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Abstract 
Caesalpiniaferrea Mart. ex Tul.var. ferrea presents in its various organs secondary 
compounds recognized allelopathic potential. The aim of this study was to evaluate the 
allelopathic effect of extracts obtained from leaves, stem barks, green pods and mature pods 
of Caesalpiniaferreaon seed germination and early growth of lettuce seedlings. The 
experimental design was completely randomized in a 2x5 factorial scheme with four 
replications with 25 seeds. The two extraction methods were at 25 °C and 100 °C and the five 
types of extract were water distilled, leaves, stem barks, green pods and mature pods of 
Caesalpiniaferrea. The evaluated characteristics were germination percentage, percentage of 
normal and abnormal seedlings, index of germination speed, root length and shoot length. 
There were significant differences for the methods, types of extracts and interaction for all 
variables except the percentage of germination, with mean values ranged from 94 to 100%. 
The extract of leaves and stem barks was more effective in decreasing the IVG when obtained 
at 100 °C. All extracts of Caesalpiniaferreahave negative allelopathic effect on germination 
speed and seedling development of lettuce, with inhibition of root growth and hypocotyl 
growth and high percentage of abnormal seedlings. The preparation of the extract of leaves, 
bark and mature pods at 100 °C provides a higher percentage of abnormal seedlings. 
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INTRODUCTION 
Caesalpinia ferrea Mart. ex Tul. var. ferrea (Caesalpiniaceae) occurs in northeastern Brazil and has 
medicinal, timber, ornamental, and forage [1]. The bark and pods of Caesalpinia ferrea have been 
used in folk medicine for the treatment of broncho-pulmonary diseases, diabetes, rheumatism, cancer, 
gastrointestinal disorders, diarrhea, inflammation and pain [2, 3]. Pharmacological studies showed 
that Caesalpinia ferrea has antifungal and antibacterial, anti-ulcer, anti-inflammatory and analgesic 
[4], healing [5], and larvicide against Aedes aegypti [6].  
The presence of allelochemicals with allelopathic effect has been found in all plant organs, with a 
tendency to accumulate in leaves, and the release of these compounds can occur through root 
exudation, leaching or volatilization [7]. The leaf is the plant organ metabolically more active, it is 
reasonable to present greater diversity of allelochemicals [8]. Studies of allelopathy with caatinga 
species it was found that extracts from the bark of Amburana cearensis Smith had the most effect on 
the percentage of germination of  Sorghum bicolor L. seeds, extracts of pulp and peel the fruits of 
Ziziphus joazeiro Mart. showed allelopathic effect unfavorable to the germination of Lactuca sativa L. 
depending on the concentration [9], and extracts of seeds of this species in higher concentrations 
reduced the percentage and rate of germination[10], the bark extract of Mimosa tenuiflora (Willd.) 
Poir. affected the development of lettuce plants, and reduced germination compared to the control 
[11].   
Caesalpinia ferrea must be studied to be widely spread in the bush and have been observed in the 
phytochemical study of hydroalcoholic extract of the bark and leaves have flavonoids, saponins, 
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tannins, coumarins, steroids and phenolic compounds [12], secondary compounds that are recognized 
for their allelopathic activity [7]. The objective of this work was to investigate the allelopathic effects 
of extracts from different organs Caesalpinia ferrea on seed germination and early growth of lettuce 
seedlings. 

MATERIALS AND METHODS 
The experiment was conducted at Seed Analysis Laboratory of the Federal Rural University of the 
Semi-Arid (LAS) in Mossoro, Rio Grande do Norte, Brazil from September to October 2009. Seeds 
of lettuce cultivar “Monica SF FI" with germination percentage above 90% commercially purchased 
and the leaves, bark, green pods and mature pods of Caesalpinia ferrea were collected from adult 
trees Campus. LAS were weighed on a precision balance two portions of 50 g of each plant organ, 
and each has a rapid disinfection (5 min) a solution of sodium hypochlorite (500 ml of distilled water 
to 10 ml of hypochlorite pure sodium). After sterilization, each material passed through a drying 
process on paper towel was placed separately into beakers, which were placed in 500 ml of distilled 
water at room temperature - 25 °C for each organ and 500 ml of boiling distilled water - 100 °C for 
each organ separately. The material remained at rest for 30 minutes, and then each content was 
subjected to grinding in a blender for one minute and then passed through a filtration cloth type 
perfex, which was retained throughout the fibrous material. Thus, four extracts were obtained at 
standard room temperature of 25 °C (leaf, bark, pods green and ripe pods) and four standard extract at 
a temperature of 100 °C (leaf, bark, pods green and ripe pods). 
The experimental design was completely randomized in a 2x5 factorial arrangement with four 
replications with 25 seeds. The two extraction methods were at 25 °C and 100 °C and the five types of 
standard extract were distilled witness, leaves, bark, green pods and mature pods of Caesalpinia 
ferrea. In each experimental plot (box gerbox properly sterilized) was placed with the aid of a syringe 
10 ml of the extract on a sheet of filter paper, previously sterilized at 105 ± 3 °C and then the lettuce 
seeds were distributed evenly over the filter paper. The gerbox were placed in BOD camera with a 
temperature of 25 °C and a photoperiod of 12h for seven days. The criterion to evaluate the 
germination of seeds based on the concept of physiological germination pointing the beginning of the 
germination of seed imbibition and its end with the radicle protrusion [13]. The count of germinated 
seeds was performed every 12 hours, evaluation of seedlings occurred on the seventh day after 
sowing, and classified as normal or abnormal [14]. Measurement of shoot and root of all normal 
seedlings was made with a caliper properly regulated in mm. The variables analyzed were 
germination percentage, percentage of normal and abnormal seedlings, root length and shoot. The 
germination speed index (IVG) was calculated by the formula IVG = G1/N1 + G2/N2 + ... + Gn/Nn , 
where: G1, G2, Gn = number of germinated seeds counted in the first, second, and at last count, and N1, 
N2, Nn = number of days from sowing to first, second and last count [15]. 
Analysis of variance was performed by the statistical program SISVAR [16] and means were 
compared by Tukey test at 5 % probability. 

RESULTS AND DISCUSSION 
There were significant differences for the methods, types of extracts and interaction methods versus 
extracts of Caesalpinia ferrea organs for all traits, except for germination percentage (Table 1), whose 
average values ranged 94-100% (Figure 1) . Several authors concluded that the germination tests, in 
general, are less sensitive than those that assess the development of the plants, like mass and length of 
the radicle or shoot [17].  However, the germination rate was lower compared to the control in the 
extracts of different organs of Caesalpinia ferrea (Figure 2). The extract of leaves and bark was more 
effective in decreasing the IVG when obtained at 100 °C, however, the extract of mature pods become 
slower germination independent of temperature to obtain the extract, possibly this is due to different 
allelochemicals present in each organ. In other species also occurred changes in the IVG. The extracts 
of roots and leaves of Raphanus raphanistrum decreased the rate in lettuce seeds [18] and there was a 
decrease in the speed of germination of radish seeds due to the action of aqueous extracts of root, 
stem, leaf, flower and fruit of Aristolochia esperanzae [19]. 
The growth of shoots and roots was inhibited by all extracts of Caesalpinia ferrea organs compared to 
control in both extraction temperatures. So that the leaf extract obtained at 100 °C there was no 
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formation of roots and shoots (Figure 3). The leaf extract of Persea americana also caused the same 
effect on lettuce seedlings [20]. This greater effect on the roots is because the roots are more sensitive 
to substances present in the extracts when compared with the other structures of the seedlings [21]  
because they are in direct and prolonged contact with the extract in relation to other structures [22]. 
The most severe effect on seedling growth than on germination was also observed in extracts of 
Syzygium aromaticum [23], in extracts of Andira humilis [24] and in extracts of Mimosa tenuiflora 
[11].  
The percentage of normal seedlings in extracts of leaves and barks at 25 °C was equivalent to the 
witness, but the extract of green pods and mature pods provided a higher percentage of abnormal 
seedlings (Figure 4). Extract of leaves, bark and mature pods obtained at 100 °C the percentage of 
abnormal seedlings was above 88%. Perhaps this result is due to greater availability of 
allelochemicals in the solution when applying the hot extraction, since Caesalpinia ferrea has a high 
tannin content [2], which are more easily dissolved in hot water [25]. Abnormal seedlings showed 
stunting root , burning and darkening of the radicle, curving caulículo, negative geotropism, as 
observed in other studies of allelopathy [10, 20, 26].  All plant parts have the potential to store 
allelochemicals, but the amount and the way by which they are released differ from species to species 
[27]. Therefore, different species have allelopathic activities in their bodies, as evidenced in the 
present study with Caesalpinia ferrea . The presence of solanine, tannins, gallic acid, ellagic acid and 
sistoterol in the leaves and fruits of Caesalpinia ferrea [28] is possibly involved in the observed 
effects allopathic, but more detailed studies are needed, with the isolation of allelochemicals. 

Table 1. Summary of the analysis of variance Lactuca sativa L. seeds subjected to different aqueous 
extracts of Caesalpinia ferrea organs obtained at 25 °C and 100 °C (methods). Mossoro, Rio Grande 
do Norte, Brazil, 2009. 
F.V. G.L. Mean Square 

 PG PN PA IVG CPA CR 
Methods 1 14,40ns 9424,90* 10080,68* 0,00ns 212,98*   396,58* 
Extracts 4 28,00ns 8526,90* 7512,10* 1,24* 373,19* 1658,72* 
Methods x Extracts 4   6,40ns 5500,90* 5670,10* 0,19* 206,09* 162,87* 
Residue 30   9,86     68,03     75,45 0,036   22,62     9,79 
CV (%)    3,21     16,95     17,66 21,45   35,14 21,95 
FV = Sources of Variation, GL = Degrees of Freedom, PG = germination percentage, PN = percentage of 
normal seedlings, PA = percentage of abnormal seedlings, IVG = index of germination speed, CPA = shoot 
length, CR = root length. * Significant at 5% probability by F test, ns not significant 

0

20

40

60

80

100

Control Leaves Stem
barks

Green
pods

Madure
pods

Extracts■ 25°C  □ 100°C  

G
e

rm
in

at
io

n 
(%

)

 

Figure 1. Germination of lettuce seeds (Lactuca sativa L.) in aqueous extracts of different organs of Caesalpinia 
ferrea obtained at 25 °C and 100 °C. Mossoro, Rio Grande do Norte, Brazil, 2009. 
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Figure 2. Germination speed index of lettuce (Lactuca sativa L.) in aqueous extracts of different organs of 
Caesalpinia ferrea obtained at 25 °C and 100 °C. Mossoro, Rio Grande do Norte, Brazil, 2009. 
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Figure 3. Root length (A) and shoots (B) of seedlings of lettuce (Lactuca sativa L.) in aqueous extracts of 
different organs of Caesalpinia ferrea obtained at 25 °C and 100 °C. Mossoro, Rio Grande do Norte, Brazil, 
2009. 
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Figure 4. Percentage of normal seedlings (A) and abnormal (B) of lettuce (Lactuca sativa L.) in aqueous extracts 
of different organs of Caesalpinia ferrea obtained at 25 °C and 100 °C. Mossoro, Rio Grande do Norte, Brazil, 
2009. 

CONCLUSIONS 
The extracts of leaves, bark, green pods and mature pods of Caesalpinia ferrea have negative 
allelopathic effect on the germination rate and seedling development of lettuce, with growth inhibition 
of root and hypocotyl/coleoptile and high percentages of abnormal seedlings. The preparation of the 
extract of leaves, bark and pods mature at 100 °C provides a higher percentage of abnormal seedlings. 
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