The effect of foliar application of boron on alfalfa seed yield
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Abstract

The effect of foliar application of boron on yield of alfalfa seed was investigated in the present study.
Objective of the study was to investigate the influence of fertilization with boron on yield of alfalfa seed
in agro-ecological conditions of Krusevac in the model of seed production of dual utilization (produc-
tion of forage and production of seed). In foliar boron fertilization 0,5% boric acid was used. Fertilization
was with divided application. First application was carried out in the stage of intensive seed growth, and
the second application at the beginning of blossoming of crops. The most pronounced effect on yield
and yield components was recorded for meteorological factors during the year. Foliar fertilization with
boron influenced forming of slightly higher number of pods per plant and more seeds in the pod. Boron
influenced average increase of yield, with slightly greater difference compared to control in dry years.
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Introduction

Alfalfa is well adapted to a wide range of growing conditions and soils, nutritional disorders caused by
boron (B) deficiency are quite common. Symptoms of nutrient deficiency, however, often become cleary
visible only after a deficiency is acute and growth and yield are already severally depresed (Bell, 1997;
Dordas, 2006). Alfalfa is B sufficient when B concetration is between 30 and 80 mg kg. These critical
values were determined on visual symptoms and not on yield response especially in crops grown for seed
production (Bergmann, 1992). There are several reports in number of crops which demonstrate that B
can be deficient and has a significant effect on yield even when there are no vegetative signs of deficiency
and even when B concentration is at adequate range (Nyomora et al., 1999; Dordas 2006). It was reported
that there was an increase in alfalfa seed yield with B foliar applications (Vuckovi¢, 1994; Dordas, 2006).
Some authors (Rincker et al., 1988) reported that application of microelements did not contribute to sig-
nificant increase in alfalfa seed yield. The effect of foliar application of boron on yield of alfalfa seed was
investigated in the present study. Objective of the study was to investigate the influence of fertilization
with boron on yield of alfalfa seed in agro-ecological conditions of Krusevac.

Materials and Methods

The experiments were performed at the experimental field of the Institute for Forage Crops in
Krusevac. This study present results for 2005, 2006 and 2007. The experimental plot was 10.5 m?*.
Pre-forage harvest was done in different phases. In foliar boron fertilization 0,5% boric acid was used.
Fertilization was foliar with divided application with 1000 literes per ha of water/application. First
application was carried out in the stage of intensive plant growth, and the second application at the
beginning of blossoming of crops. The land on which the research was conducted was low acidity soils
and B content in the soil was 0.56 ppm.
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Results and Discussion

Looking at average seed yield per year, large differences in yield depending on the year can be ob-
served. The lowest average yield was achieved in 2005 (70.2 and 77.6 kg™) while in 2006 (433.3 and
481.3kgha™) and especially in the dry year of 2007 when much higher yield was realized (579.3 and
657.8 kg ha'). Climatic conditions have had a major impact on seed yield. In 2005 during June, July
and August precipitation dropped to 274mm. In year 2006, in June, July and August it was 167 mm,
while the driest period occurred in the year 2007, when for the same period precipitation was only 136
mm. Zarinov and Kljuj (1983) citation Eri¢ (1995) as one of the optimal parameters for the pollination
of flowers state that the precipitation in June, July and August should be maximum of 180 mm. Large
variations in the climatic factors in investigation years has contributed to large differences in yield.

Table 1. Yield components and seed yield of alfalfa

2005 2006 2007 Average
Yield components %) B (%) B %) B %) B
Number plant per m* 92.4 93.7 77.9 79.6 48 49.7 72.8 74.3
Plant height 92.5 91.8 69.6 70.1 78.3 79.7 80.1 80.5
Number stems per plant 2.96 2.99 493 5.08 5.57 5.67 4.5 4.6
Number stems per m™ 265 268 372 390 246 263 294.3 307
Number branches per plant | 20.7 21 41.1 42.6 35.7 36.7 32,5 33.4
Number branches per m™ 1860 1891 3194 3188 1565 1732 2206 2270
Number pods per plant 13.19 | 14.06 |67.2 71.9 157.5 |169.2 |79.3 85.1
Number pods per m™ 1192 1263 4994 5460 679 767 2288 2497
Number seeds per pods 3.58 3.72 4.71 4.94 443 4.62 4.24 4.43
Seed yield per plant (g) 0.086 | 0.095 | 0.61 0.68 1.41 1.58* |0.70 0.79
Seed yield per ha (kg) 70.2 77.6 433.3 481.3* | 579.3 657.8%* | 361 406

*denote significantly different P<0.05; ** denote significantly different P<0.01

Many authors (Eri¢, 1995, Vuckovi¢, 1994; Karagi¢, 2004; Stanisavljevi¢, 2006) agree in their as-
sessment that the variation in the yield of alfalfa was mostly influenced by environmental conditions
during the year.

In addition to climatic conditions during the year, the application of boron has also affected some
yield components and seed yield. Foliar boron fertilization affected that in all the years a slightly
higher number of seeds per pod (4.4) was formed compared to controls, although the differences were
not statistically significant in any year. Similar results about the effects of boron fertilization on the
number of seeds per pod are reported by Vuckovi¢ (1994), Du et al. (2009). Looking at the number
of pods per m?depending on foliar boron, boron foliar fertilization increased the number of pods in
each year and an average increase of pods by approx. 11% of per unit area observed.

Analyzing the increase per years it can be seen that the average increase in the number of pods
per unit area compared to untreated variant was about 6% in year 2005, 9% in 2006 and 13% in 2007.
One of the main problems in the production of alfalfa seed pods is pod abortion. This is caused by the
distribution of assimilative, but the real cause is not known (Gender et al., 1997). Dordas (2006) sta-
ted that B applied foliar may affect fertilization, development of seeds and pods and increase the seed
yield. The author suggests that B may play a significant role in abortion of pods.

In all three years, the variant with boron achieved a higher seed yield per plant, while in year 2007
the difference was statistically significant. In regard to seed yield it can be observed that the seed yield
in the variant where the B was applied is higher in all years. Boron content in the soil in our studies
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(0.56 ppm) is within the limits (B> 0.5 ppm), which are considered adequate (Koening et al., 1999,
Brown and Barbour, 2004). Analysis of plant material was established 61 ppm, which according to Un-
dersander et al. (2004) represents a high level (B> 60 ppm). According to Bergmann (1992) concen-
trations between 30 and 80 ppm are considered to be satisfactory, but the authors noted that the given
values are for the forage and there should be cautious in the use in the production of seed. Despite the
fact that the boron content in soil and plant material was satisfactory, boron fertilization resulted in
higher yield, with the greater difference to the control in the dry year 2007 (13.5%) compared to 2006
(11.1%) and 2005 (10.5%). Higher seed yield in treatments with boron is in agreement with the results
obtained by Vuckovi¢ (1994), Dordas (2006), Du et al. (2009), Terzi¢ (2010).

Higher seed yield (77.6, 481.3, 657.8 kg ha™) in the variant treated with boron is due to the number
of pods and more seeds per pod, which is consistent with the view that boron has a special significance
in flowering and pollination. Boron has a direct role in flowering, pollen germination, seed and fruit
formation. There are many issues on which there is no answer to how B affects the yield and how it
moves in the process of development of flowers and seeds and fruits. The main limitation of move-
ment of B taken from the root are under developed xylem connections between seed and maternal
tissues. Since flowers and seeds do not transpire as leaves, they are not able to adopt B directly from
the soil. This is one of the reasons why many studies show a significant effect of foliar B application on
seed yield and fruit (Dell et al. 2002).

On the other hand, the relative increase in yield in our studies (10.5%, 11,1% and 13,5%) is less than
the yield (37%) in the study conducted by Dordas (2006) and yield (22-53%) in study Du et al. (2009).
Different conditions in which our research was conducted (pH and precipitation) are likely to cause
different results. Roy et al. (2006) suggest that the increase in pH reduces the availability of boron and
the depressing effect is more noticeable in soils with a pH greater than 6. The impact of drought on
boron deficit is particularly stated by Lanyon and Griffith (1988), Vuckovi¢ (1994) and others.

The results of our research are consistent with the opinion of many authors (Lanyon and Griffith,
1988, Dordas, 2006 etc..) who point out that B may be in deficit and have a significant impact on the
yield, even when there are no symptoms in the vegetative parts of the plant and when the concentra-
tion is in the appropriate range.

Yield components such as number of plants m, plant height, number stems per m, number stems
per plant, branches per plant, number branches per m? had consistent values with no major devia-
tions and statistically significant differences.

Conclusions

Ecological conditions, among which the most important were the amount and distribution posi-
tion of precipitation, had the most prominent influence on the yield and the components of alfalfa
seed yield.

Foliar B application had no influence on the number of plants, height of plants, number of stems
per plant, number of stems per m?, as well as the number of branches per plant.

Foliar B application influenced the increase of the number of pods in all the years. The average in-
crease in the number of pods per plant is around 7% when compared to control version, that is, 11%
when we take the unit of surface into consideration.

Foliar B application influenced the formation of somewhat higher number of seeds in a pod in all
the years, but the differences were not statistically justified in any of the given years. Application B
showed higher yield of seeds per plant (0.79 g) when compared to control version (0.70g). In all the
given years B version showed somewhat higher seed yield per plant, whereas in 2007 the difference
was of statistical importance.

Foliar B application showed higher yield in all the given years, where the difference in relation to
control was higher in arid 2007 (13.5%) than in 2006 (11.1%) and 2005 (10.5%).

70



Acknowledgements

Research was financed by the Ministry of Science and Technological Development, Republic of
Serbia, project TR 31057 (2011-2014)

References

Bell RW (1997). Diagnosis and prediction of boron deficiency for plant production. Plant Soil 193:149-168.
Bergmann W (1992). Nutritional disorders of plants color atlas. Gustav Fischer Verlag Jena, Stuttgart. p. 386

Brown B, Barbour J (2004). Irrigated alfalfa seed. Southern Idaho Fertilizer Guide, University of Idaho.
http://www.extension.uidaho.edu

Dell B, Huang L, Bell RW (2002). Boron in plant reproduction. p. 103-117. In H.E. Goldbach et al.
(ed.) Boron in plant and animal nutrition. Kluwer Academic/Pledum Publ., New York.

Dordas C (2006). Foliar Boron Application Improves Seed Set, Seed Yield, and Seed Quality of Alfalfa.
Agron. J. 98: 907-913.

Du WH, Tian XH, Zhi ZC, Humphries A (2009). Effects of Micronutrients on Seed Yield and Yield
Components of Alfalfa. Journal of Plant Nutrition, 32: 809-820, 2009

Eri¢ P (1995). Tehnologija gajenja lucerke (Agrotehnika), Lucerka, monografija Poljoprivredni fakultet
Novi Sad. p. 43-86

Gender T, Deleens E, Fleury A (1997). Influence of photosynthetic restriction due to defoliation at
flowering on seed abortion in lucerne (Medicago sativa L). J. Exp. Bot. 48:1815-1823.

Karagi¢ D (2004). Komponente prinosa, prinos i kvalitet semena u zavisnosti od sistema kosidbe. Doktorska
disertacija, Poljoprivredni fakultet Novi Sad.

Koenig R, Hurst C, Barnhill ], Kitchen B, Winger M, Johnson M (1999). Fertilizer menagement for alfalfa.
Cooperative Extension Service,Utah State University, Logan, Utah. (EP/08-99/DF). online http:// extension.
usu.edu /files/ publications/ publication/AG-FG-_01.pdf

Lanyon L, Griffith E (1988). Nutrition and fertilization use. In Hanson A.A., Barnes D.K., and Hill R.R. Jr (eds.)
Alfalfa and Alfalfa Improvement. Agronomy Monograph Ne 29, ASA CSSA, SSSA, Madison, Wisconsin,
412-430

Nyomora AMS, Brown PH, Krueger B (1999). Effects of rate and time of boron application on almond tissue B
concentration and productivity. HortScience 34:242-245.

Rincker CM, Marble VL, Brown DE, Johansen CA (1988). Seed Production Practices. In: Hansson A.A., Barnes
D.K.and Hill R.R. Jr (eds) Alfalfa and Alfalfa Improvement. Agronomy Monograph No.29, ASA,CSSA,SSSA,
Madison, Wiskonsin, 985-1023

Roy RN, Finck A, Blair GJ, Tandon HLS (2006). Plant nutrition for food security. A quide for itegrated nutrient
managemen. Food and Agriculture Organization of the United Nations, Rome

Stanisavljevi¢ R (2006). Uticaj gustine useva na prinos i kvalitet krme i semena lucerke (Medicago sativa).
Doktorska disertacija, Poljoprivredni fakultet univerziteta u Novom Sadu.

Terzi¢ D (2010). Uticaj Vremena kosidbe, dubrenja, mikroelementima i regulatorima rasta na pronos i kvalitet
semena lucerke (Medicago sativa L.). Doktorska disertacija, Poljoprivredni fakultet Zemun.

Undersander D, Becker R, Cosgorve D, Cullen E, Doll ], Grau C, Kelling K, Rice EM, Schmitt M, Sheaffer C,
Shewmaker G, Sulc M (2004). Alfalfa menagement guide. American Society of Agronomy, Inc, Crop Sciene
Sociaty of America. p.2-55

Vuckovi¢ S (1994). Uticaj nacina setve i dubrenja borom i cinkom na prinos i kvalitet semena. Doktorska
disertacija. Poljoprivredni fakultet Beograd.

71



