University of

Cumbrnia &(b%

=%

Leslie, Andrew ORCID: https://orcid.org/0000-0001-6327-1711 (1992) Conifer
trials in Lesotho: a review of results. (Unpublished)

Downloaded from: http://insight.cumbria.ac.uk/id/eprint/3549/

Usage of any items from the University of Cumbria’s institutional repository ‘Insight’ must conform to the
following fair usage guidelines.

Any item and its associated metadata held in the University of Cumbria’s institutional repository Insight (unless

stated otherwise on the metadata record) may be copied, displayed or performed, and stored in line with the JISC
fair dealing guidelines (available here) for educational and not-for-profit activities

provided that

« the authors, title and full bibliographic details of the item are cited clearly when any part
of the work is referred to verbally or in the written form

* a hyperlink/URL to the original Insight record of that item is included in any citations of the work

« the content is not changed in any way

» all files required for usage of the item are kept together with the main item file.

You may not
* sell any part of an item
« refer to any part of an item without citation

» amend any item or contextualise it in a way that will impugn the creator’s reputation
» remove or alter the copyright statement on an item.

The full policy can be found here.

Alternatively contact the University of Cumbria Repository Editor by emailing insight@cumbria.ac.uk.



http://www.ukoln.ac.uk/services/elib/papers/pa/fair/
mailto:insight@cumbria.ac.uk
http://insight.cumbria.ac.uk/legal.html#section5

Conifer Trials in Lesotho
A Review of Results

A.D. Leslie
Forestry Research Officer {TCO)

May 1992

Temo
&3
Mery

Research Section
Forestry Division
Ministry of Agriculture
Lesotho




CONTENTS

Abstract. ... ... 1
Acknowledgements. ... ... .. . . ... . . ... 1
Introduction. ... ... oL L 2
History of Uonifers in Lesothe........... ... ... .. . . 2
The Treiale. oo o
The Sesdiot=z........ ... ... . T T N T K
Analvsls. ... o 12
Resulfe. .. ..o 17
Piseussion.. ..ol oL 17
Fallure of Triala.. ... . ... ... .. .. .. ... . 17
Performances of Cdnifez Species in
Lesotho. ..o 21
BIOSS .o 21
MYBTESESS. .o a1
JEher Conifers. ... .. G 3
Gomelusioms. ..o 35
References..... ... ... ... ... ... ... A6

Appendixz 1. Lewland Trials........ ... ... .. . . . Gt

Appendix 2. Foothill Trials................ .. ... . .. At

Appendixz 3, Mountain Triale. ... oL L &1
Appendix 4, . glabra Provensnce and Land Race

Trials. ... Gl
Appendix &, BEarly P. radiata Provenence and Lang Racs
Trials..ooooo T 2

Appendix &, Late F. radiata Provenence and Land Race
Trials....o.oooooLo T 81



LIST OF MAPS, FIGURES AND TABLES IN MAIN REPORT

Maps

Map 1 Location of Trial Sites.... ... L. 4
Figures

Figure 1 Mean Annual Rainfall 1879-1980.... ... ... .. . . . 17
Figure 2 Mean Monthly Rainfall, igas and 18980, ... .. _ .. .. . 20
Tables

Table 1 Conifer Sesdlots other than Pines......_ ... . . . _ 5
Table 2 Pine Sesdlots other than B. rpadiata.............. . <]
Table 3 Pinus radiats Seedlota.... .. ... ... ... ... . ... 8
Table 4 Origins of Ssedlots other than pines..... ... ... .. . 13
Table 5 Origins of Pins Seedlots other than P. radiata... .14
Table 8 Origin of E. radiata Seedlots.... ... ... . . .. 18
Table 7 Type of Analysis for Each Trial.._ ... ... ... ... .. . 18
Table & Mean Monthly Rainfall Data, 1979-1980. ... ... ... _ .20

Table 8 Dates of Planting of Selected Trials with
Foor Survival........ ..o 0 TD e



ABSTRACT

The most adaptable conifer species in Lesotho iz P. radizta, which
will produce good vields and survival cver a wide range of z=ites.
Ancther pins that should be rlanted more widely iz P, Ereggii
which could be a useful speclies for inclusicon in silvopastoral
gystems due to its light canopy.

Uther pine =pecies with rotential on specific sites includs P,
patnla and P.taeda. On verv drv sites E. halepesnsis and P. brutis
are recommended because of their high survival, but on other sites
they should be avoided because of slow growth.

Of the octher conifers. . arizonics var. glabras has proved to bhe =
tough but slow growing tree and is widely planted in the mountaine.
Other faster growing species must be found for the mountains. Trial
blocks of E. degsiflcra, P. wmugo and P poadeross should be
established and growth compared with C. arizonica var. glabrs.
Cthey pines woarth tryving in the mountains would be P. shtemists., P
aristata and F. peuce.

Pines recommended but as vat not ftested in the trials inciuded; P.
coulteri, PB. spngelmanii, P lawsoniana, P. leicphvlls, B.
leptolepis, P. longifoliz, D. witis, P teocote and P. wallichiana,

Alzo worth investigating are two cypresses, (. lusitanica and .
torruloss over s range of sites. Other conifers recommended for
testing were Callitris Epr. ., Chamascviparis lawsoniana, Juniterus

virginiana and Fseudotsusza mensierii.
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INTRODUCTION

A summary of the research work done to date was included as part of
the Termas of Reference for the TOO Forestry Rezearch Officer. Tue
te the amount of ressarch completed it was decided to produce
several reports rather than cne largs report to cover the work.

This report summarises the work dons by the Ressarch Secticn of the
Forestry Division (FD) and its rradecesor, the Lesotho Weodlot
PFroject (LWE) on conifer species and DrovVenances.

Although conifers cover over half the ares ot Forest Reser .
recent FD policy has been to move away from the rlanting o ree
unable to regenerate either by sead, suckers or coppice: such a
the cypresses and most pine=s. This rolicy will reduce vlantin
costa by avoiding the ne=d to replant sites after +the first
rotation and is more suited to simple management., =uch asz by
villagers.
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However., there will alwayz be a nesd for conifers,. particularly
pines, con dry sites and if & small-zcals gawmilling industry i=
eztablizhed.

HISTORY OF CONIFERS IN LESOTHO

There are no conifers indigencus to Lesotho, however theyv have besan
a part of the landscape in Lezotho for over & century and a half.
The first specissg to be introduced to Lesothe wazs believed to be
Stone Pine (P. pinea), planted by French Missicnaries at Morija in
1833 (Fotter, undated;.

By 1808, the following conifer species were described in Lezctho,
by A.W. Heywood, (1808); Cedrus dendara, Chamascvparis lawsoniana,
Cupressus lusitanica, (. sempervirens and Pipus halepensis, P.
pinaster and . thunbergii. The most ropular tree was recorded as
being Pinug radiata.

A report by Miller, (1947) gave Decdar (Cedrus deodara) as being
the best speciez. followed by EB. radiata. Pinaster pine (.
pinaster) was recorded as regenerating naturally in Lesctho. Other
species considered to have potential were Allepo pine (P.

halepensis), Digger Pine (P. sabinisns} and Chir (B. longifolia).

By 1982 itwelve speciss of rine and six of cypresses had been
recorded (Povnton, 1988). Other conifere recorded in Lesotho at
this time included Chamsecvoaris lawsopiana, Cedrus deodara and
beaucisdendron gigantes (st Qacha’s Nek).

Introduction of new species increased markedly in the late 1970°=
when a formal research component was formed within the ILWE. The
success of these new species and provenances is described.



THE TRIALS
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1. Bogate Rock (1570m)

A =zimple trial (L/25/100) was ezgtablished in 1978 on =a mloughed
zite. Identity of the srpecizs tezted iz uncertain but cons was

thought to be ¥. gregzii.
2. Bushman”s Pass {2386m1

& block planting (L/25/80%) of . glakra was eztablished in 1881 to
28t the growth of this species under plantaticon conditions.

A randomised complate bloek experiment (L/25/8%) was established at
Bushman’s Pasz in 198%. This teatsd twenty zesedlots of fourtesn
conifer specisz. Thrae and = halif vears later it was cloased due +to
fire damag

An unreplicated trial (L/25/882) of seven =zeedlcots of =zix pine
speclies, including F. koraisnsis was rlanted in late 1982. At les=
than three years old thiz trizl was = andoned because it had been
badly damaged by firse.

In late 1984 a randeomised complete block land race and provenances
trial (L/25/80FA) of £. glahbra was established to test the field

performance of sixtesn sesdlots, The site was ripped before
Planting and the trees fertilized.

3. Ha Foka (1780m)

In 1981 a pine species trial was establizhed (L/25/77). Single
seedlots of =even species were teated in a randomised complatse
block sxperiment. The site was ripped and the trees desp planted
and fertilised. Seedlots were raised in sleeves of threse different
sizes: 100ml. 215ml and 500mi. In +the Iame year an unreplicated
trial of a further six pine species was planted. Block rlantings of
three of the species in the main trial were also planted.

4. Hleoheng (1740m)

A trial (L/25/91) of randomised block design was established at
Hlecheng in 188%2. Thiz teated twenty four seedlots of 14 pines and

2 cypresses. The site was ploughed and the trees fertilised.

5. Ha EKhoarai (1840m)

In early 1988 a P. radiata provenance and land race trial
{(L/25/126A) was established, block I and II was pitted and block
ITI ploughed.
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Tahle 1 Conifer seedlots other than pines

Species Seedlot Mumber Trials - .

C. glabra CGC1 o .. B7,88,8%.,104

C. glabra CGL1 90FA,9QFC

C. glabra CGLZ 90FA,QQFC

C. glabra CGL3 GQFA,SQFC, 89

C. glabra CGL4 90FA,9CQFEC

C. glabra CGL5 90FA,90FC

C. glabra CGL7 QCFA,Q0FC

C. glabra CGL8 S0FA,SOFC

C. glabra CGRZ S0FA,QQFC

C. glabra CGC2Z Q0FA, BOFC

C. glabra CG31 Q0FA ,Q0FC

C. glabra CGN1 SOFA,SQFC

C. glabra SETROPAL S0FA,S0FC

C. glabra ISRARL1 SOFA,90FC

C. glabra SPAIN1 gOFA,90FC

C. glabra 051-11 80FA,80FC

C. glabra CGR1 SOFC

C. glabra ? 103

Seg. giganteum RVP1 gg

C. libani CLL1 99

C. glabra caEs2/1 107

C. glabra 30524 76,80a,87,88,83,91,104,107
C. glabra ? 101

C. horizontalis CSHC1 80a,87,88,83,81,104
C. horizontalisx 268997 78,B7,88,89,31,104
€. brevifeolia ? 31

*later identified as C. glabra



Table 2 Pine Seedlots other than Pinus radiata

Species

P.brutia

g

P.
.
.
.
.
.

P.
P.

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.

brutia
brutia
contorta
densiflora
echinata
edulis
eldarica
elliottii
greggii
halepensis
halepensisz
halepensis
halepensis
Jeffrevi
Jeffreyi
Jeffreyi
koraiensis
lambertiana
maximinoi
michoacana
montezumae
mago
muricata
muricats
nigra
nigra
nigra
pratula
ratula
ratula
pinaster
pinea
pinea
rondarosa
ponderosa
ponderosa
rondercsa
ponderosa
ponderosa
ronderosa
ponderosa
ponderosa
ponderosa
pseudogtrobus
pseudostrobus
pseudostrobus
pseudostrobus
pseudostrobus
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
roxburghii
sabiniana
sabiniana

Seedlot

PBC1
594
?
108-09
PDK1
110-33
PP-NM-79
PE-77-PK
286383
PGG1
29278
PHG1
28278
PHJ1
i
No.7
2~37412
PTK1
No.9
3077

305698
158
PMC1
R1004
404
1942
PNC3
?

29810
R1008
28558
26479
30634
?
?
PP-78~-COC
POB5/030
OR943-1
OR883~1
0~-142
NM180
l?

No.2
8/78
R1003
4/78
8/76
30/77
123

080

0120
0141
1002
1203
2002
3002
5001
6001

26484

Trials

78b,80a,87,88,89,8%,91,98, 104, 107
78b,80a,87,88,89,89a,91,98, 104,107

77
B8%a

88a,91,99.107,131

78b.80a,87,88,89,104

101,102

77,78,78b,80,82,87,88
78b,80a,87,88,89,91
78b,80a,87,88,89,91,96,98, 104, 107

82,88

78b.,87,88,91,98

»89.91,96,98,101,1

77,78,80,87,88,89,91,98, 108

98a
78¢,80a,88
101,102
131,128¢
91,131

102

78c¢,B0a,87,88,91

89843

78b,80a,87,88.89,91,96,98. 104

89a.,89, 107

78b,80a,87,88,89,91,98,104

76,78,80,87,88,88,91,98, 104, 108

78b,88,89,89a,91,104

89,107
89
77,82

78,80,87,88,89,91,98,101,102.104
80a,87,88,89,91,104

76,78,80a,88
77,78

a8
78,78,101
80

88

131

131

131
131,128¢c
131,128¢
102

105, 108
T8¢
76.78.,80
86

86

86

77,78
78,80,82
120

120

120

120

120

120

120

120

120

76
80a,88

[T ]

M

oo e e
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sabiniana
gstrobiformis
strobiformis

taeda
thunberghii

. virginiana

B g e
SERE R

No.8

PS-78-C0C

No.1

PTK1
132-07

28442

101,102
78c¢.80Ca
101,102
78b.,80a

- 78b,80a

78b,80a

.88,101,102

.87,88,88,91
.87.,88.89,91,104,107
.87,88,91,104



Table 3 -

Pinus radiata Seedlots

Origin
REA
2

ex California. CSIRO
Q

ex Lesotho

Bela~Bela, Lesotho

Mopeli
Thota Peli
Tale
Morija

LAC

RSA Improved
Cape, RSA
Cape, RSA
Lesothe
California,
California,
California,
California,
California,
California,
California,

ex Plenty, Lesotho

California,

ex Plenty, Lesocotho
74

California,
California,
California,
California,
California,
California,
Califernia,
California,
Californisa,

RSA, Seed Orchard
Wanaku Forest, NZ
Kaingoroa Forest, NZ ..
Kaingoroa Forest, NZ
Kaingorea Forest, NZ
Rankelburn Forest, NZ
RSA, Seed Orchard

Lesoctho
Lesotho
?

Usa
Usa
UsSa
USA
USA
Usa
Usa

USA

UsA
UsA
USA
USA
USA
USA
USA
USA
USA

Seedlot. Number
‘? .

26209
30647

PRB3/1

PR83/2

PR83/3

PR83/4

PRB3/5

PRB3/6
25142
32888
32843

B7/%
25818
12585
12586
12587
12588
12588
12590

Px8001

124-01

5-470886
25181
12597
12596
12585
12594
12593
12892
12591
12403
25155

1/0/77/13/3

2/1/84/51/2

27/2/84/87/3

3/3/82/2/3

T/L/TT/01/3

8/1/78/,027/2
25180

PRB713

PRB71

29925

Trials

77.80
78b~87,88,89,91,104,88
78,82

87,88,89,91, 104

g1

115FA . 115FB, 115FC
118F4, L15FB, 115FC
115FA,115FB, 1158FC
115FA, 115FB, 115FC

118FA, 115FB, 115FC

115FA, 115FB, 115FC
115FA,115FRB, 115FC
115FA, 115FB, 115FC
115FA, 115FB, 115FC
131

131

126A,126B, 126C
1264, 1268, 126C
1264,1286B, 128C
1264, 1288, 126C
1264,126B, 126C
1264,1268, 128C
126A,128B, 125C
126A,126B

1264, 1268, 128C
126A,126B, 126C
1264,128B, 1286C
1264, 126R, 126¢C
126A, 1268, 126C
1264, 1268, 126C
126A,126B, 1286C
126A,128B, 128C
1284,128B, 126C
1264, 1288, 128C
1264,128B8, 126C
126A, 126B, 126C
126A,126B.1286C
1284, 126E, 126C
126A,128B, 126C
1264, 126E, 128C
1264,1288, 126C
1264,126B, 128C
1264

126A,126B, 126C
102,101



6. Konyana Tsoana, Semonkong {2285m)

A comrlete randomized block trial (L/Z57131Y of  seven conifer
erecies and Fraxinus neansvivanics was planted on o= pitted site.

7. Leshoboro Plateau {1800m)

In 1878 & block planting (L/25/108% o Fle
muricats was vlanted in mixture with sucalypts.

In early 1989 4 replicated trial [L/725/868Y of thres Provenancses of
P. paeudostrobus was established at Lezshoboro.

Bulk plantines of three rine apecies (L/25/66); F. aldarica, D.
greggii and F. nontesumas were also planted in sarly 1987

In early 1984 5 ©. radiasta land race and provenance trial
(L/2B/115FB)Y)  was gstavlished on a rloughed =zite to teszt nine
seedlots. Design was a randomised complete block.

8. Letseng~la-Terrai (3050m)

Three trials (L/25/31. L/Z5/32 and L/25/33) were rlanted in pitas at
the diamond mine at Letseng-la-Terrai in 18979, Conifer Species
comprised C. decdara. (. brevifolia, P. contorta, P, mago, F.
rondeross and P rigida. In addition thres gucalyvpt speciss and
broom were planted. ' '

Later. in April 1900 = faw Salix frazilis were Flanted in mixturs
with a few T. n» roza and one Leucosides gericea. In 1991 P.
radiata and several hardwoods were also rlanted.

9. Libibing, Mokhotlong (2420m)

In 1883 & simple trial {(LA2B/107) of eleven sgedlots of eight
conifer spescies was ezstablished.

A land race and pProvenancs trial (L/25/90FCY) of . glabra was
established in 1984 at Libibing. near Mokhotlong. Dezign was a
randomized complets black. The tresss were deep planted in 35cm x
35cm pits.

10. Machela, Jimisi { 1560m)

Two blocks of two vine species. one rosgibly B sabiniana
(L/25/113) were planted in sarly 1877.

11. Ha Mokhatla (1500m)
In early 1989 twenty four zeedlots of 2. radiata, two zeedlots of

E. ponderosa and one seedlot of P. 3= ¥l were tested in a
randomised complets bloek experiment (L/25/1260).



1Z_ Holumong, Mokhotlong (214Cm)

Seven pine species =nd . glabra were planted in April 1883 on =
pitted site (L/2599Y. A variety of other species were used te
beat~up the trial in 1984, including Cedrus  libani  and

gantaum.

Sequoiadendron gi

13. Molumong (1770m)

Twenty seven sesdlotz of Y. pradiata were tested in a randomised
complete block trial planted in early 1988.

14. Ha Mosoue (1500m)

(LAZE/BT7) of twanty
& planted. The zita
ng.
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15. Ha Ntsane (1890m)

A 2. radista land r
establighed on a ploughed
complete black.

and provenancs +trial (LA2B/71180)  was
site in 1984, The design was a randomised

16. Paballong (1600m)

An unreplicated £rizl {L/725/88) of thirtv conifsr seadiots was
establicshed in 1982. Thess coversd twenty pine species and two
species of cypress. Tress were deep planted in pits of unzpecified
gize and the trial waszs fertilised at planting. The trial was closed
at four vyearz old and results should onlv bhe viswed as being
preliminary.

0 =
NN

17. Phomolong {1980m)

Two trials were established on this site in 1980, a replicated pine
species trial {(L/25/76) and an unreplicated trial (L/25/76&) of
conifer speciez. The pine specles trial tested one seeadlot of P
eldarica. 2. halepensis, P. patuls and two seedlots of P. radizta.
The conifer trial was established to cowmpare single seedlots of
five pines; 2. pondercss. P pinaster. P. pseudostrobus, P.
muricats and P. sahipisna and two cypresses; O, arizonics var
glabra and C. zempervirens var horizontalis. The site is on a
gentle east slope and was ploughed before planting.

18. Pontseng, Leribe { 1800m)

Irn 1981 an unreplicated trisi (L/25/80) of single seedlots of seven
species of pine was established. A further unreplicated {LAZ5/B0a)
trizl of twenty four conifer seedlots was established in 19372



19. Pontseng (2270m)

A replicated trial (L/25/107) was eéztablished in 1981 testing nine
rine species and one cypress zpecies.

20. Ha Ramonate (1570m)

A replicats
plantings o
gpecies {L/

=

trial of five pins spacies (LA2B/72Y%, small block

ez and a2 =side rlanting of three pine

5/78a) wers established on a8 gentle north easterly

facing site in 1981. Tha + ial tested =ingle =sesdlots of E.

halepenzis, P. eldarics, D. pines. B. rorxburghii and B. patula. Two

of these were planted in small blocks, P. roxbursghii. E. sldarics

and ons specims not tested in the trials; P. iiﬁlglé Small vlots

of P. dercosa, . miricsts and P. pinastey were sestablizhed as
. ,

E

In 1982 a replicated trial testing sighteen seedlots of fifteen
conifer speciss was planted (L/25./,78D) The pines comprized P,
brutia. B. schinata, P. eldarics. E. elliottii, P. greegii., P
balepsusis. P. montezumae, D. muricata, P. nigra. 2. radistas. D

aeda., P. thunbergii esnd D. virgigiana.

Also in 198Z further unr#pllcated,plotﬁ (LAZ5/78c) were established
of three pine species, two seadic P. peseudostrobus, one
seedlot of P. gtrobiformie asnd one of P. deffrevi.

(L c+
e
QO
h

21. Roma (1600m)

Plcts within the Roma woodlots were as sed (L/E25/114), including

two pines, 2. radiata and P. xgxhg:gbii-
22. Thaba Tseka (2150 -- 2370m)

In 1981 two conifer trials were established, one at 2370m the ather
at 2800m by Blair Orr of the Thaba Tseka Froject. The species
tested were (. arizonica var. glabra. P. edulis, P. ﬁlﬁiﬁlzﬂ P.
deffrevi, P. lambertina, F. patula, E. ponderosa var. scopu ]
E. radiata. P. gtrobiformis.

In 1879 two unreplicated trials of feour pines (LA2B/7108Y and of
three pines (L/25,/1080, intimately mixed were wlanted at the
Basotho Pony Project.

In 1981 a vreplicated conifer spsciss and provenance trial
(L/25/101) was established at the Graziers Association olte. Nine
pine and one cypress 2pecies were teated

A randomised complete block trial (L/”ﬁ/lOd} of 20 conifer species
or provenances wasg planted in 1982

]



23. Ha Tiopa (1800m)
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An unreplicated tr
sarly 1981,

24. Tserecane {(1600m)

In 1983 a P. poxburshii provenancs trial was rlanted (L/2B/71200 .
Nine =zesdlots were tested in a gimple., unreplicated experiment.

In sarly 1884 a P, padiatas land race and provenancs  trial
(L/ZB/115FA) waz planted. This testsd nine sgedlots in a complets
randomizsed block design experiment.
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Bulk plots of elesven se
)

dlote in early 1982 of s=ight pins
were planted (L/25/98 ad

‘s
n an unrewlicat trial.

=
i

In 1983 bulk plots (L/25/98a) of four Promiging species, two pines

and two non-conifer casuarinasz were establizhed.

THE SEEDLOTS

Informaticn on the sezdlots iz zhown in Tables4 -4 and the
seedlots in each trial ars shown in Tablss i- 3. Due to poor records
the origin of many sesdlots was not avalailable.

ANALYSIS

Within ftrials the performance of +he seedlots was assessed by using
a Yield Function unlesz onlv Raights of seedlols ware measured in
the field. When this cccurrsd height {in metres) times survival {as
a proportion) was used. The Yield Functicn combined cdbh, height and

survival thus:
Yield Punction = dbh® ¥ height X survival,/ 1000

Where dbh is in centimetres, height in metres and survival as a
percentage. This gives a rough relative volume for the zeedlcots in
each trial.

Survival in many of the replicated trisls was poor and only eight
have had anaysis by Analvsis of Variance {ANOVAR)Y, applied to the
results. Flot means were used in the ANOVAR. Furthermore whers
survival was low and many whole plots had complete mortality an
ANOVAR was not attempted. With such rlots wvariance within the
treatment (seedlot) would be great and it would be improbable that
an ANOVAR would show significant differences.

Where most survivals in the trial fell outside the range 20 to 80
rercent an Arciine transformation was applied te the survivals, as
recommended in Mead and Curnow, (1983), before the ANOVAR was
conducted.

RN



Table 4 riging of conifer seedlots gther than pines

Species Seedlot Locality fat
€. glabra £GC1 Cyprus Lo 35
C. glabra (GLL Hokhotlong, lesotho "™ 29
C. glabra (GL2 Below Prison, Maserw 72927
C. glabra {GL3 Thaba Taeka 23
C. glabra (L4 Likaleneng, Maseru 29
€. glabra (GLS Holimo Hthuse 29
. glabra CGLY fhanyane Woodlet 28
€. glabra (6L Alwynskop Woodlot 30
C. glabra CGR2 ladybrand, OFS, RSA 29
. glabra a2 Crorus 7
C. glabra 0G31 Sweida, Syria 33
. glabra (GhL Hayfield, New Zealand 2
€. glabra SETROPAL  Italy : 7
€. glabra ISRARLL ¥as“ada, Golan 33
. glabra SPAINY Vallodolid, Spain 41
C. glabra 051-11 Gila Caty, Arizona, USA 34
€. glabra CGR1 Tweespruit, OFS, RSA 7
Seq. giganteus RV Califernia, 0S4 7
C. libani CLLL Beyrouth, Horth Lebanon ?
€. glabra Ca82/! Thaba Tseka, Lesotho 29
C. glabra 30524 Ottesdal, Tvl, RSA 26
C. glabra ? ez Arizama ?
C. horizontalis (3HCI Cyprus ?
C. horizontaliss 28997 ¥iddleberg, Cape, RSA 31

*later identified as C. glahra

?
18

30

33
2
25
82
23

11
7

15

48
9

{iong
N
29

28
28
28
27
28
27
Al
?
37
9

?
35

26
IJ

?

?

4

18-

36
3
54
T
37
26

40

{31

Altitude Soil

LSy
2160 Basalt
1500 Buplex
2300 Basalt
2200 Basalt
2000 Bazalt
1600
1600
1500 Duplex

? ?

1500

?

?
300 Limestone

1500-3000

l)

1600
9 ?
1800 7
2300 Basalt
1490 Red Loam

? ?
1270 9
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2. hrutia

P brutiz
F. brutia
P. contorta
P. densifiora

P. 2chinata
adulis
gidarica

. ellioteil

. gregeii
hzlepenaig

. halepensis
naispanais
hzlepapsis
Jerrreyi
jeifreyi
Jeffreri
koraiensia
lembertiana
naxinineis
Bichoacan:
montezumae
Tugo
zuricata
muricata
nigra

nigra

Blfr:

. PaTuia

. Datgia

natuta

. pinastar
pinea

nines

. bonderse:
Tandaross
pongerosa

. pondarasa
ponderssa
peagerosa

. PoRgerasa
pondeross
nonderoga

. Tonderosa
pasudostrobus
pesudogirabus
. »3eudostrobos
. psendostrobus
pseudestrobus
roxburghii
roxhuprznii
roxburghii
roxourghii
roxburgnii
roxdurghii

. roxpurghii
roxburghii
roxpuerghii

. roxnurgnii
*23F, royhurghii
P, sapiniana

P, sabinianz
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.‘SPcc.:es Om'alw n ' Seedlok Lat Lang

P. sahipiana usd 40.4 FA S S
8. suroniformis Locket Headows, Arizona, USA BS-78-COC

¥. errgbiformis 154 fo.! S
5, taeda Alabisa, 4. Hatal e H8447 28 23 32 48
?. thunbergii Kui vhang, forea PTIL /9128 4
P. virginiama Tenegses, Cherokes, US4 132-47 ELIR I VA

P, p3eudostrobus var teauifolia
¥rzame seedlot as 120
*¥¥same seedlot az 06D

§0 sandy loaa



Table 6 Orizin of P. radiata sesalots

seedint localivy fat loae altitude Soil
? 254 A 7
18799 R34 EA R R S 7
? Califoraia ex CSIRO T o7 s 7
30647 Nuwebere, Caledom. Cape, RSA 3¢ 5 16 3 132 ioam
7 ex Lesothe L S S A
PEB3/1 Bela-Bela, Lesothe 29 ¢z % 1 1760 dupiex?
PRa3/2 Hopeli AW 47 28 18 1770 duplex tramsiticn
PRE3/3 Thota Peli % 3 11 %2 1660 duplex
PRA3/4 Tale A - B I B 1790 duplex
BR83/5 Morija 03 2 8 1600 duplex
PRAI/S LAC FASEE R Y B | 150 duplex
15143 35K Improved Yoy ?
32888 Cape, 333 [ A S A ?
32843 Cape, ESH LR B 3
87/1 Hzsert & Boma, Lesothe farious
35918 Califormiz, USE [ S SR B H
12585 California, USA (A S ?
12588 California, USA P 9 9 7
12587 Californiz, US4 /A S A 7
17588 Californiz, USA (A S ?
12585 California. US4 FA S B b
1288 California. US4 FO A i
Prgi61 ex Pleaty. Lesotho [ S A B ?
124-01 Calitorniz, US4 LA A ?
3-47085 ax Pienty, Lesotho EA S A 7
28141 7 (A S B B i
12387 California, USA T g 7
12838 California, US4 FO S R 7
12385 Caiifornia, WS4 A 7
12594 Califernia, USi [ R S B 2
12535 California, US4 T 7
12882 California, {34 (A A S 7
12881 California, 034 A S B 3
12403 California, 0S4 EAR S S B
23183 California, USA (A S T ?
176/77413/3  HSA. Seed Orchard A S S A 7
2/1/84/51/7  Wanaku Torest, HC LA A 9
271/84/87/3  faingorea Ferest, H7 Yo 7
3/3/82/2/3 Laingeroz Forest, XJ P 3
T/A717/01/3 Yaingoroa Fovest. §i EAR R A 7
8/1/79/027/2  Kankelburn Forest, RI Y2
23180 RSA, Seed Urchard A S B A H
FRET1S Lesothe [ A 2
PRETL Lesatho IO R R 2
29975 738 /AR S B A 7



or zome others the calculation of the means of height, dbh and
Y V¢le and the Yiald Functicn or height 2 survival wss the only
Mndlyulb undertaksn. For the trial gt Ko yjn Tesoana height
increment ¥ survival was used. Thiz was becan o e Slow annual
growth 2t this site and the relatively large differencea in height
at planting.

r

t4 M

I}

The results of trials with generally poor survival have not been
analysed. althcugh the resulfs of some are mentioned in the
discussion. Also early trials (L/25/10858, LZB/1OG,  L/2E/100.
LAZE/1IEY were not analyased. The identity of the gpecies testad iz
uncertain and records for them are poor.

The type of analvsis undertaken for each trial iz described in
Table 7. :

RESULTS
rezults of the trials that were analyaed are shown in

A summarv o
Appendis 1-

DISCUSSION
Failure of Trials

Many of the conifer trials have poor survival, often due to a
number of factors unrelatsd to c¢limate and edaphic conditions;

including poor nursery practice, handling, rlanting, brmwelng,
fire, vandalism and rodent damage. Unfeortunately the exact cause of
death of many of the trees haz not been recorded, which makes it
difficult to make recommendat iens. especially for those seadlots
with few survivors but good growth and only represented in & few
trials.

An investigation was made of the planting dates of some trials with
peor survival, which was not explained in experiemental notes.
Rainfall data were obtained from the Msteorclogical Department and
compared with planting date. Wettest vear betweeen 1978 and 1990
was found to be 1988, whiles the driest was 1880 (Table 8). Mean
annual rainfall (Flgure 1}, it was decided., was not of sufficient
detail to assess whether a vyear could be descrlbed as a drought
vear.

Figure 1 - Mean Annual Rainfall
1979 -1990

Raintail (mm)
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3848 snd 1844 data from ‘Resezren’, 1987 date lram Boteabalo
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Fable 7 Type of Analysis for each Trial

Trial Code Description

/25731 Letsens Mine Mized plantings
L8732 letsens Hine Mixed plantings
L/25/33  Letsensz Mine Mixed plantines
L/25/76  Phomolong Pines

L/23/77  Ha Foka Pines

L/25/T7a  Ha Foka Blocks

L/23/78  Ha Ramonate DPines

L/25/78b  Ha Ramonate Conifers
L/23/78c  Ha Ramonate Conifers

L/25/80  Pontseng Conifers

L/25/802  Poatseng Conifers

L/25/82  Ha Tiopa Pines

[/25/88  Leshoboro P. pseudostrobus
L/25/8T Bz Mosuces Cau?fﬂrs

L/28/873  Ha Mosuce Conifers

L/25/88  Paballone

L/25/89  Bushman's Pass Conifers

L/28/8%a  Bushaap's Pass Conifers
L/25/30F Bushman's Pass C. glakra
L/25/80F8 Thaha Tsera £. glabra

L/26790FC Libibing L. gl bra

L3781 Hieghensz {onifars

L/25788  Lasheders Bulk Dlots

L2898 Teiloana Bull Blgts
L725/382  Tsikozne Rulk Dlots

L2388 Molumone, Mokhotlong
L/28/181 drazare Association, Thaba Tseks
L/33/102  Pontzeng Conifers

L2819 LS Conifers

L/287104  Thaza Tseka Cenifere
B/23719%  Ponr Project

L/25/1068  Ponv Project

L/257107  Bulk Plot of £. glabra
L/237108  Buil Plot B, muricata

LA28710%  Mized Pines at Bogate Rock
L/357113  Machela pines

L/25/114  Rema Plots

L/25/115F) Tsersoane P. radiata

L/25/115F8 Leshoboro P. radiata
L/25/1155C Ha Wteane 2. radiata
L/25/120  Tsercane P, roxburghii

L/287124  Semonkong

L/28A125  Seaonkonz

/2571268 Ha Thoarai . radiatz

L/25/1268 Melumong P. radiata

L/287126C Ba Hokhatla 0. radiata

L/25/181  Tonvanz Tsoazna (onifers

Trpe Analyeis

12

Hotes

Unreplicated Simple comparison Highest trial in Lesoth

{nreplicated Simple
Unreplicated Simple

Replicated F
Benlicated YF & ARGVAR
Hareplicated YF
Replicated YF & ANOVAR
Beolicated 1F

Onrepiicated Hone
Unreplicated YF
Unreslicated 17

Unreplicated Simple comparison
Replicated  None
Reolicated Y%
Uaraplicated YF
Jarepiicated 7F
Replicated  Hone
§nie;licated Hana
feniicated  Hone
Benlicated  Nope
Beolicated Y & aNOVAR
Replirated  ANQVAR
Jureplicated 17
rnnegllna né V?
Unrepiinated YF
fanlicated  MNone
Bewiicated Noge
fareplicated Ht x Svl
Unrerlicated Yone
Bexlicated  Ht z Syl
fnresiicated Hope
Inrenlicated Yons

Jareplicated None
Unreplicated None
Unreniicated None
Unrezliczted Yope
Bprenlicated Nome
Beplicated Y7 & ANOVAR

Jenlizated  YF & ANOVAR
Benlicated YT & ANOVAR
Benlicatad = Hone

- Yone

- Hone
feplicated YV & ANOVAR
feplicated YF & ANCVAR
feplicated YF & ANOVAR

Beplicated V¥

Poor Survival

Yery Poer Survival

early resultz
poor Supvival
Survival

Yery
Very
Poar

Burned very early
Burned very sarlv
{losed very eariv
Yot plamted?

Vary faw survivors

comparison Bighest trial in Lesath
comparison Highest trial in Lescil:

o2y poor survival & 2o

Cloge
Uncertain identity of

Uazertain identity of.

7777

7929

Tncertain identitv of
Uncertain identity of
Yo age dats

Yery poor smrvival
Sever Planted
Sever plantad

Barly resmlts

early ag site r

o <G
13 x3 aa
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For example in 1890 mesn annusl rainfall was 615 6mm. howsver only
21 .8mm  fell during thes normally wet monthz of September  fo
November. which follow the long drv winter. Many trees died during
those months. The mean montnly rainfall for 1980 and 19858 was
rlotted to examine the distributicn of vainfall through the vear
{Figure Z). Planting dates of the trials is shown in Table 9.
o - b
Fiawas Mean Monthly Rainfall
1988 and 1980
Raintall {mm)

16¢

140 ——

120

100

80

80

40 § .

20 -+ g .

0 I & i miﬁ i sy
S F M A M 4 ¥ A s o0
Month
N 1988 £ 1080

Table @ Dates of Flanting of Sslected Trisls with Poor Survival
Name Number Date Planted
FPhomolong Pines L/2E /78 Fab 1981
Ha Ramcnate Conifers L/25 /T8¢ Faeb 1952
Ha Mosuce Conifsrs L/25/87 Feb 1982
Molumong, Mokhotlone Conifers L/25 /04 Sept 1983
Grazers’ Association, Thaba Tseka L/25/7101 Apr 1981
Tserecane Fipus roxburghii Ls2B/120 Oct 1983
Ha Foka LA25/77 Mar 1881
Pontseng (Leribe) LA25/10%2 Apr 1881
Pontseng L/25/80a Jan 1982
Thaba Tseka Conifers L/2E /7104 Apr 1982

Ceveral trials it appears may have failed
rains scon after rlanting,
and October. Failure of trials
and L/25/120 would not apperar to be linked to poor ra

the failure of L/25/78¢c

because of the lack of
especially those planted betwsen March
such as L/25/786, L/25/80a, L/25/99

In
1982 there was =& dry meriod during March which might account for
and L/25/87. The other trials were planted

infall.

f_\ 3



at the start of the dry seazon and probably did not have gufficient
time to establish themselves on the =ite and build up sutficisnt

ooa &}
rezerves Lo survive the dry winter months.

Performance of Conifer Species in Lesotho

Pines

P. brutia

Thiz speciss is a very cloze relative of P. halepensis and in some
classifications has subapscies status. Unsurprisingly this zpeciss,
like P. halepenszis has =hown best performance, relative to other
specles on dry sitez such as Paballong. near @uthing. On bettsr

sgitezs, =uch as at Pontseng (Leribe} this species has verv poor
growth compared with manv other gpeciss. Seedlots of this speciss
have shown zimilar rerformance to F. halerensis.

A seedlot from Jordan both survived and grew particularliy poorly
and this szeedlot szhould be avaided.

P. canariensis

Endemic to the Canary Islands. this Pine is unusual in itz to
produce shocts from a out stump. It produces & particularly
durable, dense and strong wood {(Povnton, 1979). At Ha Ramonate,
survival of this species in a block planting was 100%. However the
growth rate was disappointing. Not recommended bscausze of ita POGY
growth.

P. contorta

A very wvarizble species with a wide distribution in western north
America and is found from sea level to 3350m altitude. Threes
varieties have been identified (Farjon, 1984). At thse high altitude
trial at Bushman"s Pasz this species had failed completaly 18
monthzs after rlanting. It is likely however that rat damage
contributed to this total mortality. At the extreme mountzin =ite
of Letseng Mine all trees had died twelve vears after planting, but
it is probable that browsing by livestock was a factor. It has been
tried by PLENTY FProjsct Mursery at Ba Makoaes and alsc in the FD
Research Nursery, where it grew very slowly and has not bheen
rlanted in any of the woodlots. Results to date are roor, however
only one sgeedlot from &1 Dorado, California has been formally
tested. Worth further testing with careful selection of provenance
to cover the three varieties.

P. densiflora

Found in Japan, Korea and China; in Japan it grows from sea level
to 2300m (Farjon, 19843 . Survival was relatively good at two trials
at Mohotlong. However at Bushman”s Pasa survival was only 28%
eighteen menths after establishment., altheough damage by fire and a
hiigh rat population were undoubtedly factors. It may be that this

a1



species could provide an alternative o (. arizonica var glabrs in
the mountains, although Poynton, (19737 describes it ae slow
growing. To date only a2 low altituds geadlot from Kores has been
tested and so a wider range of ssedlots should be tested.

P. echinata

A pine with a wvery wide diztribution in the szcuth-sastern LS

spanning more than 1 100 000 km= {Foynton, 1979) it grows from =

level up to 750m in +the Appalachian Mountains. In Lesotho thi:

gpecies sghowed poor growth and survival at Pontzseng (Leribs) an
o

4
Paballong. As this speciss was represanted by one seedlot from a
a in Tezas it should net be dismissed asz a

low altituds are
rotential specis

[ON]

B. edulis

This species had only average performance at Ponteeng and very slow
growth at Thaba Tseka, being one third of that af P. radiata and
survival was good but not as good as L. radista.

P. eldarica

This species iz a cloze relative of E. brutia and P. halepsnsis.
Preliminary rezults from FPaballong were encouraging. although much
voorer performance than P. halepensis and E. brutiz on this dry
site. Unfortunately, there was dizappointing survival and growth of
older tress in trials at Ha Foka and the high szltitude Pontaeng
trial. In bulk plantings at Tsikoane its rerformance was mich worss
than E. gregeii. but better than the other =iy species. Growth of
this species at the high altituds Pontseng trial was only averags
and survival very poor. On all types of =zites there are other
species which will grow and survive better,

P. elliottii

A native to the south eastern USA and althovgh recommended by
Prillips, (1873) for the foothills, it showed pathetic survival and
roor growth at Ramonate and Ponteseng but reasonable growth at
Hlecheng with 60% szurvival. Poynton, (1979} believes it has
rotential in South Africa, as although slower growing than .
radiats it is relatively free of pestg and is tolerant of & wide
range of soilas. Farjon, (1884) describes it as a fast growing
species. Inconclusive results from trials in Le=sotho.

P. greggii
A close relative of P. patula this species has potential as a

fuelwood and timber species on lowland sites with higher
precipitation and on foothill sites. Planting should be avoided on
mountain and dry lowland sites. It has & very open canopy, with
light branching in plantation conditiona. The low level of shade
this tree produces would make it suitable for inclusion into
cilvopaztoral systems. In its natural habitat it produces a rather



weak, brittle wood. Plantation grown material iz similar te the
wood of B. paftula, a2lthough less strong. stiff and tough (FPoynton,
1978 . Poynton, (1979) believes it has potential 23 a timber tres
for South Africa.

At Hleoheng in the north it has rerformed particularly well showing
only slightly inferior growth to F. radiats and P. taeda. At
Pontseng. ancther trial in ths north, F. gregzii was the best
rerforming species, however, F. ra iats was not representsd in this
trial. Eesultz at two and & half years, Ifrom Faballong. a drisp
gite show E. bhrutia and P. halepensis +to ave only marginally
better performancs. Although survival of these species was up to
four times greater than tha® of Y. greggii, their sarly growth was
relatively very pocr. Later results at elight and a half ysars old,
from Ha Mosuce another trial in the dry southern lowlands show that
survival of P. brutis and P. halevensis iz approximately twice that
of B. greggii but growth iz =till much poorer.

P. halepensis

and Cvprus (PHCL) sesdlots should be

This species has proved to bhe able to have suceptional survival

even on particularly dry sites, altheousgh growth is unimpressive.

There are majeor differences  in growth and survival betwesn
: & Jordaniarn (PHJ1)

This species should conlv be congidered for fuel production on the

iest =ites because of its roor growth rate. The wood iz well
suited for making fence posts, as it is readily impresgnatad with
om Tests in South Africa {(Poynton. 19793, it has
r gawn timber.

wn

On very dry sites, such as Ha Mosuoe, this species, and P. brutia
survive much better than L. radistas or P. greggii, although growth
of these species iz co siderably better. Later results at Ha Mozuoe
mirror these results, although P. radists was not tested. On higher
rainfall esites ther are specizs  with equal  survival  and
considerably better growth.

2. Jeffrevi

i

A tree of the Sierra Nevada in California it iz found at altitudes
from 1000m to 3000m {Farjon, 1984). In Lesothc this speciss has
shown poor performance and survival. After eight vears two
surviving trees at Ha Ramonate had only grown an average of O.4m
tall. At Paballong, two and a half vears after planting and the
high altitude trial at Pontseng., few trees survived and growth was
very poor. This is surpriszing as Foynton, (1979) notea that it will
survive in greater extremes of climate than the closely relatsed P.
pondercoss. From trial results it should not be considered for
rlanting in Lesotho.



P. Ekoraiensis

NMaturally occuring in Japan. Horea, Siberia and China. Found up to
altitudes of 2500m in Japan tFarjon, 1884). It has had very limited
testing in Belfast Plantation, South Africa, where its growth was
found to be slow {(FPoynton, 19797, At eighteen monthe this spsciss
showed no survival at the high altitude Bushman’s Fass trial.
However thisz iz an extrame site and with much grazing by livestock,
damage by rats and fir
provenance from Kcorea ws

)
m i

P. lambertiniana

.}

A tree of central western JEA, it is confined to relatively moist
wastern slopss in the mountains. It is found asz high az 2400m
altitude in the Sisrra Nevada {Farjon, 1884).

In Leesotho only cne zesdlot was teasted. At the high altitude
Fontseng trial, the only ze=dlot of this speciss failed complstely.
At the Grazer =z Aszsoci on 5ite at Thaba Tseka, zsven months afrer
rlanting over h 22 of this speciss had survived. However
height growth was very poor compared with P, padiata and (. glabra.
Lnie to only one ==sedlot veing tested and only wvery zarly results
being available this species cannot be dismissed. Further testing
reguirsd, possibly of Californian rathsr than Washington
provenances.,

P. maximinoi

This specie= has now been relegzated to variety status, being known
as P. pseudostrobus var fepifolia. It iz described as such in soms
cf the trials. At Pontseng {Leribe) a high foothill =ite this
variety failed completely. At Hlecheng it zhowed uriinsrpiring growth
and survival. Survival at Ha Mosuos was less than 10% and hsight
growth about twe thirds that of P. radiata, whilst at Paballonsg in
Wuthing District nc trees had survived two and a half years after
planting. This waristy is not suitable for planting in Lesoctho.

P. michoacana

A close relative of PF. montezumas with a more southerly
distribution (Farjon, 1984). In Lesotho this species was tested at
Teikoane. Unfortunately only an aszgssment at four and a half
months exists and percentage survival cannct be calculated becauss
the number planted was not noted.

P. montezumae

A pine of the subtropical highlands of Mexico and of the tropical
border area with CGuatemalz. The "species" has been used as a basis
cf a complex of closelv related species. Most of these are not
irost resistant, although some reach altitudes of 4000m (Farjon,
1984). The timber has been found to be unsuitable for construction,
but is of sufficient gquality for joinery (Poynton, 1979Y. A further

r{)
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P. muga

A shrub or Bmall tres found in the A S &I thians. reasching
arn altituds of 2200m {Parion, @ightesn months
arter planting at Bushman showsd both patheric
grawth and survival: buz subiected to hesavy
broweing., burning and dama , ins. the highszt
trial in Lesctho +his [y survived for 12 vaars. th
limited wrotection from Growth during this period was
le=z about one and a half metres Foazible uses might include
rehabilitation of meountain nd az the outer, lowsr lavar in

P. maricata

A rare tres with a scattersd distribution on the shors and izlands
of the Californian coast {(Farjon., 1984). In Lesothe unimpressive
growth and survival at Ponteseng and complete fadilure at Ha
Ramonate. On a lewland rlatesu =zite at Teikoane. in the higher
rainfall north of the country, performance was averags. but far
worge than the best species. . gregeil. This gernerally poor
performance is surprising as thiz iz a closze raelative of P
radiste. However onlv two seadiote of this speciss were tested and
in New Zealand much variation has been noted within the species
(Wilcox., 1883%. &4 "blue form" with better growth rate and form is
diztinguished from the poorsr “green form”. Certainly at rresent
this szpecies should not he Planted in Lesotho, but testing of
seadlota of the ‘“blue Form" sourced from New Zealand or from
natural population in the Mendocino County in the IS4 would he
worthwhile.

ra
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survival and gmoh hettay growth. AL Ha Foks
Sw alrvlnu*s grew very well. Poszibly thev had besn planted on
2r microsites.

Thiz species shouid only be ceonzidered on fartils., =he
high rainfall =zites. guch az the northern foothilils

good flm er tree and iz recommendsd v Povnton. ¢
mizt-belt arsaz of the Summer rainfall regicn of Smut

iz alss considersd & suitabls tres for zhelterbalts and am=nity
rurposes {(Poynton. 1879). In Les zotho it could alsc be used as a
= 3

ade pols. after treating with rregarvatives an

P. pinaster

A tres of the Mediterranean region, gsnerally being found on thse
coastal plains hut extanding up tu 2000m altitudes in the Atlas

mountains {(Mirov, 1887 in Parjon. Sfid) In Lesntho trials thisz
speciasz haz unlv been represented bv one :eedlut Frem Fortugal. OF
zixm species block plantings Ha Foka, this zpsciss rerformed
1 ar

at

est . However. at a nearby pine grecies trial, thw awfh of B
radiats was verv much better, giving Yield Funu+1ﬁn elght times
r r. At Paontzeng this = cies EhQWsﬂ poor survival, although
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veryv badlv. At the sZtrems altituds =3 = this
gpecizzs had failsd after 12 vears, but was rrobably kilied by
sMceszive liveszock browsing., A seedlot of this gpeciss showed
reazonable survival s+ the dry zite of Faballong. bus Zrowth was

r than ths zop rerformsrs, seediots 2f P. ha spensis and P
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AT Ladvkrand Flantation a e ponderass var., arizonics was recordad
A5 being vigorous but short {Dn Freez, 19497

P. pseudostrobus

Haturally cecurring in the hisghla ands of southsrn Memico and in the
mountains of £U1temala and Honduras., at e svations of 1000m +tn
A000m. In Lesothe a4t & trial at Leshoboros Fla ateaun thres zssedlets
frﬂm OF1 were tested against a2 Scuth African ssedlot of P. ragiata.
Erowth of P. meEsudoztrobus was Foor and survival Fathetic compared
w1th ?. radiata. A+ Pornteen; {Lerikvey it failed complets ely and at
Ha Moszuce in the sgouth survival was less than 10%.

This speciez has not performed well at any s=ite and should neot he
consglidered for rlanting in Lesotho,
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hetws t : improved Socuth African P
radists was includad, wiiich :howpd good verformancs ab My Mtosans
and Leshoboro Flateau tut not at Tas racans . The most conzistent
performer was a Lesotho sasdlot {(FRE2/1Y from Bela~Bela.

Preliminary results =t 28 months wers analvzsed for provenancs
trials at Ha Khoarai and Molwnong (L/2B/1268 A & Y. Only one vear
results were available for Ha Molkhatla (L/25/71280)

At Ha FKhoarai a rrovenance trial of P, padiatas =zited in the
fonthills on a gentle slope. with =c0il der “ived from baszalt parent
material, "leldﬁd interesting results. The huge block differences
Cappendixn 8% were explained by the design, as cne of the thres

blocks was sited on rloughed ground, whereas the cther blocks wer
established on pitted ground. Hsight growth in the ploughed areas is
about 3 to 4 times ags great az in the pitted ares. Survival was
15ﬁ found to be significantly lowsr in the pitted block. Ons
zedlot, from Kiangorca Fore 5% (2718475172 in  New Zealand
formed particularly well, givi ng the best performance in terms
h ight = hur"zvﬂl. Analyeing statistical differsnces in height,
urv;val and height = survival, showed much ovarlar between
aedlets. Performance of many did not  show = atistically
1gnificant differences. However two Lesotho se gsdlots were inferior
the best sesdlots in terms of sither survival (FRE7/2Y or in
ght growth (PFR87/17. Again the results are tos early for
inits conclusicons. but it iz likely superior zesdlots to those
from Lesotho can be found for foothill sites.
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€8 native to the Himalayaszs, whers it ig found from at altitudes
ranging Irom 400m to L300m (Farion. 1284y, In its fatural habhitst
rainftall varies from about G00m . SCtt g 1t most of its
& f 8 1 Leacthe =
zad sarls
o

o
ohud [“’}
)
£

. ; E o j f
#ntly mors than 1alf that o
L requirements i+ wonld e ow
such =zz at Qacha = Hek. Its=

Found naturally in the dey foothill
California. In Les tho trials at Ha Frka and Fonteeng {Leribe} this
speciss showed unexesptiaonal growth,. but good survival. At +he
sther Pontseng trizsl gurvival was bad and h=ight growth half that
o L. mlabra. Early results were obtained from a trial at
Paballong, whers survival was reasonable. but growth was slow, Thi=s
PCOr growth rate sxcludes thig =

zpecies from further WO,
P. strobiformis

surrounding Central Vallevy in

brs?

A tres of the Sierra Madre of Mexize and also in the southern IS4
{Farjon, 1884). In Lesctho this srecises did not survive at Fontseng
(Leribe) and is net suitabls for Lezotha conditicona. At ths high
altitude Pontzeng trial one ssedliot failed completely, whilst the
cther’s growth and survival was much POOrer than . glabra. At the
Graziers “zsociation site at Thaba Tseka two 2eelots  showed
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ete failure of this gpecias at Pahsl ong. with no trs
i

gurviving. It showed bettsr than averagfe growth at Ramconats., but
poor survival and was not an impressive performer &t Pontseng
{Lerikbe}. Ines not appear to be well suited to Lezotho conditl

addiftion to thesse apecles tested in trials, ten other rins
gpecies or subspeciszs have baen planted. in Ladvbrand Plantations

= £ y res State. These pinss ComLr
Y. coulteri, P. sxcelss fnow E. wallichisnsd, T, lindlevana (now
montesunae var. lindlevapz), . longifolia. P, lsiophvlla. [
teocots, Pl lawsoniana., P nelaonll and F. o laricio  (now P
heldreichii) and P. glgnis (now P. radiata’. A report by Du Freez,
(1942) described the state of the compartments of these apecies: P
coulterd had only recently heen planted, P. axcelss was considerad
fiopelessly slowly. P longifnlis was described se being vigorous
and healthy but P. leiophvlls  was Very uneven and sparse and P
teocte had consziderable mertality following a drought period

betwsen 1928 and 1935. Good growth was achieved hy F. lawsonians,
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At the mountain site of Libibing the sesdlot with the st height
growth, from Svria only grew o a hei ight of 1.34m in five vears. A
faster growing species must be found for the mountains.

Seedlots desoribed az 0. arizonica” have alac bheen rlantsd by the
Forsstry Diviszion, however the variety was not defined. Varisties
other than €. arizonica var. glabra have not heen teated in the
trials.

C. sempervirens wvar. horizontalis

Thiz speciesa has proved to be tough. but like C. srizconics var.
glabrs its growth rate was disa J:uintlng, ALY Thaha Teeka f S25/104)

survival of a South african sesdlot ¢ 6997} was better and growth
a8 good as the best . glakbra. La ArZe dlIfﬁPEﬁLQC in both growth and
zurvival were Imund at Pontseng (Leribe). The Scuth African (26957)

zeedlot was better than the CEHCL =zeedlot from Cvprus. Lmtc$
investigationzs showed that the wouth african seedliot was (.
arizooica var. glabrs.

Six other cvpresses have been grown 15km across the bordar at
Ladybrand Plantation. Theze were (. ”@muerv1”ens Var. gempervirens,
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Alth g Mine. thers iz =ome
e In the lowlandzs. +his
ST Thers iz evidence from
=tum growth rate may incrsass
Tate comm?. Thiz specisz may
e o Flantations ars adopted,
as evwood.,  (1808Y waz wvery
snth potential a2z a tres for
prim indications it iz drought
tols Agriculture Arnmual Report it
N darought bettsr than any
octher

At Letsens ine. =zt S sreslies survived the first
Tear afs twalve years thers were neo survivors.

Lcross the border at Ladvhrand Flantation. . libanii was not
Vigoron

5]

Larix decidua

Thres tresz were found in the sarly trial at the Lesctho Youth
l“'l x m i e L3
wervices camp at Thaba Taska. They appsared healthy, but height
growth was lezs than half £hat of P. radista. It was noted that the
larch”z nesdles ware already vellowing in March, indicating =
period of effsctive photosynthsais of only & months (Exrerimental
File Hoted.

"

Sequiocadendron giganteum

After two years at Molumong (Mokhotlong) none of ths trees had
survived. However on lesz harsh sites they are known to grow in
Lesotho. There ars soms fine old specimens of this tree at Qacha s
Nel and one at the Sheep Stud at Guthing.
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A ;urther Pine zpsciss for the fooths
which has shown good survival i ;
2r than P. padiats.

i Eine widely plantsd on the driest =ites i= P. halemensis which
éigwigogsfe?iséi-a p?ziic%%ariy hardy species, although iﬁz eariy
growtt aé % wilgw;n :? md{ﬁ ys? may hbe rebabilitatimn of degradsed
=it natﬁral rgmanmiéiiize §$i yrii?%ibcapleus gquantities of =zaed
gane on. & Zame rec sndations app o
9103? relative P. brutia. In Lrovenancs zﬁﬁzgzazioﬁﬁ~§?%§?i 2;0155
brutis complex was found to have faster grewth and é;;éi:hé:r,:geg;
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Other pinss worth trying includes P, athenuata, P. aristatas in th
and F. peuce in the mountains. In the lowlands P longifolis and F.
lawsonianas would he worth investigating fol‘aw*nﬂ Tavourabhle
comments by [m Preerx, (1845 .

The hybrid bstween Bl @LALnuaLm qnﬁ F. radiatz should be tes sted.
This has heen very succeszful in parts of the US and it appears
that the hybhrid exn¢h1t: much of %hg drought and frost kardiness of
P, attenuats whils retaining the fast juvsnile growth of P radiats
(Oliver, 1979).

P. nelszonii = prine of the dessrt mountain ranges of Mexico would bhe
worth testing, as a fu wlwood and =0il cons ervation tree.
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e L is Plantation, and weres
descri ; rﬁw ing (Im Presz, 1043). A+
HWuthin ﬁliﬂ;ﬁhﬁm;. Both ths Callitris
= the FL Arvorstum. The few Liarix

partorm wall. UﬁVﬂ* on., {12387
CGallitris glaucnphvlla (new . columella risy.

meaed of Ee“eral Horth American conifers haz besn sown at the
Hesearch Murserv., unfort cunately almost all esedlings diac whe
small. After mdv?fa from ths rathologist at the University of th
i
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COrange Freg HGtatas. scil from undar pine plantations was mixed
To try to ensure that sneral conifer mvcoorrhizas Wers present
the potting mixtures. Thev have besn zown again this year and =cme,
raerticularly ¥. mensiszii doss nat app@ar to be healthy. Records
show that this =specie 2 failed in the nursery in the past.
Research in the USA has hown that ugrulvdl of thiz =peciez 3
greatly improved when shading and protection from wind iz provided
{(Read and Spralling in Van Haverbeke., 1987).
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Appendix 1
Lowland Trials (<1800m)

Results,
Analysis
&
Summary




Intreduction

established in Lesctho were in the

Most of the conifer trials
reviews the results of 11 trials:

lowlandz. This appendix

Ha Foka L/25.7T7 anc
Hieoheng L0859
Leshoboro L/25 2R
Ha Mosuce L/25/87 and LASE BT
Pabalong L/ 2% /83

Ha Ramonate L/25/78 and Lo2h /T8
Teikoane L2538 and LA2s 749

These trials vary in altitvde., from 1500m o 1800m.

Hesnlts

Results are dizplaved in Tables= E1.1 to A1.11 and Yiasld Functiaon
or Height x Survival in Figures A1.1 to A1.7. ANCVAR waz applisd
to the data for Hlechenz (L/28/61). Ha Foka Pines (L/25/77% and
Ha Ramonats pirnes (L/257780 .,

Discussion

The lowsst altitude trials, at 1500m were at Ha Mosuce, near the
Sengu River in the south of Les=othe. The results from the conifer
trial were surprising, becauss it iz a loew rainfsll area. (o

v i
850mm) with best growth znd Yield Function from Po vadista and
. greggil. Best survivors werse L. glabra. P. halspenszis snd k.

brutis.

Two trials were eztablizghed at Ha Ramonate, also in the south,
at an altituds of 18570m and are also on =z dry site. At +the
Canifsr Trial (L/25/780LY =ite the only spscies with reasonahle
growth was £, padista. Survival generallyv was very poor, the bast
surviving species being ¥. brutia. However, this specisas had
grown less than Sm in £.5 vears. Despite the poor survival, P,
radiats has the grestest Vield Fonction. {(L/25/78). = replicated
trizl gave statistically different results for height. dbh and
survival between species. Unly one species, P. matula was found
to have significantly poorer survival than ths athers. Ths
survival of P. patuls was particularly poor, although growth of
the few survivors was the best in terms of dbh and kest, with =&
South African seedlot of F. roxburghil in terms of height. The
survival of P. roxourghil was excellent alzo and this Zpecies was
certainly the best adapted to this 8ite, of the spscies tested.
Az expected, P. halepensis was a good survivor, but growth was
ot impressive. Other species tested. P. eldarica. P. rinsa and
in a side planting, F. canariensis alsoc showed poor growth but
good survival. It ias a rity that P. radiata was not included as
a control, as it is unlikely +that any of thess other spscies
would perform asz well.

Paballong, at 1600m is situated in the dry south. Preliminary
results show the superiocr survival of the very drought hardy P.
halepensis and P. bhrutis. Uther pine species were not able to
tolerate the dry conditions, and gurvival has generally heen

roor. Seven of the thirty seedlots have failed completely. None



of the cvprssses zhowsd good survival, in contr rast to Ha Mosune.

Hlecheng iz a plateau =
’ e
2

o P. halepensis E Veryv poor.

tely in the bloek plantings at Ha Foka. P oradizts w
not planted as a control and from experience from other

€]

=
]

4 e
i

.
none of the speciss in the:w Pine block plantinss ol
auic ag P 1 i B
I ke
Teikcane iz ancthar northern platean sits, at an altitude of
1800m. Thres vear results of btullk plots of 17 pine ssedlots,
showsed  that P. gregglil  was  well  auited  £5  +h .

Infortunately, P. ragiasts was not rapresentad in

begd

i

113

31]

b 2L
5 o ot

o O
L P

tne gensrally high survivels indicate that a =
epeclas = 1 git2, but the da ht=
show the £1i over the cther ad .
A& Jordanian < erpensisg. PHI1 grew ived
rarticularly po 1 zhould he avoidsed.

Leghoboro iz a platesy = e close to Massru at an altitude of
1800m.  PBulk plots were establish&f of P. greggii and F.
montezumas. At age 5.5 yaars the survival of P. montesumas was
better., but the faster growth of ¥, greggii morse than compensated
for this. Furthermore, fu? sawn timber the survival of P. gresgii
may he adeguate.

f]
<1



Figure /}\1-1

‘Ha Foka Pines (1780m)
Yield Function, Age 9.5 years

Yield Function

300 1

250" ﬁ—iim

200 4"

150 "

6 4 5 2 1 7

L725/77

TableAliHa Foka Pine Trial 1/25/77 Age 9.5 vears

Lode [bpecies Seedlot  [Dhh  [|Height Survival|Vield F.
1P, halepensis 29278 8 4 27 3.89
21F. eldarica PE-T7-PK 5.2 3.8 45 4.021
3P, radiata KSA 17.8 9.4 261 255.01
4|F. pines 284751 8.4 3.3 35 11.48
51P. brutia Cypras 5.4 3.1 B33 5.69
81P. roxburghii 1231 9.4 4.5 37 34,59
TIP. patals vinh 13.1 7.e 3 3.71




TAELE A4.& &nalvsisz of Variance for HAFOKAD?.HEIGHT

Jouree of wvariatien Sum of Squares d. £ Mean szquare Frravio Zirk. levsal

MAIN EFFECTS 182.03488 10 18.203495 14,583 L QOO0
HAFOKAPT.CODE 172.891728 g 28.812548 23,041 Nslelylel
HAFOEAPL .BLOCK 13.91878 4 3.47318¢ 2.782 L0534

RESIDUAL 28.287238 21 1.2508209

IOTAL (CORR.: 208.30219 31

TABLE AL.5 Multirle range analysis for HAFORKAPL HEIGHT by HAFORAPL . O

4 5 2.8800000 *
¢ 5 3.2000000 *
L 3 3. 2800000 *
3 5 3.2800000 *
5 S 4. 5400000 *
2 2 72000000 o
pA 3 $.3800000 *



TABLE A1l fnalvsis of Variance for HAFOKAPI.DBH

Sourge of variation Sum ¢f Squares [= 0 Mean squarse F-ratioc Sig. level

MATN EFFECTS 739.41285 by 73.2412 12.628 L0000
HAFOKAPI.CODE 721.87314 8 120.31213 20.543 L0000
HAFOKAPRT . BLOCK 20.51010 4 5.12732 878 L4952

RESIDUAL 122.88550 =31 5.8564717

TOTAL {(CORR.) 2682, 39A78 31

3 missing values have been excluded.

i

TASLE Al1.3 Multiple range analysis for HAFOKAPI.DBH by HAFOKARI.C

Metheod: 25 Percent Confidence Intervals

Level Count Average Homogeneous Groups
4 5 4.400000 ¥

¢ 4.800000¢ *

1 5 5.220000 ¥

3 5 §.420000 i

5 S 9. 380000 *

8 2 13100040 *

2 5 17.340000 ¥



TAagLE Al.G analysis of Variance for HAFORAPIL.SURVIVAL

Zource of wariaticen Sum of Squares dg.f. Mean sguare F-ratio Sig. level

HMATN EFFECTS 33508.02% g 3350.3028 11.411 Q000
HAFOKAPT . CODE 31123.4886 8 5187.2478 17.6885 Molslylal
HAFOKARTI.BLOCK 2385.543 4 596.3857 2.031 L1220

SESIDUAL 7047 85T 24 293.85238

THTAL {(CORR.) 40556 . 8B6 34

0 missing values have been excluded.

Tagee Al Hiuleiple range analvsis for HAFOKAPL.3URVIVAL by MAFQKAPRIL.C
tiachod: 95 Percent Coniidence Intervals

tevel Caunt - Average Homogensous Groups

] S 3. 200000 *

o 5 21400000 LL)

1 5 45 _0QUCO0 had

4 ! &0, 0O0G00 ¥

et 5 TS . GOOGO0 o

3 5 85, 0RCOGO *

5 5 88. 800000 *



sourzse of variation Sum of Squares d.f Mean aguare F-ratio Sig. level

MAIN EFFECTS 3.42011685 10 .5420118 g.489 alslal]
HAFQKPIN.CODE 4,9969708 5 .B33Z8288 14.549 Relelslel
HAFOKPIN.BLOCK .4231458 4 L L057384 1.848 L1828

ESIDUAL 1.37348268 24 .Q872428

TOTAL (CORR.) §.7332433 3a

D mizasing values have beesn excluded,

a8 e AL Mulziple range analvesiz for HAFOK2IN.TRANSURY by HAFOKDIN.C

g reent Confidence Interval
Caunt Average Homoger




Ha Foka Blocks (1780m)
Yield Function, Age 9.3 years

Yield Function

36 ""(
2
30 _,,
25 4"
204" \\
154"
104" \\\
0 m\ t _\ [] ¥ / i / / I /
2 -] 4 3 1 5
Code
L/25/77a
Table 110 Ha Foka BRlock Plantings L/25/T7a, Age 9.3 vears
Code{ Species Seedlot [Ibh Height Survival [Yield F. §‘
P, muricata ®1004 G 0 0 0,00 1
Z21P. pinaster 28558 11 5.2 &0 31.46
B P. zabinimna 34834 5.2 3.9 R3 B.7% |
41 B peeudostrobus R1003 7.5 4.4 473 16.64 |
S1E, monticola IS4 0 9] 9] 000
8P ronderosa o 7.8 3.8 1060 Z1.35
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FigurE

A13

Hleoheng Conifers (1740m)

Yield Function, Age 7.5 years

Yield Function

300 T
250 ﬁ@w )
160 —Q %% § \ §
.
50 —Q \ \§ \ \
0 L\\J A
i i 3 ¥ 1 1 [} i [ t 1 ¥ i [} ¥ ¥ i ) 1 £ 1 i
14171516518812421922191020136 37 224231 11
Code
L/725/91
Table Al echeng Conifer Trial L/26,91 Age 7.5 vaars
Code [Speniss Seedlot Dkh Height Survival ¥ield 7.
1IPD brutia 854 4,1 3.7 85 4 .57
2P, brutia ERC1 4.8 3.8 a5 7.05
3P, eldarics PETTRIC 8.3 3.8 30 .05
41P, ellinttii 2BB93 14.9 2.9 B0 ©1.91
5P, gremsii Pagy 3.9 3.9 TZ | 228,90
B8P, halepensis 29278 5.1 3.8 95 13.88
7P, halepensis LHA1 5 3.5 9n B.57
8P, montezumas 30538 182 5.2 B3| 135.08
9P, maricata R1004 17,4 128 T2 1770
10 P. moricats MCT 10.8 5 £33 35,58
1P, nigrs 404 1.1 0.6 12 0.01
12 P, patula 29810 17.3 2.4 40 1 100885
13 [P, wetula E1008 12.8 £.3 2R 28,01
4P, radiats 23209 19 2.5 83| ZB8.87
15 P, radiatas 30847 17.86 g 801 250,91
18 1P, radiats Lesotha i8.z 9.4 T2 249 80
17 P, taeds 28447 17.7 B.2 1007 256.90
18 P, thunbergii PTKL 17.9 10 501 180.20
18P, virginiana 13207 2.8 4.8 96 39.73
20 P. densiflors PLDK1 12.4 3.2 53 31.00
21 . mexinminoi 3077 13.6 7.7 55 TR.33
22 . glabra an24 0.7 5.8 3 5.31
23 C. horizontalis CSHO: 7.5 4.8 533 18.38
24 . horizontalis 2BR997 4.4 3.3 BO 511

m_J
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TABLE AV 12

HLEQCON HEIGHT

Zource of variation Sum of Bquares 4. £ Masn sguare F-ratio Sig. level

MAIN EFFECTS 534.50437 26 20.5587860 39.563 [slelele
HLEOCON . BLOCK .83272 3 L2TTETZ L5834 8804
HLEQCON.CCDE 533.41814 23 23.192006 44,8633 [slelele)

RESIDUAL 38.333848 B8 5195168

TOTAL (CORR.Y 58¢.83832 24

1 missing values have been excluded,

~ABLE A3 Analysis of Variance for HLEOCON.SURVIVAL

Source of variation Sum ¢f Sguares SE. Mean saquare F-ratio Sig. level

MAIN EFFECTS 49927 . 744 28 1820.2978 4.553 Nsislnie
HLEQCON , BLOCK 51583.821 3 1747.9404 4.073 L0101
HLECCON . CODE 44488 .640 23 1934 .2887 4.5%8% 0000

RESIDUAL 28680.845 88 42177714

TOTAL (CCRR.) 78808, 589 94

1 missing valuez have been excluded.

“TABLE Al Analysis of Variance for HLEOCON.DBH

Seurce of variation Sum of Sgquares d.f. Mean szquare Feratio 3ig. level

MAIN EFFECTS 3173.7168 26 122.06802 29,318 L0000
HLEQCON. BLOCK 13.0200 3 4.34001 1.042 L3723
HLEQCON, CODE 3187.2757 22 L37.27288 32,971 L2000

RESIDUAL 283.11683 88 4.1133479%

TOTAL (CZORE.) 3486.8333 94

I mizsing values have been 2xoluded.



“TARE A5 Multiple range analysis for HLEQCON.HEIGHT by HLEQCON.CO

Methed: 93 Percent Confidence Intervals

Level Count Average Homogenesous (Groups
11 4 .9250000 «
18 4 3.0500000 *
20 4 3.2000000 Lk
1 4 3.2500000 for
24 4 3.3250000 'K
7 4 3.4750000 ok
2 4 3.6000000 kK
23 3 3.8333332 AR
3 4 3.8250000 RS 2]
g 4 3.8500000 Kk
19 4 48250000 LEE S
bR e 4 4.8730000 EEF L
az 4 5.07500G00 Hk
a 4 §.8750000 WX
8 4 8. 1750000 P
13 4 £8.3250000 AE
4 4 5.8750000 B
21 4 7.7R00000 P
7 4 8.1750000 Tk
12 4 8.4500000 *x
5 4 8.875G00¢ EEs
14 4 8.92230000 €
15 4 8.9750000 %
15 4 9.4250000 *




TABE A Multiple range analysis for HLECCON.SURVIVAL by HLEOCON.CO

Method: 95 Percent Confidence Intervals

Level Count Average Homogeneous Groups
11 4 12.500000 *
13 4 27.500000 ok
12 4 40.000000 B2 34
18 4 50. 000000 EE
21 4 55.000000¢ EEE
3 4 83.000000 EEE ]
4 4 80.000000 HAH K
20 4 82.500000 K
10 4 87. 500000 HARK
13 4 82.500000 Kok
5 4 72.500000 ok
g 4 72.500000 LE
15 4 T2.800000 LEE
24 4 80.000000 XK
a 4 82.500000 K
14 4 82.5Q0000 *
1 4 85.000000 xX
2 4 85. 000000 L
23 3 88.666687 *%
15 4 S0. 000000 x¥
22 4 S0. 000000 X
8 4 87. 300000 *
7 4 87 500000 *
17 4 100. 000000 *
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iquzE ATA

Tsikoane Bulk Plots (1800m)
Height x Survival, Age 3 vears

Helahe x Surmieal

b
i

L/25/98

Table A8 L/2E/98 Taikoare Bulk Plots Age 3 vears

(ede|Spacies Seedlot No. Height Survival Ht ¥ Surv
1B, brutia PEC1 G.83 72.5 .80
2P, brutia 554 0.71 79 0.58
3P, eldarica FE-77-%K Z.01 B3 1.97
41F. greggii PGl 3,58 85.5 3.19
5P, halepensie FHG: 1.33 92 .4 1.23
8 [P. halepensis 29278 1.28 5.9 1.08
7P, montezumae 30523 1.34 45 0.80
8P, maricats M1 - 1.88 78 1.29
S 1P, miricata R1004 1.22 BB.5 .81
10:3P, patula 295810 213 7O 1.49
111P. pines 30834 .63 TE .50
12 |P. halepensi=z PHJL .48 3 0.04
Table AT1S Lechoboro Bulk FPlots Aze 5.5 vears
. CodelSpecies Seedlot |Dbh Height |Survival [Vieid F.
1iP. greggii PGE1 } 9_8! 5.9 . 44124 .83168
2|P. montezumae 30595 6 2.8 63‘ 6.3504

th
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80 -

Ha Mosuoe Conifers (1500m)
Yield Function, Age 8.5 years

Yleid Function

L L/26/87

o,
1 i [l T

r—

¥ i T

3 811 2202118232212 10 13 17 14

Code No.

Table A1.20 Conifer Trial at Ha Musuoce

L/Z25/8T Ags B.5 vears

Codel Species Seedlot  Dbh Height Survival [Yield 7.
1IP. brutia 554 4.3 2.9 81 3.7
2iP. brutia PRC1 4.2 2.6 25 1.15
3B, echinata 110-33 7.9 3.8 B 1.85
41P. eldarica P T7-PK, 7.3 3.7 35 710
Bl1P. elliottii 73893 .z 5 11 5.72
BIP. gregeii PGl 14.1 5.9 31 42.53
TIP. halepensis 29278 5.8 4.1 R B.0G
BIP. halepensis PHG1 3 2.1 B4 21
91P. montezume 30588 9.3 4.2 11 4.00

104P. maricata K104 0 5 0 000
111P. muricata PHCT 4.8 Z2.9 1g 1.17
121E. nigrsa 404 ¥ 5] Y] .00
1Z21P. patula 280810 0 0 ¢ .00
141P. patula HI1008 0 0 0 .00
151P. radiata 2R708 118 5.1 a1 26,33
16P. radiatz 30847 7.9 4.9 22 B.73[
171P. taeda 43447 0 0 0 D.00|
18P, thunbergii  PTY1 5 3 Z.B .211
1941P. virginiana [132-07 7.2 3.7 25 4. .80
20(C. glabra CGet 1.8 7.5 70 0.45(!
213C. glabra 30824 1.1 2.7 39 D.231
2210, horiz SSHCL 0.9 1.1 44 G.04
23iC. horiz 38977 1.1 1.5 468 0.08
| 24P, psevdostrobus| 3077 7.4 4.6 3.3 2.09




FieoRrE A1 L

Paballong Conifers (1600m)
Height x Survival, Age 2.5 years

Ht X Survival

\

36

30 -

25
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1] P ] I ] T ] t ¥ i ¥ F | ] ¥ § { 1 ] T ] T T T T
8 41562729265 18 2 1610 3 131421 9 30232017 1228 1119222524
Code

7

L./28/88

Table ALZ] Baballong Conifer Trial L/Z5/88 Age 2.5 vears

Code |Species Seedlot iHeight |Survival Ht X Surv
1P, brutia 594 0,537 30 .33
Z{P. brutia PRCY 0.50 20 0.10
31P. echinata 110-33 0. 45 10 D.04
418, eldarica PE-TT-PL .48 45 .22
SiP. elliontil ZRBE3 D.52 20 0.1
8I1P. greggii PGGL 0,78 20 0.15
71P. halevensis 22278 3038 96 .34
&|P., halepensis FHGI 0,35 o0 0.31
SIP. montezumae 30598 .88 5 .03

101P. muricats F1004 .85 10 .07
1P, muricata PMCL Bt 0.00 ] .00
1218, nigrs 404 0.00 0 .00
13{FP. patuls 29810 0.45 10 .04
14iP. patula H1008 .43 10 D.04
15iP. radiats 28209 ¢.61 an 0.18
18P, radiata 3047 0.72 10 007
1717, tasda 23447 Q.00 0 .00
18P, thunbergit PT1 0.54 30 0,10
181P. virginianas 132-07 0.00 O .00
201C. glabra CaEL 0.15 10 0.0t
211C. glabra 306724 £.38 1n 0.04
221C. horizontalis CSHC1 000 0 0.00
231C. horiz 26947 .30 10 .03
24P, maximinoi 30TT 0.00 0 0.00
251F. jeffrevi No 1 0.00 9 .00
2B8iP. pinaster 28558 .57 20 0011
2712, pondercsa PP-TB-CO0 0.25 60 0.15
281P. strobiformis PR-73-C00C 0.00 0 .00
291P. sabiniana Ttaly 0.21 68,7 .14 |
30{P. halepensis PHJ1 .40 7.8 0.03 |




FiqurgE A1T

Ha Ramonate Pines (1570m)
Yield Function, Age 9.5 vears

Yieid Function

20 B
164 \
104"
S
0 V£\ ) AN ,
4 1 3 5
Code
L/26/78
Table Al#Ha Ramonate Pines Age 9.5 vears
Co&e.Species cesdlot {Dbh Height Survival [Vield F. |
11P. halepensis 29278 4.8 3.1 a5 7.00
21P. eldarica PE-77-PK 3.4 2.1 0 Z.18
3P, pines 28497 3 z a0 1.82
41P. roxburghii 123 7.2 3.2 a8 18,28
1P, patula 29310 8.7 4.4 = 0.40
BIP. canariensis | R1003 | 3.9 2.4 1060 3.85
P, canariensis is in a side vlanting




“TABLE AL 23 Analysis of Variance for RAMPINE.HEIGHT

Scurce of variation Sum of Sqguares d.f. Maan square F-ratio Sig. level

MAIN EFFECTS $.3893810 A 1.1738728 11.331 .00z
RAMPINE . BLOCY L5170000 4 . 12892500 1.248 . 342
RAMPINE.CODE 8. 1500000 4 2.0375000 19.870 Nolslsle)

RESIDUAL 1.2430000 12 . 1035823

TOTAL (CORR.) 10.832381 20

4 miasing values have heen =xcluded.

TARLE Ar24 Multiple range analysisz for RAMPINE.HEIGHT by RAMBINE.CO

g

Method: 8& Percent Confidence Intervals
Level Count Average Homogensous Groups
3 Z 2.0000000 *
2 g 2. 1200000 *
1 3 3.10C0000 *
4 5 3. 1800000 *
S 1 44000000 *



Ul
U

FARLE A1.2% Analyzis of Variance for RAMPINE.DBH

Source of wvariation Sum of Sguares d.f. Mean square F-ratig Sig. level

MAIN EFFECTS 81.311381 8 7.663923 14.278 LQ0n0
RAMPINE. BLOCK 3.967000 4 L991TE0 1.848 L1848
RAMPINE . CODE 58. 184300 4 14.541125 27.081 L0000

RESIDUAL §.4410000 1z .53687500

TOTAL (CORR.) §7.752381 20

4 miazasing values have been sxcluded.

TABLE ALLb Multiple range analysis for RAMPINE.DBH by RAMSINE.CO

HMethod: 3% Percent Confidence Intervals

Lavel Counct Average Homogeneous Groups
3 3 2.9600000 *
2 3 3. 4400000 E2Y
1 5 478000060 *k
s L 8.7200000 L3S
4 5 7.18C00G0 *



in

TAELE AR Analyzis of Variance for RAMPINE.TRANSURV

Source of variation Sum of Squares d.f Mean square F-ratio Big. level

MAIN EFFECTS 7.7324820 B . 9665811 15.783 Relslsls]
RAMPINE . BLOCK . 1745873 4 .0436418 .713 L5853
RAMPINE.CCDE 7.5379218 4 1.5894804 30,853 L0000

RESIDUAL .97OBE82 18 0612418

TOTAL (CORR.? 8.71235882 24

0 migsing values have been excluded.

“TABLE AL2% Multiple range analysis for RAMPINE.TRANSURY by RAMPINE.CO

Method: 85 Percent Confidence Interwvals

Level Caunt Average Homogeneous Groups
5 5 LQ18Q17L *
2 5 1.22736886 *
3 5 1.2273688 *
1 5 1.4902532 *
4 5 1.4802532 *




Appendix 2
Foothill Trials (1800m - 2000m)

Results,
Analysis
&
Summary




Introduction

The foothills ars moorly the triais. :

iz considerable axnarisnos o Fianting a wide range of Erecisz in
Forsst Remerves. Ths results of anlv one trial at Fhomolong are
discussed in this appaendis.

Results

The ressults of +he trial are sheown in Tabls L and the Yisld
Functian gravhically in Figurs AD 1.

Discussiaon

Survival in this trial was generally poor. This
Juring mansa i i
have good stocking.
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Ficgure A2l

Yield Functlon

Phomolong Pines (1980m)
Yield Function, Age 8.5 years
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ThRLE AZ
Phemolong pines L/25/76 Age 8.5 vears
CodejSpecies Seedlot Height Survival Fo
1iP. eldarica PR-T77-PR 7.2 2.93 6.7 1.0%
Z1P. halepensis 1 0.81 18.3; Ot
B Poradiatal 30847) 23.3 7.8 7R3 T3
41P. roxburghii 13,7 4.4 0 .08
5iP. pinea 5.8 28 53.3 235
BIP. patula ax~KSA 15 3.3 168.7 25.93
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Appendix 3
Mountain Trials (> 2000m)

Results,
Analysis
&
Summary




Introduction
The results of aiw trials are described in this appendis:

Konyvana Tsocana L/25/131

Letseng Mine L/25/31

Pontseng Pines L/25/80

Pontseng Conifers L/25/80y

Fontsens (Mokhotlong) Conifers Ls2s /102
Thaba Tseka conifers LA28/104

They cover an altitude range of 1900m at Fontseng to 3050m at
Letseng. Pontseng because of its 8Xposure has heen included as &
mountain trial rather than a foothill trial.

Results

Results are presented in Tables A3.1 to A3.5 and height # survival
or Yisld Function are graphically displaved in Figures A3.1 to
AZ.B. Hesultz fop Letzeng Mine are described in the discussion.

Discussion

in the low mountains there are several gpecies which show
reasonable growth and survival. At Pontseng four rines were found
to be particularly well adaptaed to the low mountain conditions: P.
radiata, P. greggii. P. montezugae and P. patuls.

As altitude incresses the survival of these spacies iz reduced to
unacceptable lsvels. At Thabs Tseks (2270m} survival of these four
pines was zero. However, survival of the slow-growing cypresses, (.
glabra and €. sempervirens var. hordzontalis varied from very poor
to good. South African seedlots proved +to be best . The trizl at
Konyana Teosna the C. glabra showed BOor survival asnd had not
increased in height after a vear, whilst several pine species
exhibited modest height growth. Best rerformance was from B
rondeross . The remson for the poor results of C. glabra at Pontseng
i=s not known. Certainly at Ponteseng (Mokhotlong) the growth and
survival of C. glabrs betteread all other species by & large margin.
Over 2200m, . glabra is the recommended conifer for fuelwood,
sxcept on unusually sheltered sites.

At the ultra high altitude zite at Letseng Mine (3050m) three pine
species, P. mugo, P. contorta and E. rigida had survived the gevers
conditions for aver 11 vears, although height growth was less than
1.5m. Recently many were killed by cattle. In June 1980 furthe
specles were planted, including two conifers, i i oni
noidiflora and P. pondsrosa. The P. ronderosa was very poor stock,
being overgrown and lacking mycorrhizae in the nursery. However it
had survived the first vear. The widdrintonia had died. Other non-
conifer species, such as salixz sp. and Leucogidea serices ware
rlanted. The only I,. sericea plant and most of the willows had
survived the gecond vear, although the . serices was frosted back
each winter.



EQUQE A31.

Konyana Tsoana (2265m)

Ht. growth x Survival, Age 1 year

Ht. growth x Svi
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L/25/131

Table AliKonyana Tsoana L/25/131 Age 1 vear

Code {Species Seedlot |Ht growth (m) [Survival {Ht growth x svl
11P. ponderosa PORS /030 0.0587 95 5.424
2{P. ponderosa OR843~1 0.021 73 1.53
3iP. pordercsa ORB6B3-1 0.035 53] 2981
4 |P. ponderosa 0-142 0.05 g2 4,801
51P. ponderosa NM-1B0 0065 97 6.31]
81P. jeffrevi 2-37412 0.02 B4 1.68)
TIP. densiflora PDE-1 0.043 . BT 2.88(
8 |P. thunbergii PTK-1 0.029 72 2.09q
9 P. radista PRET/1 0 0 .00}
10 P. radiats 25188 0 0 0.004
11 €. glabra ¢ 27 0.0014
12 P. pinaster ] 0 0.00]
13 [F. pennsvivanical 0.013 80 1.044

Height Growth x Survival has been multiplied by 100




Ficore A2

Pontseng Pines (1900m)

Yield Function, Age 9 vears.

Yield function

300 7
|
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D 1 i 1
7 8 3 5
Code
L/25/80

Table 431 Pontseng Pines L/25/80 Age 9 vears ;
Code [Species Seedlot  |Heisht [dbh |Survival |Vield 7|
Y. patula ax RS5A 10.5 Z1 501 231.53]
21P. radiata ex RBA 10.71 20.9 80 280.43)
3P, eldarica PE-TT7-PK 31 5.5 50 4.564]
419, roxburghii ex RNSA 571 12.8 1060 80 .49
5|P. ponderosa ex El Doradq 0.95 1 33 0.03)
81F. peeudostrobus | R1003 4.4] 8.8 50 10,17
TIP. muricata R1004 B.9] 18.5 50 121.15)

&



Ficure A33

Pontseng Conifers (1900m)
Yield Function, Age 8.5 years
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Table Az g Pontseng Conifer Species Trial L/25/80a, Age 8.5 vears i

Code | Species Seedlot |Dbh Height {Survival Yield F:ﬂ]
1{P. brutia 594 5.3 3.8 58 5.87 |
2|P. brutia PBC1 2.2 2 7 0.07 |
3[P. echinata 110-33 10.8 5.5 5 3.09 |
41P. elliottiz 28693 12.3 8.6 54 83.82 |
51P. greggis PGGL 18.2 9.9 871 285.30 |
61P. halepensis 29278 5 2.8 7 0.49 |
71P. halepensis PHG1 4.5 2.4 B 0.33 |
61P. montezumae 30598 19.7 8.9 B2 214,15 |
3|P. muricata | PMC1 11.8 4.8 51 31.87

101P. nigra 404 1 0.7 50 0.04
11|P. patula E1008 18.3 11.3 501 189,21 ;
12 1P, taeds 28445 8.7 5.8 A 24.82 |
13 /P, thunbergii PTK: 4.8 2.9 4 0.27
141P. virginiana 132-07 12.5 5.7 8 5.34 |
15|C. glabra 30524 5 4.2 7 D.73 )
16 1C. semp horiz CHSC1 Z.8 3.4 4 0.09 |
17 1. semp horiz 28997 8 4.5 55 B.91 |
18 IP. pseudostrobus 30,77 0 0 & 0.00 |
19 P, jeffreyi 1 1 0.8 33 0.02 |
20 IP. pinaster 28558 8.7 8.4 5 3.18 |
21 P, strobiformis PS-78-C0C O 0 0 Q.00 |
L 22 P. sabinizna Italy 6.8 6.3 100 | 27.44
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FicuRE A34

Pontseng Conifers

(2270m)

Height x Survival, Age 2 vears
Helght x Svi
30 ]
N
25 \i
20 “\\\
16+ |
10 .
51\
0 ‘kl ¥ i ¥ T ] H li e 1] H <
12 5 7 10 1 4 -] 9 b 2 8 3
Code
L/28/902
Tablei&%Pontseng Conifers 1./25/102 Age 2 vears
r“‘_ - —
Code| Species Seedlot  |Height Survival [Ht x Svi !
1P, strobiformis PE-TR-COC 7.9 i9.4 1.53
2P, strobiformis No 1 0 0 0.00
31P. radiata 23928 0 & 000
4/P. patula 29810 20 2.8 0.588
5|P. pondeross 10.8 a0 5.30
81P. eldarics PE-77-PK 15 2.8 .42
TiP. edulis No B B.7T 27.8 2,47
g1E. lambertiniana | No g 0 0 0.00
G(P. jeffreyi No 7 4.8 B.8 0.41
10{P. sabinians Ho B 17.7 i1.1 1.88
11|P. vpondercss PE-78-000 8.5 B.A .31 _
[ 121C. glabra 2X Arizond 37.5 758 28‘1§wi

P. pondercsa is variety scorulorum, no seedlet amber



FiaurE A35

Thaba Tseka Conifers (2270m)
Height x Survival Age 12 months

Ht X Survival :
a8 - R

20 4

\
10-§

0 kl_ t 1 i 1 i ] ) T F [l ¥ i i i [} T t - T T
2017161491819131415125623101178
GCode '
L/25/104
TABLE AYS
Thaba Tseka Conifers L/25/104 Age 12 months
Code |Species beedlot [Height [Survivalldt x 5vl
11F. brutiz 594 12.8 30 3.84
2P, brutia PBEC1 0 0 0.00
3IP. echinata 110-33 O 0 0.00
41P. eldarics PE-T7-P¥ 17.3 15 Z2.60
5|P. greggii PGGL 0 0 0.00
6P, montezvmae 30598 0 0 G.00
TiP. muricata R1O04 0 0 0.00
8P, miricata PMCt 0 0 0.00
9IP. nigra 404 13 o} £.65
18 |P. patula 29810 0 & 0.00
11 |P. patula E1028 0 ¥ 0.00
12{P. radiata 262039 O 0 0.00
13 P, radiata 30847 0 0 0.00|
14 P, thunbergii PTK1 0 0 0.00 |
15 |P. virginiana 132-07 0 0 0.00 |
18 |C. glabra CGC1 8.2 30 5.46 |
17 1C. glabra 30524 39.1 &0 23.46 |
18 IC. glabra Lesotho 8 10 0.60 |
19 1C. horiz CSHC1 8.5 5 0.4z
20 €. horiz 26997 39.2 85 33.32 §
i
E

Height in cm




Appendix 4

C. glabra
Land Race/ Provenance Trials

Results,
Analysis
&
Summary




Imtroduction

Three +trials of C. glabra land race and provenance trials
(L/25/790FA to L/25 /9000 were planned for 1984. The experiment at
Thaba Taska (L/2E/9CFE)Y does not sesm to have been planted and that
at Bushmans” Pass was closed early. Survival at this trial was very
low because of browsing, firs and rat damage. The results of the
remaining trial, at Libiking {L/25/80FC) are dizcussed in this
appendix.

Results
Resultes are zhown in Table £4.1 and graphically in Fig A4.1.
Piscussion

An ANOVAR on the data from Libibing, showsd no significant
differences in height growth or survival. Examining the Height =
survival showed the Ladybrand seedlot to have hest rerformance .
This origin was recommended previously, {Richardson. 1988) and
should continue to he usad. The Ladybrand Plantations also have the
advanteage of being only 18km from Maseru. keeping travelling cozts
and time low. From the reszults of this trial therse would appear o
be no advantage in importing =eedlots from arsas other than
Ladvbrand. .



Flaure 4.1

 Libibing C. glabra (2420m)
Height x Survival, Age 6.25 Years

Height x Svi.

sy

iiiiii

Table &4 Libibing C. glabra Provenance Trial L/25/90FC, Age 6.25 vears

1
Code|Origin Seedlot fHeight Survival [Ht x Survival |
1{Mokhotlong CGL1 H 47 0.47 |
Z|Masery CGLZ 1.15 64 0.78
3[Ha Ntoate CGL3 .83 B8 0.71
4] Likaleneng CGL4 1.08 50 .53
SiMolime Nthuse | CQLS 1.19 28 0.33
8] Khanyane CGL7 1.31 419 0.84
7| Alwynskop CGLA 1.08 52 0.83
8| Tweespruit CGR1 1.05 4R 0.50
9i Ladvbrand CGRZ 1.32 TG 0.92
10| Cyprus CGCz 1.2 5] .72
11:Syria CGst 1.34 50 .87
12IN. Zealand CGH1 1.11 35 £0.39
13{1taly SETROPA 1.23 65 0.80
14| Isrse] ISRAEL1 0.Bg 35 0.31
15 8pain SPATNI £.85 45 .41
18 |Arizona 051-11 .94 43 0.40




TABLE A4 2 Analysis of Variance for HEIGHT

Source of variation .Bum of Squares d.f. Mean agquare F-ratino Sig. level

MAIN EFFECTS 1.3420043 L7 0788414 1.119 . 3337
BLOCK . 1B07025 2 L0B03513 1139 L334
CODE 1.197787% 15 0798525 1.132 L3738

RESIDUAL 2.0482808 28 0705814

TOTAL (CORR.) 3.3832851 48

1 missing values have been excluded.

TASLE A4.3 Analysis of Variance for LIBIBCG.TRANSURV

Source of variation Sum of Sguares d.f. Mean square Feratio Sig. level

MAIN EFFECTS 1.82:15110 17 . 0885006 1.487 L1770
LIBIBCG.CODE 1.4150687 18 0843378 1.548 L1528
LIBIBRCG.BLOCK 1181161 2 LOSBOSRY .852 L3979

RESIDUAL 1.7694051 % L0BL0OL40

TOTAL (CORR.) 3.2909161 48

1 missing values have been excluded.

TAGLE A 4.
Multiple range analysis for LIBIBCG.SURVIVAL by LIBIBCG.CC

Methed: 95 Percent Confidence Intervals

Level Count Average Homogeneous Groups
5 3 28.333332 ¥
14 3 35.000000 *¥
1z 3 35.333333 *k
6 3 43.000000 X
i 3 46 . 666867 *
15 3 47 G66687 *¥
8 3 48.000000 &%
& 3 4%. 000000 ¥
4 3 49 . 886667 *x
11 3 49 . 686887 £
7 3 58.668687 *x
10 3 80.3733333 *e
2 3 64.000000  *x
lg g 684.666887 Hx

69 . BESBBT *%




Appendix 5

Early P. radiata
Land Race/ Provenance Trials

Results,
Analysis
&
Summary




Introduction

Two types of P. radiata land race and provenance trials have been
established in Lesctho. The early trials were established in 1984
2t thres =zites; Tserecane (L/245/115FA), Leshoboro (L/25/115FR)
and Ha Nizanes (LT /L1850 These tested South African and
Lescthe land races. The sscond series, which iz not reported on
in this sppendix tested seedlots from a wide variety of origins

et m
including New Zeanlsnd and the Scuth Africs.
Results
Results are shown in Takle AB.1. AR.& and A5.10 and of the
ANOVARS in Tablesz AB.2, AB., A5 _4, A7, A8 and AR.9 and ¥Yield
Functions or Height = Survival ape displayed in Figures A5 .1 to
A5 . 3. Height = Survival was usesd to rank the performance at Ha
Ntsane becauss dbh wWas not measured in the latest assessment .

Discussion

The =mame nine seedlots were tested at all three sites:

1 PREZ Bela Bela, Lesctho

P PRE3 /2 Mopeli, Lezctho

3 PRE3 /S Thota Peli. lLesotho

4 PRAZ /4 Tale, ILesotho

5 FRB3/B Morija, Lesotho

& FRB3/56 Lesotho Agricultural College, Masery
7 28142 Improved RS

a8 2888 REA

= 24845 RSa

At Teserecane there were significant differences (at the 5% level)
for dbh, but not survival or height. When = miitiple range test
was applied to the data three groups were identified, with
considerable overlap. Ths bhest rerforming group in terms of
diameter growth comprised FRE3/1, S2843, PR/83/5, PRE83/6, PR83/3
and 25147, Bxamining the graph of Yield Function gave similar
results.

These results contrast with thozse of Leshoboro Plateazu. There
were no significant differences at the 5% level, although at 10%
there were significant differences between heights and dbhs.
Ranking the seedlots by Yield Function, gave rather different
results from thoze obtained at Tszereoans. The 328483 zmesedlot hasz
again performed well, but the best was PR83/2, which did not
rroduce good results at Teserecane cr at Ha Ntsans.

At Ha Ntsane +two South African seedlota; 32886 and 251452
rerformed hest in terms of Height Survival. Gther seedlots in
the top five, ranked by Height x Survival were PR83/3, PR83/1 and
PR8B3/5. Differences in height or survival were not significant
at the 5% level.

Only one seedlot was in the top five at all trials, by Yield
Function or Height =x survival, the PR8B83/1 from Bela Bela.
However, at Taereoane only was thers statistically significant
differences.



Ficure AS.1

Yield Function, Age 6.3 vears

Yleld Fnction

f Tsereoane P. radiata (1600m)
|

ﬁ§\\ =

Table As! Tserecans Pinus radiata Provs. L/25/115FA Age 78
Code [Seedlot [Dbh Height Survival [Yield F
PRE3/1 iz.4 7.14 86.7 73.23
PRB3/2 10.8 8.87 73.3 b4.11
PEB3/3 11.4 3.89 T7.3 £9.22 |
PRB3/4 11 5.82 BO 64,08 |
PRB3/6 11.8 7.12 783.7 TH_40
FRR3/4 i1.5 7.19 76 T2.27

25142 i1.2] 8.17 7.3 59.83
32888 0.4 B.11 89.3 45 80
32843 12.2 7.14 BZ2.7 87.89 |

D00~ ®mN o b s




TABLE AS.2. Analyais of Variance for TSEPIRAD.HEIGHT

Source of variation Sum of Squares d.f. Mean square F-ratio Sig. lew:s

MAIN EFFECTS l 5.0503704 L0 .808037¢ 1.963 . 1084
TSEPIRAD. BLOCK . 2456296 z . 1248148 . 437 L8235
TSEPIRAD,CODE 4.8007407 8 -BO0CS28 2.340 L0704

RESIDUAL 4.1037037 8 .2584815

TOTAL (CORR.) 3.1540741 26

G missing values have been excluded.

TASLE A3 3 Analysia of Variance for TSEPIRAD. SURVIVAL
Source of variation Sum of Squares d.f Mean square Frratio Sig. leve
MAIN EFFECTS 1322.8887 10 132.28587 .586 Rrasls
TSEPIRAD.CODE 850.86887 B8 81.33333 .388 L3235
TSEPIRAD.BLOCK 872.0000 2 338.00000 1.514 L2500
RESIDUAL ' 35520000 18 222.00000
' TOTAL (CORR.) 4874 .6EGT 28

TABLE AS 4 Analysis of Variance for TSEPIRAD.DEH

Source of variation Sum of 3quares d. £ Mean aquare Feratio Sig. leve:l

MAIN EFFECTS 28379259 10 2.8379259 9.735 L0000
TSEPIRAD.COLE 10.1639630 a 1.2712037 4.381 L0053
TSEPIRAD.BLOCK 18.209630 2 2.1048148 31.238 L0000

RESIDUAL 4.6837037 18 .29148158

TOTAL (CORR.) 33.042883 28

0 missing values have been execluded.




TABLE A5.S. Multiple range analysis for TSEPIRAD.DBEH by TSEPIRAD.C

Method: 9% Percent Confidence Intervals
Level Count Average Homogensous Groups
8 10.433333 *

3

3 10, 800000 *

3 11.033333 v
3 11.186887 kR
3 11.3B6867 %ok
3 11.500000 sk
3 11.800000 g
3 12.168868387 K ok
3 12, 400000 ¥



FiGURE AS.2

t
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Leshoboro P. radiata (1800m)
Yield Function, Age 6.25 years

Yisld Function
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TableA5tleshobore Platean D, radiata Provs. L/25/115FR Age 6,25 vears

Code |Seedlot |Dbh Height |Survival|Yield F. |
' 11PRE3/1 13.99 8.62 95.37] 160.9C
2 |PR83/2 14.39 10,43 97.221 209.97
3 {PR83/3 13.05 8.48 97.221 140.40
4 |PR83/4 13.7 8.59 96.29| 1585.24 |
5 |PR83/5 12.37 7.91 95.37} 115.43 |
6 [PRB3/6 11,79 7.32 89.98 91.53
7 25142 14.32 8.78 95.37 1 171.74 5
8 32886 14.29 8.5 892.58 1 160.71
9 32843 14.63 8.91 98.15 | 187.18 |




_____________ Big. leve
MAIN EFFECTS -2583973 1C .0238397 1.052 T;;;g—
LESPIRAD.CODE .1878045 8 .0247008 1.008 .48689
LESPIRAD.BLOCK .0807329 2 .0303%864 . 1.238 .3164
RESITUAL .3829539 18 .0248838
TOTAL (CCRR.) .6513512 28
0 missing values have been excluded. O TTTTTTTETmeooe—e
L]
TARLE AS. ] Analysis of Variance for LESPIRAD.DBH
Source of variation Sum of Squarss d. £ Mean square F-ratio Sig. level
MAIN EFFECTS 38.014815 1C 3.8014818 1.878 I Arackt
LESPIRAD.CODE 25.416298 8 3.177037¢ 1.401 L2887
LESPIRAD.BLOCK 12.58851¢% 2 5.2992583 2.778 .0821
RESIDUAL 36.281481 16 2.2675828
TOTAL {CORR.) 74.296298 28
0 missing values have been excluded.
TABLE ASA fnalveis of Variance for LESPIRAD.HELGHT .
Source of variation Sum of Squares d. £ Mean square F~ratic Sig. level
MAIN EFFECTS 26.239889 10 2.8239889 2.321 .0644
LESPIRAD.CODE 11.864400 8 1.4830500 1.312 . 3087
LESPIRAD.BLOCK } 14 .3754893 2 T.1877444 6.357 .0083
RESIDUAL 18.081811 16 1.1307444
TOTAL (CORR.) ' 44.331800 26

0 missing values have been excluded.



Fic,oRE A53

Ha Ntsane P. radiata (1890m)
Height x Survival, Age 6.25 vears |

Height x sw!

]

T
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L/25/118FC

TableASioHa Ntsane P. radiata Provs. L25/115FC Age 6.25 vears 5

Code |Seedlot Height Survival [HtxSvi
11PR83/1 5.94 53.1 3.69
2[PRB3/2 7.34 421 3.09
3PRB3/3 7.4 51.8 3.82 |
41PRB3/4 7.44 45.3 3.37
BPRB3/5 5.8 51.8 3.41 ¢
61PRR3/8 5.9 38.5 2.86 |
7 25142 7.2 5T7.8 4.16 ¢
8 32888 7.1 £9.4 4.22 ¢
9 32843 6.4 39 2.50 |




“TAGLE A= N

1.4108878
.4314035
1.8053319

HANYPIRA.BLOCK
HANYPIRA.CQDE

RESIDUAL
TOTAL (CORR.)

15.5187686

1.294211
14.442655
52.385788

§7.805588

0 missing values have been excluded.

TASLE AS.12

. 22388.737

HANYPIRA . BLOCK
HANYPIRA.CODE

RESIDUAL
TOTAL (CORR.)

8476.737
18058.740

578682.013
B0050.750

O missing values have besn excluded.

Analysis of Variance for

2.1827412

2035.3397
2158.9123
2007.34258

2402.5839

Analysis of Variance for HANYPIRA.HEIGHT

F-ratio Sig. level
848 7722
198 83970
827 L5873

HANYPIRA.SURVIVAL

847 .5988
899 . 4583
835 .3808



Appendix 6

Late P. radiata
Land Race/ Provenance Trials

Results,
Analysis
&
Summary




Introduction

There arse oniv preliminary rezults for the later . radists
Provenance,/ land race trials. In thesze trials seedlots from New
Zealand, USA and Zouth Africa have been teated against Lesotho land
races.

Results

Height x= Survival, means fop height, dbh and Burvival are listed in
Tables A6.1., ag.8 and A&.9. Height x Survival is graphically
displaved in Figures A6.1 to AB.5. As they are Freliminary results
an ANOVAR was only conducted on data from Ha Ehorai, the oldest
trial. Results of the ANOVAR are zhown in Tables AG.3 to AR5,

Discussion

Large bloek differences were apparent in the data frem Ha EKhecarai.
This was because two blocks wers eztablished on pitted ground while
the other was on rploughed ground. Height growth on the ploughed
ground was 3 to 4 times that of the pitted ground. Competition from
weed growth was severe on the pitted site, whereas ths plough lines
were almost free of weads,

From these preliminary results  there wourld appear to be 1o
obviously superior sesdlot for the tvee of sites these thres triais
represent .

At Ha XKhoarai. in the foothills, & multiple rangs test divided the
seedlots into five groups with considerable averlap between all
groups. Examining Height » Survival (Figure A6.1) showad one of the
Lesotho seedlots, PRB7 /3, from Thota Peli to be the worst
performer. The other Lesotho seedlat, PREB7/1, from Rela Bela had
shown good growth and survival. :

Growth generally was poor at Ha Mokhatla, which can be largely
attributed to the duplex soils of the site. Waterlogging during the
rainy season occurs over much of the area ang the foliage of the B
radists showed chlorosis. .

Molumong is located on a rlateau top and unfortunately the fence
had been cut and congiderabhle damage from browsing had ocourred.

[eN



Flaurg AL

J
 Ha Khoarai P. radiata (1840m)
Height x Survival, Age 2.3 years

Helght x Svi
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TableAb! Ha Khoarai P. radiata'Provs, L/25/126A Age 2.3 vears.

i CodeSeedliot Height Survival {Ht x Svi
1 12585 1.1 867 0.95
2 125888 1.08 86.7 0.91
3 12587 0.97 80 0.78 |
4 12688 1.18 73.3 0.86 |
5 12589 1.08 968.7 1.03
8 12590 1.02 aB.7 .99 !
TiPXa001 1.1 26.7 .29
8112401 0.81 43.3 .35 |
9(5-470B8 0.84 43.3 0.38
10 25181 Q.84 68,7 0.58
11 12587 1.23 487 0.57
i2 125895 1.14)] 40 0.48
13 12585 .99 70 D.63
14 12594 0.97 70 .68
15 12593 1.5 40 0.60
18 12592 0.88 66.7 0.59
17 12591 0.99 57 0.586
18 {124-03 1.08 68.7 .71
19 251685 1.24 70 .87
2011/0/77/13/3 1.04 33.3 .35
2112/1/84/51/2 1.26 53.3 0.87
2212/2/84/67/3 1.0z 38.7 .37
23 (3/3/82/002/3 1.04 36.7 0.38
24(7/1/77/01/3 1.61 50 0.81
25168/1/79/27/2 1.52 53.3 .81
28 |[PRB7/3 1.3 20 0.28
L 27 |PRB7/1 0.99 83.3 0.82




Method: 95 Percent Confidence Intervals

Level Count Average Homogeneous Groups
10 3 L AT70000 *
28 3 .3133333 %
12 3 .8033333 *ox
7 3 .B0B3333 Hk
13 3 .6410000 *K
15 3 8763333 K
8 2 .7130000 LEE
17 3 .T428687 KKK
18 3 7513333 LEL 2]
11 3 .7T353333 KKK
3 3 .B133333 KK KK
24 3 .82886887 KK KKK
27 3 -8413333 K KK
14 3 .84400Q00 H K KKK
18 3 .8448887 R KA K
20 2 .8825Q00 KAk ok
22 2 .8650000 HHOKK K
5] 3 .8803333 LEE 23
g 2 .5845000 KR KK
1 3 . 9740000 A K KK
25 3 9803333 A KK
2 3 .898583333 BT S 2
5 3 1.0000000 KKK KK
18 3 1.0020000 LEE RS
4 3 1.0030000 KKK
23 2 1.1880000 KREX
21 3 1.68578887 * ok




TARLE AL.3 Analwvsis of Variance for HAKHPIRA.HEIGHT

Source_;;‘;ariationnnagum ofﬂgguares d.£ ) Mea;—;;;;;;——q;:;;;;;“——QZ;——E;;;
MAIN mFFECTS 31819421 28 1.iasaos  izainames”
HAKHPIRA . CODE 4.775283 26 . 183685 1.880 .0198
HAKHPIRA.BLOCK 26.494314 4 13.247157 143.514 L0000

RESIDUAL 4,3383529 47 .0923084

TOTAL (CORR.) 38.187774 75

;—;;;;;;; values have—baen ech;ded.—_‘ ———————————————————————————————————

TABLE Ab.Lt Analysis of Variance for HAKHPIRA.SURVIVAL

Source of variation | Sam of Squarss  d.f. tean sauare  Foranis  Siz. el

MAIN BEFECTS 7324 202 28 1ss0.1s72  o.ean leeis
HAKHPIRA.CODE 30084.784 28 1157.10683 1.808 .Q3az
HAKHPIRA.BLOCK 18453.788 2 §226.8939 14,417 L0000

RESIDUAL . 3C079.545 47 839.92C33

TOTAL (CORR.) T7403.947 75

S missing values have been sxeluded. T TTTTTTTITImmmsmeeoooeooe

“TABLE As.5 Analysis of Variancs for HAKEDIRA KTXSURY

Source of variation  Sum of Sauares  d.f.  Hean savars  Poraris  is ioiil

" ixEpins. cope Sstiee  ss o MBI s owoo
HAKHPIRA.BLOCE 28.511185 2 14.755592 99.541 -0000

RESIDUAL 8.9670823 47 . 1482358

TOTAL (CORR.) 41.996445 75



Method: 95 Percent Confidence intervals
Count

Level

18
10

3
14
27
13
17

8

2
i8

mm:a:\nqmmmmmmmmmmmm{ummmmmmmmm

Average

Homogenegus Groups

.8633333
-8700000
.9868887
-8700000
. 98668867
-8800000
. 8800000
1.0233333
1.0833333
1.08000400
1.0833333
1.1900000
1.1033333
1.1433333
1.18Q0000
1.2100000
1.2300000
1.2366887
1.2350000

1.30000C0

1.5033333
1.5166887
1.8280000
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1.568580000
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Methed: 95 Percent Confidence Intervals

88, 868887 o
86.8668887 K
96. 86686587 *
98. 668867 *

Level Count Average Homogeneous Groups
28 3 20.000000 *

7 3 36 . 6886887 *ok
10 3 36. 8688887 *x
12 3 40.0C0000 EEES
15 3 40, 00000R0 oK
11 3 46. 6658867 oK
20 z2 50.000000 XK
24 3 30.000000 RE 13
25 3 53.333333 *okK
22 2 53.000000 kK
23 2 55.000000 *KK
17 3 58 . 6868667 LR

8 2 65000000 AWK

9 2 B85.000CQ00 . sxx
18 3 58. 668887 AR
18 3 58 . 8858667 LEEs
13 3 70. 000000 EEE
14 3 70.000000.  %xx
12 3 70000000 LK

4 3 73.333333 ok
21 3 78.888867 EEE]

3 3 80 .000000 kK
27 3 83.333333 E3

3
3
3
3



lF_IC}L)EE AL.2

Ha Mokhatla P. radiata (1500m)
Height x Survival, Age 1 year

|
s

Height x Svi
0.3 | Seediot 28 and 27 are P. ponderosa
i " Seedlot 26 is P, letfrayi
0.25
q
0.2 - \ ’
0.15 4 §;§§§§ 7
VAN

OA-§
0.05 -\
|

61931314115 8

L/25/128C

i 1 [}

3
i 1 1 )

Code

T ] 1 1 1 { 1 1 ] 4 T { T i i 3 [

9 21121018172015 7 424 1 18 2 2322272528

Table Ab8Ha Mokhatla P. radiata Provs. L/25/12¢

Code (Seedlot Height |Survival|Ht % Svl
1 12685 0.4 21 G.08
2 12588 0.44 18 0.08
3 12587 0.54 40 0.22
4 1258R8 .47 20 0.09
5 12589 g.5 34 0.17
8 12530 0.588 45 £0.25
7 12591 (.48 21 0.10
8 12592 0.5 33 0.17
S 12595 .52 31 0.18
10 12588 .58 21 0.12
11 12597 0.53 33 0.17
121123-03 0.45 az 0.14
131PX8001 .58 33 0.18
14 [5-47068 0.54 35 .19
1511/0/77/13/3 0.45 23 0.10
16i2/1/84/51/2 .45 28 0.12
1712/2/84/67/3 (.45 25 0.11
1813/3/8B2/002 /3 0.38 21 .08
19(7/1/77/01/3 .59 47 0.25
2016/1/79/027 /2 0.43 25 .11
21 25155 0.49 30 0.15
22 25180 0.47 i1 0.05
23 25181 0.37 17 .08
24 |PRB7 /1 0.37 23 0.08
2512-37412 0.11 8 0.01
2610~-142 .08 5 0.00
27 INM180 0.16 12 0.02

Seedlot 25 ig P. Jeffreyi
Seedlq@_zﬁ and 27 are P. ponderosa

C, Age 1 yedr.

g
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Feure ALD

Molumong P. radiata (1770m)
Height x Survival, Age 2.3 years

Ht x Survival
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L/25/1288

TableAt? Molumong P. radiata Provs L/25/126B Age 2.3 vears

Code| Seedlot Height |Survival|Ht = Svl |
) 15585 1,84 59 1.78
2 12586 1.85 93 1.72 |
3 12687 1.75 93 1.63 |
4 12688 1.68 95 1.60 |
5 . 12589 2.93 98 2.19 |
6 12590 2.15 97 2.09
7| Px6001 1.98 97 1.90
8l124-1 2.01 100 2.01
9l5-47088 2.1 a7 2.04 |
10 25181 1.29 95 1.93 |
11 12597 1.99 100 1.99
12 12506 701 a7 1.95
13 12595 1.61 80 1.29 |
14 12594 1.78 97 1.71 |
15 12593 1.92 95 1.82
16 12592 1.86 93 1.73 |
17 12591 1.99 97 1.93 |
18 {12403 204 100 2.04 |
19 25155 1.97 a5 1.87 |
20 11/0/77/13/3 2 a7 1.94
01 12/1/84/51/2 1.78 B2 1.46
22 12/2./84/87/3 2.05 98 .01
23 [3/3/82,/002/3 1.94 ag 1.84
24 17/1/77/01/3 1.94 98 1.90
26 16,/1/79,/027,2 1.73 95 1.64
28 25160 1ol 93 1.76
27 |oR87/1 1.44 100 1.44

B
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