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1.0 INTRODUCTION 

The type genus of Euphorbiaceae is Euphorbia L. which comprises about 2000 species of 

herbaceous annuals although some are shrubs or even trees but rarely woody climbers 

(Olorode, 2012) is rated as third largest genus of angiosperms after Astragalus Linn. 

(Fabaceae) and Psychotria  Linn. (Rubiaceae) (Govaerts et al. 2000). The distribution areas 

of the genus are throughout the Old World and the New World, occurring primarily in all 

temperate and tropical regions (Heywood, 1978; Radcliff-Smith, 1980; Govaerts et al., 2000). 

Euphorbia, is a large and easily recognized cosmopolitan genus with world-wide distribution 

(Charles et al., 2007; Zahara et al., 2014). An important and rather unusual feature of this 

genus is its simultaneous possession of C3, C4 and CAM photosynthetic systems. This 

feature makes Euphorbia adaptable to warm, mesic, semi-arid and arid conditions at varying 

atitudes (Sage et al., 2011). Euphorbia was named by King Juba (of Morocco) after his 

physician (Euphorbos). The scientific word “Euphorbia” is derived from Euphorbos which 

connotes “well fed” in reference to the physical features of King Juba’s physician referred to 

above as cited by Zokia, 2011. Many herbaceous Euphorbia are commonly referred to as 

spurges (derived from the old French word spurges, which means to purge) because they 

contain sap which is active as purgative (Nancy, 1986). The sap is milky latex, which is a 

typical characteristic of this group. The milky latex which is also toxic consists of diterpene 

esters and cause inflammation and a blistering rash if it comes in contact with human skin 

(Singia and Pathak, 1990).  

The significance of phenological observations has been variously emphasized in a number of 

studies by many workers such as Levin (2006); Park et al. (2018); Valdez – Torres et al. 

(2012); Mackenzie et al. (2020); Park et al. (2021); Salazar – Villa et al. (2022); Twining et 

al. (2022) and Vázquez et al., (2023). Based on their comprehensive studies, phenology is 

reflected by a set of events which include leaf development, shoot development, flowering 
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emergence, fruit development, seed ripening and seed dispersal. According to these authors, 

phenological study reveals the pattern of growth and development as well as the effects of 

environmental factors on flowering and fruiting behaviours of plant taxa.  Patterns of 

phenological events are variously used for characterization of the six selected species and 

evaluation of characters not ordinarily accessible to herbarium taxonomists was addressed in 

this study. This study therefore aims at analyzing the phenological characters for easy 

identification and delimitation and also indicating relationships among species. 

2.0 MATERIALS AND METHODS 

The species used for this study are E. graminea Jacq., E. heterophylla Linn., E. hirta Linn., E. 

prostrata Ait., E. hysssopifolia Linn. and E. thymifolia Linn. Matured capsules of each 

species studied from different populations were harvested and stored in paper envelopes 

under ambient temperature. Dried seeds for each species of Euphorbia were planted 

separately in plastic bowls. Planted seeds were checked every day for seedling emergence.  

Records of the different growth stages were taken, these include: leaf development, shoot 

development, flower emergence, fruit development, seed ripening and seed dispersal. 

Seedling growth until flowering and seed shed in the adult plant were monitored daily. 

Measurements were taken with a metric ruler and a measuring tape. The mean values and 

standard errors were also calculated for each variable. Significant stages were photographed 

using Infinix Hot 8 lite phone camera. These photographs were useful for identification and 

differentiation of morphological features. The description of juvenile plant character as well 

as floral and fruit characters followed that of Ramakrishnan (1965); Gomez and Espadaler 

(1997); Narbona et al. (2007); Aigbokhan and Ekutu (2012); Faboyede (2015). 

3.0 RESULTS 

3.1 Phenology of Euphorbia graminea  
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The germination of seeds started 24 hours after planting and seedlings with two cotyledons 

are raised above the soil 6 – 9 days after planting (DAP). The first two leaves are sub-circular 

and green in colour. The next pair of leaves emerged 10 – 15 DAP. These four leaves are 

elliptic in shape. First true leaves which are ovate are developed 17 – 20 DAP. The series of 

leaf development and plant growth continued gradually until an optimal assemblage of leaves 

and maximum shoot height have been achieved. Finally, at 52 DAP, 20 pair of leaves have 

been produced and shoot height of 22.6cm has been attained. After 52 DAP, the leaves 

started falling off and leaf size decreases gradually. Mean of leaf size, 30.12 ± 2.11 𝑚𝑚 

long and 20.72 ± 1.60 𝑚𝑚 broad, shoot height 139.63 ± 11.3 7 𝑚𝑚 high. Flowering started 

between 53 – 57 DAP and continues until 70 DAP. Fruiting commenced between 62 – 66 

DAP and continues for about 72 DAP. Flower production drops at 70 DAP and seed dispersal 

started 72 DAP. Flowers up to 24 were produced but only 15 matured into fruit. The life 

cycle spanned between 72 – 73 DAP from the period of seed germination to the period of 

seed dispersal. 

3.2 Phenology of Euphorbia heterophylla  

Germination occurs, usually 24 hours after planting. The first two leaves emerged above the 

ground level 5 days after planting (DAP), colour green or reddish-green, shape elliptic. The 

four leaves developed 7 – 8 DAP and they are ovate. The 6-leaf (or true leaves), usually 

green, obovate to lanceolate developed 11-15 DAP. The sequence of leaf development and 

plant growth continued progressively until maximum aggregation of leaves have been 

produced and highest shoot height has been reached. At 58 DAP, 19 pairs of leaves have been 

developed and shoot height is 40.50 cm high. After 58 DAP, the leaves started shedding off 

and leaf size decreases. The mean of leaf length, leaf breadth and shoot height are 52.58 ±

3.39 𝑚𝑚 long, 23.12 ± 1.34 𝑚𝑚 wide and 314.83 ± 38.51𝑚𝑚 high respectively. 

Flowering commenced between 25 – 27 DAP and continues till 51 DAP. Fruit production 
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starts between 35 – 37 DAP and ended 62 DAP. Out of 26 flowers produced, only 15 

developed into mature fruits. After 51 DAP, the number of flowers decrease and seed 

dispersal commenced after 62 DAP. The life span of E. heterophylla is between 62 – 65 DAP 

from the period of seed germination to the period of seed dispersal 

 

 

 

3.3 Phenology of Euphorbia hyssopifolia 

Germination of seeds occur immediately after planting and germinated seedlings of 2 – leaf 

(or first two leaves) emerged 7 – 9 days after planting (DAP). The 2 – leaf are green in 

colour, oblong shape. The four leaves developed 10 – 11 DAP, colour green; shape 

oblanceovate. The 6 – leaf (or six leaves) emerged 12 – 15 DAP; they are the first true leaves; 

colour green; shape obliquely obovate-oblong or oblong. The series of leaf production 

continued sequentially until an optimal assemblage of leaves have been formed. Plant height 

increased gradually with age till highest shoot height was attained. At 66 DAP, 61 pairs of 

leaves have been produced and plant height is 60.10 cm high. After 66 DAP, the leaves 

started falling off and leaf size decreases. Leaf size 27.15 ± 1.97 𝑚𝑚 long and 10.31 ±

0.88 𝑚𝑚 wide; shoot height 337.81 ± 45.58 𝑚𝑚 high. Flowering commenced between 28 – 

30 DAP and continues for about 66 DAP. After 66 DAP, flowering production stopped. Out 

of total 89 number of flowers formed, only 50 matured into fruits. Fruiting commenced 

between 35 – 37 DAP and continually till 66 DAP, at this point seed started ejecting. Days 

sent to complete life cycle spanned between 66 – 68 DAP. 

3.4 Phenology of Euphorbia hirta  

Germination of seeds commenced 24 hours after planting. Germinated seedlings of two 

cotyledonous leaves (or two leaves) emerged 7 – 9 DAP; usually rounded-oblong in shape; 

colour dark green blotched with purple. The second pair of leaves (or four leaves) later 



5 
 

developed forming the 4-leaf after 10 – 11 DAP, colour dark green blotched with purple 

shape obovate. The true shape, lanceolate-oblong, developed fully at 6 – leaf stage between 

12 – 15 DAP. The sequence of leaf development and plant growth proceed until maximum 

assemblage of leaves and highest shoot height have been reached. After 58 DAP, 12 pair of 

leaves have been developed and plant height of 290 mm has been attained. At this stage, 

leaves started shedding off and leaf size decreases. At the end of the experiment, mean and 

standard error was calculated for leaf length, leaf breadth and shoot height. Leaf length 

29.39 ± 2.40 𝑚𝑚 breadth 11.49 ± 0.94 𝑚𝑚 and shoot height 203.30 ± 21.87 𝑚𝑚. Flower 

started emerging between 20 – 25 DAP and continued till 47 DAP. Fruit started developing 

between 30 – 32 DAP and fruiting stopped at 47 DAP and seed dispersal start at this stage. 

Flowers up to 126 are formed but only fruits up to 92 in number were produced. Days spent 

to complete life cycle is between 62 – 63 DAP from seed germination to seed ejection. 

3.5 Phenology of Euphorbia prostrata  

Seed germination started immediately after planting and seedlings with two cotyledons 

emerged above ground level 3 – 4 DAP. The first two leaves are green or tinged purple and 

rounded-oblong in shape. The four leaveswere developed after 6 – 7 DAP; colour green or 

tinged purple; shape obcordate. The 6 – leaf (or true leaves) are developed 7 – 8 DAP, colour 

green; shape ovate. The series of leaf development and plants growth continued progressively 

until an optimal aggregation of leaves and highest shoot height have been reached. After 46 

DAP, 91 pair of leaves have been produced and plant height of 8.9cm high has been attained. 

At this stage, leaves started falling and leaf size also reduces gradually. at the end of the 

experiment, 𝑚𝑒𝑎𝑛 ± 𝑠. 𝑒 were recorded for leaf length, breadth and shoot height. 6.81 ±

0.34 𝑚𝑚for leaf length, 3.78 ± 0.12 𝑚𝑚 for leaf breadth and 57.23 ± 6.59 𝑚𝑚 for shoot 

height. Flowering commenced 8 – 10 DAP and continue till 40 DAP. Fruiting started from 15 
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– 17 DAP till 40 DAP. Seed started ejecting 40 DAP. Flowers, usually 100 in total number 

but only 50 bear fruits. The life cycle spanned between 46 – 48 DAP. 

 

3.6 Phenology of Euphorbia thymifolia 

Germination of seeds commenced readily after planting and seedlings with two primary 

leaves emerged 7 – 9 DAP; shape rounded-oblong, colour green or tinted red. A second pair 

of leaves later developed giving rise to 4-leaf after 10-11 DAP, colour green or tinted red, 

shape obovate. The true leaves (6 – leaf) developed 15 – 17 DAP with regular shape ovate 

and they are similar in colour with 2 – leaf and 4 – leaf. The sequence of leaf development 

and plant growth continue progressively until optimal assemblage of leaves and maximum 

shoot heights have been achieved. After 56 DAP, 73 pair of leaves have been developed and 

shoot height of 87 𝑚𝑚 has been reached. At this stage, leaves started falling off and leaf size 

decreases. At the end of the experiment, mean and standard error were calculated for leaf 

length, leaf breadth and shoot height. Leaf length 9.90 ± 0.83 𝑚𝑚 long, leaf breadth 5.67 ±

0.28 𝑚𝑚 wide and shoot height 55.75 ± 7.87 𝑚𝑚 high. Flowering commenced 21 – 25 

DAP and stopped at 70 DAP. Fruit production commenced 28 – 30 DAP and finished at70 

DAP. After 70 DAP, seed dispersal commenced. Out of 135 flowers produced, only 120 

fruits were produced. Days spent to complete life cycle after planting 70 – 72 DAP. 

3.7 Artificial keys for the identification of six Euphorbia species using phenological 

characters 

 

1a Primary leaves rounded-oblong or elliptic ……………………………………..… (2) 

1b Primary leaves sub-orbicular …………………………………………… E. graminea 

2a Days of seedling emergence 7 – 9 DAP; second pair of leaves obovate or 

oblanceovate or obcordate ……………………………………………………… (3) 

2b Days of seedling emergence 5 DAP; second pair of leaves elliptic...… E. heterophylla 

3a Matured ovary peduncle elongate upward or slightly bent up to 1 – 2 cm in length  …(4) 

3b Matured ovary peduncle elongation not visible ……………………..… E. thymifolia 
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4a Plant height very tall ……………………………………………… E. hyssopifolia 

4b Plant height moderately tall to tall ………………………………………….… (5) 

5a Fruiting and seed production start 30 – 32 DAP and end 47 DAP; flower emergence 

20 – 25 DAP till 47 DAP; total number of fruits 92; seed dispersal 47 DAP; Life cycle 

66 – 68 DAP  ……………………………………………………………..… E. hirta 

5b Fruiting and seed production start 15 – 17 DAP andend 40 DAP; flower emergence 8  

 – 10 DAP; total number of fruits 50; seed dispersal 40 DAP; life cycle 46 – 48 DAP     

……….……………………………………………………………………………E. prostrata 
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Table 1: Phenological Characteristics of the species of Euphorbia examined 

                 Species 

Parameters 

Euphorbia 

graminea 

Euphorbia 

heterophylla 

Euphorbia 

hyssopifolia 
Euphorbia hirta 

Euphorbia 

prostrata 

Euphorbia 

thymifolia 
Days of seedling emergence 

(DAP) 
6 – 9 5 7 – 9 7 – 9 3 – 4 7 – 9 

Days of 4-leaf emergence (DAP) 10 – 15 7 – 8 10 – 11 10 – 11 6 – 7 10 – 11 

Days of 6-leaf emergence (DAP) 17 – 20 11 – 15 12 – 15 12 – 15 7 – 8 15 – 17 

Days to flower initiation after 

planting (DAP) 
53 – 57 25 – 27 28 – 30 20 – 25 8 – 10 20-25 

Days to fruit initiation after 

planting (DAP) 
62 – 66 35 – 37 35 – 37 30 – 32 15 – 17 28 – 30 

Shape of 2-leaf Sub-circular Elliptic Rounded-oblong Rounded-oblong Rounded-oblong Rounded-oblong 

Shape of 4-leaf Elliptic Ovate Oblance-ovate Obovate Obcordate Obovate 

Shape of 6-leaf Ovate Ovate Lanceolate-oblong Lanceolate-oblong Ovate Ovate 

Leaf length (mm) 30.12 ± 2.11 52.58 ± 3.39 27.15 ± 1.97 29.39 ± 2.40 6.81 ± 0.34 9.90 ± 0.83 
Leaf breadth (mm) 20.72 ± 1.60 23.12 ± 1.34 10.31 ± 0.88 11.49 ± 0.94 3.78 ± 0.12 5.67 ± 0.28 

Plant height (mm) 139.63 ± 11.37 314.83 ± 38.51 337.81 ± 45.58 203.30 ± 21.87 57.23 ± 6.59 55.75 ± 7.17 
No of leaves (pairs) 20 19 61 12 91 73 

No of flower 24 26 89 126 100 135 

No of fruit 15 15 50 92 50 120 

No of aborted fruits 5 6 10 33 6 4 

Days of seed dispersal (DAP) 72 62 66 47 40 70 

Days spent to complete life cycle 72 – 73 62 – 65 66 – 68 62 – 63 46 – 48 66 – 68 

Measurements represent mean ±standard error 

 All units in mm  

DAP ⟹ Days after planting 
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Plate 1: Synthetic principal growth stages of Euphorbia species 

A, B, C, D, E and F – Seedling at 2-leaf  of E. graminea, E. heterophylla, E. hyssopifolia, E. hirta, E. prostrata; and 

E. thymifolia respectively 

G, H, I, J, K and L – Seedling at 4-leaf  of E. graminea, E. heterophylla, E. hyssopifolia, E. hirta, E. prostrata; and 

E. thymifolia respectively 

M, N, O, P,Q and R – Seedling at 4-leaf  of E. graminea, E. heterophylla, E. hyssopifolia, E. hirta, E. prostrata; and 

E. thymifolia respectively 

S, T, U, V, W and X – fl owering and fruiting initiation stages of E. graminea, E. heterophylla, E. hyssopifolia, E. 

hirta, E. prostrata; and E. thymifolia respectively 

4.0 DISCUSSION 
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The data presented here provide detailed comparism of life cycles of six species of Euphorbia. A 

detailed description of six principal Euphorbia stages was done. These include leaf development, 

shoot development, flowering emergence, fruit development, seed ripening and seed dispersal. 

All the investigations were carried out 77 days under the same experimental conditions. The life 

cycle from seed germination to seed dispersal in E. graminea spanned between 72 – 73 DAP, 62 

– 65 DAP in E. heterophylla, 66 – 68 DAP in E. hyssopifolia, 62 – 63 DAP in E. hirta, 46 – 48 

DAP in E. prostrata and in E. thymifolia, it is 70 – 72 DAP. The life cycle was completed when 

the leaves started drying up and falling off. The period of life span of E. graminea is higher 

while E. prostrata has shorter life span. All the studied species are perennials except for E. 

heterophylla and E. prostrata which show annual growing habit. Germination of all species 

started 24 hours after sowing indicating that seeds have physiological capacity to readily 

germinate owing to their absence of seed dormancy. Similar observations have been made from 

seeds of E. caducifolia, E. characias, E. nicaeensis, E. thymifolia and E. graminea 

(Ramakrishnan, 1965; Gomez and Espadaler, 1997; Narbona et al., 2007; Aigbokhan and Ekutu, 

2012, Faboyede, 2015). The Euphorbia selected presented a range of leaf morphologies from 

broad flattened to small composite leaves. In these samples of species, E. heterophylla exhibits 

greatest leaf size in both leaf length and breadth whereas E. thymifolia have smallest leaf size. In 

contrast, E. thymifolia display the highest number of leaves while the least number of leaves was 

obtained from E. graminea followed by E. heterophylla. Consequently, leaf production could 

have been counteracted by leaf size (Narbona et al., 2007). Differences have also been observed 

in seed germination, seed production and reproductive capacity. The observed variation in 

vegetative plant growth amongst the examined species revealed that E. hyssopifolia gave the best 

mean plant height, followed by E. heterophylla whereas E. thymifolia shows the least plant 
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height. Fluctuations that involve increase and decrease in plant growth and fruit production were 

observed in all the species throughout the experiment. The fluctuations can be partly explained 

by the climatic conditions during the cycle. Decreases in plant height and fruit production are 

common during period of lower temperature and lower rainfall but if plants are subjected to 

higher temperature and higher rainfall, plant growth and fruit production increases. The effects 

of climatic conditions, such as light, on the germination of seed of Euphorbia thymifolia has 

been previous described (Ramakrishnan, 1965). For reproductive development, the stages of 

flower emergence, fruit development, fruit ripening with colour change and seed dispersal 

display an interesting variations among the examined species. During flowering, protogyny was 

observed with maturation of female flower before the male flower. Flower presented a single 

female which is surrounded by many staminate flowers within a cuplike structure called 

cyathium. At fruit maturation, the fruit colour changes and the peduncle of matured fruit appear 

as a protuberance from the involucres. In E. graminea, the peduncle of matured ovary elongates 

in the form of a bend whereas in E. heterophylla, E. hyssopifolia, E. prostrata, they are straight 

or slightly bend in E. thymifolia. The matured ovaries are able to eject their seeds, shooting them 

several centimeters in all the species studied, dispersal occurs by an explosive mechanism of the 

capsule. The seeds have capacity to germinate readily immediately after dispersal from the plant 

if the environment conditions are favourable. 

Variations have been observed in the germination behavior, seed output and reproductive 

capacity among the six examined species. E. hirtaand E. thymifolia have the highest reproductive 

capacity and seed output. Seed germination and seedling morphology of E. hirtaand E. 

thymifolia are very alike. Similar observation was made by Ramakrishnan (1965) who mentioned 

that the seedlings of E. thymifolia and E. hirta are difficult to differentiate up to 4-leaf stage and 
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differences are shown only in the leaves that emerged later. Although, the germination of seeds 

and the two primary leaves of E. hirta, E. thymifolia, E. hyssopifolia and E. graminea are similar, 

differences are marked at 4-leaf stage except for E. hirtaand E. thymifolia that are similar up to 

4-leaf stage. During flowering, fruiting and seed production dropped because of the presence of 

early fruit abortion which is characterized by enlarged ovaries without seed development. 

According to Geerts et al. (2002), embryo abortion might results from early nutrition barrier 

which prevent embryonic development. Number of fruits aborted was very high in E. hirta and 

least in E. thymifolia. 
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