longer mean internode lengths (Glbson, unpubl, data)

would tend to support this, as that is a characteristic of P. caribaea

var, acindurensis, Of the "true P. ococarpa" pProvenances, Lagunilla,

Guatemeia performed well for the range of traits and should not be

discarded as a p0351b1e Provenance for braedlng populatlon establishment,
particularly as if species differences really are present in tais trial,

tlien performance could alter later in the rotation. With the sXception

of LAG, the other Guatemalen bProvenances non test can be dismissed as

unsuitable for breeding population and Plantation establishmen: in this
region, Lilewise the Honduran provenances do not aprear to be suffi-
ciently vigcrous though ZAP had a high rating for STR, but it s low in
volume production., There is no doubt that bProvenance selection for
plantation and base breeding population establishment must consider the
characteristics of volume production, stew strightness and branching
tabit, with weighting being given to each of these traits relative to

their importance to local objects of management.

A
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splicaticn for future strategy

©. cocarpa appears te have a lot of potential in the mid-latitudes of Kenya

hetween 1200 and 1500 m above sea level, The four provenances reccmmended

- Yucul, Camelias, Rafael and 1ountain Pine Ridge do not suffer fromn fox-
t2iling, zre fast growing and have good ferm., However the nonenclature and

o

taxecnciny ©Ff these provenances a2 discussed above must be clarified as thesc
provenances appear morphologically different from P, cocarpa in terms of

branch number per whorl, needle number per fascicle and tranching habit,
Some of the earlier introcducticns for species trials, provenance trials

and conservation nlots also may be of E. patula subs. tecunmumanii. The

The conscrvation plots established in 1977 and 1978 with seed from Green
wood, "ountain Pine Ridge, Belize cculd be used as a future source of
breeding material and the importance of correct identity of tiese provena-

nces need not be overstressed.

From the results, it is noted that P, caribaea has pporer form and branching
nabits than the P, cocarpa provenances. However, it is among the best

for volume nroduction and average for diameter breast height. 4s there

is evidence of successful cross pollination between these species, the

resulting aybrids may be of great importance.

Srovenance conservaticn is also important.. At the present time there are
censervation plots of P. oocarpa of only two provenances and there is need
to increase the area to include other valuable provenances, Sinte there
are now positive results from the provenance trials, and these are in
broad agreement with those found in other countries, it is now essential
to establish base breeding populations selected on the basis of these
results and large areas of the best provenances should now be established.
Conservation stands must be established in unreplicated identitied blocks
in the Tield, if possible kept separate by family within provenance.

from tiese conservation stands, superior individuals can Dbe selected for
establishiment of a breeding population and the maintenmance of the

identity of half-sib families within provenances would avoid inbreeding

betweenn iater selections,

UL,
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Though some provenances have performed poorly there is generally a high
degree of within provenance variability and plus trees can b2 selected
from the plots of these provenances and be included in the breeding
populatioi, To further broaden the genctic base of the breeding popula-
tion, new rrovenance materizl must continue to be introduced into the
existing breeding populaticn., Also, some countries are already well
advanced iIn the breeding of P, occarpa and their improved material should
be included in the breeding population while this is being established,
The alreacdy established Provenance trials can serve as sgseed sources or
any otler Dreeding materizl like scions and pollen., A great proolem in
Central ~merica has been the intense felling and dysgenic selection in
some of tlie Srovenance areas which has led to the virtuval extincticn
of certain nrovenances including Camelias, Nicaragua which parformed very
well in $txds trial., The onily pool of this material is the "I provenance
trials and l1deally, to expand the available national gene pool of this
Prcvenance, excnange of scions or seed with other countries siaould be

arranged,

The traits described in this paper are the most important economic?l1ly.
Height anc diameter contribute to the vclume Procduction while branch
index and stem straightness affeet timber quality, Height and dianeter
are highly correlated traits and are also highly correlated to volume
producticn, lMHeasurement of height beccmes increasingly tedicus and time
censuming wien tree height exceeds 10 and it would therefore be easier
to then assess only diameter tc calculate basal area as an irdex of volure
producticin. In a breeding programme reproduction needs to be closely
studied and an assessment of male strobilus production; conelet and cone
production is required to provide essential information., Assessment of
thiese traits must be carried out at fortnightly intervals throughout the
Year to Drovide essential dinformation on precocity and periedicity of
individual clones is fundamental to breeding programme development, and

ultimately sceced prcoduction,

ceos../8B
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.2 international approach to provenance testing, conservation and necpula--—-
:on development is of greatest importance in view of the problems of
sced sup>ly because individual countries cannot cope with seed ccllection
g irportance of CFI, DaNIDA Forest Seed Centre in Denmark and Central
_mericon countries in this matter cannot bDe overstressed and the main

needs of thne immediate future will be the co~ordination of exchange of

™o

ot

eriz? =nd procurement of sufficient seed of proven provenances to

et

establisi breeding populations.

4]
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Tenya (From Greaves, 1978).

Provenalice
name

Tonmelias (H)

Zueul (if}
Rafael{)

Sonete {17}
-

5
S

(

~ngeles (H)

Zamorano (1)

ne Ridge (B)

)

Siguatepegque (H

Conacaste (G)

SBucaral (G

)

Lagunilla {3)

Ciacus {G

o~ !
San Jose {3)

Huehuetenange (G)

lamicamba (1)

(2.

/1

Dry Season,

Caribaea)

FCH

%at.

N
13%46
129551
13°12¢"
12950
17900t

14°37¢
14 %071
13°58¢
149321
15°10+
15°01:
14%42
15°021
14C2131

15013'
13934 1

Long,
O
86218
85771
86°06
86°181"
882551

87%021
877041
86°591
870451
892211
90°091
89°571
907161
89°281

9122731
847131

Alt.
(m)
1000
900
1100
1000
700

1100
1300
1000
1100

650
1000
1300
1400
1000

1700
25

Mean ann,

r2infall season

(ram)

1500
1400
15G0

950
2100

1200
950
1100
1250
1900
806G
950
800
10600

1600
2600

Dry

/1

53
58
58
54
1

5B
64
64
6B
5B
6i
6A
64
6A

64,

source details of provenances of Pinus cocarpa plantzd at Nzeia,

Mean oz
tﬁmp.
("c)
22.4
22,4
20,8
21.4
21,2

21.5
20.5
20.2
19.9
24 .5
21.5
19.5
22,5
22,4

16,9
27.3

The figure is the number of months in the year with an

average rainfall of less than 60 mm; and the letter is a comparative
rating of severity of dry season, A being more severe than B,

T

HNicaragua,

B

= Belize,

i = Honduras,

G = Guatemzlia



able 2, Frovenance medn height showing grand mean,
significance level of prcvenance effects,

1980

YUC
CAM

MPR
LAG
PcH
S1G
BOH
ZAP
ZAM
COM

CHA.

5JE
ANG
HUE
BUC

(12.8)

(22.8)
(11.7)

(11.6)
(11.2) !

(11.0) |}
(10.9)
(10.8)
(10.8)
(10.8)
(10.6)
(10.4)
(10.4) |
(10.4)
(10.3)
(10.0)

Y Grand mean
Standard error

Sig., of 4diffi

11.0
0.3

#* %%

*%% = significant at the 0.1% level

standard error and

Vertical lines indicate provemances not significantly different

at the 57 level.



Table 3. Ranked provenarnce neans for dianeter (DBH), stem strz.ightness
(3TR), volume under bark (VUB), branch index I (BII) and index
of the average tree (TaT).

DBH 3TR vuB BIX IAT

Yuc{17.7); [|RaF(9.0) yuc(175)  ivuc(ik.4) |yuc{113)
can(17.9)|] |zar(8.5)| Irar(143)} |car(14. 1) | CAM (98)]
MPR( 16.6)||[ {Lac(s.wl|| [Ecu(132)(] |Rar (14, 1)j| |RAF (93)
RAF{ 16, 3) caM(8.1) car{130) { |#“PR(13.6)8||MPR (91)
Lac(15.9) {lilvuc(7. 74 {rac(103) |jirac(13.5)]||Lac (78)
pci(15.6) || [lana(6. )i [xER(101) [{|BON(13.0){|| BON (73)
con(15.4) 1| {|Bon(6.5){{] | BON (93) ||cHa(13.0)|||PcH (71)
BON(15.4) sic(6.0)|lf|| zam (89) 2aP(13.0)|||s1G (68)
Huz(15.0) | |{¥PR(5.6) caa (86) |]zam(12.8)|l|zam (66)
zaM(15.9) {llzan(s.8)}|§ilzve (85) ||BUC(12.7)}}jrNG (66)
sTa(14.8) |llsam(4.7)[§|lcon (82) {larme(12.7)fjcs:: (65)
caa{14.8) |llsuc(s.7)|MisTte (79) ||con(12.6}|||zaP (6%4)
aJE(14.6) | [ipcu(z.0) Wlisuc 77) |(ssE(12.5) {|HUE (61)
ANG(14.6) | ||caa(s.0) l|l]zap (73) ||c3a(i2.5) {[sIB (59)
zap(14.4) | lcon(3.8) H{ceE (73) ||HUuE(12.1) [{cHA (59)
Buc(14.0) ||mue(z2.6) |{ane (70) ||PcH{10.9) |{BUC (57)

| Ve

Grand mean 15.4 6.0 100 12.9 74
Standard error 0,7 1.2 13 0.4 7
Sig., of ciff, *H % %% * % # X% X %% ¥
Ve% provs, 39 51 54 61 | 56

Vertical lines -indicate provenances not significantly different
at the 5% level, :




