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r accession which ranked high at any one site did not necessarily rank high at the other sites (Table 5) . 

Table 5. Cross-site comparisons of height gron1h (m) among 6 accessions of S. sia•11tm after 5 years in Haiti. Means 

followed by the same letter are not considered different al the 95% probability lcvd. 

ACCESSION 

1511 (HAITI) 

1501 (HAIT[) 

1365 (NICARAGUA) 

554(RWANDA) 

2507 (COSTA RICA) 

-1039 (COSTA RIC-\\ 

BO~lll.-\RD LAPILA HOCIIE 111.,\NCIIE I\IEAN 

----------m----------

5.1 4.4 

3.9 5.2 

4.8 4.0 

3.9 4.9 

3.7 3.8 

3.7 ,U 

11.2 

11.5 

10.9 

10.3 

11.7 

10.2 

6.9a 

6.9 a 

6.611 

6.4 a 

6,-1 a 

6.1 a 

The range in height growth among sites is much greater than that among accessions for any given site. 
In this study, the difference between Roche Blanche and Haut Camp was approximately 3-fold. The 
largest differences among accession means after 5 years was approximately 1. 5 m at Bombard, Lapila and 
Roche Blanche. These differences were between the Haitian 1581 (5 .1 m) and the Costa Rican 2507 (3 .7 
m) at Bombard; the Haitian 1501 (5 .2 m) and the Costa Rican 2507 (3 .8) at Lapila; and the Costa Rican 
2507 ( 11. 7 m) and both the Tanzanian 1214 and Costa Rican 4032 ( 10.2m) at Roche Blanche. None of 
these height differences were shown to be significant at the 95% probability level. A comparison of height 
growth among accessions after I, 3 and 5 years is shown in Figures 3a-3c. The Mirebalais trial is shown 
only for I and 3 years, since the trial was partially harvested prior to the 5 year measurement period. 

Diameter Growth and \Vood Production. Any difference detected amor-,g S. siamea accessions with 
respect to stem diameter growth is related to wood production differenct;s. These 
differences, either fuel wood or a combination of fuel wood and palate, are important when assessing the 
potential economic impact of making available an improved genotype to Haitian farmers. For purposes of 
statistical analyses, only wood yield, for wood greater than 2 cm diameter, were estimated using the 
equation developed at Nan Marron, near Bombard. 

The Haitian sources, represented by P ADF bulked seed lots 1511 and 1501, are beginning to show 
greater wood yields than imported seed sources of S. siamea (Table 6). They ranked first in wood yield 
after 5 years at the 3 trials (Bombard, Lapila, and Roche Blanche) where data was reliable. In all 3 trials, 
differences were significant, following the same rank and order as that of the Haitian accessions at 
Bombard, but near the bottom at Roche Blanche. However, the yields at Roche Blanche were not 
significantly different from each other, with the exception of the Haitian accession, 1501 . The other 2 
Haitian accessions at Roche Blanche were mid-rank with the other impor~~<l accessions. 

9 



[ 

[ 

ACCESSION 

1511 (HAI) 

BOMBARD 
1989 - 1994 

1365 (NIC) ~11.4=;;;,;=~~-1---' 

1214 (TAN) · 

554 (RWA) . 

1501 (HAI) -...,;,;.;.:.:====-4f--_J 

1564 (NIC) 

4039 (CR) .__=±=~i---t-_ -,....,....;_ 

2507 (CR) --==-=::=Pr-+--

0 1 

ACCESSION 

1214 (TAN) 

2507 (CR) 

1564 (NIC) 

1206 (NIC) 

1365 (NIC) 

0 

2 3 4 5 6 7 8 
HEIGHT (m) 

HAUT CAMP 
1989-1994 

2 3 4 5 

HEl~HT (m) 

■ 1 
cm 3 

o s 

AGE (yrs) 

AGE (yrs) 

■ 1 
will 3 

O s 

Figure 3a. Comparison of Senna siamea height growth after I, 3, and 5 years at 
Bombard and Haut Camp. 
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ACCESSION 

1214 (TAN) -

1581 (HAI) 

1511 (HAI) -

1564 (NIC) 

1365 (NIC) 

554 (RWA) 

2507 (CR) -

4039 (CR) 

0 2 

ACCESSION 

1501 (HAI) 

1581 (HAI) 

554 (RWA) 

4039 (CR) 

1511 (HAI) 

1365 (NIC) -

I 
2507 (CR) -

0 1 2 

4 

MIREBALAIS 
1989 - 1992 

6 8 
HEIGHT (m) 

LAPILA 
1989 - 1994 

3 4 5 6 
HEIGHT (m) 

10 

7 

AGE (yrs) 

• 1 

Lill 3 

12 

8 

■ 1 
Lill 3 

o s 

AGE (yrs) 

Figure 3b. Comparison of Sm11a siamea height gro"1h after I, 3, and 5 years at 
Mirebalais and Lapila. 
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ACCESSION 

ROCHE BLANCHE 
1989 - 1994 

2507 (CR) -

1501 (HAI) 

:::::, .I 
I I 

I I 
1564 (N IC) -•---IJI?,:::§,::::,jI.::::'i§,: ,,§:::::::2::::-,:I!:::"l=:t==J-+-

1 I I 
1511 (HAI) ·-••·'2·"'"'•2:::::::5t22J,:§:::::::W:,:-1=t:=J+ 

I I I I 
1365 (NIC) ,//:/:.1 1----r-

I I 
1206 (NIC) /:,C:::::::,:.;c:·,/.11 

I I 
1581 (HAI) ..... JI:filt[J[@,-1=!=:J-

1 I I I 
554 (RWA) · :::;:::::n 

I I 
1214 (TAN) -.:::: .. ·,.'::::! 

1 1 
4039(CR) ·--•CJ::z1JJI;J:: j1=~ 

0 2 4 6 8 10 12 14 16 

HEIGHT (m) 

■ GD 3 

O s 

AGE (yrs) 

Figure Jc. Comparison of Senna siamea height growth after I, 3, and 5 ) 'Cars at 
Roche Blanche. 

Table 6. \Vood )"ield means, in dry kg, of different S. siamea accessions after 5 years in Haiti. Means followed by the same 

letter are not significantly different at the 95% prohahilitv level hv the LSD t-test. a = 0.05 . 

<;11. ,i•io • •• ,1. 

Bomb.on! I ll11ul Camp I Lapila ·1 Roche Blanche 

I'll" "------ .l:c, '•--- ------- -------- ---- ------------ --

554 Rwanda 2.4 bc 5.7 ab )2 .7 b ~ 

1206 Nicaragua 2.1 b 49.5 b 

1214 Tanzania J .8 ab 4.5 a J4.4 b 

1365 Nicaragua 2.6 be 2.5 b J .6 ab , 50.2 b 

1501 Haili 2.4 be 7.6 a 73.7 a 

1511 Haiti 5.J a 4.1 ab 42.6 b 

1564 Nicaragua 1.9 C 2.3 b 44.9 b 

1581 Haiti 5.9 ab 42.5 b 
.· .. ·•: 
2507 :· :· Costa Rica 2.9 be 2.3 b 3.1 b 49.0 b 

4039 Costa Rica 1.4 C 4.6 ab 33 .7 b 
-

X 2.83 2.74 4.92 45.33 

'·· Sit 0_32 0.53 0.59 3.29 

Pr>F 0.0161 0.0337 0.3613 0.0809 

r ~n - 1110 I l'.fl .,,..,, 
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By far the most productive site was Roche Blanche where the mean annual wood yield was 9 kg per 
tree and corresponding to 17. 9 metric tons ha·1 yr·1

. The highest yielding accession from Haiti averaged 
close to 15 kg per tree per year. The other Haitian accessions ( 1511 and 15 81) approached the site 
average. The least productive sites were Bombard and Haut Camp, with a mean annual yield of 0.5 kg per 
tree. The much higher stem density at Bombard resulted in wood yields 3 times that of Haut Camp, 
equivalent to 2.5 and 0.8 metric tons ha· 1 yr"1

, respectively. The Haitian accession, 1511, averaged over 1 
kg per tree per year at Bombard, while the Tanzanian accession, 1214, averaged 0. 9 kg per tree per year at 
Haut Camp. 

It is interesting to note the difference in yield performance between two of the Haitian accessions at 
Bombard. While 1511 was the most productive, 150 I was below the site mean. The difference between 
the two accessions was more than 2-fold and significant at the 95% probability level. In contrast, 150 I 
was the best producer at Lapila and Roche Blanche. One cannot assume that selecting a particular Haitian 
seed source will guarantee the highest production in the country at any one site. However, taken 
everything into consideration, selecting a good mix of Haitian seed sources will always be safer option than 
importing untested accessions from abroad. The chances of choosing a superior accession, like the 
Tanzanian 1214 at Haut Camp, is unlikely given the wide selection opportunities available from 
commercial seed sources. The comparison of 5-year wood yields at the various sites is illustrated in 
Figures 4a and 4b. Yields for the Mirebalais trial are not shown since the trial was partially harvested 
between 3 and 5 years. 

CONCLUSIONS 

The comparison of imported Senna siamea seed source with the local sources used by P ADF and 
CARE nurseries have shown significant differences for all the parameters measured. Stem diameter and 
wood yield differences are greater among seed sources than survival and height growth differences. Site 
conditions have a far greater impact than seed source for S. siamea in terms of survival, wood yield and 
harvest value. The fact that all imported seed sources were from countries where the species is not native 
might mean that the genetic base of S. siamea being tested in this study is relatively homogenous. 

It is encouraging that Haitian seed sources were the top wood producers at 3 sites and at least 
performed adequately when not occupying the top rank. Locally adapted seed sources should be 
considered prior to purchasing and importing seed from other countries. H,)wever, seed from the native 
range of the species (SE Asia) should be introduced to broaden and invigorate the local genetic base, in 
particular resistance to diseases such as the widespread problem of leaf spot caused by Cercospora. 

In terms of guaranteeing the best perfom1ance of S. siamea, PLUS should examine the positive effect 
that site conditions has on the form and resulting wood value of the species. The species does not perform 
well on semi-arid, alkaline sites or sites with extremely shallow and rocky soils. The best form of the 
species has been observed on sandy loams typical of many regions of the Central Plateau and basaltic soils 
scattered throughout Haiti. Proper site selection for the species will have a greater economic impact for 
the farmer than genetic selection in the foreseeable future. 
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ACCESSION 

BOMBARD 
1989 - 1994 

I 
1501 (HAI) {illilll§··•.[fr :cczi='='·::······=·· ·=1· 23-~r 

I 
554 (RWA) 

I 
1564 (NIC) GTTD:Jlt::::==~-

4039 (CR) 

0 

ACCESSION 

1214 (TAN) 

1365 (NIC) 

2507 (NIC) 

1564 (NIC) 

1206 (NIC) 

0 

1 

1 

1 

2 3 4 5 6 7 8 
WOOD YIELDfTREE (kg oven-dry) 

HAUT CAMP 
1989 - 1994 

2 3 4 5 6 
WOOD YIELDfTREE (kg oven-dry) 

Figure 4a. Wood yield comparisons a'mong S. siamea accessions after 5 years at 
Bombard and Haut Camp. 
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ACCESSION 

1501 (HAI) 

1581 (HAI) 

554 (RWA) 

4039 (CR) 

1511 (HAI) 

1365 (NIC) 

2507 (CR) 

0 1 

ACCESSION 

2 

LAPILA 
1989 - 1994 

3 4 5 6 7 8 9 10 

WOOD YIELD/TREE (kg oven-dry) 

ROCHE BLANCHE 
1989-1994 

I I I ' 1 5 0 1 (HA I) ~ .,-.,,-::::,,,:,,::::=t:/:/':c:: ,: : ····' <:=:c::,:. ,.,.,.,.,., .. 

I 
1365 (N IC) 4·::::::.:?:t::c:::,:::/C:??/ :·:,,,,:::=,:,:,,,:,:,:,:,:::,/::,: 

I 
1206 (NIC) ~ .•. ·: . ·· ... .. : .. . · : ·. 

: ~~~,:~l~i l:::;~;:.··J··· ·· ·· .. · :,,~-± 
I 

4039 (CR) ::::::::::,,:::::::=:::::::=c+ 
I 

554 (RWA) \.,.,::;:f .. =;::::::=:=,,:,:::--:=·::::=,=t=t}=f~ 

0 20 40 60 .. , 80 100 

WOOD YIELD/TREE (kg oven -dry) 

Figure -4b. \Vood yield compari.rnns among S. siamea accessions after 5 years at 
Lapila and Roche Blanche. 
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RECOMMENDATIONS 

The following recommendations should be implemented to continue achieving positive results with S. 
siamea: 

( 1) Convert the S. siamea trials to in-country seed sources by selecting at the individual level and 
providing optimal conditions for seed production. The trials contain the broadest genetic base of the 
species in Haiti, though this base may still be relatively narrow compared to populations found within its 
native range. Always collect seed from the best-formed and healthy individuals; 

(2) Make an effort to procure true provenance collections from countries of origin (e.g. Thailand and 
Burma), establish these collections on secure sites as in-country seed sources, and begin distributing this 
mix along with what is already being used. 

(3) Continue monitoring the modified trials for a longer period, particularly for resistance to disease, 
pests and hurricanes, wood quality and other parameters that effect its potential economic impact to 
Haitian farmers; 

( 4) Emphasize the importance of selecting the optimal site conditions for the species and options that 
increase value-added wood products to improve its economic impact at the level of the Haitian farmer; and 

(5) Continue the investigation on the best silvicultural practices (propagation, thinning, pruning and 
harvesting) specific to the major agroforestry models (wood lots and charcoal gardens, boundary plantings, 
shade trees) in Haiti . 
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Annex 1 

Annex 1. Suninl mean of\•arious seed lots of Senna siamea after 5 ycan in Haiti. Survival means followed by the same letter are not significantly different at the 95% probability 

level of arsine-transformed .;;;d.;;.at_a_. -------------------------------------------------

Trfol <;It~ 

Bombard Haut Camp Lapila 1\ll~balah Rocht Blancht 

17 l\ln l/; \In 1<;n H~ 1? l\ln l/; :'I.In i;o i\to 12 \In 1/; l\fn 
i;n '"' 

17 !\In 1/; l\fn i;n \Int 1? l\ln l/; l\fn 1,0 \In 

No nrlaln~ -- ---·----------------- --- ---- ------------------- ------------------ - -% ---- ----- --

554 Rwanda 80 a 80 a 80 a 54a 44 a 44 a 83 ab 79 b 58 a 96a 92 ll 92 a 

1206 Nicaragua 94 ll 94 a 93 a 95 a 93 a 88 abc 

1214 Tanzania 73 a 73 a 67 a 9Sa 93 a 93 a 100 a 100 a 71a 78 be 78 abc 75 bcdc 

1365 Nicar:igua 73 a 73 a 73 a 93 a 87 a 84 a 71 a 63 a 62 a 83 ab 83 ab 83 a 83 abc 83 abc 83 abed 

1501 Haiti 53 a 53 a 53 a 60a 48 a 46 a 61 C 61 C 61 cde 

1511 Haiti 67 a 60 a 60 a 65 a 58 a 57a 87 ab 87 ab 71 a 61 C 61 C 54 e 
, 

1564 Nicaragua 67 a 67 a 67 a 93 a 90 a 90a 67 b 67b 50 a 84 abc 84 abc 82 abed 

1581 Haiti 59 11 45 II 45 a 79 b 75 b 58 a 58 C 58 C 54 de 

2507 C051& Rica 73 a 73 a 73 a 91 I 94 a 94 a 63 a 51 • 51 a 83 ab 83 ab 66 a 89 ab 89 ab 89 ab 

4039 Co,1a Rica 60 a 60 a 60 a 73" 55a 55 a 67 h 67 b 42 a 65 C 6Hc 65 cdc 

X 68,0 67.0 67.0 94 92 91 64.0 52.0 52.0 81.2 80.2 62.5 77.0 76.4 74.4 

SE 4.1 4. 1 4.4 1.0 u 1.9 2.9 4.0 4.0 3. 1 3.1 6.6 3.5 3.4 3.6 

Pr>F 0.842 0 .805 O.R80 0 .994 0.831 0.870 0.753 0.867 O.R73 0.091 0 .047 0.545 0.010 0.030 0.015 

'Suo·fxul I, no undcrc,tlmafc due ta noruotrollcd hno·rfdlur hctwrco Jfi and 60 month, 
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Annex 2 

Annex 2. Comparison of height gnm1h of Senna siamea 5eed wurces in Haiti, between 1989-199-t Means followed by the same letter are not significantly different at the 95% 

probability level. 

Trial Site 

Bombard Haut Camp Lapila Mirebalaist Roche Blanche 

o. 36 Mo. 60 Mo. 12 0. 60 Mo. 12 0 . 

0. Orioin m 

55-' Rwanda 0.7 a 3.4 ab 3.9 a 0.3 be 3.7 a 4.9 a 2.1 bed 7.5 ab 5. I a 8.7 ab 10.3 a 

1206 Niearagu 0.4 b 1.7 a 3. l a 4 .3 be 7 .7 b 11.4a 

1214 Tanzania 0.8 a 3.8 ab 4 .6 a 0.5 a 1.8 a 3.5 a 2.7 a 8.4 a 4 .7 ab 8.3 ab 10.2 a 

1365 Niearagu 0.7 a 3.5 ab 4 .8 a 0.4 ab 1.8a 3.1 a 0 .4 ab 3.4 a 4 .0 a 2.3 be 7 .5 ab 4.5 ab 8.3 ab 10.9 a 

1501 Haiti 0.5 a 3.0 be 3.9 a 0.5 a 3.9 a 5.2 a 4 .4 ab 9.3 a I 1.5 a 

1511 Haiti 0.7 a 4. I a 5. la 0.3 be 3.2 a 4.4 a 2.4 ab 7.9 ab 3.8 b 8.4 ab 11.2 a 

1564 Niearagu 0.6 a 3.4 ab 3.8 a 0.4 b 1.8 a 3.2 a 1.9 d 7.7 ab 4.7 ab 8.6 ab 11.4 a 

1581 Haiti 0 .3 C 3.7 a 5.0 a 2.4 ab 8.0 ab 4 .1 ab 8.4 ab I 1.0 a 

2507 Costa 0.8 a 3.4 ab 3.7 b 0.4 b l.6 a 3.2 a 0.4 ab 3.1 a 3.8 a 2.0 cd 7 .1 b 5.0 a 8. l ab l l.7 a 

-'OJ9 Costa 0 .5 a 2.3 e 3.7 b 0.3 abe 3.3 a 4.5 s 2.0 ed 7.0 b 4 .3 ab 8.1 b 10.2 a 

X 0.66 3.37 4 .17 0.42 1.74 3.23 0.35 3.46 4.53 l.98 7.63 4.48 8.40 10.98 

SE 0.04 0.13 0.18 0 .02 .08 0.17 0 .02 0. 15 0 .22 0 .09 . 0.15 0.12 0.13 0.21 

Pr>F 0.2867 0.016 0 .3362 0.038 0.450 0.568 0.0058 0 .820 0 .616 0.002 0.212 0 .336 0.400 0.730 

t Height mean~ at 5 ,·car~ were not determined due to exce,~ivc hap·e~ting of hc~t formed individuals withjn the trjal. 
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Annex 3 

Annex 3. Comparison of stem diameter gro\\1h of Senna siamea 5eed 5ources in Haiti, between 1989-199-t DBH = Diameter at 1.3 m above ground; D0_1 = Diameter at 0 .1 

m above ground. Means followed bv the same letter are not significant Iv different at the 95% prohahilitv level. 

Trial Site 

Bombard Haut Camp Lapila Mirebalaist Roche Blanche 

DBH DBH D" DBH DBH D. DBH DBH D. DBH D. DBH DBH D" 

No. Orioin cm 

55-' Rwanda 3.1 abe 3.8 ab 5.9 be 3.6 a 4.8 a 7.9 ab 7.3 ab 17.1 a 8.5 b 10.2 b 14.2 b 

1206 Niearagu 1.5 a 3.1 a 6.2 b 8.5 b 11.9 b 16.6 b 

121-' Tanzania 3.5 ab 4.2 ab 7.5 ab 1.8 a 4.1 a 7.3 a 7.9 a 17.1 a 9.1 b 10.4 b 14.6 b 

1365 Niearagu 3.1 abe 3.6 ab 6.3 abe 1.6 a 3.1 b 6.2 b 3.5 a 3.8 b 7.4 b 7.2 ab 15.8 a 8.6 b 11.9 ab 16.9 b 
-..,--. 

1501 Haiti 2.6 be 3.3 ab 6.0 be 4.0 a 5.4 ab 9.6 a 10.6 a 14.0 a 20.1 a 

1511 Haiti 4.1 a 5.3 a 8.3 a 3.0 a 3.9 ab 7.7 ab 7.0 ab 14.5 a 8.3 b 11.0 b 15.4 b 

1564 Nicaragu 3.1 abe 2.9 b 4.8 e 1.6 a 3.3 b 6.0 b 7.1 ab 15.6 a 8.5 b 10.9b 15.5 b 

1581 Haiti 4.7 a 4.7 ab 8.6 ab 7.2 ab 15.9 a 9.6 ab 11.2 b 15.6 b 

2507 Costa 3.7 a 3.7 b 6.4 abe 1.5 a 3.2 b 6.3 ab 3.1 a 4.0 ab 7.9 ab 6.4 b 14. la 8.9b 11.5 b 16.1 b 

~039 Costa 2.0 C 2.4 h 5.0 e 3.2 a 4.2 ab 7.8 ab 6.3 b 15.2 u 8.5 b 10.3 b 14.8 b 

X 3.15 3.64 6.28 1.60 3.39 6.40 3.57 4.41 8.13 7.05 15.67 8.90 11.31 15.97 

SE 0.17 0.23 0.35 0.12 0.27 0.33 0.27 0.22 0.26 0.20 0.44 . 0.18 0.27 0.39 

Pr>F 0.036 0.042 0.0486 0.3257 0.0786 0.1136 0.7729 0.4417 0.3083 0.3730 0.5641 0.0523 0.0446 0.0293 

TSO" .. 1 11 1 54 2 14 0.32 n R] 1 ()') 203 1.41 1 I'll l 16 2 11 2.96 

t Only 5tump diameter means at 5 yean were determined due to exce5sin harvesting of best formed individuals within the trial. 
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