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Relationships Between Dry Matter Yielsf., Seed Yield and Flowering Time in 
Annual Forage Legumes under Dry Conditions 

B.H. Somaroo1 

ABSTRACT 

The relationships between dry matter yield, seed yield, and 
flowering time of various accessions of Piswn sativum, Vicia 
sativa, Lathyms sativus, Medicago aculeata and M. rigidula were 
studied in 1979/80 and in 1980/81. Three hundred ninety 
seven accessions were tested in replicated microplots at Tel 
Hadya, !CARDA's main station in northern Syria under rain
fed conditions (424.0 mm in 1979/80 and 371.3 mm in 
1980/81). 

Except for V. sativa and M. rigidula in 1980, positive and 
significant correlation coefficients between dry matter yield 
and seed yield were found in both years, ranging from 0.36 to 
0.68. The correlation coefficients were higher in 1980/81 than 
in 1979/80 for all species. However, even when the correlation 
coefficients were significant, the determination coefticients 
were low, ranging from 13 to 47%. This indicates that in these 
species, dry matter yield and seed yield behave, to a large ex
tent, as independent variables. Accessions with different 
combinations of both characters are available. Therefore, se
lection for genotypes combining high seed yield and high dry 
matter yield should not offer major difficulties. Earliness, ex
pressed as flowering time, was generally associated with both 
high dry matter yield and seed yield. This relationship was 
particularly constant in the two years for P. sativum. 

Additional index words: annuat"forage legumes, dry matter 
and seed yield relationships. 

INTRODUCTION 

The ultimate success of a new cultivar depends upon 
both the availability and the cost of seed.· Forage legume 
crops have been intensively bred to maximize dry matter 
yield, but very little data are available on the relationship 
between dry matter yield and seed yield. An, under
standing of this relationship could assist in developing 
cultivars which combine both high dry matter and high 
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seed yield. Large amounts of seeds of promising acces
sions must be rapidly produced for both large-scale test
ing and demonstration purposes in order to achieve the 
desired impact at the farmer's level. 

In West Asia and North Africa, annual forage and 
pasture legumes can play a potentially important role in 
replacing the traditional cereal-fallow rotation with a ce
real-legume rotation. It is estimated that the fallow area 
in this region is about 40 million ha. A cereal-legume 
rotation could have a significant impact on both livestock 
and crop production by enhancing the feed availability 
and fixing the atmospheric nitrogen. 

A large germplasm collection of annual forage 
legumes of different genera (Vicia sp., Pisum sp., Lath
yrns sp., Medicago sp., and Trifolium sp.) at !CARDA is 
being tested to select productive ecotypes for semi-arid 
environments. Each year since 1978, a subsample of this 
collection has been evaluated for adaptation, dry matter 
and seed yield and other agronomic traits. High seed 
yield potential is of particular importance in medics 
(annual Medicago species) which self-regenerate year 
after year from the seeds left buried in the soil. 

In this paper the evaluation results for two years of 
different accessions of five self-pollinated annual legumes 
(Vicia sativa L., Pisum sativum L., Lathyrns sativus L., 
Medic ago aculeata and M. rigidula L.) are presented. 

No data are available on the relationship between dry 
matter yield and seed yield in some of these species. 
Some work has been done on V. sativa in the USSR 
(Debely et al., 1979) and it has been shown that traits of 
early ripening can be combined with high seed yield and 
adequate green matter. In P. sativum, seed yield is 
correlated with pods per plant and seed per pod, while it 
is negatively correlated with 1000-seed weight (Malik and 
Hafez, 1977). In the same species a mutant for dichoto
mous stem bifurcation gave increased pod and stem pro
duction (Gottschalk, 1977) and, regardless of water 
availability, the total dry matter weight of seeds remained 
a near-constant proportion of the above-ground vegeta
tion (Harvey, 1980). Most of these data suggest a posi
tive correlation between dry matter yield and seed yield. 
To our knowledge, the relationship between the two 
characters in these species has not yet been investigated 
under dry and rainfed conditions. 
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MATERIALS AND METHODS 

The number of accessions evaluated in microplots in 
1979/80 and in 1980/81 respectively were: 66 and 61 in 
P. sativum; 91 and 51 in L. sativus; 39 and 51 in V. sativa; 
91 and 25 in M. aculeata and 110 and 65 in M. rigidula. 
The experimental design was a randomized block with 
three replications in 1979/80 and cubic lattice in 1980/81. 
Plot size was 2.5 X 1.4 m (3.5 m2

) with eight rows at 17.5 
em distance in both seasons. 

In the first year, seeds were sown between 22 and 27 
November 1979 at a rate of 80 kg ha-1 for P. sativum, V. 
sativa and L. sativus, and 15 kg ha-1 for medics. In the 
second year, seeds of P. sativum, V. sativa and L. sativus 
were sown between 6 and 17 November 1980 at a rate to 
ensure a uniform stand of 30 plants m-2 after thinning; 
the seeding rate for the medics was the same as in 1979. 

Before sowing, 60 kg ha-1 of P 0
5 

in the form of triple 
superphosphate was incorporated in the soil, in the case 
of P. sativum, V. sativa and L. sativus. For the two an
nual Medicago species, 20 kg ha-1 of nitrogen and 60 kg 
ha-1 of P

2
0

5 
were applied in 1980, and 40 kg ha-1 of P

2
0

5 
in 1981. 

Half of the plot was harvested at the beginning of pod 
formation for dry matter yield evaluation, and the other 
half was harvested at maturity for seed yield. In both 
years, flowering time was also recorded as days from 
date of sowing to beginning of flowering. 

The accessions evaluated in the two years were differ
ent subsamples taken at random from the germplasm 
collection. The microplot evaluation represents the sec
ond step in the annual legume selection program. Each 
year new germplasm is evaluated in replicated or un
replicated nursery-rows. Depending upon seed availabil
ity, single plants or entire rows are selected, and the 
progenies of the selected material are evaluated in mi
croplots. In the third step, the best material is promoted 
to advanced yield trials. Both in 1979/80 and in 1980/81, 
the microplots were evaluated under rainfed conditions 
at Tel Hadya, !CARDA's main station in northern Syria 
(35° 55' N, 36° 55' E, 282m above MSL), 30 km south of 
Aleppo. Total annual rainfall was 424.0 mm in the first 
year and 371.3 mm in the second, while the long-term 

· average for the experimental site is 356 mm. Detailed 
climatic data for both years are given in Table 1. 

RESULTS AND DISCUSSION 

The average flowering time, dry matter yield and seed 
yield of the five species are shown in Table 2. With the 
exception of L. sativus, all other species were consider
ably earlier in flowering in 1981 than in 1980. This may 
be partly attributed to the early planting time in the sec
ond year and to the lower temperatures in January 1980 
which may have delayed growth. 

In 1980, P. sativum gave the highest dry matter yield. 
In 1981, when the comparison between species was based 
on equal number of plants m-2

, it ranked second after M. 
rigidula. In both years P. sativum gave the highest seed 
yield. 

It may be interesting to note that in 1981 M. rigidula 
gave the highest dry matter yield and ranked second for 
seed yield. Both M rigidula and M aculeata are annual 
Medicago species native to the Middle East and have 
never been exploited. In the Aleppo-type environment, 
both these species have proved to be superior to Aus
tralian cultivars. 

From these data, as well as from other experiments, P. 
sativum and M. rigidula appear to be the most promising 
species to produce high quantities of dry matter yield un
der rainfed conditions. 

The correlation and determination coefficients be
tween dry matter yield and seed yield are shown in table 
3. Positive and significant correlation coefficients were 
observed in all the species in 1981, and in P. sativum, L. 
sativus and M. aculeata in 1980. Higher correlation co
efficients were found in 1981, and considerable differ
ences between the two years were found for the same 
species. For example, both in V. sativa and in M. rigidula 
the correlation coefficients (r= 0.25 and r= 0.11) were 
not significant in 1980, but they were highly significant 
(r= 0.41 and r= 0.37) in 1981. 

Since in both years the genotypes can be considered a 
random sample drawn from the germplasm collection, 
the difference between years may reflect an environ
mentally dependent association between the two charac
ters. (Even in the presence of significant correlation co
efficients, the determination coefficients were always low, 
the maximum value being 46%.) Therefore, although 
there was a tendency of high dry matter yield being asso
ciated with high seed yield, genotypes with all combina
tions of the two characters were present in most species. 
As an example, the relationship between the two char
acters is shown graphically in Figures 1 and 2. The two 
figures show again the high variability of the individual 
genotypes around the regression line even when a signifi
cant correlation was present. Low and high seed yielding 
genotypes were present in P. sativum, both at low and 
high levels of dry matter yield (Fig. 1). Genotypes with 
low dry matter yield and high seed yield were not found 
in V. sativa, but all three other combinations were pre
sent (Fig. 2). In each species few genotypes were present 
which combined a relatively high dry matter yield and 
seed yield (one standard deviation over the mean); the 
percent of such genotypes is reported for each species in 
Table 4. 

In both years, the largest number of genotypes that 
combined high dry matter yield with high seed yield were 
present in V. sativa, P. sativum and M. aculeata. The 
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Table 1. Climatic data at Tel Hadya ICARDA's research headquarters, (30 km South of Aleppo), 
in Northern Syria. · 

1979L80 1980L81 
Air Temx;1. (C) Rainfall Air Temn. (C) Rainfall 

Months Max Min (mm) Max Min (mm) 

Oct. 27.0 14.0 63.9 28.0 12.7 10.6 
Nov. 20.6 9.7 55.8 20.6 6.9 17.4 
Dec. 12.0 4.0 71.3 14.0 3.6 93.0 
Jan. 8.5 1.8 53.3 11.6 3.8 69.8 
Feb. 12.4 3.3 41.5 14.1 3.0 55.3 
March 16.0 6.4 68.1 18.6 6.4 51.8 
Apr. 21.1 8.8 59.3 16.7 4.8 26.3 
May 28.8 12.0 10.4 26.7 9.6 31.9 
June 35.3 18.0 0.4 33.8 17.1 14.8 
July 37.5 22.7 0.0 37.4 20.0 0.4 
Aug. 35.9 22.3 0.0 36.6 20.8 0.0 
Sept. 32.4 17.9 0.0 35.5 16.4 0.0 

Total 424.0 371.3 

Table 2. Mean values for flowering time, dry matter yield and seed yield of five annual legumes 
grown under rainfed conditions (1980 and 1981). 

Flowering 
time Dry matter 

(days from yield Seed yield 
Species sowing) (kg ha"1

) (kg ha"1) 

1980 1981 1980 1981 1980 1981 

Pisum sativum 134 106 7787 4064 2472 1486 
Vicia sativa 136 127 4517 3052 993 846 
Lathyms sativus 129 128 5707 2624 1802 698 
Medicago aculeata 126 101 3055 2526 673 521 
Medicago rigidula 134 115 4114 6856 1013 1055 

Table 3. Relationship between dry matter yield (kg ha "1) and seed yield (kg ha "1) in five annual 
legumes grown under rainfed conditions (1980 and 1981). 

1980 1981 
Species r R2 r R2 

Pisum sativum 0.36** 0.13 0.60** 0.35 
Vicia sativa 0.25 0.06 0.41 ** 0.17 
Lathynts sativus 0.38** 0.14 0.57** 0.32 
Medicago acu/eata 0.51 ** 0.26 0.68** 0.46 
Medicago rigidula 0.11 0.01 0.37** 0.14 

** p < 0.01 

33 
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Figurer-Relationship between dry matter yield and seed 
yield in 66 genotypes of Pisum sativum 
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Fignre 2. Relationship between dry_f!!atter ~eld and seed 
yield in 52 genotypes of Vi cia sativa (Tel Hadya 
1981). 

Table 4. Percent of genotypes exceeding the population 
mean by mm·e than one standard deviation for 
both dry matter yield and seed yield (1980 and 
1981). 

Species 1980 1981 

Pisum sativum 4.55 9.84 
Vicia sativa 5.13 7.70 
Lathyrns sativus 1.10 3.10 
Medicago aculeata 4.40 8.00 
Medicago rigidula 0.91 1.50 

evaluation of a large number of accessions may be re
quired to find superior genotypes for both characters in 
M. rigidula. Table 5 shows the relationships between 
flowering time and both dry matter yield and seed yield. 
A negative and significant correlation between flowering 
time and dry matter yield was found in both years in P. 
sativum, and in 1980 in M. aculeata. However, the de
termination coefficients were low, ranging from 6 to 
16%. The correlation between flowering time and seed 
yield was much closer; this indicates that early flowering 
genotypes tend to have higher seed yield. This was par
ticularly true in P. sativum and V. sativa where highly sig
nificant correlation coefficients were found both in 1980 
and 1981. 

These results (Table 5) suggest that, under the rainfed 
conditions of northern Syria, selection for early flowering 
should provide increased dry matter yield in some annual 
legumes, particularly Pisum sativum. This is expected 
since drought is one of the major climatic constraints in 
this environment. Selection of early genotypes will also 
have the advantage of providing animal feed earlier in 
the spring. 

The results here are in agreement with those of 
Lorenzetti (1981) for other fodder legumes, indicating 
that dry matter yield and seed yield behave either as in
dependent characters or as positively associated charac
ters. It may be argued that evaluation of dry matter and 
seed yield from the same plot may not necessarily be the 
most efficient way to select genotypes which combine 
high dry matter yield with high seed yield. High forage 
yielding genotypes which would also give high seed yield 
under an optimum set of environmental (e.g. irrigation) 
and agronomic conditions will not be detected when 
evaluation for these two traits is conducted on the same 
plot under rainfed conditions. On the other hand, the 
evaluation of both dry matter yield and seed yield at an 
early stage of the breeding program appears to be an ef
ficient strategy to select: 
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Table 5. Correlation coefficients (r) between flowering time and dry matter yield and between flow
ering time and seed yield for five annual legumes grown under rainfed conditions (1980 and 
1981). 

Flowering Time vs. 
Dry matter Yield Seed Yield 

Species 1980 1981 1980 1981 

Pisum stivum 
Vicia sativa 
Latlzyms sativus 
Medicato aculeata 
Medicago rigidula 

* p < 0.05; ** p < 0.01 

-0.39* 
-0.10 
-0.19 
-0.24* 
0.15 

1. the genotypes which, under the climatic conditions 
of Northern Syria, combine high forage yield with 
high seed yield. The seeds of these genotypes can 
be rapidly multiplied and distributed to the national 
programs in West Asian and North African coun
tries for large scale testing and on-farm trials; 

2. the extreme genotypes for high forage yield which 
require further testing for the assessment of their 
seed yield potential under a different set of agro
climatic conditions; 

3. the extreme genotypes with high seed yield which 
may be used in subsequent stages of the program 
to incorporate this character in other breeding 
material. 

These extreme genotypes can be used in more ad
vanced stages of the breeding program until the variabil
ity available in the germplasm collection is exhausted and 
requires that new variability be generated by a crossing 
program. From a methodological point of view, a more 
efficient microplot evaluation may be required to assess 
the full potential for both dry matter ~nd seed yield un
der specific and different agronomic conditions. 

-0.36** -0.65** -0.68** 
0.17 -0.60** -0.72** 
0.34 -0.09 0.23 

-0.05 -0.27* 0.02 
0.08 -0.43** -0.20 
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