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Abstract
Faba bean seeds are generally large which limits its adoption as cover crop and/or dual-purpose cover crop/cash crop due 
to the high seed cost. The purpose of this study was to evaluate six faba bean varieties for their yield and yield components, 
using phenology, morphology and physiological growth pattern. Faba bean varieties included Early Violletto, Aquadulce, 
Delle Cascine, Windsor, Early White, and D’Aquadulce, which studied in 2015 and 2016. Aquadulce produced the highest 
grain yield followed by Delle Casine. These two varieties also produced the highest biomass, which potentially can provide 
more N to the succeeding crop. Aquadulce and Delle Cascine had the highest HI (40.1 and 41%, respectively) indicating 
an efficient distribution of assimilates to their seeds.. Delle Cascine produced the highest number of seeds  plant−1 and seed 
weight, respectively. Plant height variation also revealed that varieties Early White was the shortest (40.6 cm) and the tallest 
(76.0 cm), respectively. Significant differences were observed in regard to the growing degree days required to reach flowering 
and pod formation stages. Aquadulce and Delle Cascine ranked early among the tested varieties, providing the opportunity 
for dual purpose and double cropping in short-season areas.
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Abbreviation
N  Nitrogen
HI  Harvest index
CGR   Crop growth rate

Introduction

Faba bean is a cool-season grain legume crop with high 
nutrition value. Recently more attention has been made on 
using faba bean as a multi-purpose legume crop (L’opez-
Bellido et al. 2005; Etemadi et al. 2015; Landry et al. 2015) 
and/or in intercropping systems (Zhang et al. 2004; Song 
et al. 2007; Li et al. 2009). Faba beans fit nicely into vari-
ous crop rotations, including double cropping with other 
vegetables and grains (Turk and Tawaha 2002; Agegnehu 
et al. 2006). Due to the diverse and significant ecological 
services (Köpke and Nemecek 2010) faba bean has increas-
ingly received attention. Currently, faba bean is widely culti-
vated in many regions of the world as a source of food and as 
a break crop in cereal production to minimize the occurrence 
of cereal cyst nematode (Heterdera avenae) (Sattell et al. 
1998) and some soil-borne pathogens (Landry et al. 2016).

In legumes, the total biomass production plays an addi-
tional role in sustainability of cropping systems (Zandvakili 
et al. 2012; Etemadi et al. 2018). Arguably, the most impor-
tant contribution of faba bean to agricultural ecosystems is 
its high capability of fixing atmospheric nitrogen (Cline and 
Silvernail 2002; Hoffmann et al. 2007; Horst et al. 2007; 
Ruisi et al. 2017; Etemadi et al. 2018). It is well documented 
that the magnitude of N contribution to the soil nitrogen 
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largely depends on the amount of final biomass of the leg-
ume crop (Finney et al. 2016; Jahanzad et al. 2016; Mirsky 
et al. 2017).

Integrating faba bean into the crop rotation systems 
requires some information about the growth pattern and 
morphological characteristics in addition to the potential 
yield of various genotypes (Agegnehu et al. 2006). Etemadi 
et al. (2015) recommended that faba bean should be sown 
in spring as early as late March to provide the opportunity 
for successful double cropping in areas with relatively 
short growing season. In cold areas, faba bean can also be 
grown in summer by mid-July as dual-purpose cash/cover 
crop (Etemadi et al. 2015; Landry et al. 2015). Domesti-
cation of faba bean began approximately 4000 years ago 
through selection among wild ecotypes for larger seeds and 
plants. The selection for larger plants resulted in higher 
potential ecological benefits including N fixation (Köpke 
and Nemecek 2010). The ability of faba bean to produce 
large quantity of biological N fixation is well documented 
(Unkovich and Pate 2000; Jensen et al. 2010; Dayoub et al. 
2017; Denton et al. 2017; Barłóg et al. 2018; Gebremariam 
and Assefa 2018). Therefore, faba bean can significantly 
contribute to the soil N that lowers the need for the N by the 
subsequent cash crop (Etemadi et al. 2018).

Faba bean is a new crop in New England and Windsor 
is currently the dominant variety available to the growers 
however, Windsor has not performed well in our previous 
studies and out-yielded by several other varieties (Etemadi 
et al. 2017). Thus evaluating more varieties for their poten-
tial yield and suitable morphological characteristics can pro-
vide valuable information to the researchers and growers. 
Seed yield is a function of DM accumulation and partitioned 
assimilates into the seeds (Ricciardi et al. 2001). Phenology 
is the study of the timing of biological events, the cause of 
their timing with regards to biotic and abiotic forces, and 
the interrelation among phases of the same or different spe-
cies (Hunt and Yamada 2003). Phenological development 
described as the rate of progress through growth stages. 
Temperature and photoperiod can control phonological 
growth stages, more specifically the reproductive growth 
(Peng et al. 2004; Wilczek et al. 2010). Therefore, variation 
in time to reach each phenotypic stage relates to the sensi-
tivity of genotypes to changes in the photo-thermal regimes 
thus affecting days to maturity, adaptation to the environ-
ment, and yield in divers growing conditions (Peng et al. 
2004; Etemadi and Hashemi 2012). Different types of faba 
beans including spring, winter and Mediterranean exhibit 
various phenological characteristics therefore induction and 
maintenance of flowering differs among these classes (Pat-
rick and Stoddard 2010).

Plant breeders have recognized the importance of larger 
seed in the production of food crops and have been breeding 
crops for the trait. General conception is that the larger seeds 

may have more food reserves thus germinate faster, estab-
lishes more successfully and out yield smaller seeds within 
the same variety/cultivar (Gan et al. 2004). The desired 
population density traditionally determined by seeding 
rate, which primarily relate to the number of seeds per unit 
weight (kg). Therefore, seeding rate of cultivars with smaller 
seed size can be significantly lower than larger seeds. Since 
the cost of faba bean seeds is relatively high, smaller seeds 
with high yield potential are preferable and can significantly 
reduce the production costs.

Despite the significant economic and ecological impor-
tance of faba bean, the relationship between various phe-
nology, morphology, and growth pattern characteristics of 
various faba bean varieties in short growing season regions 
is not extensively investigated.

The present study aimed to assess selected traits that are 
important for adaptation of faba bean in short-season areas. 
The phenology, morphology, and seed yield of six faba bean 
varieties studied in a 2-year field experiment.

Materials and Methods

Experimental Site and Weather Condition

A 2-year field experiment was conducted in 2015 and 2016 
at the University of Massachusetts Amherst Agricultural 
Experiment Station, Crops and Animal Research and Edu-
cation Farm in South Deerfield (42°28′37″N, 72°36′2″W). 
Weather condition including growing degree-days (GDD) 
and precipitation throughout the experiment period in both 
years and the norm (average of 20 years) for the region 
presented in Table 1. The soil type at the experimental site 
was a Hadley fine sandy loam (nonacid, mesic TypicUdif-
luvent). Composite soil sample (0–0.2 m depth) taken prior 
to planting indicated soil pH (1:1, soil/H2O) was 6.6, cation 
exchange capacity (CEC) was 8.1 meq/100 g and available 
P, K and Mg were all in the optimum range thus no ferti-
lizer was applied to the experimental plots in both years. 
Throughout the experiment, weeds periodically removed by 
hand when necessary. No irrigation used in this experiment, 
as irrigation is not a common practice for agronomic field 
crops in Massachusetts.

Experiment Layout and Measurements

Six faba beans varieties including; Aquadulce, Early 
Violletto, Delle Cascine, Early White, D’Aquadulce, and 
Windsor, were hand seeded on April 16 in 2015 and April 
14 in 2016. A complete randomized block design experi-
ment with four replications used in this study. Each plot con-
sisted of three rows, 76 cm apart and 15 cm space between 
the plants, which is equivalent to a population of 60,000 
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plants  ha−1. Morphological characteristics including height 
of plant, number of lateral branches per plant, height of the 
first pod from the ground measured on five randomly tagged 
faba bean plants in each plot. Plant height was determined 
by measuring the distance between the ground and the ter-
minal growing point. Number of lateral branches counted at 
the harvest. First pod height was determined by measuring 
the distance between the soil surface and the first pod pres-
ence in the plant before the harvest. The major phenological 
stages of the varieties were determined when 50% + 1 of 
plants in the center row reached the corresponding stage. 
The recorded phenological stages included the days required 
to reach three leaf stage, flowering, first pod formation, and 
pod maturity. The number of Growing Degree Days (GDD) 
accumulated for reaching each phenological stage was cal-
culated using Eq. 1:

where  Tmax and  Tmin are the maximum and the minimum 
daily air temperature (°C),  Tbase is the base temperature 
equal to 4 °C.

Crop Growth Rate (CGR) was calculated (Eq. 2) for 
entire growth period (Aghaalikhani et al. 2012). At each 
harvest, five plants from first and third rows of each plot 
cut at the soil surface and oven dried at 50 °C for 72 h in a 
forced-air oven to reach a constant weight.

Seed yield (kg ha−1) and seed size (100-seed weight) 
were determined based on harvesting pods from 2 m2 from 
the middle row. Seed yield is corresponding to the total 
seed weight of multiple harvests and seed size is the aver-
age weight of multiple groups of 100 seeds. At maturity, all 
plants from the 5 m2 of the center row harvested manually 
by cutting at the soil surface for determination of biological 
yield. Harvest index (HI) derived as the proportion of grain 
yield to total biological yield.

Statistical Analysis

Data subjected to analysis of variance using Proc GLM pro-
cedure of SAS software (SAS Institute 2003). Data shown 

(1)GDD =
(

T
max

+ T
min

)

∕2−T
base

,

(2)CGR =
(

W2 −W1

)

∕SA
(

t2 − t1

)

in figures are the arithmetic means of four replicates of each 
treatment. Effects considered significant at P ≤ 0.05 by the 
F test, and when the F test was significant, Fisher’s Least 
Significant Difference Test (LSD) was used for mean sepa-
rations. Regression equations (averaged of 2 years) for faba 
bean CGR based on days after planting was determined by 
fitting the data to a quadratic trend using SAS linear regres-
sion procedure (PROC REG). The relationships between the 
traits analyzed using PROC CORR of SAS software.

Results and Discussion

Weather

Cumulative growing degree days (GDD 4 °C) at Orange 
Airport, MA (roughly 27 km away from the research site), 
during the growth period of faba bean (April–July), were 
2484 and 2461 in 2015 and 2016, respectively which were 
similar to the norm for this location (Table 1). Since irriga-
tion is not a common practice for field crops production in 
Northeast U.S., plants are depend on the amount of precipi-
tation they receive during the growing season. In 2016, faba 
bean plants received almost 50% less precipitation than in 
2015 during April through July, the months that spanned 
the crop growth period. More specifically, lower moisture 
availability in the month of June 2016 when pods and seeds 
are normally formed, resulted in 28 and 29% reduction in 
biomass and seed yield, respectively when averaged across 
all faba bean varieties (Table 3).

Phenology

The life cycle of grain legumes identifies by several major 
phenological stages. These stages include seed emergence, 
vegetative growth, flowering, pod set, pod filling, and physi-
ological maturity. In faba bean, the induction of flowering, 
retention of flowers and development of seeds are all there-
fore critical processes in final yield determination.

Figure 1 illustrates the mean thermal units (above 4 °C) 
of the varieties that needed to reach different phonologi-
cal stages. While the varieties did not show significant 

Table 1  Precipitation and 
GDD during faba bean growing 
season in 2015, 2016 and norm 
(20 years average) for the 
experimental site

a GDD = (Tmax + Tmin)/2 –  Tbase where  Tbase is 4 °C

Month Precipitation (mm) GDDa

2015 2016 20-year mean 2015 2016 20-year mean

April 51 53 80 157 185 204
May 26 65 88 674 530 515
June 192 34 116 714 765 767
July 84 43 98 938 980 942
Total 353 195 382 2484 2461 2428
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differences in required GDD to reach their 3-leaf stage, large 
variations recorded for other stages of growth among the 
varieties. Aquadulce and Delle Cascine required 534 GDD 
to produce their first flower, which was almost 25% lower 
than the Early White, which flowered last. Interestingly, 
the flowering period of Aquadulce and Delle Cascine was 
longer than other varieties except in Windsor. Aquadulce 
matured earlier than all other varieties and required 33% 
less GDD than the second earliest variety, Delle Cascine. 
Considering that faba bean is sensitive to high temperature 
and low moisture availability, days to flowering and maturity 
is very important (L’opez-Bellido et al. 2005). Earlier matu-
rity potentially considered as a positive characteristic for the 
varieties grown in short growing season areas such as New 
England. This is because firstly, the plant will not coincide 
with high temperature in summer, which makes faba bean 
plants sensitive to chocolate spot bacteria. Secondly, earlier 
harvest provides the opportunity for successful double crop-
ping which is crucial to the growers’ income. However, early 
maturity varieties must demonstrate an efficient distribution 
of assimilates to the economic sinks to produce high pods/
seeds yield. Other reports indicated that faba bean varieties 
exhibited large variations in terms of maturity (Tafere et al. 
2012; Talal and Munqez 2013; Mitiku and Wolde 2015). 
Our results however, does not confirm the earlier report by 
Girma and Haila (2014) who concluded that physiological 
maturity of faba bean varieties was not different in irrigated 
and rain fed conditions.

Morphology and Growth

Growing season had a significant influence on all meas-
ured morphological and growth indices (Table 2). As men-
tioned earlier, the amount and distribution of precipitation 
was more suitable in 2015 than 2016 (Table 1). As a result, 
average all varieties, plant height, height of first pod from 
the soil surface, number of lateral branches, and maximum 

CGR were higher in 2015 compared with 2016. However, 
the interaction of year and variety was not statistically sig-
nificant therefore; an average of the 2 years of experiment 
presented in Table 2.

Varieties used in this experiment showed significant dif-
ferences in terms of plant height, height of first pod from the 
soil surface, and number of branches (Table 2). Windsor was 
the tallest variety followed by Aquadulce, while the Early 
White was the shortest variety. Except in Early Violletto, the 
height of the first pod from the ground ranged from 15 to 
19 cm. The height of the first pod is important for the ease 
of fresh pods hand harvesting and for mechanical harvesting 
of dry seeds. Moreover, the lowest pods may contaminate 
with soil particles due to the splash of raindrops. Number 
of lateral branches per plant varied between 2–4 and the 
difference between the varieties was significant. Number 
of branches is mainly influenced by agronomic manage-
ment practices including plant density (Loss et al. 1998a, b; 
Gezahegn et al. 2016), time of planting (Badran and Ahmed 
2010) and environment conditions such as moisture avail-
ability (Toker 2004; Hegab et al. 2014). Number of lateral 
branches per plant can also differ based on the differences in 
the genotype (Mwanamwenge et al. 1998; Sozen and Kara-
davut 2016). In the current experiment, since a uniform 
population density and environmental condition existed, the 
difference in the number of branches primarily related to the 
genotypic differences rather than agronomic practices and/
or environmental conditions. In general, producing several 
branches per plant should not be considered as a good char-
acteristic since lateral branches are not as productive as the 
main stem. Therefore optimum canopy closure should be 
reached through increasing population density rather than 
the capacity of varieties for branching capability.

The maximum CGRs of the varieties tested in this study 
were considerably different and varied between 2.7 g m−2 
 day−1 in low yielding variety, D’Aquadulce, and 6.6 g m−2 
 day−1 in high producing varieties, Delle Cascine and 

Fig. 1  Growing degree days 
required to reach various growth 
stages of six faba bean varieties
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Aquadulce (Table 2). The highest value obtained in this 
study was significantly lower than the maximum CGR 
recently reported by Barłóg et al. (2018). The lower maxi-
mum CGR in our study could be attributed in part to the 
growing conditions in the Northeast U.S., which usually has 
more cloudy days, and due to the lack of irrigation prac-
tice. The time to reach the peak CGR was also significantly 
different among the varieties and ranged from 62 days in 
Aquadulce to 75 days in Windsor. Intensive growth period 
of faba bean occurs during flowering stage, when the crop 
reaches its highest leaf area index (LAI) and  CO2 fixation 
rate (Coelho and Pinto 1989; Pilbeam et al. 1991). Our 
results indicated that the days to reach the maximum CGR 
in all varieties, regardless of their maturity, coincided dur-
ing the flowering period. Interestingly it turned out that the 
earliest (Aquadulce) and latest (Windsor) maturity varie-
ties required the fewest and the highest days to reach their 
maximum CGR, respectively (Fig. 1). As the time passed, 
dry matter accumulation rate decreased with the aging of the 
leaves, thus CGR reduced at final stages of growth.

Biomass, Seed Yield, and Harvest Index

Biomass yield was significantly different in the two grow-
ing seasons and averaged all varieties was 28% higher in 
2015. Biomass also varied greatly among the faba bean 
varieties and ranged from 2162 kg ha−1 in D’Aquadulce in 
2016 up to 7970 kg ha−1 in Aquadulce in 2015 (Table 3). 
Biological yield is one of the most sensitive traits to envi-
ronmental conditions and varies greatly among the faba 

bean genotypes (Toker 2004; Abdalla et al. 2015; Flores 
et al. 1996; Gasim et al. 2015; Mitiku and Wolde 2015). 
Final biological yield represents the photosynthetic effi-
ciency of the genotypes whereas the seed yield primarily 
related to the effective translocation of assimilates to the 
economic sinks. However, often a high correlation exists 

Table 2  Mean values 
of morphological and 
physiological traits of different 
faba bean varieties

ns non-significant
*Significant at P ≤ 0.05
**Significant at P ≤ 0.01

Height (cm) 1st Pod Height 
(cm)

Branch# Max CGR (g m−2 
 day−1)

Days 
to Max 
CGR 

Year
 2015 63 19 3.3 56.3 –
 2016 45 14 2.4 40.7 –

Variety
 Aquadulce 57 16 3.0 6.6 62
 D’Aquadulce 46 18 4.0 2.7 70
 Delle Cascine 56 19 3.1 6.7 63
 Early Violletto 53 11 2.0 5.3 65
 Early White 41 15 2.2 5.0 65
 Windsor 71 18 3.1 2.9 75

F test
 Year (Y) * ** * * *
 Variety (V) * * * * *
 Y*V ns ns ns ns ns

Table 3  Mean values of seed yield, biological yield, harvest index 
and some morphological traits of different faba bean varieties

ns non-significant
*Significant at P ≤ 0.05
**Significant at P ≤ 0.01

BY (kg ha−1) Seed yield 
(kg ha−1)

HI (%) 100-Seed 
fresh weight 
(g)

Year
 2015 5271 2057 39.0 355
 2016 3818 1470 38.5 257

Variety 2015 2016
 Aquadulce 7970 5774 2756 40.1 265
 D’Aquadulce 2985 2162 900 35.0 392
 Delle Cascine 6648 4816 2352 41.0 335
 Early Violletto 6256 4532 2109 39.1 280
 Early White 4509 3266 1473 37.9 253
 Windsor 3257 2360 993 35.4 311

F test
 Year (Y) ** ** * *
 Variety (V) * * * *
 Y*V * ns ns ns
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between the total biomass and final seed yield (Losset al. 
1998b).

In current study, we found similar ranking of biomass 
and seed yield among the varieties (Table 3). For example, 
Aquadulce with highest biological yield out-yielded other 
varieties and produced the maximum seed yield. However, 
Lo’pez-Bellido et al. (2003) reported that although there is 
a certain correlation in faba bean crops between biological 
yield and seed yield, the high biological yield does not nec-
essarily corresponds with the high seed yield.

Statistical analysis indicated that varieties of faba bean 
tested in this experiment produced significantly (P < 0.05) 
different seed yield (Table 3). Aquadulce and Delle Cascine, 
which produced the highest biomass, also ranked top as the 
most productive varieties and yielded 2756 and 2352 kg seed 
 ha−1, respectively. Depite of being late maturity varieties, 
D’Aquadulce and Windsor performed poorly and produced 
only 900 and 993 kg seed  ha−1, respectively. Interestingly 
Windsor is the dominant variety currently available to the 
growers in New England. The results of this study further 
confirmed the necessity of varieties/cultivars testing tri-
als for each region. Final seed yield also depends on dis-
tribution efficiency of genotypes to translocate assimilates 
to the target sinks. The harvest index is a physiological 
criterion that represents the assimilation distribution effi-
ciency and influenced by both the growing season and the 
genotype (Table 3). The harvest index range obtained in 
the current study (35–41%) is in the range of several other 
reports (Agung and McDonald 1998; Gebremeskel et al. 
2011; Abdalla et al. 2015; Gezahegn et al. 2016). Agung 
and McDonald (1998) who stated that the HI of faba beans 
differed little among different genotypes have reported con-
trasting result.

The 100-seed weight was significantly different among 
the varieties (Table 3). The average seed size of Aquadulce, 
as the highest yielding variety, was 265 g 100-seed−1 which 
was the smallest among the tested varieties. Seed size of faba 
bean varieties varies greatly (Duc 1997; Landry et al. 2016; 
Etemadi et al. 2017) and such significant variation makes 
faba bean a unique legume crop when it comes to the cultivar 
evaluation. Faba bean varieties are classified as large-seeded 
(> 1.0 g  seed−1), medium-seeded (0.5–1.0 g  seed−1) and 
small seeded (< 0.5 g  seed−1) (Etemadi et al. 2015). Regard-
less of the seed size, faba bean yield generally increases with 
increased population density and reaches its peak at differ-
ent plant populations (L’opez-Bellido et al. 2005). Growers 
commonly use seed weight per unit land area to achieve the 
recommended population density. Therefore, in large seed 
crops such as faba bean, the seed size plays a significant role 
in determining the seed cost. Aquadulce not only out-yielded 
other varieties, also because of its smaller seed size, requires 
lower seeding rates. Lower seed cost promotes faba bean 
cultivation as cash/cover crop dual purpose.

Conclusion

The present study provides evidence that the faba bean 
genotypes exhibited dramatic variations in thermal units 
required to reach various phenological stages. This vari-
ation allows growers to select the proper genotype that 
favors their environmental conditions. The current study 
revealed that late-maturity varieties are not necessarily 
superior over early-maturity genotypes. Thus in short-
season regions, high yielding early maturity varieties such 
as Aquadulce provide the opportunity for double cropping. 
Moreover, our findings confirm the existence of high cor-
relation between biomass and seed yield. This correlation 
is very important in cultivation of legumes since produc-
tion of higher biomass additionally provides higher N 
yield, which benefits the succeeding crop.
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