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Abstract. During the 2007-2009 period in the Institute of Mountain Stockbreeding and Agriculture – Troyan a study was conducted on the possibility for twofold
harvesting of annual late spring crops and mixtures for production of forage. Three pure stands of grass and legume crops and 2 mixtures between them were
tested in the following variants: 1. Spring pea “Pleven 4”; 2. Sudangrass (Control); 3. Sorghum-Sudangrass hybrid; 4. Sudangrass + Spring pea; 5. SorghumSudangrass hybrid + Spring pea.It was found that under initial harvesting at the time of earing/heading (1st stage) or at the beginning of flowering of grass crops
(2nd stage) the sorghum-Sudangrass hybrid and its mixture with spring pea was distinguished for the maximum productivity, exceeding the control stand of
Sudangrass by 55.03 and 51.98% and by 48.82 and 41.78%, respectively. At both stages after the first harvesting the yields from the second cut were formed by
the grass crops. Irrespective of the stage of initial harvesting and nature of the stands (pure or mixed), the sown forage crops occupied the greatest relative
portion in the areas, the mixed stands having the lowest weed infestation.
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Introduction
The twofold harvesting of some annual forage crops in one
calendar year is a prerequisite for development of new technological
elements and increase of the plant productivity. In this way the
agroclimatic resources of the respective region are also used more
completely.
This problem was studied abroad (Jimenez, 1999; Schultz et
al., 2000), as well as in our country (Кеrtikov, 2002a; Кеrtikov, 2002b;
Кеrtikov, 2005). The studies show that when observing certain
cultural conditions there are real possibilities for twofold harvesting
of some of the wintering and spring forms of legume forage crops
(pea, vetch), which contributes to increase of forage yields per unit
area.
Such studies have not been conducted till now for the conditions
of the foremountain regions of the Central Balkan Mountains.The
objective of this study was to investigate the possibility for twofold
harvesting of some annual late spring grass and legume crops and
mixtures between them grown in the foremountain conditions of the
Central Balkan Mountains (Troyan region).

Material and methods
The experiment was laid out during 3 years in spring (in late
April-early May) in the experimental field of IMSA, Troyan on light
grey (pseudopodzolic) soil at the altitude of 384 m. The block method
was used with 4 replications and a 5 m2 area of the harvest plot. An
object of the study was 3 pure stands of grass and legume crops and
2 mixtures between them, investigating the following variants: 1.
* e-mail: rimsa@rimsa.org

145

Spring pea “Pleven 4”; 2. Sudangrass (Control); 3. SorghumSudangrass hybrid; 4. Sudangrass + Spring pea; 5. SorghumSudangrass hybrid + Spring pea.
Before sowing, necessary tillage was conducted (shallow
ploughing, disking, rotary tillage) until obtaining a garden status of
soil.Depending on climatic conditions in the region, the sowing dates
during the different experimental years were the following: in 2007 –
24.04.; in 2008 – 10.05. and in 2009 – 19.05.
The sowing rates of the different crops in the pure stands were
the following: for spring pea – 120 germinable seeds/m2, for
Sudangrass – 20 germinable seeds/m2, for sorghum-Sudangrass
hybrid – 15 germinable seeds/m2. The weight ratio of grass to
legume components in the mixtures was 1:3. In the mixture of var. 4
the sowing per 1 m2 was conducted with 1 g Sudangrass and 84 g
spring pea and in var. 5 with 8 g sorghum-Sudangrass hybrid and 84
g pea.The sowing of the pure and mixed stands was at interrow
spacing of 12 cm and depth of 5-7 cm, the experimental area being
rolled before and after it. Every year no fertilizing was applied to the
experimental area.
The area of every harvest plot was divided into two equal parts.
The stand harvesting was conducted at two phenological stages. In
the one half of the plots the first harvesting was conducted at earing
of the sorghum-Sudangrass hybrid and heading of Sudangrass or at
the beginning of flowering of pea (1st stage) and in the second half –
at the beginning of flowering of grass crops or at seed formation in
the lower pods of pea (2nd stage). The harvesting of 2nd cut from the
experimental area was conducted at tillering of grass crops. Every
year two mowings of the stands were performed every year.
Depending on the stand readiness, 1st mowing was conducted
as follows: at 1st stage of harvesting in 2007 on 22.06.; in 2008 – on

04.07. and in 2009 – on 03.07., and at 2nd stage - on 03.07., on 22.07.
and on 16.07, respectively. At 1st stage of 2007 2nd mowing was
performed on 31.07., in 2008 – on 02.09. and in 2009 – on 10.08.,
and at 2nd stage on 03.09., on 01.10. and on 17.08, respectively.
The characteristics of “dry mass productivity” in kg/ha and
“weed infestation of stands” in % were recorded. Yielding capacity
was determined by cuts, years and on average for the experimental
period. The cut method was used with subsequent drying of average
samples (200 g each) of fresh mass to constant weight at 1050С and
on the basis of % dry matter in them it was recalculated for 1 ha. The
weed infestation of stands was determined by weight from fresh
average samples for every replication and variant, establishing %
participation of the different sown crops and weeds (as a total).
Mathematical processing of data on dry mass productivity was
performed by the method of variance analysis (Shanin, 1977).
The amount of vegetation rainfall (in April-October) by years
was 469.8 (in 2008.), 562.4 (in 2009) and 586.7 l/m2 (in 2007.). The
rainfalls during the period from sowing (April-May) to the harvestings
(June-September) were 365.4 (in 2007), 272.4 (in 2008) and 439.2
l/m2 (in 2009). The year 2008 was the least supplied with rainfall and
the last experimental year (2009) had the greatest rainfall quantity.

Results and discussion
Data on the obtained yields of dry mass at 1st stage of initial
harvesting by years and on average for the 2007-2009 period is
given in Table 1. It is evident that in 1st year (2007) the highest yield
was obtained in var. 3 (sorghum-Sudangrass hybrid), exceeding the
control (Sudangrass) by 28.68%. The mixed stands (var. 4 and 5)
was superior to it in dry mass by 17.65 and 16.42% respectively,
whereas the pure stand of spring pea was lower-yielding than it by
36.77%.
In the next year (2008), the greatest yield of dry mass (6360.0
kg/ha) was obtained from the mixture of sorghum-Sudangrass
hybrid + spring pea – 127.14% higher than the control. The sorghumSudangrass hybrid was superior to it by 115.71% and the other
mixture was 44.27% higher-yielding than it. The pure stand of forage
pea was the lowest-yielding.
In the last year of the study (2009), the yields from the sorghumSudangrass hybrid and its mixture with spring pea were almost
equalized and exceeded the control by 47.56 and 47.19%,

respectively. The increase was only 1.50% in the other mixture. The
pure stand of forage pea was again the lowest-yielding.
On average for the 3-year period, the sorghum-Sudangrass
hybrid and its mixture with spring pea were distinguished for the
maximum productivity, exceeding the control stand of Sudangrass
by 55.03 and 51.98%, respectively. The mixture of Sudangrass +
spring pea was higher-yielding than it by 19.09%, whereas the pure
pea stand produced 41.24% lower dry mass yield.
It is evident from the same table that except for the pure stand of
Sudangrass, the obtained plant produce was greater at 1st mowing
than at 2nd mowing. At 1st harvesting the mixture of sorghumSudangrass hybrid + spring pea was the most productive (3902.3
kg/ha), аnd the lowest yields (2311.1 kg/ha) were obtained from the
pure stand of spring pea. At 2nd mowing the sorghum-Sudangrass
hybrid gave the maximum productivity (2666.7 kg/ha), whereas
there was no repeated growth for pea. That explained also the lower
yields from the mixtures with its participation (var. 4 and 5).
The weed infestation of stands by years at 1st stage of
harvesting is presented in Figure 1. It is evident that in 2007 the sown
forage crops predominated, varying from 64.18% (var.1) tо 83.57%
(var.3) in the pure stands and from 88.41% (var. 5) to 91.12% (var. 4)
in the mixtures, where the lowest weed infestation was also found –
8.88 and 11.59%, respectively. The stands with spring pea and
Sudangrass had the greatest weed infestation – 35.82 and 27.44%,
respectively.
In 2008, the sown forage crops also occupied the greatest
relative portion in the sown areas, varying in the pure stands from
67.78% for pea to 73.38% for the sorghum-Sudangrass hybrid. The
participation of the sown crops in the mixed stands was 87.17% (var.
4) and 85.00% (var. 5) at lower weed infestation. Again the stands
with spring pea and Sudangrass had the greatest weed infestation –
32.22 and 27.62%, respectively.
In 2009, the forage crops also had the greatest relative portion
in the sown areas, varying in the pure stands from 70.62% for spring
pea to 84.59% for the sorghum-Sudangrass hybrid. The
participation of the sown forage crops in the mixed stands amounted
to 95.25% (var. 4) and 96.06% (var. 5) with lower weed infestation 4.75 and 3.94%, respectively. Again the stands with spring pea and
Sudangrass had the greatest weed infestation – 29.38 and 25.02%,
respectively.
The data on obtained yields of dry mass with initial harvesting at
2nd stage by years and on average for the 2007-2009 period is given

Table 1. Yields of dry mass in kg/ha by years and on average for the 2007-2009 period at 1st stage of initial harvesting

2007

2008

2009

Average

Variant
1.Spring pea
2.Sudangrass (Control)
3.Sorghum-Sudangrass hybrid
4.Sudangra ss + Spring pea
5.Sorghum-Sudangrass hybrid+
Spring pea
Gd5 %
Gd1 %
GD0.1 %

kg/ha

%

kg/ha

%

kg/ha

%

kg/ha

3440.0

63.23
100.00
128.68
117.65
116.42

1920.0
2800.0
6040.0
4039.7
6360.0

68.57
100.00
215.71

1573.3
3560.0
5253.3
3613.3

44.19
100.00
147.56
101.50
147.19

2311.1
3933.3

5440.0
7000.0
6400.0
6333.3

144.27
227.14

5240.0

6097.8
4684.3
5977.8

%
58.76
100.00
155.03
119.09
151.98

111.9
171.5
266.1
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Figure 1. Weed infestation of stands in % by years at 1st stage of initial harvesting

in Table 2. It is evident that in 1st year the highest yield was obtained
in var. 3 (sorghum-Sudangrass hybrid) – 12240.0 kg/ha, exceeding
the control by 28.03%. The mixture of sorghum-Sudangrass hybrid +
spring pea (var. 5) was superior to it in dry mass by 16.60%, whereas
the pure pea stand was lower-yielding than it by 65.13% and the
mixture of Sudangrass + spring pea (var. 4) – by 12.83%.
In the next year 2008, the greatest quantity of dry mass (9386.8
kg/ha) was obtained from the sorghum-Sudangrass hybrid 117.96% higher than the control. The two mixed stands were
superior to it by 61.14% (var. 4) and by 92.88% (var. 5), respectively.
Again the pure stand of forage pea was the lowest-yielding of all
tested variants.
In the last experimental year (2009), the yield from the
sorghum-Sudangrass hybrid + spring pea was the highest and
exceeded the control (Sudangrass) by 45.02%. The increase in the

sorghum-Sudangrass hybrid amounted to 33.40%, whereas the
pure stand of forage pea was the lowest-yielding.
On average for the 3-year period, the sorghum-Sudangrass
hybrid and its mixture with spring pea was distinguished for the
maximum productivity, exceeding the control Sudangrass stand by
48.82 and 41.78%, respectively. The mixture of Sudangrass + spring
pea was higher-yielding than it by 9.36%, whereas in the pure pea
stand the obtained dry mass yield was 51.25% lower.
It is evident from the same table that at 1st mowing the obtained
plant produce was also greater than the 2nd mowing. The increase
varied from 1.35 times (var. 2) tо 4.07 times (var. 5) and was higher
for the sorghum-Sudangrass hybrid in the pure and mixed stand and
these variants (var. 2 and 5) were also the highest-yielding – 7137.8
and 6471.1 kg/ha at 1st mowing and 2928.9 and 3120.0 kg/ha at 2nd
mowing, respectively. In this regime of harvesting again there was

Table 2. Yields of dry mass in kg/ha by years and on average for the 2007-2009 period at 2nd stage of initial harvesting

2007

2008

2009

Average

Variant
1.Spring pea
2.Sudangrass (Control)
3.Sorghum-Sudangrass hybrid
4.Sudangra ss + Spring pea
5.Sorghum-Sudangrass hybrid+
Spring pea
Gd5 %
Gd1 %
GD0.1 %
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kg/ha

%

kg/ha

%

kg/ha

%

kg/ha

3333.3

34.87
100.00
128.03
87.17
116.60

3946.7
4306.7
9386.8
6940.0
8306.7

91.64
100.00
217.96

2613.3
6426.7
8573.4
6920.0

40.66
100.00

3297.8
6764.5

133.40
107.67
145.02

10066.7
7397.8

9560.0
12240.0
8333.3
11146.7

161.14
192.88

9320.0

9591.1
129.4
167.3
296.5

%
48.75
100.00
148.82
109.36
141.78
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Figure 2. Weed infestation of stands in % by years at 2nd stage of initial harvesting

no repeated growth for spring pea.
The weed infestation of stands by years at 2nd stage of initial
harvesting is presented in Fig. 2. It is evident that in 2007 the sown
forage crops predominated, varying from 82.00% (var. 1) to 98.13%
(var. 3) in the pure stands and 95.17% (var. 5) and 97.97% (var. 4) in
the mixtures, where relatively low weed infestation was also found –
2.03 and 4.83%, respectively. The greatest weed infestation was
recorded in spring pea and Sudangrass – 18.00 and 15.69%,
respectively.
In 2008, the sown forage crops occupied also the greatest
relative portion in the sown areas, varying in the pure stands from
87.69% for pea to 91.83% for the sorghum-Sudangrass hybrid. In
the mixed stands their participation amounted to 94.94% (var. 4) and
96.49% (var. 5) with recorded lower weed infestation. It was the
greatest in the pure stands of spring pea and Sudangrass – 12.31
and 10.90%, respectively.
In 2009, the forage crops in the pure stands occupied the
greatest relative portion in the sown areas, varying from 83.31% for
Sudangrass to 98.04% for the sorghum-Sudangrass hybrid. The
participation of the sown forage crops in the mixed stands amounted
to 94.44% (var. 4) and 95.82% (var. 5) with relatively low weed
infestation. Again the pure stands with spring pea and Sudangrass
had the greatest weed infestation – 13.08 and 16.69%, respectively.

Conclusion
The study of the possibility for twofold harvesting of annual late
spring crops and mixtures for forage production in the foremountain
regions of the Central Balkan Mountains showed that under initial
harvesting at the time of earing/heading (1st stage) or at the
beginning of flowering of grass crops (2nd stage) the sorghumSudangrass hybrid and its mixture with spring pea was distinguished
for the maximum productivity, exceeding the control stand of

Sudangrass by 55.03 and 51.98% and by 48.82 and 41.78%,
respectively. At both stages after the first harvesting the yields from
the second cut were formed by the grass crops.
The greatest quantity of plant produce was obtained at the 1st
mowing, the sorghum-Sudangrass hybrid in the pure and mixed
stand being distinguished for the maximum productivity at both
stages of initial harvesting.
Irrespective of the stage of initial harvesting and nature of the
stands (pure or mixed), the sown forage crops occupied the greatest
relative portion in the areas, the mixed stands having the lowest
weed infestation.
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