
57AGRO
PRODUCTIVIDAD

https://doi.org/10.32854/agrop.v13i12.1895

Agroproductividad: Vol. 13, Núm. 12, diciembre. 2020. pp: 57-62.

Recibido: mayo, 2020. Aceptado: noviembre, 2020.

Flowering Dynamics in Alfalfa (Medicago sativa L.) 
Based on Heat Units

Bolaños-Aguilar Eduardo Daniel1*, Christian Huyghe2, Enríquez-Quiroz Javier Francisco3

1Instituto Nacional de Investigaciones Forestales Agrícolas y Pecuarias. Campo Experimental 

Huimanguillo. Huimanguillo, Tabasco, México. CP. 86600. 2Institut National de la Recherche 

Agronomique. Lusignan, France. CP. 86600. 3Instituto Nacional de Investigaciones Forestales 

Agrícolas y Pecuarias. Campo Experimental “La Posta”. Paso del Toro, Veracruz, México. CP. 94277.

*Corresponding Author: bolanos.eduardo@inifap.gob.mx

ABSTRACT
Objective: To describe the sequential pattern of reproductive development of Medicago sativa L. (flowering dynamic) using 

the relation between principal floral stem nodes and accumulated growing degree day (GDD) in different environmental 

conditions, and to determine the use of this relationship as a predictor of the seed harvesting date.

Design/Methodology/Approach: It was carried out in random blocks and factorial arrangement of 25, with two 

repetitions. Each repetition was made up of 30 plants. 

Results: The flowering dynamic followed the same pattern between varieties, with a linear relation between GDD and 

number of floral nodes. The year A0 was different from the years A1 and A2. Therefore, A1 with cutting, and A2 with and 

without cutting presented less GDD during the flowering stage. In contrast, A0 showed more GDD during this period. In 

the different environmental conditions, the linear curves of flowering dynamic turned erratic after the tenth floral node 

(300 GDD) due to a low rate of plants with more than 10 floral nodes along the principal stem. 

Study Limitations/Implications: It is necessary to have a meteorological station near the alfalfa seed production site, in 

order to specify the GDD required for predicting the correct moment to harvest seeds. 

Findings/Conclusions: The reproductive development of M. sativa presents a linear relation between the number of floral 

nodes and GDD, which allows the prediction of the optimal seed harvesting date, in any environmental condition present. 

Key words: Growth, accumulated growing degree days, flowering. 

INTRODUCTION

A
lfalfa (Medicago sativa L.) develops a group of erect thin primary stems of up to one meter in height with 

branching. Each stem is composed of several vegetative and floral nodes. This branching pattern gives 

rise to a certain growth habit with indefinite sequential flowering between the different nodes along each 

stem (Lesins and Lesins, 1979). The information available describing the pattern of the flowering dynamic 

between floral nodes along alfalfa stems is limited. This information is important in order to understand and predict 
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the variations of seed production and its distribution 

along the canopy. 

The flowering dynamic has been described in other 

Fabaceae species to understand the variations in grain 

yield between plants, such as in soy (Glycine max L.) 

(Nico et al., 2016), fava bean (Vicia faba L.) (Daur et al., 

2011), and lupin (Lupinus angustifolius L.) (Lagunes-

Espinoza et al., 2000). In alfalfa it has been shown that 

the competition for nutrients between densely sowed 

plants increases and the rate of flowering decreases 

(Baldissera et al., 2014). This allows assuming that the 

selection of fodders normally carried out in isolated 

plants could generate erroneous information on the 

flowering dynamic and seed production, since there is 

not high competition for nutrients between plants, as 

seen in dense canopies which are the normal conditions 

of fodder growth. 

Taking into account that the environmental temperature 

is correlated to plant development, the concept of 

accumulated growing degree days (GDD) could be 

used as a tool to predict the development of flowering 

toward a specific phenological stage (Krishna-Jagadish 

et al., 2016). In order to achieve this, it is important to 

know the basal temperature (Tb) of the crop of interest. 

The Tb is that which minimizes the variability of the 

required GDD necessary for a plant to achieve a specific 

phenological stage (Jungers et al, 2016). Years ago, the 

minimal temperature for the growth of alfalfa leaves was 

considered to be 5 °C (Sanderson et al., 1994). A basal 

temperature of 5 °C has been more frequently used in 

the development of prediction equations in alfalfa seed 

production for all stages of development (Bolaños-Aguilar 

and Huyghe, 2005). The objective was to understand the 

sequential pattern of reproductive development between 

the different floral nodes along the primary stem, in 

function of the accumulated growing degree days (GDD) 

with the aim of determining if that pattern varies with 

the environmental conditions of crop growth and with 

the variety, in order to know the feasibility of predicting 

the optimal date of seed harvesting associated with the 

relation between reproductive development and GDD. 

MATERIALS AND METHODS
The study was carried out in field conditions during two 

years in the Center of Genetic Improvement of Forage 

Plants in Lusignan (46.26° N; 0.07° E) of the National 

Institute of Agricultural Research (INRA) in France. 

European and Magali varieties of alfalfa were studied, the 

former known for its resistance to cold and lodging and 

the latter for adapting better to Mediterranean climate 

and less resistance to lodging. In both varieties the 

sowing density was 10 kg ha1, established in a design 

of random blocks in factorial arrangement of 25 with 

two repetitions. Each repetition had 30 plants. The area 

of each plot or repetition was 18.75 m2, formed by four 

lines of 7.5 m long by 0.41 m between lines. For this study, 

central lines were used, eliminating the two external lines 

in order to avoid the border effect. Sowing was done in 

each line with the chorrillo technique. The present study 

was carried out in five different environmental conditions 

presented in Table 1. 

For the creation of these environmental conditions, 

plants were evaluated in sowing year (A0), plants cut one 

year after sowing (A1 with cut), plants cut two years after 

sowing (A2 with cut), and plans without cutting two years 

after sowing (A2 without cut). Cutting was done at a 

height of 6 cm above ground level, beginning evaluations 

at the beginning of the month of May. Climate data were 

obtained from the same Research Center for every 

year. To record flowering dynamics, 30 primary stems 

(one per plant) were randomly selected by variety and 

repetition before the beginning of flowering. 

The distance between the stems was approximately 0.20 

m, to ensure that they did not belong to the same plant. 

The start of flowering of each variety was registered the 

moment when 20% of the stems selected presented one 

open flower in the inflorescence inserted on the first floral 

node of the primary stem of each plant selected. A node 

was considered floral when it developed at least one 

completely open flower (anthesis) in its inflorescence. As 

Table 1. Treatments and sowing dates of Medicago sativa L. 

Variety

Treatments

Environmental 
condition

Sowing date of
treatments

Europa

Y0-1997
Y0-1998
Y1 with cutting
Y2 with cutting
Y2 without cutting

April 1997
April 1998
April 1997
April 1995
April 1995

Magali

Y0-1997
Y0-1998
Y1 with cutting
Y2 with cutting
Y2 without cutting

April 1997
April 1998
April 1997
April 1995
April 1995

A0: Sowing year; 1997 and 1998: Consecutive sowing years; A1: 
Regrowth year of sowing from 1997; A2: With cutting and without 
cutting: Regrowth year of sowing from 1995. 
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of the first open flower from the first floral node, every 

third day the opening of the first flower of each floral 

node along the primary stem was registered and tagged. 

The progress of the number of alfalfa floral nodes was 

described in linear functions based on accumulated 

growing degree days (GDD) from the beginning of 

flowering until seed maturity (period of reproductive 

development). With this data the average number of 

floral nodes was calculated for each treatment. The 

duration of the reproductive period was based on the 

sum of GDD. The GDD were calculated by 

GDD T Tb= −( )∑

where T is the average daily temperature (maximum 

temperature  minimum temperature/2), and Tb is 

the baseline temperature, established at 5 °C for alfalfa 

(Sharrat et al., 1989). This Tb of 5 °C was applied in all of 

the environments evaluated. 

The linear regressions for the flowering dynamics from 

their start until seed maturity, for all treatments, were 

done using the REG procedure from SAS (SAS, 2010). 

The slope of each regression curve was used in order 

to estimate the flowering dynamics along the primary 

stem expressed as the GDD necessary for the sequential 

flowering of floral nodes on the primary stem. The 

regression model was 

y  a  bx

where y  number of floral nodes, a  regression 

constant, x  accumulated growing degree days (Tb  5 

°C), and b  regression slope. 

RESULTS AND DISCUSSION 
The pattern of flowering dynamics (relation between the 

number of flower nodes and GDD) along the primary 

stem for the European and Magali varieties in each 

environmental condition is represented in Figures 1a 

and b, respectively. It was observed that in both varieties 

the flowering dynamics follow the same linear pattern, 

increasing the number of floral nodes with an increase in 

the GDD. This linear relation between the number of open 

flowers and the GDD was also observed in field conditions 

in bean cultivation (Jenni et al., 2000; 

Kakon et al., 2019). The flowering 

dynamics varied between different 

environmental conditions (Table 2). 

Independently of the variety, the 

flowering dynamics was slower in A0 

than in A1 and A2, because an increased 

number of GDD were required in A0 for 

sequential flowering of floral nodes in the 

primary stem. Table 2 also shows that 

between A1 and A2 without cutting there 

was no significant difference in flowering 

dynamics. The lower flowering dynamics 

seen in A0 could be consequence 

of the differences of source-demand 

relationships in the plant. The former 

explanation is based on Khaiti and Lemaire 

(1992), who demonstrated that there is a 

more efficient use of solar radiation in 

the formation of biomass in alfalfa for 

regrowth years (A1 and A2) than for the 

sowing year (A0). This is explained by the 

higher leaf area index and by higher stem 

density per plant in regrowth years. This 

was corroborated by Bolaños-Aguilar and 

Huyghe (2005) and Nico et al. (2016) in 

Figure 1. Relation between the number of flower nodes and accumulated growing degree 
days (GDD) in European (a) and Magali (b) varieties of Medicago sativa L., in different 
environmental conditions.
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Table 2. Environmental condition, number of flower nodes and flowering dynamics 
in accumulated growing degree days (GDD) with 5 °C basal temperature for two 
varieties of Medicago sativa L.

Varieties
Condition 

environmental
Average number of 

flower nodes1
Flowering dinamics 

in CDD

Europa

Y0-1997
Y0-1998
Y1 with cutting
Y2 without cutting
Y2 with cutting

5.88 a
5.64 a
4.23 b
4.53 ab
6.71 a

32.93 c
37.24 d
23.80 a
21.33 a
28.11 b

Magali

Y0-1997
Y0-1998
Y1 with cutting
Y2 withput cutting
Y2 with cutting

6.53 a
6.29 a
6.26 a
6.21 a
6.08 a

30.41 c
34.81 d
22.52 a
24.67 ab
26.39 b

Means with the same letters between lines in the variety are not statistically different 
(P0.05). A0, A1, A2; sowing year and two years after regrowth, respectively. 1Each 
average is the result of 60 registered products of two repetitions with 30 stems each. 

alfalfa, when observing that at higher leaf area and number 

of stems induces a higher accumulation of dry matter at 

the time of seed harvesting, with higher seed production 

seen in regrowth years. 

Similarly, in another study by Bolaños-Aguilar et al. 

(2002) on alfalfa seed production carried out in 12 

different environmental conditions, they observed that 

lower seed productions took place in the sowing year 

(A0), than in subsequent growing periods showing a 

genetic correlation of 0.79 between seed production 

and dry matter accumulation present at the time of 

seed harvesting. These results were explained as a 

consequence of lower dry matter production in A0, 

which was subsequently seen in other studies (Brown et 

al., 2006; Otero and Castro, 2019). 

The European and Magali alfalfa varieties showed similar 

flowering dynamics in the different environmental 

conditions evaluated, even though the 

original environment was different for 

each of them. However, there were 

differences (p0.05) in the flowering 

dynamics between growing environmental 

conditions for each variety. Thus, the GDD 

required to pass from one floral node to 

the other in the European variety was 

21.33 to 37.24 GDD, which corresponded 

to A2 conditions without cutting and to 

A0-1998, respectively, and for the Magali 

variety of 22.52 to 34.81 GDD with regard 

to the A1 conditions without cutting and 

A0-1998. Considering that between the 

two varieties there was similar flowering 

dynamics in any of the environmental 

conditions evaluated, the GDD required 

for seeds to reach maturity and be ready for harvesting 

was calculated by combining the results of the two 

varieties (Table 3). 

The A2 conditions with and without cutting had a total 

of GDD during the blooming period lower than the 

rest of the treatment. The response was the opposite 

in A0 conditions, where the total GDD was higher than 

the rest of the treatments. However, the total number 

of accumulated development days between the five 

different environmental conditions evaluated was similar 

(Table 3). This result indicated that the GDD parameter 

is an important tool in order to correct the variations 

of plant growth related to temperature differences that 

occur on different days. 

In both varieties, the curves that represent the flowering 

dynamics in different environmental conditions 

become erratic after the tenth flowering node, that is 

Table 3. Period of reproductive development, accumulated days, accumulated growing degree days, and accumulated rain, in each 
environmental condition of plant growth.

Environmental Condition
Reproductive Development 

Period1 Cumulative Days
Reproductive Development 

Period (CDD)
Cumulative Rain

(mm)

Y2: Without cutting 
Y2: With cutting 
Y0: Without cutting

Year 1997
May 16 – June 25
June 6 – July 17
July 1 – August 11

40
41
41

454 a
491 a
621 b

74
143
83

Y0: Without cutting
Y1: With cutting

Year 1998
June 26 – August 7
June 5 – July 19

42
44

583 b
550 a

73
84

Means with the same letters between lines within each year are not statistically different (P0.05). A0, A1, A2; sowing year and two years 
after regrowth. 
1Period lapsed from the beginning of flowering until seed maturity.
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to say, once 300 GDD were reached (approximately 

25 d of reproductive development) counted from the 

beginning of flowering (Figures 1a and b). This behavior 

was the consequence of the decrease in the number 

of primary stems with more than ten flowering nodes 

in all the environmental conditions evaluated, as shown 

by Huyghe et al. (2001) who studied vertical (between 

different flowering nodes along the primary stem) and 

horizontal (at the same level of the flowering node, but 

between primary stems) distribution in the production of 

alfalfa seeds. 

The number of flowering nodes by stem varied from 

14 (A0) to 17 (A1 and A2 with and without cutting) 

for both varieties. The number of stems with more 

than ten floral nodes was also lower in A0 than in 

the other environmental conditions. The duration of 

the reproductive development period was calculated 

based on the sum of GDD. These results deduce that 

the first ten floral nodes are important in the definition 

of seed production at the end of 300 GDD, counted 

from the beginning of flowering. Authors such as 

Bolaños and Huyghe (2005) previously observed in 

the European and Magali varieties that during the first 

600 GDD of the reproductive period, the accumulation 

of dry matter was primarily assigned to reproductive 

organs rather than stems and roots. Considering that 

in alfalfa the time required to go from “open flower” 

in an inflorescence to another on the same primary 

stem was between 24 and 48 hours, as previously 

demonstrated by Genter et al. (1997), depending on the 

GDD; and that the seed development model can be 

measured by GDD from pollination, then it is possible to 

develop a model that explains alfalfa seed production. 

Determining flowering dynamics in varieties of broad 

use in different alfalfa production regions in Mexico 

would be of great use in order to predict the moment 

of seed harvesting. 

CONCLUSIONS
The flowering dynamics along the primary alfalfa stem 

is described as a linear function based on accumulated 

growing degree days (GDD) during the reproductive 

period, with basal temperature of 5 °C. The pattern 

followed by the flowering dynamics (linear relation) 

does not vary between varieties, but depending on the 

environmental condition, the necessary GDD varies in 

order for alfalfa to reach seed maturation and for seed 

harvesting. 
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