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Abstract

Number of alfalfa pollinators in free pollination was investigated as well as effect of measures that promote pollination of alfalfa (using sugar syrup and mechanical supporters). In first year of investigations (with higher precipitation) on alfalfa field higher number of others pollinators (80,8) then honeybees (45,6) was evident. In second year (after rainy year) there were much more honeybees (139,5) then all others alfalfa pollinators (12,37).

Pollination improvement with sugar syrup had positive effect on yield and seed yield components since by this way more seeds were obtained compare to free pollination and by using mechanical helpers. Highest seed yield was obtained with sugar syrup (44,90gm-2), with mechanical improvement of pollination 40,74gm-2 and in free pollination 30,41gm-2. As for yield components pollination improvement gave better results compare to free pollination. Pod settind and number of seeds peeer pod were especialy significant compare to control.

There were no statistically significant differences between free pollination and improved pollination for seed quality components (mass of 1000 seeds, energy of germination and germination ability).  
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INTRODUCTION

Great role of alfalfa in nutrition of livestock has contributed to the importance of this culture in production of fodder plants - roughage. Problems occurring during pollination of alfalfa by melliferous bees have induced numerous authors to direct their attention to issues relating to pollination of this species. Importance of melliferous bee in pollination of alfalfa, in results obtained by different authors, varied from minimal to considerably high effect. Pedersen et al., 1950, quoted by Mc Gregor, 1976 first reported about positive effect of melliferous bee in alfalfa pollination. Bošnjak and Stjepanović, 1978, state, based on results obtained on open field and in cages, that opening of flowers and pollination of alfalfa was by 3 to 6 times better in presence of melliferous bee compared to when melliferous bee is absent. Pedersen et al., 1956, have presented that 46,7% of flowers can grow (germinate) pods therefore it is possible to realize up to 2000kgha-1 of seed. Such high yield of seed is rarely achieved not only in experimental conditions, but also in production. Yield of alfalfa seed is often more influenced by agro-meteorological factors, that are year and production technology, than by genetic potential (Erić, 1995, Mihajlović et al. 1999, Bapka and Ćupina 1999). In regard to the quality of seed, Marković (1997) concluded that apart from the cut, quality of seed is also influenced by meteorological factors, especially precipitation, temperature and light. Beside increased use of pollinators in pollination of alfalfa Pharis and Unrau (1953) in their research also experimented with heat and other mechanical apparatuses in order to increase the quantity of obtained alfalfa seed. Anciferova (1979), ?kovleva (1981), Erić (1995) and other authors suggest sprinkling of seed crops with sugar syrup in order to increase the presence of melliferous bees to alfalfa flowers. 

MATERIAL AND METHODS 

Experiment was carried out during 1997 and 1998 on experimental fields of Center for forage plants in Mačkovac. Alfalfa cultivar K-22, created in Center for forage plants, Kruševac, was used in this experiment. Crops were in fourth and fifth year, and second cut was used for all investigations. Alfalfa was sowed in rows, distance between rows was 12,5 cm, sowing standard of 18 kgha-1 of seeds. Experiment was set according to the method of random block system. Size of basic parcel was 2m2 (dimensions of parcel 2x1m). The Kranj breed of melliferous bee (Apis mellifera carnica L.) was used in experiment.  200 meters from experimental parcels three bee societies were placed and bees participated in free pollination of alfalfa. Investigation included following treatments: I treatment – mechanical improvement of pollination; string was spread across alfalfa crops in bloom in order to increase opening of flowers. This measure was carried out on days when pollinators were counted, in total 10 times during the experiment. II treatment – treatment with sugar syrup in order to attract pollinators; parcel with alfalfa was sprinkled with sugar syrup (ration 1:1) each morning pollinators were counted, in total 10 times during the experiment. III treatment – control; the effect of pollinators in free pollination was determined on control parcel. On control parcel, during the investigation, pollinators were counted for 10 days. Counting was carried out three times during the day in different time lasting 30 minutes: in the morning (830 - 900), in the noon (1330 - 1400) and in the afternoon (1700 - 1730). On surface of 1m2 all pollinators found or flying to alfalfa flowers during counting were registered. 

In order to determine potential for growing on 10 sprouts of alfalfa from each treatment clusters were counted.   On each sprout three clusters were selected, at the top, in the middle and at the bottom of plant, and flowers were counted. Subsequent to blooming and maturation of seed on marked sprouts, number of clusters with pods, number of pods per each cluster and number of seeds per pod were counted. After the harvest the yield per unit of surface was determined, and in the laboratory absolute seed mass, germination energy and germination ability were determined. Variance analysis with two factors was carried out in order to determine the effect of different treatments on: yield, yield components and components of seed quality. For testing of significance of differences between mean values of monitored traits the least significant difference (LSD test) was calculated on the level of significance of 1 and 5%.

RESULTS AND DISCUSSION 

Number of pollinators - total pollinators

First trail year (1997) was rainy, especially during the blooming period. Total of 1264 pollinators was registered, of that number 456 (36,1%) were melliferous bees, and 808 (63,9%) were other insects pollinating alfalfa. In year 1998 (without precipitation during blooming) 1592 pollinators were counted, melliferous bees 1395 (87,63%), and other pollinators 197 (12,37%). In year 1997 ratio of melliferous bees and other pollinators was 1:2 and this ratio is almost identical in all time dates. In year 1998 number of melliferous bees increased considerably reaching ratio to other pollinators of 7:1. This ratio, especially in the second year of investigation, confirms the significance of melliferous bee for pollination of alfalfa. Bee societies can be brought to alfalfa locations in adequate number, whereas number of other pollinators depends on the great number of factors usually not influenced by humans Ivanov (1980) stated that alfalfa in USSR is pollinated by 161 bee species. Species and number of pollinators vary depending on the climatic conditions of the location where alfalfa is grown. Differences in number and species of insects – pollinators occur in the same field of alfalfa depending on the cut, time date of sowing and method of sowing, applied agro technical measures and other factors. Independent of the region where alfalfa was grown pollination is carried out by basically 5 to 8 bee species. Ciurdaresku (1974) in Romania, on three different locations of 0,5 ha obtained in fist year 4845 melliferous and 2510 wild bees, in the second year 2330 of melliferous  and 1610 of wild bees, and in the second year 2370 melliferous and 370 wild bees. Registration of pollinators of alfalfa was carried out from May to August.  

Number of melliferous bees 

Number of bees on single culture is affected by meteorological factors, attraction of the culture and presence of bees in the nature. In our investigations there is a distinct difference in the number of melliferous bees present in different monitored years.  In the first year (1997) there was by 3,5 times less melliferous bees than in the second year. During 1997 the most bees were registered in the morning 17,4 (38,16%), in the noon 16,8 (36,16%) melliferous bees were registered, and the least bees were registered in the afternoon 11,4 (25%). In the subsequent year 1998 the most melliferous bees were registered in the noon 52,3 (37,49%) whereas the difference between the morning and afternoon measuring 43,5 (31,18%) and 43,7 (31,33%) respectively, was insignificant. 

Number of other alfalfa pollinators 

During the monitoring of pollination, apart from melliferous bees, presence of other pollinators was monitored, especially of Megachilla rotundata and species of alkali bees (Nomia spp.). Presence of other alfalfa pollinators on this location was insignificant. The presence and number of mentioned pollinators was influenced first of all by climatic conditions in the previous year. Especially important were climatic conditions during the blooming of alfalfa, since it is than those female solitary bees lay eggs. If climatic conditions are not favorable, number of solitary bees is reduced drastically in the subsequent year since not enough bees is laid. Weather conditions during the first year were not so favorable (precipitation) during and immediately after blooming of alfalfa, which reflected negatively on number of other pollinators that was by 3,5, times lower that in the second year. In regard to different times when counting was carried out, the highest number of pollinators in 1997 was registered in the noon (32,8), in the morning 26,6, and in the afternoon 21,4 bees were registered. Completely different picture is obtained in the second year; most pollinators were counted in the morning and considerably less pollinators in the noon and afternoon (Table 1).

Table1. Mean number of honeybees and other alfalfa pollinators in counting terms

Year
Honeybee
Other pollinators
Sum  pollinat
Honey bees (%)
Other pollina.(%)


Terms
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1997
17,4
16,8



32,8
21,4
26,9
1264
36,08
63,92

1998
43,5
52,3
43,7
46,5
  9,3
  5,1
  5,3
  6,6
1592
87,63
12,37
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30,4
34,5
27,5
30,8
17,9
18,9
13,3
16,7
1428
61,85
38,15

Yield components

Growing of clusters

At the beginning of investigation number of clusters per sprout was determined. In the first year in average 20,08 clusters per sprout were counted. In the second year, average number of clusters per sprout was lower - 16,70. In year 1997, in average 8,81clusters per sprout were germinated, and in year 1998 considerably more 12,68 clusters per sprout. In the first year (Table 2) the highest percentage of germinated clusters was achieved in the treatment with mechanical improving of pollination, followed by treatment with sugar syrup and the lowest results in the control treatment. In the second year, growing of clusters was much better and equal between treatments, the best germination was achieved in the treatment with sugar syrup (88,57%). In year 1997 less than half of clusters germinated pods (44,09%). In year 1998 germination was considerably better so 78,67% clusters germinated pods. There is no statistically significant difference between treatments although improvement of pollination resulted in better germination by 8,24%. The quantity of flowers, subsequently also clusters per plant was greatly influenced by technology of alfalfa growing. Especially significant for this trait are sowing method and density. Number of clusters per plant decreases with the increase of seed quantity during seeding procedure, whereas seeding method affects in correlation with cut subsequently used for seed. (Erić, 1995). When 18 kgha-1 of seed is used and distance between rows of 12,5 cm (Erić, 1998), in average 12,8 clusters per sprout were obtained. 

Table 2. Alfalfa seed yield and yield components in different treatments

 Year
                             Treatment 

     Trait
Mech. improvemen
With sugar syrup
Control


No clusters per plant
19,20a
19,30a
21,87a


No fertile clusters
12,23a
10,83a
  9,72a


Cluster setting (%)
           63,70
           56,11
44,44

1997
No flowers per cluster
16,70a
17,23a
18,81a


No pods per cluster
  6,93a
  6,37a
  5,73a


Pod setting(%)
41,50
           36,97
30,46


No of  seeds
   2,78b
  3,43a
  2,97b


Seed yield (gm-2)
25,25a
22,37a
19,90a


No clusters per plant
17,70a
17,33a
17,80a


No fertile clusters
15,57a
15,35a
14,90a


Cluster setting (%)
87,97
88,57
83,71

1998
No flowers per cluster
15,85a
16,09a
15,79a


No pods per cluster
  7,26a
  8,20a
  6,95a


Pod setting(%)
45,80
50.96
44,02


No of seeds
  4,89a
  5,11a
 3, 49b


Seed yield (gm-2)
60,03a
67,42a
40,92b

Germination of pods 

During 1997 in average 17,58 flowers per cluster were counted and 6,34 pods per cluster. The best germination was registered in treatment with mechanical pollination improvement (Table 2). In year 1998  15,91 flowers and 7,47 pods per cluster were counted. Plants from the treatment with sugar syrup demonstrated the highest number of pods per cluster as well as best germination. There was significant difference in germination caused by year of investigation. Pedersen et al (1956) demonstrated that 46,7% flowers could produce pods. In case of plants grown in high plant density position of clusters on sprout affects the germination of pods (Đukić et al. 1993, Kostić et al. 1996), the highest number of pods per cluster (9,1) was obtained on middle clusters, whereas the best germination was achieved on bottom clusters. Average number of pods per cluster in 10 alfalfa synthetics was 8,78 (Lukić and Pataki, 1994). In investigations carried out by Lukić (1992) cultivar also affected significantly the number of germinated pods.  Katić et al. (1998) demonstrated that inbreeding considerably affected the germination of pods. The best germination was achieved in the first and the worst in the third generation. By investigating the effect of melliferous bee and other pollinators (Schmidt, 1979) it was established that pollination affected number of germinated pods per cluster, the most pods were germinated under the influence of melliferous bee (81,4%), whereas in free pollination germination was 31,1%. 

Number of seeds per pod

The greater number of seeds per pod was obtained in the second year of investigation – in average 4,50, compared to the first year when 3,06 seeds were obtained. In both investigation years, the most seeds per pod were obtained from plants in the treatment with sugar syrup (Table2). In year 1997 more seeds were obtained from plants in control treatment compared to treatment with mechanical improvement of pollination, and in 1998 treatment with mechanical improvement demonstrated considerably higher germination of seeds per pod compared to control treatment. Difference between treatments in the first year was statistically highly significant, and in the second year significant. As stated by Pedersen (1962) alfalfa in average germinates 3,5 seeds per pod.  Number of seeds per pod, according to Lukić and Pataki (1994), in average and in different alfalfa genotypes is 4,68. Number of seeds per pod, beside genetic predisposition (cultivar) is also affected by position of pod on alfalfa sprout (Lukić et al. 1996). Mentioned authors investigated the influence of pod's position on number of germinated seeds and report about the results of their investigation – average of 6,53 seeds. When determining the effect of different pollinators (Schmidt, 1979) concluded that the highest number of seeds per pod (3,58) was achieved when melliferous bees pollinated alfalfa, whereas in control treatment 2,99 seeds were achieved. 

Yield of seed 

In first year of investigation average yield of 22,51 g/m2(225,1kg/ha-1) was achieved, whereas in the second year average yield was 56,12 g/m2 which represents increase by 249,31%. This difference is distinct and shows how the second year was much more favorable for seed production. In year 1997 the highest yield was realized in treatment with mechanically improved pollination 25,25 g/m2, yield in the treatment with sugar syrup was 22,37 g/m2, whereas the yield in control treatment was 19,90 g/m2 (Table 2). During 1998 effect of treatment on variation of yield was higher. The best results were achieved in the treatment with sugar syrup 67,42 g/m2, which is by 3 times more seed than in previous year. In the treatment with mechanically improved pollination yield of 60,03 g/m2 (2,4 times more) was achieved, and in control 40,92 g/m2 of seed. In general, the best results were achieved in the treatment with sugar syrup 44,89 g/m2. This treatment, compared to the treatment with mechanical improvement of pollination, resulted in 2,16 g/m2 more seeds (5,04%), and in relation to control treatment 14,49 g/m2 (47,6%). Difference in yield of alfalfa seed between treatments with mechanical improvement of pollination and control was significant. Stjepanović and Bošnjak (1979), analyzing the role of different pollinators, concluded that alfalfa doesn't germinate or germinates less seeds (0,22-0,36 kgha-1) in absence of pollinators. In presence of natural pollinators 83-118 kgha-1 were obtained, and under the influence of melliferous bee 198-215 kgha-1 of alfalfa seed was obtained. In investigation by Bapka and Ćupina (1999) in year 1997 in average 119 kgha-1 of alfalfa seed was obtained, and in 1998  350 kgha-1. Mihajlović et al. (1999) state in their research that year 1998 was more favorable for production of alfalfa seed compared to the previous year. Based on results from a two-year study, yields of seed varied depending on the location from 111 kgha-1 in Istria to 449 kgha-1 in Slavonia (Kostić, 1996).

Seed quality components

Mass of 1000 seeds

In the first year, average mass of 1000 seeds was 2,102 g. The largest seed was registered in the control treatment (2,275 g), whereas other treatments with improved pollination had smaller seed - treatment with syrup 1,983 g and treatment with mechanically improved pollination 2,047 g. In the second investigation year, average mass of 1000 seeds was 2,239 g. The largest seed was obtained from the treatment with mechanically improved pollination (2,286g), and the smallest seed from the treatment with syrup (Table 3). In general, average mass of 1000 seeds was 2,170 g, and differences were not statistically significant.  Mass of 1000 seeds obtained in our research is similar to results obtained by numerous authors. Pedersen (1962) stated that that mass of alfalfa seed was 2,22 mg that is 1000 seeds had mass of 2,22 g. Lukić and Milošević (1997) stated that alfalfa seed, according to the mass of 1000 seeds is divided into three fractions: smaller seed with mass of up to 1,80 g, medium seed up to 2,24 g and large seed up to 2,69 g. Mass of 1000 alfalfa seeds produced in 1999 varied from 1,80-3,30 g (Mihajlović et al. 1999).

Germination energy  

Obtained average values of this trait during monitored period were very high - in the first investigation year value of the germination energy was 93,11%, and in the second 95,56%. In year 1997 the highest value of germination energy was demonstrated by seed from treatment with mechanically improved pollination (Table 3). In year 1998 seed from the control treatment achieved the highest value of germination energy. Differences in germination energy induced by the effect of treatment weren’t significant. Obtained values of germination energy are in accordance with results obtained by Tomić et al. (1998). In mentioned research germination energy of alfalfa seed of cultivar K-22 was 88%, in the third year 80%, in the fourth 72%, whereas in the fifth year of storage germination energy decreased to 70%. 

Table 3. Components of alfalfa seed quality depending on treatment


Year
                         Treatment 

Trait
Mech. improvemen
With sugar syrup
Control


Mass of 1000seeds
2,047a
1,983 a
2,275a

1997
Germination energy (%)
 96,00
93,00
90,33


Germination ability (%)
  98,30 
98,67
100,0


Mass of 1000 seeds
2,286a
2,151a
2,280a

1998
Germination energy (%)
 92,00
96,67
98,00


Germination ability (%)
 95,33
98,30
98,00

Germination ability of the seed  

Obtained average values of this trait of alfalfa in both investigation years were very high - in the first year 99,00%, and in the second 97,22% (Table 3). This is the single trait with higher value in the first year than in the second. The determined difference was 1,78%. In year 1997 the best germination ability of seed was established in the control treatment (100%), and in year 1998 in treatment with syrup 98,33%. Germination ability of seed produced in 1998 in investigations carried out by Mihajlović et al. (1999) varied from 86-95%. Total germination ability of seed decreased with the prolonged storage and varied from 91% in the harvest year to 75% in the fifth year of storage (Tomić et al., 1998).

CONCLUSION

Number of pollinators was greatly affected by year as a factor; year with high precipitation was more favorable for solitary bees, whereas dry year was ideal for melliferous bees. Alfalfa pollinators were more active in the morning and noon, whereas their activity and number in the afternoon decreased. 

Improvement of pollination (mechanical means, sugar syrup) demonstrated positive effect on yield components and yield of seeds.   Mechanical improvement demonstrated better results in the first year and use of sugar syrup in the second investigation year. 

The best yield was achieved in the treatment with sugar syrup and by 47,6% more seeds was obtained than in control. 

Improvement of pollination demonstrated no statistically significant differences in regard to the seed quality components. 
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