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ABSTRACT

Sorgoleone exudated from the root hairs of sorgliBorghum bicolor (L.) Moench) is a potent bioheitiéc The
living root hairs of young developing sorghum ptaeixude higher content of sorgoleone. The conatotr of
sorgoleone is proportional to the formation of rdwirs. A set of factors that enhance root hamfation and
subsequently sorgoleone production were studie@uimdvitro conditions. The effect of auxins ontrgoowth and
root hair formation were studied by incorporatingA, IBA, NAA and 2,4-D in the concentration rang®.&- 2.0
mg/L respectively, as a supplement in half-strerMthrashige and Skoog (MS) medium. In addition, effect of
gibberellic acid (GA) was also studied by supplementing it in halfrsgte MS medium at a concentration range of
0.5-2.0 mg/L. Among the auxins tested for theiiiro rhizogenic potential, the optimal responsesvedserved in
IBA at 1.0 mg/L. Further, Gfat 1.0 mg/L also showed a significant optimalaften root hair formation. The effect
of strength of MS medium, addition of copper, pbdducinol, polyamines such as spermidine and puineson
optimal root hair induction were also investigated separate experiments. The results indicated tbat hair
formation was beneficially promoted in half- strémi!S medium containing 1.0 mg/L of IBA and;@&pectively.
Also inclusion of copper sulfate at 0.5 mg/L inffattength MS medium in the presence of 1.0 mglBAfand GA
respectively, resulted in enhanced root growth emat hair formation. The individual addition of mhbglucinol,
spermidine and putrescine to root induction medi@ mot provide any additive effects on promotingtrdair
formation but however, it was observed that a comion of optimal phytohormones together with codphate
and phloroglucinol improved the root hair formatiém a significant extent. Further, the optimal tesrgiure for
root hair formation was identified to be 30°C ahe troots of 7-days old seedlings showed an incrbagethesis of
root hairs. An agueous root extract containing sBepne showed bioherbicidal activity against Acalypndica
during in vitro phytotoxic assay.
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INTRODUCTION

Sorghum bicoloris an annual crop cultivated for its grain in agidd semi-arid tropical regions of Asia, Eastern
Africa and Latin America. Its wider adaptability heat and drought, commercial usage as food, faades a bio-
energy crop has rendered its cultivation to ovenfiillon ha of land yielding a global production ® million tons

in 2010 [1]. Besides, its allelopathic effect emabits use as a cover crop or as a green manwgpfress weed

183
Pelagia Research Library



P. Amali et al Euro. J. Exp. Bio., 2014, 4(4):183-189

populations in agricultural and cropping systenis The prime source for the allelopathic propertiésorghum is
due to sorgoleone, an oily exudate from the rooshat sorghum. Chemically, sorgoleone is 2-hydréxgnethoxy-

3-[(Z,2)-8,11,14-pentadecatrieng)-benzoquinone (molecular weight=358). The synthesisorgoleone in root
hairs is constitutive and is proportional to thetrbiomass [3]. Sorgoleone is exuded along withiouesr congeners
that include an array of lipid quinones and reswis and these congeners differ in the length areke of

saturation of the aliphatic side chain and in thigsitution pattern of the aromatic ring [4-6].

The phytotoxic activity of sorgoleone is strongest small-seeded weeds [5, 7] and broad leaf specgsnore

susceptible to the herbicidal activity of sorgoledhan the grass weed species [8]. The mode arat#nds to be
the inhibition of photosynthesis by binding to ptmtstem Il (PSII) in lower plants and germinatiegdlings and
thereby preventing nutrient and water uptake. Tlective inhibition of weeds by sorgoleone is dughie fact that
it is not translocated acropetally in older plahist can be absorbed through the hypocotyl andexipary tissues
[9]. The effectiveness of sorgoleone as a natueabicide was found to be comparable to that of yr@ymthetic

herbicides such afiuron, atrazine and metribuzin that inhibit phgtabesis [10, 11]

Sorgoleone is produced by the living root hairsafghum [12]. Root hairs increase the contact betvtbe plant
and the rhizosphere and play a vital role in theogition of nutrients and water from the soil [1Boot hair
formation and sorgoleone biosynthesis are infludniog various environmental factors such as moisfur,
temperature, light, pH and external stimulus suslvelvetleaf root extract [3]. Increasing the rbair formation
would proportionally increase the yield of sorgaleoThe current study was conducted to determiadatttors that
enhance root growth and sorgoleone production uindétro conditions and to determine the phytotoxic actiwit
sorgoleone root extract. This would enable the rpasduction of sorgoleone and its subsequent dpuedait as a
bioherbicide.

MATERIALS AND METHODS

Plant material and growth conditions:

Seeds ofSorghum bicolomprocured from Tamilnadu Agricultural Universitypithbatore, were used to initiate the
study. The seeds were soaked for about 2-3 houtdhey were then washed in 50 pl of diluted twe@rigr 5
minutes. The detergent solution was removed byingnthe seeds thoroughly in distilled water. Furtkarface
sterilization procedures were carried out in thaitar air-flow chamber. For this, the seeds wezated with 70%
ethanol for 30 seconds and subsequently with 0.Xxcumic chloride for 5 minutes. The seeds were ttiesed
with sterile distilled water for 5 times to remotree surface sterilants and were dried in sterileatMian #1 filter
papers prior to inoculation in half-strength MS ol [15] solidified with 0.6% (w/v) agar. The cutas were
maintained under dark incubation. A set of exteraaltors were analyzed in the consecutive expetisném
optimize the formation of root hairs for the extran of sorgoleone.

Effect of auxins and GA; on root growth and root hair formation:

To determine the optimal auxin and its concentrafar root growth and root hair formation, sorghseeds were
inoculated in half-strength MS media containing IABA, NAA and 2,4-D respectively, at a conceritratrange
of 0.5-2.0 mg/L. Similarly, GA(0.5- 2.0 mg/L) was also supplemented in half-gfterMS media to analyze its
effect on root hair induction. A control containisgeds in half-strength MS basal medium was alspgred. The
cultures were maintained at 28+2°C in dark for abowlays. The root length and the percentage of hao
formation were calculated on th& @ay of inoculation. Each experiment included arb@f seeds and the root hairs
were observed under the light microscope at 40Xnifizgtion.

Effect of strength of MS medium on root growth androot hair formation:

The sorghum seeds were inoculated in full-strengid half-strength MS medium containing the optimal
concentration of auxin and GAespectively, to determine the optimal mediumrggtle for root hair induction. The
root growth and frequency of root hair formation) (#ere studied using thé"fay-old-seedlings.

Effect of temperature on root hair formation:

In a separate experiment, to study the influenceéenfperature on root hair formation, two sets atKk each
containing 20 seeds were inoculated in half-stiem$® medium containing the optimal concentratiormoxin and
GA; respectively and each set was incubated at twierdifit temperatures of 28°C and 30°C respectivithg

results were recorded on th& day after inoculation.
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Effect of age of seedlings on root hair formation:

Since the young developing plants are known to extuigher content of sorgoleone, the effect of aigm witro-
grown seedlings was evaluated for the maximum haat synthesis. Consequently, root hair formatio® idays, 7
days and 10-days-old-seedlings were studied andatzewere collected.

Effect of Copper and phloroglucinol on root hair famation:

Copper in the form of copper sulfate at 0.5 mg/td &hloroglucinol at 0.1 mg/L were included bothaepely and
together in combination, in the root induction medicontaining optimal concentrations of phytohorgemm half-
strength MS medium, to evaluate their enhancingcefinin vitro rhizogenesis.

Effect of polyamines on root hair formation:
The effect of addition of polyamines such as spéimei and putrescine at 0.1 mg/L concentration etxhhe
optimal root induction media were also investigatedentify their role irin vitro root hair development.

Extraction and sorgoleone analysis by GC-MS:

The extraction protocol included methanol as thivest and roots from 7-days-old sorghum seedlingsew
immersed in methanol (1:20 w/v) for 30 sec to abtaicrude extract. It was filtered and evaporatedeu vacuum
to obtain a dried powder. The dried extract was tredissolved in methanol (1mg/ml) and subjecteG@MS
analysis.

In vitro phytotoxic assay:

To test the efficacy of sorgoleone as a potentdsioitide, arin vitro assay was performed using the fresh leaves of
a herbaceous weedgcalypha indicaThe fresh green leaves were cleaned, surfaceizteriising 0.1% mercuric
chloride for 10 minutes, washed 3 times in stedistilled water and inoculated onto petridishes taiing
autoclaved MS basal medium. To these leaf cultumesind 1ml of aqueous extract containing sorgaeons
added and incubated at 28+2°C in dark conditions@lwith control. The results were recorded afteta§s of
inoculation.

RESULTS AND DISCUSSION

The sorghum seedlings germinated after 3 daysoaiiiation in the dark and the radicle developmess wbserved
in half-strength MS medium containing the respectwxins at defined concentrations. Among the ausindied,
the optimal root growth and root hair formation vesserved in IBA at 1.0 mg/L with dense root hairsthe 7'
day of inoculation (Table. 1; Fig. 1A-F). Sevesaldies have reported IBA as the optimal rootingriame forin
vitro regeneration in sorghum [16, 17]. Further, roavgh with root hair formation was also pronounced® ®
mg/L of IAA and at 0.5 mg/L of NAA. It was found d@h NAA produced stunted roots with dense root hairs
However, root growth was hindered by callus induetivith increasing concentrations of NAA and witl-D.
Several reports are available pertaining to thel@ménating role of 2,4-D as a callus inducing honean cereals
[16-19]. Further, GAat a concentration of 1.0 mg/L was also foundemptimal with a higher proportion of root
hairs. GAis known to induce seed germination and shoot altbowy by increasing cell division rather its effect
in vitro rooting is uncertain [20]. However, our results éiaahown that GAcan promote root initiation and
elongation along with dense root hairs (Fig. 1G).

The half-strength MS medium was found to be momefieiary in promoting root induction and subsedlyeroot
hair formation, whereas the full-strength mediurowéd a minimal root growth in presence of optimal
phytohormone concentrations (Table. 2). Also iswaserved that temperature influenced the rootfbanation.
Thus at two different temperatures 28°C and 30R€ root length and root hair formation varied wiree higher
frequency of root hair formation was favored at@G0fharking it to be optimal (Fig. 1E&H). An eanrlistudy also
has reported 30°C as the optimum temperature fot goowth and sorgoleone production [3]. Sorgoleone
production decreases with the age of seedlingsoaagydeveloping plants are known to exude highetesuds of
sorgoleone. Among the seedlings analyzed for rogth and root hair formation off,57" and 18' days, the 7-
days-old seedlings proved to be optimal in root f@imation (Table. 3). However, the root lengtbrigased in 10-
days-old seedlings but with less frequency of twits. This was due to the formation of successamndary and
tertiary roots from the primary roots that decliried root hair formation.
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Table 1. Effect of auxins and GA on root growth and root hair formation

Half-strength MS medium + PGRs | Concentration in (ng/L) | Mean root length (cm) | Frequency of root hair brmation (%)

Control - 2.6 10
IAA 0.5 25 30
1.0 3.2 50

2.C 5.4 80

IBA 0.5 2.9 40
1.0 6.2 90

2.0 3.7 70

NAA 0.5 1.6 75
1.0 0.8 50

2.C 14 10

2,4-D 0.t 1.2 15
1.0 1.0 5

2.0 0.4 0
GAs 0.5 3.2 75
1.0 5.9 85

2.C 4.€ 60

Table 2. Effect of strength of MS medium and tempeature on root growth and root hair formation

Strength of MS Concentration in Mean root length Frequency of root hair formation
h Temperature | PGRs
medium (mg/L) (cm) (%)
Half-strength 28°C IBA 1.0 7.5 85
GA; 1.0 4.7 80
Full-strength 28°C IBA 1.0 4.4 10
GA; 1.0 2.4 15
Half-strength 28°C IBA 1.0 6.6 80
GA; 1.0 5.1 80
Half-strength 30°C IBA 1.0 7.1 95
GA;s 1.0 6.4 90

Table 3. Effect of age of seedlings on root growtdnd root hair formation

- Mean root length (cm) Frequency of root hair formaton (%)
Half-strength MS + PGRs | Concentration in (mg/L) S day | 7 day | 10' day 5 day 7 day 10 day
1AA 2.C 4.7 5.8 7.4 40 80 75
IBA 1.C 6.€ 7.3 94 70 85 80
NAA 0.5 2.1 2.6 3.7 60 70 70
GAs 1.0 4.9 6.8 8.3 70 90 70

Table 4. Effect of copper, phloroglucinol and polyaines on root growth and root hair formation

Elicitor molecules Half-strength MS + Concentration of PGRs Mean root length Frequency of root hair
PGRs (mg/L) (cm) formation (%)
CusSQ IBA 1.0 11.4 90
GAs 1.0 9.8 85
Phloroglucina IBA 1.C 6.€ 8C
GAs 1.0 6.6 80
CusQ +
phloroglucino IBA L0 12.7 90
GAs 1.0 10.1 90
Spermidine IBA 1.0 5.8 30
GAs 1.0 4.3 10
Putrescin IBA 1.C 3.€ 4C
GA; 1.c 5.2 15

Copper is an essential micronutrient that suppbesn vitro growth and differentiation of cultured plant tissult
plays vital role as a cofactor for many enzymeseiactron transport, chloroplast, protein and caybodte
biosynthesis and polyphenol metabolism [21, 22]e Hddition of copper as copper sulphate at 1umiol/toot
induction medium had significantly increased routliferation from immature embryos of sorghum [2Sjmilarly,
our experiments with 0.5 mg/L of copper sulphaterioned the root proliferation with elongated rootsitaining
thick dense root hairs (Table. 4). Phloroglucintohsalates rooting by acting as auxin synergistauxin protectors
[24]. Very less increase in root growth with deelinroot hair frequency was observed with the inclusof
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phloroglucinol in root induction mium, but however, phloroglucinol in combination witopper sulphate w:
found to be effective in increasing the root growtid root hair formation (Fig. 11). There are répatating the
stimulatory effect of polyamines oin vitro rooting [25, 26]. Insorghum, the regeneration response to
concentration of polyamines was observed to be tgpe-specific [27]. In our study, the addition of spedimie or
putrescine to root induction medium resulted irealitie in the root growth and root hair formin.

Figure 1. In vitro formation of root hairs for sorgoleone production n sorghum

_

at,

Root hairs from 7-dayeld seedlings on hestrength MS medium supplemented with IBA at 1.0 Ln@gX&B),

microscopic observation of root hairs on tstrength MSmedium (C), supplemented with IBA at 1.0 mg/L (
incubated at 30°C (E) and secondary roots shovanghairs (F), root hairs in hestrength MS medium containir
GA; at 1.0 mg/L (G), incubated at 30°C (H) and root$i@ a combination of 1.0 mg/L A + 0.5 mg/L CuSQ+
0.1 mg/L phloroglucinol (I).

The extraction procedure for sorgolecwas initially performedoy immersing the roots of sorghtin methylene

chloride and 1% glacial acetic adi2B]. However, methanol was also reported to be a solvent for sorgoleone
extraction [29]. The analysis ofiethanolicroot extract of sorghum by GC-M@&vealed the presence of fatty aci

benzoquinone and sicturally relatd hydroquinones (Fig. 2)

During thein vitro assay, an aqueous extract of sorgoleone addeé tuttured leaves (Acalypha indicanduced
chlorosis and browning of leaves, after 3 daysiotulation indicating a phytotoxic activity whilke control plate
were observed to be photosyntheticiaactive (Fig. 3A&B). This is an evidence of the putal phytotoxic effec
and herbicidal activity of sorgoleone that is agsed with the inhibition of photosystem 1l (PSJB0]. Sorgoleont
interferes with the photosynthetic machinery antbationdria electron transport by mimicking the natural eleet
acceptors plastoquinones and ubiquinone, respéctiy81-34] and also inhibits the activity of -
hydroxyphenylpyruvate dioxygenase, a key enzynmastoquinone biosynthesis [3!
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Figure 2. GC-MS analysis of root extract for sorgoleone synthés
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Figure 3.1n vitro phytotoxic assay using sorgoleone root extract idcalyphaindica

A) Leaves after inoculation on MS medium at 28+2°( B) Leaves observed after 3 days (noculation on MS medium
CONCLUSION

Thein vitro development ofoot hairs was significantlincreased by supplementing the tstrength MS medium
with IBA at 1.0 mg/L and GAat 1.0 mg/L respectively. Further, temperature #mel age of seedlings al
influenced the root hair synthesis ethe addition of elicitors such as copper, coppphteroglucino to the optimal
root induction mediamproved thein vitro formation of root hairs and thia vitro enhancement protoccould be
appliedfor the mass production of sorgolel from sorghum root hairs, to enable é@ffectiveuse as a commercial
bioherbicide.
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