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Tropical forests are endangered from overexploitation of valuable timber species, 
especially Cedrela odorata (Spanish cedar) and Swietenia macrophylla (mahog-
any). These species naturally regenerate poorly, and artificial regeneration often 
results in poor survival. The objectives of this study were to evaluate the effect 
of planting tools and stocktypes on survival and early growth of these valuable 
hardwoods in enrichment plantings in Quintana Roo, México. Planting tools had 
no effect on seedling performance, although the local tool or “talacho” was pre-
ferred to the KB planting bar and flat, tree-dibble bar for making the planting hole. 
Seedling quality as measured by initial seedling diameter had a strong impact on 
both survival and growth at 28 months for both species. Stock type recommen-
dations for enrichment plantings of mahogany and Spanish cedar are discussed 
and compared to recommendations for open field plantings.

INTRODUCTION
Swietenia macrophylla (mahogany) and Cedrela odorata (Spanish cedar) are valu-
able tropical hardwoods throughout central México and Latin America. However, 
annual harvest of both species is declining in México due to overexploitation. Fifty 
years ago, over 30,000 m3 per year were harvested in the state of Quintana Roo, 
México (Cuevas, 1947), but only 10,000 m3 were harvested in Quintana Roo in 1996 
(Negreros, 1997). The decline in harvests has strained the economy of an economi-
cally depressed region. Fewer trees to harvest means harvesting costs are higher 
because trees are more difficult to find and travel distance between trees is greater.

The reduced occurrence of both mahogany and Spanish cedar is a function of 
both the rarity of these trees in the forests and the reproduction pattern of these 
species (Patiño, 1997). It is common for a forest to have fewer than seven trees of 
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both species per hectare (Snook, 2003). Furthermore, the natural regeneration of 
these species requires relatively large gaps in the forest for seedlings to establish. 
Generally, harvesting a few trees/ha may not create these gaps; precluding natural 
regeneration. Consequently, artificial regeneration is required.

The state of Quintana Roo plants about 4 million seedlings annually (Anon., 
1997). However, survival has been low. Survival for enrichment plantings has been 
less than 20% for several communities (Negreros, 1997; Negreros and Mize, 2003), 
which is much lower than the national average of 50% (Anon., 1997) or the average 
for U.S.A. reforestation (Weaver et al., 1981). 

Mahogany in this region traditionally has been produced in polybags, while Span-
ish cedar was produced as bareroot seedlings. Both species are rarely pruned, ei-
ther the shoots (top-pruning or stripping of leaves) or the roots (stump planting), 
and seedlings are harvested and planted during the rainy season (May–Septem-
ber). Community members plant seedlings in logging roads or narrow clearings as 
enrichment plantings, using a sharpened stick and machete. Roots of the overstory 
trees are cut to make a planting hole in the rocky soil. The traditional planting 
technique uses a machete and large sharpened stick (5–7 mm in diameter). The 
stick can be used to plant about 10 seedlings before it has to be sharpened again. 
However, often the stick is dull, and the seedlings are planted too shallow.

The objective of this study was to evaluate planting tool use and stocktype on 
subsequent survival and early growth of mahogany and Spanish cedar in the state 
of Quintana Roo, México. In addition, a subset of the planting tool evaluation com-
pared containerized seedlings to the conventional stock type of each species.

MATERIALS AND METHODS
Quintana Roo is located at about 20 north latitude and 86-89º east longitude on the 
Yucatán peninsula of México at an elevation less than 10 m. The state has nearly 
350,000 ha of dry tropical forest and receives about 1,300 mm of precipitation per 
year primarily in July through September (Escobar, 1986). Over 80% of the inhab-
itants are indigenous Mayan, with most living in small communities (Negreros, 
1997). This study was conducted in two of these communities (“ejidos”).

Limones Ejido Cafetal. Spanish cedar and mahogany seedlings were grown in 
the San Felipe Bacalar nursery operated by Instituto Nacional de Investigaciones 
Forestales y Agropecuarias (INIFAP) (National Institute for Research in Forest-
ry, Agriculture and Animal Husbandry). Spanish cedar seedlings were grown as 
bareroot seedlings with uncontrolled growing density. Mahogany seedlings were 
grown in gusseted polybags (10 cm in diameter [open] 5 19 cm in height) filled 
with native soil. Containerized seedlings grown at New Mexico State University 
in 164-ml Ray Leach tubes at a growing density of 527 per m2 were also used in 
the planting demonstration.

Three metal planting tools were evaluated: KB bar, traditional flat planting bar, 
and “talacho” or traditional agricultural planting tool. The talacho is a flat-bot-
tomed, sharpened blade used for cutting roots. 

The planting site consisted of planting 2-m wide lines cleared in the understory of 
a naturally regenerated forest. The site was a secondary forest about 15 years old 
and around 8 m tall that was considered by the local people as a “mahogany site.” 
Three replications of each tool were planted. The first two replications consisted of 
ten seedlings each of bareroot Spanish cedar and polybag mahogany seedlings. The 
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third replication of both species consisted of seven containerized seedlings of cedar 
and mahogany. Seedlings were planted 9 Oct. 1995 by community members. Fol-
lowing planting, seedling height and groundline diameter were measured. Seedling 
survival and growth were monitored over the next 28 mo.

Laguna Kaná. Spanish cedar and mahogany seedlings were grown at the Laguna 
Kaná nursery. Mahogany was grown in polybags (10 cm in diameter [when open] 
5 19 cm in height) filled with a 1 native black and red soils : 1 Spanish cedar (v/v) 
mixture as bareroot seedlings. Containerized seedlings grown at New Mexico State 
University were also used in the planting demonstration.

A planting design similar to the Limones Ejido Cafetal study was used. The site 
was an old mahogany plantation about 20 years old and 10 m tall. Three replica-
tions of each tool were planted. The first two replications consisted of 7 to 10 seed-
lings each of bareroot Spanish cedar and polybag mahogany seedlings. The third 
replications consisted of nine containerized seedlings of both Spanish cedar and 
mahogany. Seedlings were planted 6 Oct. 1995 by community members. Following 
planting, seedling height and groundline diameter were measured. Seedling sur-
vival and growth were monitored over the next 28 mo.

RESULTS
Planting Tool Evaluation. Workers preferred the talacho because it cut the roots 
of the overstory trees better than the tree planting tools or the traditional sharp-
ened stick, which was not evaluated. Furthermore, the soil did not adhere as read-
ily to the talacho as to the other tools. The talacho cut roots better than even a ma-
chete. The KB bar did not cut the roots and appeared to compact the soil. The foot 
peg on both forestry-planting tools (dibble bar and KB bar) often became entangled 
in the roots of overstory trees, reducing planter productivity. Furthermore, the foot 
peg was not usable because the workers wore thin sandals. Even with the metal 
tools, the planting hole appeared to be too small, occasionally resulting in shallow 
planting of all stock types. Beyond worker preference, planting tools had no obvi-

Figure 1. (A) Relationship between initial seedling diameter of Cedrela odorata and sur-
vival and growth after 28 month on the Limones site. (B) Relationship between initial seed-
ling diameter of Cedrela odorata and survival and growth after 28 months on the Laguna 
Kaná site. 
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ous effect on survival or growth of either 
species at the two planting sites (data 
not shown).

Stocktype Evaluation.
Limones Ejido Cafetal,  Spanish ce-
dar. Stock type had a strong effect on 
both survival and growth (Table 1). Con-
tainerized seedlings had higher survival 
(95%) and more importantly, no mortali-
ty beyond the establishment period. The 
bareroot Spanish cedar seedlings were 
out of the soil for several hours before 
planting and appeared somewhat wilted 
at time of planting. Bareroot seedling 
survival was 82% after 8 months, but 
dropped to 50% over the next 20 months. 
The difference between stock types ap-
pears to be related to initial seedling 
size. The containerized seedlings were 
larger at time of planting. Larger seed-
lings had better survival and growth af-
ter 28 months (Fig. 1A). The best surviv-
al and growth was with seedlings that 
had a diameter of at least 6 mm.

Limones Ejido Cafetal, mahogany. 
Stock type had a strong effect on both 
survival and growth (Table 1). Polybag 
seedlings were larger initially and had 
better survival and growth than con-
tainerized seedlings. Neither stock type 
suffered significant mortality beyond 
the establishment period. Height at 28 
months, but not survival, was weakly 
correlated with initial seedling diam-
eter. However, the larger polybag seed-
lings resulted in seedlings that were 
twice the height of containerized seed-
lings after 28 months. 

Laguna Kaná, Spanish cedar. Seed-
ling quality had a strong effect on both 
survival and growth, and stock type af-
fected growth (Table 1). Containerized 
seedlings had higher survival the first 
year (100%) and 74% after the next 20 
months. Bareroot seedling survival was 
81% after 8 months and dropped to 
63% over the next 20 months. However, T
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there was a strong interaction between survival and seedling size. Replication 1, 
which averaged 104 cm in height and 17 mm in diameter, had 70% survival after 
28 months, while Replication 2, which averaged 29 cm in height and 6 mm in diam-
eter, had only 56% survival after 28 months. Containerized seedlings (Replication 
3) were small (18 cm height and 6 mm diameter), but survived well (75%). Both sur-
vival and growth were correlated with initial seedling diameter (Fig. 1B). Larger 
seedlings had high survival and were nearly 2 m tall after 28 months. Growth was 
only weakly correlated as diameter explained only 33% of the variation in height.

Laguna Kaná mahogany stock type had a strong effect on both survival and 
growth (Fig. 2). Containerized seedlings had poor first-year survival. Survival of 
containerized was 29% in May 1996 and 26% after the next 20 months. Polybag 
seedling survival was 88% after 8 months, but dropped only to 80% over the next 
20 months. There was a strong correlation between survival and seedling size and 
a weak correlation between size and height growth (Figure 2).

DISCUSSION
Planting Tool Evaluation. Enrichment planting under native forests requires a 
tool to cut through overstory tree roots. Traditionally, the roots are cut with a ma-
chete and a hole dug with a planting stick. Conventional tree planting tools were 
not as effective in cutting roots as the talacho. Furthermore, this tool is readily 
available, inexpensive, and can be attached to wooden handles cut from saplings in 
the forest. This tool should be more effective than a simple wooden stake. Regard-
less of the tool selected, close inspection to ensure the seedlings are planted to the 
proper depth is critical (Randall and Johnson, 1998). 

Seedling Quality. Seedling size more than stock type was a better predictor of per-
formance with these tropical hardwoods. Polybag-grown mahogany seedlings, with 

Figure 2. Relationship between initial seedling diameter of Swietenia macrophylla and 
survival and growth after 28 months on the Laguna Kaná site. 
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the larger leaf area and intact rootball, outperformed container-grown seedlings 
on both sites. The results were mixed with the bareroot Spanish cedar seedlings. 
The larger bareroot seedling had better growth than containerized seedlings on the 
Laguna Kaná site. However, the containerized Spanish cedar seedlings were larger 
than the bareroot on the Limones site, and subsequent performance was better for 
containerized seedlings.

Combining the data from both the Limones and Laguna Kaná sites illustrates the 
importance of seedling size in determining seedling survival. There was a strong cor-
relation between initial seedling diameter and seedling survival. The equations were:

Mahogany % = 27.83 + 8.49 (Di) r2 = .76
Cedar % = 9.76 + 10.29 (Di) r2 = .82
For both species, the best survival was obtained when the seedlings had an initial 

diameter of at least 6 mm. This size is larger than that reported by Mexal et al. 
(2002), who reported seedlings should be at least 4 mm. However, that study was 
in an abandoned field with less initial overstory competition. Enrichment plantings 
such as this, where overstory trees compete for light and water, require larger seed-
lings. In general, seedling survival was 48% with a diameter less than 5 mm, while 
it was over 80% with a diameter over 6 mm. 

Napier (1985) proposed a target seedling diameter of 5-10 mm for tropical hard-
woods in Central America. This recommendation would seem to hold for México 
as well. However, few studies appear to follow this target guideline. Macario and 
Sánchez (2000) reported survival of enrichment plantings after two years of 40% 
for mahogany and 31% for cedar. These seedlings were small (<30 cm in initial 
height) and grew poorly (15 cm) following outplanting. Wightman (2000) had better 
survival, but the largest seedlings were only 7 mm for Spanish cedar (42% survival) 
and 5 mm for mahogany (50% survival). 

Growth following outplanting was also related to seedling size, but was confound-
ed by species and site. The Laguna Kaná site was better than the Limones site. 
Growth of both species was better on the Laguna Kaná site. Furthermore, growth 
of the containerized seedlings, which were similar in initial morphology, was about 
80% greater on the Laguna Kaná site. Regardless, larger seedlings will likely result 
in long-term growth differences (Dierauf and Garner, 1996; South et al., 1988).

There appeared to be no advantage to using a containerized system to produce ei-
ther species. Container seedlings were more expensive to produce and often small-
er than either bareroot or polybag-grown seedlings. The polybag-grown seedlings 
grown at two nearby nurseries were similar in size. They were grown in similar 
soils under natural precipitation without fertilization. 

Patiño (1994) reported mahogany seedlings planted after a hurricane in 1971 
had 86% survival and were 5.4 m after 9 years (~ 55 cm/year), whereas Spanish 
cedar was only 3.3 m (~ 33 cm/year) with only 25% survival. In this study, growth of 
mahogany after only two growing seasons was comparable to the growth reported 
by Patiño (1994), while Spanish cedar survival and growth were substantially bet-
ter in this study. Furthermore, Mexal et al. (2002) reported much better growth 
of mahogany on sites with better site preparation. Thus, site preparation, proper 
planting, coupled with high seedling quality can result in enrichment plantings 
with excellent growth potential. 

Evaluation of Seedling Quality and Planting Tools for Successful Establishment of Tropical Hardwoods
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