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The sweet Sorghum c. v. Madhura, SSV-84and RSSV-9 were selected for the
present investigation. The sterilized seeds of these varieties were germinated
in laboratory in different concentrations of boron i.e. 5 ppm, 10 ppm, 50
ppm, 100 ppm and 200 ppm up to 120 hrs. The parameters like germination
percentage root and shoot length, fresh and dry weight were analyzed.
Germination percentage in all varieties is reduced in the initial stages but
recovered in later stage of germination except in 200 ppm boron
concentration treatment. The variety SSV-84 shows inconsistency in
germination pattern as compare to Madhura and RSSV -9 varieties. The root
length increased in Madhura and RSSV-9 at low boron concentrations i. e. at
5 ppm and 10 ppm as compare to higher concentrations of boron. Similar

response was also noticed to shoot length in all varieties under the
investigation. A noticeable increase in fresh weight with lower concentration
of boron in all varieties was observed. However no change in dry weight
except variety SSV-84 at 120 hrs. was recorded under boron treatment.
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Introduction :-

The sweet Sorghum(Sorghum bicolor, L) is an important world crop used for food , fodder, the
production of alcoholic beverages as well as bio fuel like ethanol .(Ratnavathi et al. 2004).India is among the major
producer country of Sorghum in the world. The world average area under cultivation of Sorghum production sums
around 4, 40,000 sq. km.

Boron is one of the most important micronutrient for plant growth and plays an important role in the
physiological processes within plant. (Warrington, 1923) Boron in soil and irrigation water is an important
determinant of agricultural production. In arid and semiarid regions with high boron ground water, where the
accumulation of boron in the top soil is high, due to the evaporation of ground water having boron which reaches to
the toxic levels which ultimately reduces crop yields. (Tanaka and Fujiwara, 2007).

Several attempts have been made to study the effect of various growth regulators on performance of
Sorghum plants. However literature of effect of boron on physiology of Sorghum is scanty.

In the present investigation, an attempt will be made to study the impact of boron on seed
germination and its physiology such as germination, root and shoot length, fresh and dry biomass.

Material and Methods :-

The seeds of different cultivars of Sorghum bicolor (c.v. RSSV-9, SSV-84 and Madhura)were
analyzed for the present investigation. The seeds were collected, washed in distilled water and sterilized with 0.1 %
HgCI2 for two min. and washed with sterile distilled water. The twenty seeds of every variety were germinated with
various concentrations of boron such as 5 ppm, 10 ppm, 50 ppm, 100ppm and 200 ppm along with control in sterile
distilled water and these seeds were kept in dark for overnight and first observation is taken after 24 hrs. This is
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recorded for successively with five intervals up to 120 hrs. The observations were noted down time to time for the
different parameters like germination percentage, root and shoot length, fresh and dry weight.

Results and Discussion:-
Fig. 1 shows effect of various conc. of boron on germination percentage in different varieties of sweet
Sorghum var. Madhura, SSV-84, RSSV -9
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Fig.1
The initial reduction in germination recovered after 96 hrs.due to only low concentrations of boron is reported in c.v.
Madhura and RSSV-9. But c.v. SSV-84 was found to be sensitive to boron shows reduction in germination
percentage even after 10 ppm boron treatment.

The effect of boron on germination performance of crop plants has been studied by very few
workers. The varietal differences in different cultivars of pigeon pea and cow pea germination performance with
respect to boron toxicity were reported by Paliwal (1973). Kunjeyamma(1983) reported retardation of germination
in rage varieties. The low boron concentration of boric acid caused improvement of germinability of pigeon pea
seeds.(Basu et al 1975).25g boron per 100kg.of seeds increased germination and seedling growth in
wheat(Danchinov 1970). A reduced germination percentage was also registered for treatment of sweet pepper
(Capsicum annum) when higher doses of micronutrients were used for seed priming.(Diniz et al 2009). Boron is
responsible for breaking dormancy in Themeda triandra Forsk, as well as stimulates germination process.(Cresswell
and Nelson 1971).

The high rate of boron reduces the rate of germination in flax seeds was reported by
Jensen(1951).The significant reduction in germination rate in barley was reported by Ajouri et al (2004). In maize
seeds, germination percentage was not affected at low boron concentration i. e. up to 10 mM.but decreased at high
boron concentration i. e. by 20Mm. Recently Mirshekari (2012) reported in Anthum graveolens the germination
percentage increases after 10 days due to low concentration of boron.
Our results are in agreement with earlier reports but differential varietal response to boron
was also noticed in present investigation.
Fig. 2shows the effect of various concentrations of boron on root length in different varieties of sweet
Sorghum.
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Fig.2

The c.v. Madhura and RSSV-9 shows highest root growth at low concentrations of boron at every stage of interval
over control. But root growth has retarded due to higher concentration of boron i.e. at 100 ppm and 200 ppm
concentration in all cultivars under investigation.
Mohsin Konuk et al (2007) in Allium cepa found increased root growth up to 50 ppm concentration. A decrease in
root length was noticed at doses of 100 ppm and above concentration treatments. They found dark colored, more
thick and gel like root formation at and above 100 ppm concentration of boron. Boron toxicity shows marked
adverse effect on seedling growth rather than the germination percentage. Paliwal and Mehta (1973) in paddy
varieties found that the germination percentage was unaffected at 40 ppm boron, but the seedling growth even
inhibited by 5 ppm boron. In plants like sunflower and tomato given 0 to 60gms B/gms treatment for 3 weeks and
found that root length is unchanged in sunflower but decreased 38 % in tomato at high concentration of boron
(Yuksel et al 2011)

The lower boron concentrations stimulate root growth as compare to higher concentration treatments in
Sorghum varieties noticed in present investigation.
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Fig. 3 Shows effect of various concentration of boron on shoot length in different varieties of sweet Sorghum.
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Fig.-3

The c.v. Madhura and RSSV-9 at low concentration of boron i.e. at 5 ppm shows better shoot growth. The c.v. SSV-
84 shows decreased shoot growth due to all concentrations of boron applied. But in all varieties reduced shoot
growth due to higher boron concentrations.

Rerkasem et al (1997) observed a normal seedling growth of soybean c.v. NW1 in response to boron concentration
up to 14-20 mg/ kg. Bhamburdekar (2002) in Pigeon pea cultivar ICPL-87 found sensitivity to boron toxicity, in
particular 100 ppm boron is highly inhibitory for shoot growth in the seedling of this species. Haby et al (1923) and
Smith et al (1993) reported significant increase in the clover shoot growth when boron was applied to an acidic soil
from Texas. Rerkasem and Jamjod (2004) in wheat found that in sand culture with different concentration of boron
and reported that high root and shoot growth at low boron concentration. Yuksel et al (2011) in plants like sunflower
and tomato planted in pot treated with 0,20,40,60 gms. B/gms for 3 weeks and found that shoot length was
decreased by 28% in sunflower and by 43% in tomato seedlings at 60 g /B gms. Our results are in agreement with
previous findings i.e. low concentration of boron stimulates root growth.

Table 4 Shows effect of various concentration of boron on fresh weight in different varieties of sweet

Sorghum.
Treatme Fresh weight in Gms.
nts 24Hrs 48Hrs 72 Hrs 96 Hrs 120 Hrs
Mad | SSV- | RSS Madh | SSV- | RSS Madh | SSV- | RSS Madh | SS RSS | Madh | SSV- | RSS
hura | 84 V-9 ura 84 V-9 ura 84 V-9 ura V- V-9 | ura 84 V-9
84
Control 0.05 | 0.056 | 0.052 | 0.065 | 0.066 | 0.060 | 0.067 | 0.074 | 0.068 | 0.068 | 0.17 | 0.09 | 0.094 | 0.239 | 0.18
4 5 6 9 9 7 5 67 86 7 8
5ppm 0.05 | 0.055 | 0.052 | 0.062 | 0.073 | 0.062 | 0.066 | 0.084 | 0.068 | 0.068 | 0.17 | 0.09 | 0.102 | 0.248 | 0.18
5 4 7 9 8 6 6 9 34 02 8 9 8
10ppm 0.05 | 0.055 | 0.049 | 0.067 | 0.066 | 0.056 | 0.074 | 0.076 | 0.071 | 0.079 | 0.17 | 0.12 | 0.115 | 0.245 | 0.19
3 8 8 6 2 1 5 1 2 83 88 9 7 2
50ppm 0.05 | 0.057 | 0.050 | 0.063 | 0.070 | 0.059 | 0.067 | 0.088 | 0.070 | 0.071 | 0.14 | 0.12 | 0.102 | 0.188 | 0.16
7 2 2 4 4 6 3 54 5 8 8 5
100ppm | 0.05 | 0.057 | 0.049 | 0.063 | 0.066 | 0.057 | 0.065 | 0.073 | 0.060 | 0.066 | 0.11 | 0.09 | 0.079 | 0.158 | 0.13
2 6 4 2 8 1 6 7 28 04 8 6 3
200ppm | 0.05 | 0.059 | 0.049 | 0.063 | 0.064 | 0.054 | 0.066 | 0.068 | 0.06 0.067 | 0.08 | 0.07 | 0.074 | 0.112 | 0.10
2 8 1 9 8 8 8 4 58 34 2 6 4

Table - 4

The fresh weight results are consistent as they show similarity in all the three varieties. All varieties of
Sorghum under investigation i. e. Madhura,RSSV-9 and SSV-84 shows increased fresh weight at the low boron
concentration i. e. at 5 ppm and 10 ppm. But higher boron treatment from 50 ppm to 200 ppm reduced fresh weight
during the course of germination.
Bhamburdekar (2002) in Pigeon pea reported that higher boron concentration adversely affected fresh weight
biomass than lower boron concentration in shoot growth. Tariq and Mott (2006) get maximum vyield of both shoot
and roots from the treatment relieving 0.5 mg B/lit. Followed by 0.25 mg B /lit. But no significant difference was
found between yields of these two treatments indicating a narrow range for B sufficiency. Scripture and Mchargue
(1945) between 0.25 and 0.5 mg B /lit. in sand culture study found that treatment received 0.5 mg B /lit. seems to be
an optimum level of soluble boron for radish which shows best growth response.
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In the present investigation the increase in fresh weight due to low boron concentrations may be due
to increase in water uptake.

Table 5 shows effect of concentration of boron on the dry weight in different varieties of sweet Sorghum.

Treatme Dry weight in Gms.

nts 24Hrs 48Hrs 72 Hrs 96 Hrs 120 Hrs
Mad | SSV- | RSS Madh | SSV- | RSS Madh | SSV- | RSS Madh | SS RSS | Madh | SSV- | RSS
hura | 84 V-9 ura 84 V-9 ura 84 V-9 ura V- V-9 | ura 84 V-9

84

Control 0.03 | 0.036 | 0.035 | 0.040 | 0.035 | 0.032 | 0.038 | 0.035 | 0.030 | 0.036 | 0.03 | 0.03 | 0.035 | 0.276 | 0.02
86 2 7 2 9 1 1 8 7 78 02 4 66

S5ppm 0.03 | 0.034 | 0.033 | 0.037 | 0.035 | 0.032 | 0.037 | 0.036 | 0.031 | 0.033 | 0.03 | 0.02 | 0.035 | 0.283 | 0.02
94 8 4 4 9 4 6 2 8 42 78 4 78

10ppm 0.03 | 0.035 | 0.026 | 0.039 | 0.035 | 0.031 | 0.037 | 0.034 | 0.032 | 0.035 | 0.03 | 0.03 | 0.031 | 0.29 0.27
62 4 1 3 7 4 9 9 3 8 58 04 3 6

50ppm 0.03 | 0.037 | 0.033 | 0.038 | 0.036 | 0.033 | 0.036 | 0.035 | 0.031 | 0.037 | 0.03 | 0.02 | 0.036 | 0.030 | 0.02
89 1 8 5 4 0 3 3 6 36 88 2 7 88

100ppm | 0.04 | 0.033 | 0.033 | 0.039 | 0.035 | 0.033 | 0.037 | 0.033 | 0.032 | 0.035 | 0.03 | 0.02 | 0.033 | 0.033 | 0.02
02 63 1 1 5 9 9 8 1 8 65 99 5 8 86

200ppm | 0.03 | 0.036 | 0.032 | 0.041 | 0.037 | 0.033 | 0.037 | 0.037 | 0.031 | 0.036 | 0.03 | 0.02 | 0.036 | 0.033 | 0.02
66 4 9 2 8 6 2 4 3 51 98 3 4 97

Table 5

Madhura and RSSV-9 shows less dry weight at 200 ppm boron concentration as compare to low boron treatments.
But var. SSV -84 shows less consistent results.

Dry weight increased when boron applied in Al containing soil was noticed by Noble et al (1996). Dry
weight matter increased in acidic soil in Brazil with boron treatment. (Favaretto et al 2007). But Rosario (1963)
reported the differentiated response in increased and decreased dry weight at two different places in some bean plant
due to boron application.

Our results show some inconsistency in dry weight was noticed.

Conclusion -:
From the present investigation it has been observed that higher concentrations of boron i. e. 200 ppm, adversely
affect germination in all varieties of Sweet .

References :-

Ajouri, A. Asgedom, H. and Becker, M. (2004) Seed priming enhances germination and seedling growth of barley
under conditions of P and Z deficiency. J. Plant Nutri. Soil Sci. 167:630-636.

Basu, R.N.,Bose, T.K. Chattopadhay, K. Dasgupta,M. Dhar,N. Kundu, C. Mitra, R. Pal, P. and Pathak,
G.(1975).Seed treatment for the maintenance of vigour and viability. Indian Agric., 19:91-96

Bhamburdekar, S. B., (2002) Germination studies in pigeon pea(Cajanus cajan) Ph.D. Thesis,Shivaji University
Kolhapur, India. Pp.112.

Cresswell, C. F.and Nelson, H. (1971) The effect of boron on the breaking and possible control of dormancy of
Themeda triandra Forsk., Oxford Journals Life Sciences, Annals of Botany, Vol.36 Issue 4 pp. 785-790

Danchinov, V. V., (1970), Effect of different rates of Mo., Boron and Manganese on seedling growth in spring
wheat. Trudy Viyanivoskogo Sel Skokho Zyaistvennogo Inst., 16(1):44-48

Diniz, K. A., Silva, P. M., Oliveira, J. A. and Evangelista JRE (2009).Sweet pepper seed responses to inoculation
with microorganisms and coating with micronutrients, amino acids and plant growth regulators. Sci. Agric.66: 293-
297.

Faveratto etal (2007) Shoot and root responses of Trifolium vesiculosum to boron fertilization in an acidic Brazilian
soil. Braz. Arch.Biotechno. Vol. 50 No.4.

Haby, V. A., Smith, C. R., Pratt, J. N. ,Brown J. R. and Sanders J. L. (1993),Boron improves clover production
. Better Crops with Plant Food, 77: 20-21

1168




ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 4 ,1137-1143

Jensen,W. (1951). Effect of boron on germination of Flax seeds and relationship of Flax seedlings. Botanical
Gazette Vol.113, No. 2 (Dec.1951), pp 180-185.

Kunjeyamma, H. R. (1983). Germination studies in finger millet (Eleusine corracana ,Gaer). M. Phil. Thesis
Shivaji University, Kolhapur,India, pp.155.

Mirshekari, B. (2012) Seed priming with iron and boron enhances germination and yield of Dill (Anthum
graveolens) Turk. J. Agric. For 36 (2012) pp. 27-33.

Mohsin Konuk, Recep Liman and Hakki Cigerci (2007) Determination of genotoxic effect of boron on Allium
cepa root Meristimatic cells. Pak. J. Bot.,39(1): 73-79.

Noble, M. E., Blevins, D.G. and Miles, R. J. (1996)Prevention of Al toxicity with supplemental boron.ll.
Stimulation of root growth in an acidic high Al subsoil. Plant Cell and Environment 19:1143-1148.

Paliwal, R. V. and K. K. Mehta (1973). Interactive effect of salinity, SAR and boron on the germination and
growth of seedlings of some paddy (Oryza sativa L) varieties. Plant and Soil. 39:603-609.

Ratnavarthi,C.V. Dayakar Rao, B. and Seetarama , N. (2004). Sweet Sorghum: A new raw material for fuel
alchohol. 32-41 in study report on technological aspects in manufacturing ethyl alcohol from cereal grains in
Mabharashtra.

Rerkasem, B. and S, Jamjod (2004). Boron deficiency in wheat: A review. Field Crops Research 89:173-186.
Rerkasem, B. Bell, R. W. Lodkaew, S. and J. E. Loneragan (1997). Relationship of seed boron concentration to
germination and growth of soybean (Glycine max) Nutrient Cycling in Agro ecosystem: Vol. 48 217-223.

Scripture, P. N. and J. S. Mchargue. (1945).Boron supply in relation to carbohydrate metabolism and distribution
in the radish. J. Am.Soc. Agron. 37: 369-364.

Smith, G. R. Haby, V. A. Gilbert, C. L. and Pemberton, 1.J. (1993).Effects of boron on seedling establishment of
annual legumes. Better Crops with plant Food, 77: 18-19.

Rosario, T.(1963). Effects of boron application on growth, yield and boron content of snap beans. Thesis of M.S. in
Horticulture, Oregon State University.

Tanaka,M. and Fujiwara, T.(2007). Physiological roles and transport mechanism of boron : perspective from
plants. Eur. J. Physio.(DOI. 10.1007/s00424-007-0370-8).

Tarig, M. and Mott, C.J. (2006) Effect on boron supply on the uptake of micronutrients by radish (Raphanus
sativus L.) J.of Agri. And Bio.Sci. Vol.1 No.2.

Warrington, K. (1923). The effect of boric acid and borax on the broad bean and certain other plants. Ann. Bot.
(Lond.) 37: 629-672.

Yuksel, Keles Nurav, Ergun and Isil Oncel (2011). Antioxidant enzyme activity affected by high boron
concentrations in sunflower and tomato seedlings. Communications in Soil Sci. and Plant Analysis. VVol.42, Issue 2,
pp. 173-183.

1169



