Effect of phytohormones on shoot proliferation of Doubled haploid lines of African

marigold (Tagetes erecta L.)

ABSTRACT

In vitro propagation of marigold has played a very important role in rapid multiplication of
cultivars with desirable traits and production of healthy and disease-free plants.Shoot
proliferation is a very important phase of micropropagation. This paper describes an efficient
protocol for in vitro micropropagation of Doubled haploid lines of marigold (Tagetes erecta L.)
usingnodal explants.Murashige and Skoog medium (MS) supplemented with various
concentrations and combinations of Benzylaminopurine (BAP), Naphthylacetic acid (NAA),
Gibberellic acid (GA3) and Thidiazuron(TDZ) were employed for shoot regeneration in this
study, maximum percent sprouting (100%) and minimum days to sprout break (1.48) were found
in MS media supplemented with BAP 2mg/L + NAA 0.05mg/L + GA3 1mg/L, while maximum
number of sprouts (1.73) and maximum average shoot length (3.98cm) were observed in case of
media supplementation with BAP 1mg/L + NAA 0.05mg/L + GA3 0.5mg/L. However, in case of
Thidiazuron(TDZ)minimum days taken for shoot proliferation (2.66) and maximum number of
shoots per micro shoot (7.04) were observed in media supplemented with BAP 1mg/L + NAA
0.1mg/L + TDZ0.5mg/L, while maximum length of shoots (4.2cm) was observed in control

devoid of any hormones.
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INTRODUCTION

Marigold (Tagetes spp.) is one of the economic ornamental crop grown worldwide. It is gaining
popularity on account of its free flowering habit, short duration, extensive use as loose flower for
making garlands, beautification, [1], mosquito and nematode repellent [2], as a feed additive for
poultry industry [3]against menstrual irregularities etc. [4]. The pharmacological activity of
marigold is related to the content of several secondary metabolites vizflavonoids [5]. There are
about 33 species in genus Tagetes[6], out of which, Tagetes erecta L. (African marigold) and

Tagetes patula L. (French marigold) are highly important for loose flower production.



Doubled haploids (DH’s) are produced by the process of chromosome doubling of the haploids.
Though haploidy was identified much earlier [7] and attempted in commercial crop improvement
[8], it was not until the work of several researchers [9;10; and 11] that the potential of anther
culture to create haploid plants revived plant breeders' interest. In vitro production of doubled
haploids has been successfully done in crops like tall fescue [12]; sugar beet [13], African violet
([14], Pelargonium roseum[15],Lilium davidiivar. Willmottiae[16], Lilium longiflorum[17],

Narcissus tazetta[18] etc.

Earlier, few workers demonstrated techniques of multiplication of marigold through
shoot tip and axillary bud proliferation [19, 20, 21 and 22].There are several
publishedstudiesdescribing successful protocols for micropropagationof marigold[23, 24 and25]
however, thus far no research has been carriedout specifically on micropropagation of Doubled
haploid lines of African marigold.Doubled haploid lines once developed must be multiplied in a
large scale to carry out further experiments. Hence, to obtaina high multiplication ratio and a

good quality of micro-shoots, a comprehensive propagation protocol was developed in this study.
MATERIALS AND METHODS

African marigold variety Local orange was used for the present study. Experiments involved
buds in the size range of 2-2.5cm [23] which were thoroughly washed with tap water and
sterilized with 70% ethanoland werepretreated 0.3Mmannitol solution for 4 days[26].After
which, excised anthers were cultivated as per the study [23]. Shoots thus obtained were assessed
for ploidy analysis. Haploid shoots were further taken for chromosome doubling and this way
doubled haploid shoots of marigold were obtained from which nodalsegments measuring 2-2.5
cm in lengthwere excised.The explants were pre-treated with carbendazim (0.2%) + metalaxyl
(0.2%) + 8-hydroxy quinoline citrate (200 mg/l) on a horizontal shaker (100 rpm) for 60 minutes
and surface sterilized using HgCl, (0.1%) for 3 minutes under laminar air-hood.The above

treatments were used based on initial experiments conducted byUzma Met al.,[26].

The preparation of media used for inoculation of nodal segments, was done using thestandard
MS salts. The solidification of the media was done with0.8% agar (w/v). The explants

wereinoculated in culturetube (15 cm in height X 2.5 cm indiameter) containing 20mL of solid



media and closedwith a polypropylene cap. All cultureswere maintained at 60%—-65% relative

humidity and 25°Ctemperature.

Two sets of media combinations were used for multiplication; 1. MS mediumsupplemented with
BAP at 1, 2, 3, 4, 5mg/Lplus NAA at 0.05 mg/L plus GA3 at 0.5 and 1 mg/L.2. MS
mediumsupplemented with BAP at 0.5, 1Img/L plus NAA at 0.1 mg/L plus TDZ at 0.5 and 1

mg/L. control in every case consisted of zero phytohormones.
RESULTS AND DISCUSSION

Gibberellic Acid (GA3) is a tetracyclic diterpenoid compound and a plant hormone stimulating pl
ant growth and development,

which trigger transitions from meristem to shoot growth, [27]. Inour experiments GAz; was used
in combination with BAP and NAA in several combinations.lt is clearly evident from the Table |
that, maximum (100%) percent sprouting was recorded on MS medium supplemented with BAP
2mg/L + NAA 0.05mg/L + GA3 Img/L, (Figure 1) followed by 93.32 % sprouting in media
composed of MS medium supplemented with BAP 3mg/L + NAA 0.05mg/L + GA3 0.5mg/L.
GA; was found to be more effective at higher concentrations of 1mg/L, while increasing the
concentration of BAP from 2 to 5 mg/L highly reduced the percent sprouting from 100 % to 33.3
%.In case of days to sprout break, minimum days to sprout break (1.48) were taken when nodal
segments were inoculated in MS media supplemented with BAP 2mg/L + NAA 0.05mg/L + GA3
1mg/L followed by 2.14 in media supplemented with BAP 2mg/L + NAA 0.05mg/L + GA;
0.5mg/L and BAP 3mg/L + NAA 0.05mg/L + GA; 0.5mg/L. Maximum number of sprouts
(1.598) were obtained when inoculation was done in MS media supplemented with BAP 1mg/L
+ NAA 0.05mg/L + GA3; 1mg/L(Figure I11) followed by 1.530 in MS media supplemented with
BAP 3mg/L + NAA 0.05mg/L + GA3; 0.5mg/L. Higher concentrations of BAP highly effected
the days to sprout break and number of sprouts per nodal segment. In case of average shoot
length maximum shoot length (3.978cm) was obtained when inoculation was done in MS media
supplemented with BAP 1mg/L + NAA 0.05mg/L + GA; 0.5mg/L(Figure V) followed by
2.078cm in media supplemented with BAP 2mg/L + NAA 0.05mg/L + GA30.5mg/L. The above
observations showed that increasing the concentration of BAP proved to be ineffective in case of
shoot proliferation while GA3 was much effective at a highest concentration of 1mg/L. All pre-
treatments gave significantly better response compared to control.These findings are in close



confirmation with earlier results reported byKumar et al. [23] who reported that shoot tip
explants of marigold cultured on MS medium supplemented with 2 mg/l BAP gave maximum
axillary bud sprouting. 10.0 mg/l BAP and 0.2 mg/l IAA produced maximum shoots in
proliferation.Gupta et al. [21]showed thatmaximum establishment was recorded when shoot tips
cultured on MS + 10 uM BAP + 2 uM NAA. Highest shoot proliferation was reported in MS +
10 uM BAP + 2 uM NAA. Majumder et al. [22] observed highest proliferation when the shoot
tips were transferred to MS + 2.0 mg/l BAP + 0.1 mg/l NAA + 0.5 mg/l GA3.Many researchers
reported plant regeneration in marigold from different explant sources viz., from leaf [28,29,30],
Misra and Dutta [29] developed a protocol for differentiation of shoot buds directly from leaf
segments of white marigold (Tagetes erecta L.) in their experiments shoot buds were induced
directly in MS medium supplemented with 14.43 mM GA and 4.44 mM 6-benzyladenine in the

absence of any auxin.

Thidiazuronwas first reported to have cytokinin activity in 1982. Since then, it has been used
successfully in vitro to induce adventitious shoot formation and to promote axillary shoot
proliferation[31], in in vitro propagation of plants including medicinal and horticultural

crops[32] and for the micropropagation of several plant species [33].

In our experiments, it is clear from the Table Il that, minimum days taken for shoot proliferation
2.460 was observed in MS media supplemented with BAP 1mg/L + NAA 0.1mg/L +
TDZ0.5mg/L which was followed by 2.680 in media supplemented with BAP 0.5mg/L + NAA
0.1mg/L + TDZ1mg/L (Figure II). In case of average number of shoots per micro shoot,
maximum number of shoots (7.040) were obtained in MS media supplemented with BAP 1mg/L
+ NAA 0.1mg/L + TDZ0.5mg/L(Figure 1V) followed by 5.240 in control with no hormones. In
case of mean length of shoots maximum length (4.200cm) was observed when nodal segments
were inoculated with MS media supplemented with no hormones (control) followed by 3.400cm
in media supplemented with BAP 0.5mg/L + NAA 0.1mg/L + TDZ1mg/L, (Figure V1). From the
above observations it was clear that TDZ is more effective at a lower concentration of 0.5mg/L.
higher concentrations of TDZ tend to increase the number of days taken for shoot proliferation
and reduce the average number of shoots per micro shoot. Furthermore, TDZ had harmful effect

on the shoot length where maximum length was observed in control devoid of TDZ.



In their experiments conducted by Deepa, A.Vet al, [32], TDZ was found to be more effective
inmultiple shoot induction, as compared to other cytokinin’s. In some systems the synergistic
effect of TDZ with other cytokinin/auxin was found more effective than using TDZ alone. In
other experiments on blueberry conducted by Roberto Cappelletti et al, [34], they found out that
the addition of both 0.2 mg L—1 or 0.5 mg L—1 of TDZ in the medium led to improved callus
formation. The addition of 15 mg L—1 of 2iP in the same medium promoted blueberry stem
elongation.Singh P and Dwivedi P[35] usedvarying concentrations of cytokinin’s, supplemented
in the nutrient mediaof Stevia rebaudiana Bertoni, to observe their effects on shoot development.
Their results showed that best response was observed in the TDZ (0.5 mg/l). Certain experiments
were carried out by Lu, C Y [31] on carnation and rose, the results confirmed that the highest
number of shoots per explant was observed in carnation media supplemented with TDZ. While
in case of rose TDZ was found to be most effective cytokinin giving 100% shoot formation and
an average of 2.3 shoots per explant. In yet another experiment conducted by Barna, K.S.,
Wakhlu, A.K[36] on effect of TDZ on tissue culture of rose, maximum number of micro shoots

per shoot tip explant were obtained on MS medium supplemented with 5-20 uM TDZ.

In one of the research, on micropropagation of tea (Camellia sinensis (L.) O. Kuntze) using
nodal segments as explant, The results showed that the best treatment for nodal segment
multiplication in terms of the number of shoots per explant and shoot elongation was obtained
using 3 mg/L BAP in combination with 0.5 mg/LL GA3. TDZ was found to be inappropriate for
multiplication of tea clone Iran 100 as it resulted in hyperhydricity especially at concentrations
higher than 0.05 mg/L. (Reza Azadi Gonbad et al., 32).

CONCLUSION

Shoot proliferation is a very important phase of micropropagation. This study describes an
efficient protocol for in vitro micropropagation of Doubled haploid lines of marigold (Tagetes
erecta L.) usingnodal explants.Several concentrations and combinations of Benzylaminopurine
(BAP), Naphthylacetic acid (NAA), Gibberellic acid (GA3) and Thidiazuron(TDZ) were
employed for shoot regeneration in this study. It was concluded that phytohormones showed
positive effect on several aspects including percent sprouting, days to sprout break,number of

sprouts per explant and average shoot length etc.
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Table |:Effect of different Concentrations of BAP, NAA in Combination with GAzon Shoot

proliferation of Double Haploid line of African marigold.

Treatment (s) Percent Days to sprout | Number of Average shoot length
sprouting (%) | break sprouts (cm)

T (BAP Omg/L + NAA 22.200 (28.083)

Omg/L + GA, 0mg/L) +0.860 5.218+0.219 0.132+0.081 0.412+0.223

T1 (BAP 1mg/L + NAA 66.500 (57.777)

0.05mg/L + GA, 0.5mg/L) +10.547 2.426+0.750 1.730+0.221 3.978+0.311

T2 (BAP 1mg/L + NAA 93.320 (82.935)

0.05mg/L + GA, 1mg/L) +6.680 2.180+0.398 1.598+0.266 1.430+0.189

T3 (BAP 2mg/L + NAA 93.320 (82.935)

0.05mg/L + GA, 0.5mg/L) +6.680 2.140+0.398 1.130£0.170 2.078+0.328

T4 (BAP 2mg/L + NAA 100.000 (90.000)

0.05meg/L + GA, 1mg/L) +0.000 1.480+0.235 1.528+0.081 1.182+0.187

T5 (BAP 3mg/L + NAA 93.320 (82.935)

0.05mg/L + GA, 0.5mg/L) +6.680 2.140+0.382 1.530+0.170 0.937+0.163

T6 (BAP 3mg/L + NAA 73.320 (64.935)

0.05mg/L + GA, 1mg/L) +19 438 2.640+0.331 1.132+0.326 0.397+0.111

T7 (BAP 4mg/L + NAA 79.980 (71.981)

0.05mg/L + GA, 0.5mg/L) +13.343 3.000+0.207 0.996+0.235 0.542+0.185

T8 (BAP 4mg/L + NAA 79.960 (68.804)

0.05mg/L + GA, 1mg/L) +8.181 3.540+0.201 1.064+0.163 0.594+0.107

T9 (BAP 5mg/L + NAA 59.940 (50.784)

0.05mg/L + GA, 0.5mg/L) +6.660 4.026+0.361 0.996+0.235 0.350£0.097

T10 (BAP 5mg/L + NAA 33.300 (35.230) 0.530+0.290

0.05mg/L + GA; 1mg/L) +0.000 5.026+0.300 0.724+0.253

+SE(m) 9.110 0.374 0.217 0.210

C.D. (P<0.05) 26.053 1.071 0.621 0.599

*Values in parenthesis are angular values

Table I1: Effect of different Concentrations of BAP, NAA in Combination with TDZon

proliferation of Double Haploid line of African marigold.

Treatment(s) Days taken for shoot | Av. No. of shoots Mean length of shoots
proliferation per micro shoot (cm)

T (BAP Omg/L + NAA Omg/L

+TDZOmg/L) 4.100+1.027 5.240+0.103 4.200+0.071

TH(BAP Omg/L + NAA

0.1mg/L + TDZ0.5mg/L) 4160+0.081 4.200%0.071 2.200+0.071

T%(BAP Omg/L + NAA

0.1mg/L + TDZ1mg/L) 3.400+0.851 4.400£0.071 2.400+0.071

T3(BAP 0.5mg/L + NAA

0.1mg/L + TDZ0.5mg/L) 3100+0.063 5.200+0.071 3.300+0.071

T*(BAP 0.5mg/L + NAA 2.680+0.678 5.400£0.071 3.400+0.071




Figure I Sprouting in media supplemented with BAP Figure IT Sprouting in media supplemented with BAP
2mg/L + NAA 0.05mg/L + GAslmg/L 1mg/L + NAA 0.1mg/L + TDZ 0.5mg/L

Figure ITI Number ot shoots per nodal segment in media
supplemented with BAP Img/L + NAA 0.05mg/L + GA3
0.5mg/L.

Figure I'V Number of shoots per nodal segment in media
supplemented with BAP Img/L + NAA 0.1mg/L + TDZ
0.5mg/L

LTI

supplemented with BAP 1mg/L +NAA 0.1 mg/L + TDZ
0.5mg/L. 0.5mg/L.




