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Introduction 

Olive is one of the most important fruit trees in Syria. Olive 
cultivation is closely related to the ancient and present Syrian 
culture and traditions. The Syrian coast is an important area for 
olive production; two olive cultivars (“Khodeiri” and “Dermla-
li”) occupy the most cultivated area in the Syrian coast which 
contain several germoplasm collections established in order to 
study and evaluate local and imported olive cultivars from dif-
ferent environments.

Reproductive behavior is important because flowering and 
fruit set are the initial indices of yield and there is no yield with-
out flowers and fruit set. Self- and cross- compatibility took 
authors’ attention, so many studies were conducted to deter-
mine compatibility and select the optimum pollinizers for olive 
cultivars (Seifi et al., 2011; Koubouris et al., 2014; Sanchez-Es-
trada and Cuevas, 2018). Till now, Self incompatibility Locus 
(S-Locus) in olive still un-known. Although most recent studies 
reported that Sporophytic SI as the SI type acting in olive, but 
there were differences between authors in the number of al-
leles controlling this phenomenon (Breton et al., 2014; Saumi-
tou-Laprade et al., 2017).

Until the full discovery of S- Locus, controlled crosses and 
fruit set estimation are the most common methods for compat-
ibility evaluation under field conditions. Many studies reported 
the significance of cross pollination over self-pollination even in 
self-compatible cultivars such as “Leccino” and “Oblica” (Selak 
et al., 2014). Seifi et al. (2011) found that “Frantoio” is self- in-
compatible, but cross- compatible (as a receptor) with “Koro-
neiki” and “Barnea”.

Italian olive cultivar “Coratina” was studied by Mahfoud 
(2018). This cultivar produced the highest yield compared to 23 
local and imported cultivars in the olive germoplasm collection 

in Bouka, province of Latakia, Syria; this yield was also good 
and stable with high oil content. This cultivar was also char-
acterized by tolerance to olive peacock eye disease. To our 
knowledge, no previous study dealing with compatibility eval-
uation of “Coratina” with Syrian cultivars has ever been done. 
This work aimed to evaluate flower characteristics, self- and 
cross- compatibility of “Coratina” with olive cultivars in Syrian 
coast “Khodeiri” and “Dermlali”.

Material and methods

Study area
Experimental orchard: The study was conducted during four 

consecutive seasons 2016 to 2019 in the olive germoplasm 
collection at Bouka center for research and plant production, 
Latakia, Syria.

Plant material: For the purpose of the study an Italian olive 
cultivar “Coratina” and two autochthonous cultivars “Khodeiri” 
and “Dermlali”, the most cultivated olives in the Syrian coast 
were used. All the trees were at the same age (about 32 years) 
and under rain fed conditions.

Flower characteristics: Samples of “Coratina” were taken 
(30 inflorescences in 2016 and 50 in 2017 and 2019) randomly 
at the white bud stage from four trees in 2016 and three trees in 
2017, 2018 and 2019. In 2018 a total of 75 inflorescences were 
sampled as follows: 25 from the apical, 25 from the middle and 
25 from the basal position of one-year branches distributed 
around the canopy of the trees in order to study the effect of 
position on branch on flower gender. Pistil abortion (%) and 
average number of flowers per inflorescence were calculated.

Phenological phases: Extending of flowering periods for the 
studied cultivars were determined by determining the begin-
ning and the end of flowering for each cultivar.  
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Pollen germination: Pollen grains were extracted from all 
studied cultivars and cultured immediately in 2016 and 2019 
but stored for several days after extraction in 2017 and 2018 in 
the refrigerator until studying. Culturing media were according 
to Ferri et al. (2008) with some modifications: commercial sug-
ar 15%, 5ppm boric acid, 0.6% agar. Pollens were kept in the 
dark for 24 hours at 25°C. Pollen germination was observed 
in 3 fields in each petri dish (four for each cultivar); every field 
contains more than 50 pollen (Koubouris et al., 2009).

Self and cross- compatibility
2016 season: A primary study was conducted to investigate 

the self-fertility of “Coratina”. Four trees were selected for high 
flowering. Two one-year branches on each side of the trees 
were tagged at white bud stage; inflorescences were counted 
and unified by removing the additional inflorescences from the 
studied branches. One of the two branches was closed using 
white paper bags to force self-pollination and the other kept 
unclosed for open (free) pollination. After fruit setting papers 
were removed and Index of self-incompatibility was calculated 
according to (Lioyd, 1965): 

ISI= number of fruits obtained by self-pollination / number of 
fruits obtained by free pollination

Fruit numbers were taken at the end of June when the mas-
sive fruit abscission ended and shot-berries were excluded. ISI 
was evaluated according to Zapata and Arroyo (1978).

2017, 2018 and 2019 seasons: The experiment was de-
signed to investigate the cross-compatibility between “Khodei-
ri”- “Dermlali” (pollinizers) and “Coratina” (receptors) as follows: 
Three trees of uniform size and high flowering of “Coratina” 
were chosen. On each tree four one-year-old branches on 
each side were selected with the same number of inflorescenc-
es (additional inflorescences were removed).

Pollination treatments
Self-pollination: branches were enclosed at the white bud 

stage with white paper bags.
Cross-pollination: branches of “Coratina” were enclosed 

at the white bud stage with white paper bags. At full flowering 
stage of “Coratina”, pollination was done by opening the bags 
and immediately transferring flowering branches (with open 
flowers) of the pollinizer cultivar into the bag and re-closing it 
and shaking the bags to ensure pollen dispersal.

Open-pollination: branches were kept unclosed for open 
(free) pollination.

No emasculation was done in order to simulate field con-
ditions. Initial fruit set was measured 30 days after full bloom, 
final fruit set at the end of June. Fertility index (R) was calcu-
lated according to the following formula adapted from (Moutier, 
2002): 

R= number of fruits in the case of cross-pollination / number 
of fruits in the case of free pollination

Pollinizers were classified depending on Table 1 (Moutier, 
2002).

It is worth mentioning that 2018 season was an off year 
of “Dermlali”, which is a biennial bearing cultivar, so we intro-
duced flowering shoots of “Dermlali” from another field on the 
same day of pollination in the morning.

In 2018 season, reverse pollination was performed be-
tween “Khoderi” (♀) and “Coratina” (♂) as follows: Three 
trees of “Khoderi” were chosen and three one-year-old 
branches were tagged on every side of the tree (12 on each 
tree). Emasculation of the flowers was performed by remov-
ing the petals and stamens two to three days before flower 
opening. Flowers of two branches were emasculated and 
enclosed by white paper bags, while the third one was kept 
without emasculation or bagging. Pollination was performed 
by transferring branches with open flowers of “Coratina” into 
the bags at the beginning of flowering of „Khoderi“, closing 
the bags and shaking to ensure pollen dispersal. Self-pol-
lination was performed in the same way but by transferring 
flowering branches of “Khoderi”. The third branch on each 
side of the tree was left for open pollination after counting 
the flowers and unifying them in all branches. Final fruit set 
was determined at the end of June. 

Metrological data: Average monthly maximum and mini-
mum temperature and rainfall were obtained from Sit-Kheris 
station located less than 8km from the experimental orchard.

Experimental design and statistical analysis: Pollen ger-
mination experiment was designed as completely randomized 
design with three treatments (cultivars), each treatment repli-
cated four times. Flower characteristics and pollination were 
designed as completely randomized blocks with three rep-
lications. Data were root transferred when necessary, and 
subjected to ANOVA. Means were separated using Duncan 
multiple range test (P≤0.05) using CoStat version 6.400 Cop-
yright(c) 1998-2008 CoHort software, CA, USA.

Results 

Meteorological data 
Figure 1 shows that the winter of 2016-2017 was colder 

than other seasons, while 2017- 2018 winter was relatively 
warm. Precipitations were over 700mm for all study years 
but weren’t distributed in the same way (Figure 2). Precip-
itation was almost absent in February 2017. The spring of 
2019 was characterized by high precipitation, but it stopped 
in May, resulting in dry weather in May and June of 2019 
season.

Table1. Pollinizer‘s evaluation depending on fertility index 
(R) adapted from (Moutier, 2002)

Cross pollination

R 0.66-1.000.33-0.660.00-0.33

Good pollinizerPassable pollinizerBad pollinizer
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Figure 1. Monthly minimum and maximum temperature (°C) 
in the study area for the period 2016-2019

Figure 2. Mean monthly precipitation (mm) in the study area 
for the period 2016-2019

Flower characteristics and Phenological phases
Average number of flowers per inflorescence was low to me-

dium in all study seasons (Figure 3B) with significant decrease 
in 2017 compared to other seasons. On average, the number of 
flowers per inflorescence for “Coratina” was 16.8. Both 2016 and 
2019 seasons were characterized by high level of pistil abortion, 
while pistil abortion was significantly lower in 2017 and 2018 sea-
sons (Figure 3A). In general, “Coratina” was characterized by low 
level of pistil abortion which was ~16% on average.

Figure 3. Pistil abortion (%) and the average number of flow-
ers per inflorescence for olive cultivar “Coratina” for the con-
secutive seasons 2016-2019

Although pistil abortion decreased slightly in the middle of 
the branches, there were no significant differences between the 
three positions in pistil abortion (data are not shown). Pheno-

logical stages were highly different between seasons, especial-
ly between 2018 and 2019 seasons (Figure 4), but were syn-
chronized in the same year. Flowering period of “Khoderi” was 
the longest and synchronized with “Coratina” by 13, 14 and 11 
days in 2017, 2018 and 2019, respectively. Generally, flowering 
periods of “Khoderi” overlapped “Coratina” flowering in all sea-
sons. “Dermlali” flowering periods were also synchronized with 
“Coratina” even though it was not determined in 2018 season. 

Figure 4. Flowering period of the olive cultivars “Khoderi”, 
“Coratina” and “Dermlali” in 2017, 2018 and 2019 seasons
(*Dermlali flowering period was studied for 2017 and 2019 
seasons only) 

Pollen grain germination
Figure 5 shows that the highest pollen germination was 

of “Coratina” pollens followed by “Khodeiri” without significant 
differences in 2016. No significant differences were obtained 
between all cultivars in 2017. In 2018 “Khodeiri” pollens had 
the highest germination ratio and “Dermlali” had the lowest. In 
2019, pollen germination (%) was high in both “Khodeiri” and 
“Coratina”. No sign of male sterility was observed for any of the 
studied cultivars. 

Figure 5. Pollen germination (%) of olive cultivars “Khod-
eri”, “Coratina” and “Dermlali” in 2017 and 2018 seasons for 
“Dermlali” and for all studied seasons (2016-2019) for all oth-
er cultivars (*Different letters in the top of the columns indi-
cated significant difference at p<0.05 between cultivars)

Self and cross-compatibility
Data obtained from the 2016 experiment showed severe 

self-incompatibility of “Coratina” (ISI= 0.1) (data are not shown). 
This highlights the importance of finding pollinizers in order to 
increase fruit set to commercial level.

Initial and final fruit set of 2017, 2018 and 2019 seasons
Initial fruit set: Open pollination produced the highest initial 

fruit set in 2017 followed by pollination with “Khodeiri” without 
significant differences between the two types of pollination (Table 
2). Self-pollination produced the lowest initial fruit set. In 2018, 
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initial fruit set resulting from cross-pollination with “Khodeiri” was 
the highest, but without significant differences with open and 
cross pollination with “Dermlali”. Similar to 2017, self-pollination 
produced the lowest initial fruit set. In 2019 open pollination pro-
duced the highest initial fruit set and self-pollination produced the 
lowest. “Dermlali” was not studied in 2019 season.

Final fruit set: The final fruit set of 2017 and 2018 seasons 
followed the same behavior of the initial fruit set. Analysis of var-
iance between seasons (2017 and 2018) showed no significant 
differences in final fruit set obtained from self and cross-pollina-
tion with “Dermlali”, but there were significant differences in final 
fruit set obtained from open and cross-pollination with “Khodeiri”.

Table 2. Initial, final and fruiting set of “Coratina” cultivar as affected by different types of pollination

Pollinizer
2017 2018 2019

IFS FFS IFS FFS IFS FFS

Khodeiri 7.73a 6.18a 5.24a 1.62a 9.02a 3.25a

Dermlali 2.55b 1.99b 4.32a 2.11a - -
Open 9.91a 7.61a 5.04a 2.60a 9.06a 2.25a

Self-pollination 0.57c 0.52c 0.50b 0.00b 0.12b 0.02b

*IFS- initial fruit set (%), FFS- final fruit set (%); Different letters in the same column indicated significant difference (p<0.05) 

It is clear from (Table 2) that in 2018 there was a massive 
fruit drop in all treatments. All fruits resulting from self-pollina-
tion abscised. The highest fruit abscission in cross-pollination 
treatments was of cross-pollination with “Khodeiri” (about 69% 
of fruit were dropped) followed by “Dermlali” and the lowest fruit 
drop was in open pollination treatment. This phenomenon was 
less severe in 2017, which is characterized by more retained 
fruits. Like 2018 season, 2019 was characterized by high per-
centage of fruit abscission. Almost 64-75% of the fruits result-

ing from cross-pollination with “Khodeiri” and open-pollination 
abscised, respectively.

Evaluation of pollinizers 
Different performance of the two pollinizers used in this 

study was observed depending on the R-index. Table 3 shows 
that “Khodeiri” was a good pollinizer in 2017 and 2019 but 
passable in 2018, while “Dermlali” was evaluated as bad pol-
linizer in 2017 and good in 2018. 

Table 3. Fertility index (R) and evaluation of three pollinizers for “Coratina” cultivar
Pollinizers Fertility index (R)

2017 Evaluation 2018 Evaluation 2019 Evaluation
Khoderi 0.81 good 0.49 passable 1.44 good
Dermlali 0.26 bad 0.81 good - -
Coratina 0.07 bad 0 bad 0.009 bad

Reverse pollination: Figure 6 shows that cross-pollination 
with “Coratina” produced the highest final fruit set comparing to 
self- and open pollination. This clearly indicates that “Coratina” 
is cross-compatible with “Khoderi”. Self-pollination produced 
no fruit set which suggests that “Khoderi” is a self-incompatible 
cultivar.

Discussion

In this paper we study the reproductive behavior of Ital-
ian olive Cultivar “Coratina” under Syrian coast conditions. 
Although pistil abortion was different between seasons, it 
was low and this may indicate that the most efficient factor 
that affects pistil abortion was the genetic background of the 
cultivar. Several factors have been reported to affect flower 
gender in olive such as climatic conditions, especially mois-
ture and tree load in previous season (Koubouris et al., 2010). 
Generally, this low percentage of pistil abortion does not af-
fect yield significantly. Lavee et al. (1996) found that the re-
moval of 50% of the flowers in pre-bloom period of abundantly 
flowering shoots of olive did not affect fruit set or load. Pollen 
germination differed among years and cultivars especially 
between (2016-2019) compared to (2017-2018) and this sea-
sonal differences could be due to the fact that pollens were 
cultured immediately in 2016 and 2019 but stored for several 
days in 2017 and 2018 seasons, also other factors could be 
responsible for these differences such as climatic conditions 
and pollen quantity produced by the tree (Ferri et al., 2008; 
Mazzeo et al., 2010). Mete et al. (2016) found significant 

Figure 6. Final fruit set of „Khoderi“ as affected by three 
types of pollination (open, cross-pollination with „Khoderi“ 
and self-pollination). Fruit set from cross- and self-pollination 
are based on emasculated flowers 
(*Different letters in the top of the columns indicated signifi-
cant difference at p<0.05)
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difference in pollen germination of olive cvs. Hayat and Sari 
Ulak between study seasons.

In this study “Coratina” was self-incompatible under Syrian 
coast conditions, which is in accordance with (Camposeo et 
al., 2012). They reported that “Coratina” was self-incompatible 
in its main planting region in south Italy. Performance of the 
two pollinizers used in this study “Khodeiri” and “Dermlali” was 
relatively inconsistent but the overall results showed that both 
cultivars could pollinate “Coratina” flowers efficiently. Pollina-
tion efficiency showed to differ depending on year and area 
conditions, Selak et al. (2011) reported different final fruit set 
of “Oblica” olive when pollinated with “Leccino” depending on 
year and study site.

Meteorological data showed very unusual climatic condi-
tions - especially temperature in 2018, the winter and spring 
were relatively warmer and rainfall continued until June which 
is unusual in the Mediterranean region, another factor that 
could affect fruit set was the previous year‘s yield. The 2017 
season was characterized by high yield that might affect the 
available resources of “Coratina” trees. 

ISI was used for most of the studies dealing with SI in 
olive and authors reported the usefulness of this index to 
evaluate SI in olive (Selak et al., 2011; Spinardi and Bassi, 
2012), which is the same with fertility index (R) (Moutier, 
2002; Mete et al., 2016). Our results showed some prob-
lems in those indices especially in the thresholds used for 
evaluation. Both indices are measured by dividing fruit set 
obtained by one type of pollination by fruit set obtained by 
cross or free pollination. Hence, the results will be relative 
and not consistent, not taking into account neither physiolog-
ical nature nor commercial criterion of fruit set, for example, 
“Dermlali” was evaluated as bad pollinizer in 2017 but good 
at 2018 even though there were no significant differences in 
final fruit set between the two seasons, the only reason for 
this difference in evaluation was the low fruit set in open pol-
lination in 2018 season comparing to 2017, hence, R index 
was high in 2018 and low in 2017. In 2018 season, in the 
same way, “Khodeiri” was evaluated as passable pollinizer 
and “Dermlali” as good pollinizer (better evaluation), but the 
data showed no significant difference between final fruit set 
obtained by pollinating “Coratina” with those two cultivars. 
Theoretically, if a pollinizer produced 0.5% as final fruit set, 
and 0.5% with open pollination (conditions like mono culti-
var orchards or un-optimal conditions for fruit setting), this 
would be evaluated as good pollinizer (R= 1), but in field 
conditions this fruit set is not considered commercial. So, 
in our opinion, evaluating pollinizers according to only one 
criterion like R index would not be accurate and need to 
take into account the absolute values of final fruit set, rath-
er than the relative value of R index, especially that both 
ISI and R indices are fluctuating depending on self-pollina-
tion, cross-pollination and open pollination and those three 
types of pollination do not follow the same tendency. Mostly 
self-pollination and cross-pollination with un-compatible cul-
tivars produced less fruit set in unsuitable conditions, such 

as high temperature during olive bloom or short vernaliza-
tion period but this was not shown to affect open pollination 
or cross-pollination with compatible pollinizers in the same 
severity (Ayerza and Sibbett, 2001; Lavee et al., 2002). 
Martin (1990) mentioned that a mature olive tree planted at 
density of 250 trees/ha would give 500000 flowers, most of 
those flowers abscise and only 1-2% are retained as fruits 
and that is enough to obtain commercial yield. According to 
this, we suggest a criterion to evaluate pollinizers accord-
ing to flowering load and final fruit set as shown in Table 
4. We use final fruit set because of high significant correla-
tion between final fruit set and fruiting set at harvest and to 
overcome the problem of fruit drop not related to pollination 
which happens in summer and early fall mainly because of 
insects and weather conditions. 

Table 4. Suggested evaluation of pollinizers depending on 
flowering load and final fruit set

Final fruit set 
(%)

Flowering load
Weak Average High

< 1% bad
1-2% bad acceptable acceptable
> 2% acceptable good good

In the same way evaluation of self- and cross-compati-
bility must be conducted in multi-cultivar orchards or germo-
plasm collections in order to ensure the presence of efficient 
pollinizers and to get the highest fruit set possible. According 
to data in Table 4 both “Khodeiri” and “Dermlali” would be 
considered to be good pollinizers for “Coratina” in both 2017 
and 2018 seasons. We focused on “Khodeiri” as a pollinizer 
for “Coratina” because this cultivar is characterized by regular 
bearing which is not the case with “Dermlali” which is a bien-
nial bearing cultivar.

Conclusion 

Italian olive cultivar “Coratina” was self-incompatible 
under Syrian coast conditions with low percentage of pistil 
abortion, “Khodeiri” and “Dermlali” - the most common olive 
cultivars in Syrian coast, were efficient pollinizers for “Co-
ratina”. It‘s suggested to plant “Coratina” in mixed orchards 
with “Khodeiri”  because they are inter-compatible. Although 
“Dermlali” was an efficient pollinizer but the biennial bear-
ing habit of this cultivar could limit the usefulness of it as 
pollinizer.

Acknowledgements 

We are grateful to Dr. Ahmad Istanboli and Dr. Fadel Alqa-
iem for their valuable comments on this article. This work was 
funded by General Commission for Scientific Agricultural Re-
search (GCSAR), Damascus, Syria.



351

References

Ayerza R and Sibbett GS, 2001. Thermal adaptability of olive 
(Olea europaea L.) to the Arid Chaco of Argentina. Agriculture 
Ecosystems and Environment, 84, 277-285. 
Breton C, Farinell  D, Shafiq S, Seymour J, Heslop-Har-
rison JS, Sedgley M and Bervillé AJ, 2014. The self-in-
compatibility mating system of the olive (Olea europaea L.) 
functions with dominance between S-alleles. Tree Genetics 
& Genomes, 14. 
Camposeo S, Ferrara G, Palasciano M and Godini A, 2012. 
About the biological behavior of cultivar “Coratina”. Acta Horti-
culturae (ISHS), 949, 129-133. 
Ferri A, Giordani E, Padula G and Bellini E, 2008. Viability 
and in vitro germinability of pollen grains of olive cultivars and 
advanced selections obtained in Italy. Advances in Horticultural 
Science, 22, 116-122. 
Koubouris GC, Metzidakis IT and Vasilakakis MD, 2009. 
Impact of temperature on olive (Olea europaea L.) pollen per-
formance in relation to relative humidity and genotype. Environ-
mental and Experimental Botany, 67, 209-214. 
Koubouris GC, Metzidakis IT and Vasilakakis MD, 2010. 
Influence of cross-pollination on the development of partheno-
carpic olive (Olea Europaea) fruits (Shotberries). Experimental 
Agriculture, 46, 67-76. 
Koubouris G, Breton CM, Metzidakis IT and Vasilakakis 
MD, 2014. Self-Incompatibility and pollination relationships for 
four Greek olive cultivars. Scientia Horticulturae, 176, 91-96.
Lavee S, Rallo L, Rapoport Hf and Troncoso A, 1996. The 
floral biology of the olive. I. Effect of flower number, type and 
distribution on fruit set. Scientia Horticulturae, 66, 149-158.
Lavee S, Taryan J, Levin J and Haskal A, 2002. The sig-
nificance of cross-pollination for various olive cultivars under 
irrigated intensive growing conditions. Olivae, 91, 25-36.
Lioyd DG, 1965. Evolution of self-compatibility and racial dif-

ferentiation in Leavenworthia (Cruciferae). Contributions from 
the Gray Herbarium of Harvard University, 195, 3-134.
Mahfoud YM, 2018. Morphological and molecular characteri-
zation of olive genotypes and varieties (Olea europaea L.) ex-
isting in Bouka center for research and plant production. Thesis 
for PhD, Tishreen University, Latakia, Syria.
Martin GC, 1990. Olive flower and fruit population dynamics. 
Acta Horticulturae, 286, 141-153. 
Mazzeo A, Palasciano M, Gallotta A, Camposeo S, Pacifico 
A and Ferrara G, 2014. Amount and quality of pollen grains in 
four olive (Olea europaea L.) cultivars as affected by ‘on’ and 
‘off’ years. Scientia Horticulturae, 170, 89-93.
Mete N, Şahin M and Çetin Ö, 2016. Determination of self-fer-
tility of the ‚hayat‘ olive cultivar obtained by hybridization breed-
ing. Journal of Tekirdag Agricultural Faculty, 13, 60-64.
Moutier N, 2002. Self-fertility and inter-compatibilities of six-
teen olive varieties. Acta Horticulturae, 586, 209-212. 
Sánchez-Estrada A and Cuevas J, 2018. ‘Arbequina’ olive is 
self-incompatible. Scientia Hortic., 230, 50-55. 
Saumitou-Laprade P, Vernet P, Vekemans X, Castric V, 
Barcaccia G, Khadari B and Baldoni L, 2017. Controlling for 
genetic identity of varieties, pollen contamination and stigma 
receptivity is essential to characterize the self-incompatibility 
system of Olea europaea L. Evolutionary Applications, 1-7. 
Seifi E, Guerin J, Kaiser B and Sedgley M, 2011. Sexual com-
patibility and floral biology of some olive cultivars. New Zealand 
Journal of Crop and Horticulture Science, 39, 141-151.
Selak GV, Perica S, Ban SG and Radunic M, 2011. Repro-
ductive success after self-pollination and cross-pollination of 
olive cultivars in Croatia. HortScience, 46, 186-191.
Spinardi A and Bassi D, 2012. Olive fertility as affected by 
cross-pollination and boron. The Scientific Word Journal, 8. 
Zapata TR and Arroyo MTK, 1978. Plant Productive ecology 
of secondary deciduous tropical forest in Venezuela. Biotropi-
ca, 10, 221-230.


