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Summary. Root attributes of tree seedlings of seven 
species from the tropical deciduous forest along the Pacific 
Coast of Mexico are described using morphometirc root 
system analysis. Mean relative growth rate, root/shoot ra- 
tios, specific root length, root density, mean number of 
roots tips and root length/leaf area ratio were determined in 
seedlings grown for 35 days inside growth chambers. All 
the species had low relative growth rates, low root/shoot 
ratios and low root densities (<0.5 cm/cm3). The species 
associated with disturbed habitats, in contrast to the species 
characteristic of undisturbed areas, presented small seeds, 
a dichotomous root branching pattern and large specific 
root length. No relationship was found between seed size 
and mean relative growth rate among the species studied. 
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Introduction 

Two of the most striking characteristics of the tropical dry 
forest of the Pacific Coast of Mexico are its diversity of 
plant species and its highly seasonal climate, which peri- 
odically changes the vegetation physiognomy (Lott 1985). 
The species richness has been estimated at 758 species 
(93 tree species per 1000 m2) and is higher than other 
Neotropical dry forests, which have higher mean annual 
precipitation (Lott et al. 1987). Climate is remarkably sea- 
sonal with a mean annual temperature of 24.9 ~ C and mean 
annual precipitation of 748 mm (1977-1984; standard de- 
viation of 119 mm, range of 585-961 mm); 80% of the 
rain occurs between July and October (Bullock 1986). 
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For most of the species (Bullock and Solis-Magallanes 
1990) the rainy season determines the most favourable 
growth conditions. Although the arrival of the rain is 
highly predictable, interannual variation in mean precipita- 
tion is high. Distribution of rainy days within the rainy 
season is very patchy (Bullock 1986; Bullock and Solis- 
Magallanes 1990). Under these conditions, in which water 
supply restricts growth periodically, we can assume that 
allocation of dry matter to roots will increase capture of 
soil resources in a pulsed environment. 

Research in species establishment and regeneration in 
tropical dry forest is very scarce. However, under this 
regime, it can be expected that species establishment must 
occur during the wet season, when water and nutrients are 
not drastically limited. In this sense, it is reasonable to 
suppose that seed size, emergence time, seedling growth 
form and relative growth rate may affect establishment 
success. In particular, root characteristics appear to be im- 
portant to exploit soil resources during the wet season, in a 
system where temporal growth differentiation appears to 
be irrelevant. 

To study some of the mechanisms of seedling resource 
capture and establishment it is helpful to investigate their 
root morphology as a first approach towards a more 
functional understanding. Comparative quantitative infor- 
mation on root seedling morphology and dry matter par- 
titioning may also help to explain species co-existence, 
because distribution and abundance of adults in a plant 
community are affected by events during seedling estab- 
lishment. The work reported here was designed to describe 
the root systems of tree seedlings of seven co-occurring 
species from the tropical dry forest in Mrxico. Our ap- 
proach is to describe root seedling morphology by using 
the attributes of the complete root system. 

Materials and methods 

The species chosen for study were Apoplanesia paniculata Presl. (Le- 
gurninosae) and Cordia etaeagnoides DC. (Boraginaceae), both from 
disturbed habitats; Caesalpinia eriostachys Benth. (Leguminosae), 
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Fig. 1. Root diagrams of the seven tree species chosen for this investigation. Apoplanesia paniculata and Cordia elaeagnoides, both species from 
disturbed habitats, have dichotomously branching system. The rest of the species present a herringbone pattern 

Caesalpinia platyloba S. Watt. (Leguminosae), Caesalpinia sclerocarpa 
Standl. (Leguminosae), Celaenodendron mexicanum Standl. (Euphorbia- 
ceae) and Recchia mexicana Moc. & Sesse. (Simarubaceae), all of which 
occur in undisturbed parts of the forest. 

Mature seeds of all seven species used in this investigation were 
collected from at least five different individuals per species at the Tropi- 
cal Dry Forest Biological Station at Chamela (19~ 105~ 
Mean seed weight was determined from 25 randomly selected seeds. The 
seeds were germinated on 1% agar in distilled water inside germination 
chambers at 30/25 ~ C. Three days after germination seedlings were trans- 
planted to black plastic bags (20 • 60 cm) filled with recently collected 
soil from the deciduous forest. The soil was collected from the top 10 cm 
of the profile, sieved to pass 4 mm and the dead root particles were 
carefully removed. The soil collected was characterized as a sandy loam 
(64% sand, 13% loam and 23% clay), with pH between 6.5 and 7.1 and 
organic matter content between 3% and 5%. 

The 3-day-old seedlings were placed randomly inside growth cham- 
bers (Conviron E-15, Winnipeg, Canada). Growth conditions were set to 

30/25~ day/night with 60% relative humidity and 13 h photoperiod. 
Light intensity (380 ~tmol m -2 s -I) was provided by fluorescent and 
tungsten lamps. The seedlings were watered daily with a 5% Long 
Ashton nutrient solution (Hewitt 1966). The design of the experiment 
comprised one final harvest including four replicates for each species. 
After 35 days the seedlings were harvested. For each replicate shoot and 
root were carefully separated, and leaf area was determined in a Delta-T 
leaf area measurement system. The root system was carefully removed 
from the soil and all the segments were counted and measured following 
the morphometric root analysis described in detail by Fitter (1982). 

The morphometric root analysis suggested by Fitter (1982, 1985, 
1987) is based on the analysis of branching systems without loops. This 
approach has been also applied to the study of rivers (Strahler 1957), 
lungs (Horsfield and Cumnfing 1976) and plant shoots (Barker et al. 
1973). The morphometfic analysis establishes a series of orders based on 
the growing tips of the root; terminal, recently formed segments will 
correspond to order 1, older segments will be assigned higher orders. In 
this way the identity of the root elements will constantly change as the 
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Fig. 2. Dry biomass allocation for roots, stem (shaded area) and leaves 
for the seven species studied. Apoplanesia paniculata, Caesalpinia eri- 
ostachys, C. platyloba, C. sclerocarpa, Celaenodeadron mexicanum, 
Cordia elaeagnoides and Recchia mexicana. 95% confidence limits are 
indicated as vertical bars. Small letters show significant differences 
(P <0.05) among the species 

system develops. This branching process follows the Horton's Law of 
branching, e.g. the number of branches in each order is a constant 
proportion of that in the next order. This relationship allows us to gener- 
ate a branching ratio (Rb), using the number of elements per order and a 
length ratio (R1) using the total length of the segments in each order 
(Horsfield et al. 1976). In addition, diagrams of the roots were obtained 
by making silhoutte drawings from photographs taken of the root sys- 
tems during the final harvest. 

After performing all measurements roots and shoots were dried at 
80 ~ C for 48 h to obtain dry weights. The dry weight data were analysed 
following the classical growth analysis methods described in detail by 
Evans (1972) and Hunt (1982). The mean relative growth rate (RGR, dry 

weight increment per unit total plant weight per unit time, mg/mg day -1) 
of each species was determined according to Hunt (1982): 

RGR = (In Wt2 - In Wtl)/(t2 - tl) 
where Wis the mean total plant dry weight in milligrams and t is time in 
days. Four ratios were obtained: the ratio of total root length to total 
weight (specific root length, SRL) together with the specific leaf area 
(SLA, the ratio of foliage leaf area to foliage dry weight; Causton and 
Venus 1981; Hunt 1982), the root length/leaf area ratio (Kfrner and 
Renhardt 1987) and the root/shoot dry weight ratio. The relation between 
total root length and soil volume, rooting density was also determined 
(Caldwell and Richards 1986). Significant differences among the species 
for each measured parameter were tested by analysis of variance, using 
log-transformed data where necessary to meet assumptions of normality 
(Zar 1974). 

Results 

Despite the fact that the species were grown in soil from 
their habitat, nodules were not observed in the four le- 
gumes studied. No attempt was made to determine my- 
corrhiza infection. The seven species had sharply contrast- 
ing root forms (Fig. 1). Both species from disturbed habi- 
tats, A. paniculata and C. elaeagnoides, have dichoto- 
mously branching systems. The other five species present a 
herringbone pattern. The information in Table 1 sum- 
marizes the data obtained with the morphometric analysis, 
including the mean total root length and the Rb and R1. 
Except for Caesalpinia sclerocarpa all the species 
achieved similar length ratios; by contrast, differences 
emerged in the branching ratios. Caesalpinia eriostachys, 
Celaenodendron mexicanum and Recchia mexicana 
achieved similar values between 12 and 15; the rest of the 
species ranged between 5 and 8. Total root length also 
varied among the species, being the longest in Caesalpinia 
platyloba (1611.3 cm) and the shortest in Celaenodendron 
mexicanum (220.2 cm). 

Table 1 and Fig. 2 show the allocation of dry matter to 
roots and shoots (stern/leaves) for each species and the 
total mean RGR attained for the seven plant species after 
the 35 days of the experiment. Little difference in RGR 
emerged among the species; however legumes appear to 
show slightly greater rates. Apoplanesia paniculata and 
Recchia mexicana achieved the lowest root/shoot ratios 
(0.16 and 0.18); the rest of the species reached ratios be- 
tween 0.29 and 0.38. The SRL and SLA are shown com- 
paratively in Fig. 3. The SRL values in combination with 
the root diagrams (Fig. 1) show different root patterns. 
Clearly Apoplanesia paniculata and Cordia elaeagnoides, 
both species from disturbed areas and with the smallest 
seeds, showed the bigger SRL, which suggest that they 
have a thin root system. In contrast, Caesalpinia eriosta- 
chys and Caesalpinia platyloba, species with the largest 
seeds, present a deeper and thicker root system. Species 
with thicker leaves with a small are a were Caesalpinia 
platyloba and Recchia mexicana, as indicated by the SLA. 

The rooting density indicates the size of the root and the 
volume of soil that is explored by the root; these values 
(Fig. 4) appear to be small in all the species (<0.5 cm/cm3) 
(see Caldwell 1988). The mean number of root tips (Fig. 5) 
corresponded to order 1 of the morphometric root analysis 
and indicates the number of finest roots, which tend to be 
the most active in absorption and exudation. Recchia mex- 
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Fig. 3. Specific root length and specific leaf area for Apoplanesia panic- 
ulata, Caesalpinia eriostanchys, C. platyloba, C. sclerocarpa, Celaeno- 
dendron mexicanum, Cordia elaeagnoides and Recchia mexicana. 95% 
confidence limits are shown as vertial bars; small letters indicate signif- 
icant differences (P <0.05) 
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Fig. 4. Rooting density (mean total root length per soil volume) of 
Apoplanesia paniculata, Caesalpinia eriostachys, C. platyloba, 
C. sclerocarpa, Celaenodendron mexicanum, Cordia elaeagnoides and 
Recchia mexicana. 95% confidence fimits are indicated as vertical bars. 
Small letters show significant differences (P <0.05) 

icana had the highest number of root tips and largest seed 
size. The root length/leaf area ratios are described in Fig. 6. 
It appears that there is a tendency for all the species to 
develop more root length per unit leaf area. 

Discussion 

The mean RGR attained for the tree seedling species was 
very similar and consistently low. Comparative growth 
studies carried out by Jarvis and Jarvis (1964) and Grime 
and Hunt (1975) in temperate species, and Rincon and 
Huante (1988) in tropical dry forest species have shown 
slow growth in tree seedlings. This has been attributed to 
expenditure in woody tissue. To establish the relative im- 
portance of leafyness and leaf efficiency in determining the 

T a b l e  1. Summary of the branching and length ratios attained for the species together with the average total root length, average seed weight, mean total 
relative growth rate (mg/day -1) and root/shoot ratio (mg/mg) for the seven species studied. Significant differences (P <0.05) among the species are 
indicated with letters 

Species Branching Length Mean total root Seed weight Root/shoot Relative growth rate 
ratio ratio length (cm) (rag) ratio (mg/mg) (mg/mg day -1) 

Apoplanesiapaniculata 7.29 a 4.20 a 414.2 a 2.1 0.16 a 0.15 a 
Caesalpinia eriostachys 15.07 d 3.64 b 729.0 b 239.8 0.38 b 0.12 b 
C. platyloba 8.14 a 3.67 b 1611.3 c 233.2 0.36 b 0.17 c 
C. scleroacarpa 5.87 b 22.68 c 311.6 d 74.4 0.29 b 0.13 b 
Celanodendron mexicanum 12.05 c 3.02 d 220.2 e 63.8 0.34 b 0.09 d 
Cordia elaeagnoides 6.57 ab 3.30 b 768.4 b 17.7 0.33 b 0.13 b 
Recchia mexicana 12.02 c 2.56 d 947.5 f 573.7 0.18 a 0.10 d 
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Fig. 5. Mean number of root tips for Apoplanesia paniculata, Caesal- 
pinia eriostachys, C. platyloba, C. sclerocarpa, Celaenodendron mexi- 
canum, Cordia elaeagnoides and Recchia mexicana. Small letters indi- 
cate significant differences (P <0.05) among the species. Vertical bars 
show 95% confidence limits 

RGR in each species, it is necessary to perform a more 
detailed functional growth analysis (Hunt 1982). However, 
some observations can be made with regard to the RGR, 
the morphology and dry matter partitioning attained by the 
species. While seed dry weight was not related to growth 
rate, it is clear that high seed weight was associated with 
high yields (Fig. 2, Table 1). 

The two species from disturbed habitats showed the 
lowest seed dry weight coupled with relatively high growth 
rates (Table 1). The lack of comparative information about 
RGR in tropical dry forest tree species make it difficult to 
evaluate the possible advantage of slow growth in tropical 
seasonal systems, in which the growth season is short. 

All the species allocated more biomass to the shoot, 
particularly more dry weight to leaves than to stems 
(Fig. 2), and showed consequently low root/shoot ratios 
(Table 1). These appear to suggest that the species are 
adapted to non-nutrient limited environments (Chapin 
1980, 1988). However, this hypothesis must be tested ex- 
perimentally. 

The gross morphology of the seven species studied has 
been expressed by the SRL and SLA. The low SLA values 
suggest species with thick leaves of small area, a charac- 
teristic that is more pronounced in Caesalpinia platyloba 
and Recchia mexicana, both of which have large seeds 
(Table 1). In contrast, relatively high SRL values represent 
long thin roots and were found in the two species from 
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Fig. 6. Root length/leaf area ratios for Apoplanesia paniculata, Caesal- 
pinia eriostachys, C. platyloba, C. sclerocarpa, Celaenodendron mexi- 
canum, Cordia elaeagnoides and Recchia mexicana. Small letters indi- 
cate significant differences (P <0.05) among the species. Vertical lines on 
the bars show 95% confidence limits 

disturbed habitats (A. paniculata and C. elaeagnoides). 
These species have small seeds and are the only two which 
show a dichotomous branching in the root system. 

The root length/leaf area ratios indicate very broadly the 
structural cost invested in resource-capture surfaces. A 
bigger ratio reflects a higher expenditure in roots as- 
sociated with the water and nutrient cost of sustaining the 
photosynthetic capacity. There was a tendency in all the 
species to develop more root length per unit leaf area. In 
this sense, it seems that C. eriostachys is the species more 
efficient in terms of the expenditure in roots versus leaf 
area. However, it is necessary to conduct more investiga- 
tions in relation to water use efficieny and photosynthesis 
to assess how tropical deciduous trees adjust physiologi- 
cally to changes in resource availability and to the different 
demands for defence, storage and reproduction, in an en- 
vironment in which the growth season is short (Bloom 
et al. 1985). 

The four species of legumes included in the study, even 
those belonging to the same genera, did not show similar 
characteristics. Explanations for co-existence in this 
diverse dry forest, in which temporal differentiation of 
root/shoot activity is difficult to evoke, are more likely to 
come from different spatial exploitation of the resources 
(Fitter 1986; Bullock and Solis-Magallanes 1990; Kum- 
merow et al. 1990). This hypothesis appears to be sup- 
ported by the contrasting morphologies of the root systems 
of the seven species studied, which seem to indicate differ- 
ent mechanisms for exploiting the soil environment. In 
particular, the two species characteristic of disturbed habi- 
tats showed a dichotomous root branching pattern. It has 
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been suggested (Fitter 1985) that this type of root system 
provides more effective exploration and exploitation of 
zones of high nutr ient  availabili ty.  

The low values of  root density shown by all the species 
also appear to suggest that competi t ion between individual  
roots for the same soil resources is unl ikely  (Caldwell  
1987), at least during early establishment.  However,  it is 
evident  that more experimental  evidence is needed to in- 
crease our unders tanding of the mechanisms which control 
the tree seedling es tabl ishment  process of species-rich 
tropical deciduous forest. The results of  this investigation 
provide research opportunit ies to study physiological  at- 
tributes of tropical deciduous tree seedlings, in particular 
water and nutr ient  use efficiency. It also opens a field for 
invest igat ions in dry matter part i t ioning in seedlings from 
the north Amer ican  tropical deciduous forest. 

Acknowledgements. We thank E. Solis for assistance with soil analysis. 
We are grateful to L. Calvillo. M. T. Mata and the personnel of the 
Chamela Tropical Reserve, in particular S. Bullock, A. Perez Jimenez 
and I. Ramirez, for valuable assistance. This research was partially 
supported by CoNaCyT (D 112-903572) and IFS-D/1876-1. 

References 

Barker SB, Cumming G. Horsfield L (1973) Quantitative morphometry 
of the branching structure of trees. J Theor Bio140:33 -43 

Bloom AJ, Chapin FS III, Mooney HA (1985) Resource limitation in 
plants-an economic analogy. Annu Rev Ecol Syst 16: 363- 392 

Bullock SH (1986) Climate of Chamela, Jalisco, and trends in the south 
coastal region of Mexico. Arch Meteorol Geophys Bioclimatol 36: 
297-316 

Bullock SH, Solis-Magallanes A (1990) Phenology of canopy trees of a 
tropical deciduous forest in Mexico. Biotropica 22: 22-35 

Caldwell MM (1987) Plant architecture and resource competition. In: 
Schulze ED, Zw6lfe H (eds) Ecological studies, vol 61. Springer, 
Berlin Heidelberg New York, pp 164-179 

Caldwell MM (1988) Plant root systems and competition. In: Greuter W, 
Zimmer B (eds) Proceedings of the XIV International Botanical 
Congress. Koeltz, Krnigstein/Taunus, pp 385-404 

Caldwell MM, Richards JH (1986) Competing root systems: morphology 
and models of absorption. In: Givinish TJ (ed) On the economy of 
plant form and function. Cambridge University Press, Cambridge, 
pp 25l -273 

Causton DR, Venus JC (1981) The biometry of plant growth. Arnold, 
London 

Chapin FS III (1980) The mineral nutrition of wild plants. Annu Rev 
Ecol Syst 11:233-260 

Chapin FS III (1988) Ecological aspects of plant mineral nutrition. Adv 
Mineral Nutr 3:161 - 191 

Evans GC (1972) The quantitative analysis of plant growth. Blackwell, 
Oxford 

Fitter AH (1982) Morphometric analysis of root systems: application of 
the technique and influence of soil fertility on root system develop- 
ment in two herbaceous species. Plant Cell Environ 5:313 - 322 

Fitter AH (1985) Functional significance of root morphology and root 
system architecture. In: Fitter AH, Atkinson DJ, Read D J, Usher MB 
(eds) Ecological interactions in soil. Special Publication of the British 
Ecological Society No. 4. Blackwell, Oxford, pp 87- 106 

Fitter AH (1986) Spatial and temporal patterns of root activity in a 
species-rich alluvial grassland. Oecologia (Berl) 69:594-599 

Fitter AH (1987) An architectural approach to the comparative ecology 
of plant root systems. In: Rorison IH, Grime JP, Hunt R, Hendry 
GAF, Lewis DH (eds) Frontiers of comparative plant ecology. New 
Phytol 106:61-77 

Grime JP, Hunt R (1975) Relative growth rate: its range and adaptive 
significance in a local flora. J Ecol 393 -422 

Hewitt EJ (1966) Sand and water culture methods used to study plant 
nutrition, 2nd edn. Technical Communications No. 22. Common- 
wealth Agricultural Bureaux, Farnham Royal, UK 

Horsfield K, Cumming G (1976) Morphology of the bronchial tree in the 
dog. Respir Physiol 26:173 - 182 

Horsfield K, Relea FG, Cumming G (1976) Diameter, length and branch- 
ing ratios in the bronchial tree. Respir Physio126:351 - 356 

Hunt R (1982) Plant growth curves: the functional approach to plant 
growth analysis. Arnold, London 

Jarvis PG, Jarvis MS (1964) Growth rates of woody plants. Physiol Plant 
17:654-666 

K6rner C, Renhardt U (1987) Dry matter partitioning and root length/leaf 
area ratios in herbaceous perennial plants with diverse altitudinal 
distribution. Oecologia (Berl) 74:411-418 

Kummerow J, Castellanos J, Maass M, Larigauderie A (1990) Produc- 
tion of fine roots and the seasonality of their growth in a Mexican 
deciduous dry forest. Vegetatio 90:73 - 80 

Lott E (1985) Listado florfstico de la estaci6n de biolog/a Chamela, 
Mexico. lnstituto de Biologia, Universidad Nacional Aut6noma de 
Mrxico 

Lott E, Bullock SH, Solis-Magallanes JA (1987) Floristic diversity and 
structure of upland and arroyo forests in coastal Jalisco. Biotropica 
19:228-235 

Rincon E, Huante P (1988) An~ilisis de crecimiento de phintulas de 
Apoplanesia paniculata y Celaenodendron mexicanum. Phytologia 
65: 174- 183 

Strahler AN (1957) Quantitative analysis of watershed geomorphology. 
Trans Am Geophys Union 38:913-920 

Zar JH (1974) Biostatistical analysis. Prentice Hall, Englewood Clifft, 
NJ 


