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ABSTRACT

We examined the effects of different photoperiods on in vitro plantlet regenerations of Paulownia plants. The results
indicated that the rates of shoot induction from leaves treated with different photoperiods directly or 5 d and 10 d
continuous illumination and dark pretreatments respectively were the highest under 24 h light photoperiod condition,
but the time varied with leaves of different pretreatments when the induction rate was the largest. For root induction,
the influences of different photoperiods on the rooting from shoots of 3 kinds of Paulownia plants were various.
Much longer or shorter light illumination in the photoperiods might inhibit the rootings of the plants. The root
inductions from the shoots of P. tomentosa and P. fortunel were inhibited much more than those of P. elongate.
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INTRODUCTION

In vitro plantlet regeneration is an important step in fptail engineering and gene engineering, and isafrthe
principal approaches to the rapid propagationsef species of plants. The establishment of antaffesystem for
in vitro plant regeneration is of undoubtedly significateehe study of biotechnology. There are varicastdrs
exerting effects omn vitro plant regeneration, one of which is photoperidaotBperiod plays an important role in
the life cycle of plants. The photoperiod of 16ight and 8 h darkness is considered to be the appte
photoperiod foin vitro different plant regenerations [1-5]. However, dffects of different photoperiods amvitro
plant regeneration had been little studied [6].I8a&nia, a photophilous plant, is an important fgsiwth tree for
timbers and afforestation in China. Although mudirkvhad been done about in vitro plant regenerdiieil], the
paper about the effects of photoperiodsiowitro plant regeneration of Paulownia plants has notlfeand at
home and abroad. The purpose of this paper is udyseffects of different photoperiods an vitro plant
regeneration of Paulownia plants for further depeient of their gene engineering and optimizatiothef system
of thein vitro plant regeneration.

EXPERIMENTAL SECTION

2.1. Seed materials. The seeds dPaulownia tomentosa (Thunb.) Steudp. fortunei (Seem) Hemsl and. elongata S.
Y. Hu were picked in Zhengzhou, Henan provinceep.22004.

2.2. Culture of Paulownia seedlings. Sterilize the above-mentioned seeds in 70% alcfdro30 s respectively, and
then in 0.1% HgGlfor 5 min, wash them with sterilized water fivenéis, and at last put on hormone-free PC
medium supplemented with 20 g'ducrose, 0.8% agar powder in an incubator wherg@eeature is (25 + 2JC,
light density is 1500 Ix. After 80 d, seedlings tbk Paulownia plants with 6-8 leaves can be acduioe the
following experiments.

1446



Xiaojuan Yang et al J. Chem. Pharm. Res,, 2013, 5(12):1446-1450

2.3. Shoot induction from leaves of Paulownia plants. Cut the three kinds of Paulownia leaves mentioreya into
0.5x1 cm pieces (explants)and put them on the optimal direct organogenesidianehich are MS+0.1 mg-L
NAA+15 mg-L'BA. MS+0.1 mg-[* NAA+15 mg-L* BA and MS+0.1 mg-t NAA+18 mg- L'BA respectively.
300 explants are treated in 100 bottles for eagtioplormone combination. The shoot induction carcdreducted
directly or after being treated with continuousiiflination or darkness for 5 d and 10 d under difiephotoperiods
(24 h darkness, 8 h light and 16 h darkness, 1ghh&nd 12 h darkness, 16 h light and 8 h darkreess 24 h light,
namely, LD,4, LgD1g, L12D1o, L1gDg @and LpsDg ). The temperature and light density for shootioitbn are the same
as those mentioned above, and the times for thecfrmh with continuous illumination and darkness %od and 10
d include that for their pre-treatments. The sooluction of explants within 20 bottles is obseratdevery 10 d.
Finally, the shoot induction ratios are calculaa¢dO d. The shoot induced is visible to the nakgss.

Rs = Ng/Ng x100% 1)
Where,Rs is Shoot induction ratidys is Number of explants of shoots inducid;is Number of explants.

R, = Nr/Ngx100% 2)
Where,Rr is Root induction ratioNr is Number of shoots induced roois is Number of shoots.

2.4. Induction of roots from the shoots. Clip the shoots with 5 cm height from the baseheirt stems cultured for 40
d with different photoperiods, and then transfemthon the optimal rooting media, that is 1/2 MS.% idig/ LNAA
medium for root induction under different photopels (LoD24, LsD1e, L12D12, L1gDg and LysDg). In this experiment,
60 shoots are put in 20 bottles. The rooting (utldersame conditions as above) is observed at%,and 11 d, and
the root induction ratios are calculated at theestime.

RESULTSAND DISCUSSION

3.1. The effects of photoperiod treatment on the shoot induction from Paulownia leaves. It could be seen from the
results of photoperiod treatment®ftomentosa, P. fortunei andP. elongata plant leaves (Table 1) that the treatment
had an obvious effect on the shoot induction fraaml®wnia leaves, and the effect was different dfeint kinds
of Paulownia. With a fixed induction time (exceftd), as the lighting time during different photdpds increases,
the shoot induction ratio of the Paulownia leaveth wifferent types of gene gradually increasestlad way to
100%. However, when the shoot induction time ofldsves was 10 d, and the lighting time duringghetoperiod
was or shorter than 16 h, the induction rate iwlen the lighting time is 24 h, the shoot inductiatios from the
leaves ofP. tomentosa, P. fortunei, P. elongata were respectively 3.3%, 1.7% and 15.0%. Furthermaten the
lighting time during the photoperiod was increafedn 12 h to 16 h, and the induction time was gedigh20 d, 30
d, and 40 d, the shoot induction ratio of the Isaekthe three Paulownia plants significantly irsed. When the
photoperiod was fixed and the cultivating time @ased, the shoot induction ratio of the differeypes of
Paulownia also gradually increased. When the plasiog was 24 h darkness,and the cultivating time 4d, the
highest induction ratio of the shoots from the ¢hfeaulownia plant leaves wad$.7%, which is the shooting
induction ratio ofP. tomentosa; when the lighting time were 8 h and 12 h respedyj those having the highest
induction ratio were the leaves Bftomentosa andP. fortunei .when the lighting time was 16 h and 24 h,withd30
of cultivation ,the shoot induction ratio of thedb Paulownia leaves all reached up to 100%; Horvaveéerms of
the shoot induction ratio of the leaves and thetimaeded for the highest induction ratio, the pbetiod treatment
of continuous 24 h lighting was the best for thauiction of the three Paulownia leaves. This indidahat different
photoperiod treatments had different effects oninldection of Paulownia leaves with different geypss.

Table 1: The effect of different photoperiods on shoot inductions of those plant leaves

Photoperiods P .tomentosa P. elongata P. fortunei
10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d
LoD24 0 17 133 16.7 0 33 100 117 0 0 0 1.7
LgDie 0 150 350 51.7 0 20.0 43.3 50.0 0 3.3 11.7 318
L12D1; 0 23.3 41.7 617 0 25.0 65.0 883 0 6.7 15.0 7 26.
L1¢Ds 0 85.0 100 100 0 88.3 100 100 0 95.0 100 100
L 24D 3.3 933 100 100 17 950 100 100 15.0 983 100 100

3.2. The effect of photoperiod on the shoot induction from Paulownia leaves with darkness treatment. The effects of
photoperiod on the shoot induction from Paulowegvks with 5 d continuous darkness treatmentsultdde seen
from the effects of the different photoperiods boa inductions of those plant leaves with 5 d twdus darkness
treatment (Table 2) that continuous darkness tresatad exerted an inhibitory effect on the shaduction ratio
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of Paulownia leaves. When the induction time wasd1€he shoot induction ratio of the three Paulaeiaves,
with different photoperiods, are all 0. In additiavith fixed shoot induction time (except 10 d)todse plant leaves,
as the lighting time during the photoperiods insesh the shoot induction ratio of the three pleatés tended to
increase. This indicated that prolonging the lightiime during the photoperiods could increasestieot induction
ratio of the three Paulownia leaves with 5 d cardis darkness treatments. With a fixed photoperésdihe
cultivating time increased gradually, the shoouictébn ratios of the three plant leaves tendedhtogiase. However,
the effects of different photoperiods on the shindtiction ratio of Paulownia leaves with differenttivating time
were different. When the lighting time during theopoperiod was respectively 0, 8 and 12 h, of inee Paulownia
leaves cultivated for 40 d, tHetomentosa had the highest shoot induction ratio, which weser%, 61.7%, 63.3%
respectively. When the lighting time was 16 h add2the shoot induction ratios of the three plaates, with 40 d
of cultivation were 76.7%, 100%, 63.3% and 80.09§%, 100% respectively. In terms of the shoot itiducratio,
the photoperiod of 24 h continuous lighting conitéd the most to the shoot induction of the thlaatdeaves with
5 d darkness treatments.

Table 2: The effect of different photoperiods on shoot inductions of those plant leaves with 5d continuous dar kness treatments

Photoperiods P. tomentosa P. elongata P. fortunei
10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d
LoD24 0 1.7 13.3 16.7 0 3.3 8.3 10.0 0 0 0 17
LgD1e 0 11.7 28.3 61.7 0 8.3 11.7 13.3 0 0 6.7 18.3
L12D12 0 15.0 38.3 63.3 0 15.0 16.7 33.3 0 0 10.0 55.0
L1¢Ds 0 216 433 76.7 0 45.0 80.0 100 0 0 28.3 63.3
L24Do 0 317 53.3 80.0 0 48.3 81.7 100 0 15.0 100 100

The effect of the photoperiods on shoot inductiohthe Paulownia leaves with 10 d continuous das&rnieeatment.
From the effect of different photoperiods on shinduction of the Paulownia leaves with 10d contumsidarkness
treatments (Table 3), it could be seen that, witked photoperiod, as the cultivating time increasis shoot
induction ratios of the three plant leaves gragualtreased; when the shoot induction timePofomentosa, P.
fortunei andP.elongate leaves was 20 d, 30 d, and 40 d, and th& &rtunei leaves was 30 d and 40 d, with the
increase of lighting time during different photojpels, the shoot induction ratio of the three pleaves gradually
increased. When the Paulownia leaves were tregtdd lo continuous darkness , the highest shootiimuratios
of P. tomentosa, P. fortunel andP. elongata, leaves were all those with 40 d and 24 h lightimge, which were
76.7%, 81.7% and 88.3% respectively. This indicateat the treatment of different photoperiods hadried
different effects on the shoot inductions of theeéhPaulownia leaves. In terms of the shoot indunatatio of the
plant leaves, 24 h lighting treatment was the phstoperiod for the shoot induction Bftomentosa, P. fortunei and
P. elongata leaves with 10 d continuous darkness treatment.

Table 3: Theeffect of different photoperiods on shoot inductions of those plant leaves with 10 d continuous dar kness treatments

Photoperiods P. tomentosa P. elongata P. fortunei
10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d
LoD24 0 17 13.3 18.3 0 3.3 10.0 11.7 0 0 0 1.7
LgD1g 0 3.3 15.0 23.3 0 6.7 11.6 13.3 0 0 6.7 10.0
L12D12 0 5.0 21.7 38.3 0 11.7 15.0 23.3 0 0 8.3 15.0
L1¢Ds 0 6.7 233 63.3 0 233 60.0 75.0 0 0 24.2 317
L24Dg 0 8.3 50.0 76.7 0 28.3 76.7 81.7 0 0 77.8 88.3

3.3. The effect of photoperiod on shoot induction of the Paulownia leaves with lighting treatments. The effect of
photoperiods on shoot inductions of the Paulowaavés with 5 d lighting treatments. From the shodtiction
result of different photoperiod to the Paulowniaves with 5 d continuous lighting treatment (Tad)eit could be
seen that,with a fixed shoot induction of the pleaves, as the lighting time during photoperiodréased, the
shoot induction ratios of the three Paulownia lsagedually increased (except 10 d ), particulavlyen the shoot
induction time is 40 d and the photoperiod is 18ghting, the shoot induction ratios & tomentosa, and P.
elongata leaves could reach 100%,, and the shoot inducttio of P. fortunei leaves could reach 83.3%. These
results indicated that increasing the lighting tiduging a photoperiod contributed to the increasghoot induction
ratios of the three plant leaves with 5 h contirmidlwmination treatments. As the periods of fixédmination of
the plant leaves increased, the shoot inductidogralso increased gradually, but different photmuls had various
facilitating effects on the shoot induction ratiitioe plant leaves with 5 d lighting treatmentsrtRermore, in terms
of shoot induction, the leaves of different specieBaulownia had different sensitivity to photdpéds.
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Table 4: The effect of different photoperiods on shoot inductions of those plant leaveswith 5 d continuousillumination treatments

Photoperiods P. tomentosa P. elongata P. fortunei
10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d
LoD24 0 133 21.1 33.3 0 16.7 30.0 60.0 0 23.3 38.3 .040
LgD1e 0 23.3 65.0 71.6 0 28.3 45.0 75.0 0 46.7 55.0 .373
L12D1; 0 55.0 98.3 100 0 63.3 76.7 100 0 66.7 80.0 83.3
L1¢Ds 0 88.3 100 100 0 88.3 100 100 0 85.0 100 100
L24Do 3.3 93.3 100 100 1.7 95.0 100 100 15.0 100 100 100

The effect of photoperiods on shoot inductionshef Paulownia leaves with 10 d lighting treatmeRt®m the
effects of different photoperiods on the shoot otthns of the Paulownia leaves with 10 d continutight

treatment (Table 5), it could be seen that diffeygmotoperiods had obvious effect on the shootdtida of the

three plant leaves with 10 d continuous lightireptments. With different photoperiods, as the shahiction time
increased, the induction ratio of the three plaalves with 10 d continuous lighting treatments éeintb increase
gradually. With a fixed shoot induction time, a® thghting time during the photoperiod increasdte shoot
induction ratio of the three Paulownia leaves inseal gradually with more than 20 d lighting treatteeHowever,
the shoot induction ratio of the same Paulowniahwdifferent induction time, increased by differesttent.

Furthermore, with the same induction time, as fighting time during the photoperiod increased, #mot

induction ratio of different Paulownia leaves aisoreased to different extent. These results aldacated that the
photoperiod treatment of 24 h continuous lightinghvionger induction time did good to the shootuntion of the
three Paulownia leaves.

Table5: The effect of photoperiods on shoot inductions of those plant leaves with 10 d continuousillumination treatments

Photoperiods P. tomentosa P. elongata P. fortunei
10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d
LoD24 2.7 29.4 413 688 14 450 65.7 857 150 46.97.7 66.7
LgD1e 2.7 516 71.3 843 14 585 76.0 911 150 55.046 823
L1:D1o 2.7 72.5 100 100 14 62.3 100 100 150 86.3 89.900
L1eDs 2.7 88.5 100 100 14 75.9 100 100 150 951 100100
L24Do 2.7 93.6 100 100 14 95.9 100 100 150 99.1 100 100

3.4. The effect of photoperiod on the root induction from shoots of Paulownia plants. The effects of photoperiods on
rooting of P. tomentosa, P. fortunei andP. elongata shoots (Table 6) reveal that photoperiods extendgiteable
effects on root induction of Paulownia shoots. Wkiga root induction time was or shorter than 5he, ¢ffect of
different photoperiods on the rooting ratio of theee Paulownia shoots, and the rooting ratio ef¢hdifferent
species of Paulownia shoots were all 0. And whenilkduction time was or longer than 7 d, the effeaftthese
different species of Paulownia shoots were alsfemdint. When the induction time was 7d, only theath of P.
tomentosa, P. fortunei andP. elongata started to root; and whatmore, theP. tomentosa, P. fortune were induced to
root only with a photoperiod of ;kDg, and theP. elongata with a photoperiod of {;:D1, and L;gDs. When the
cultivating time was or longer than 9 d, excepttfoe relatively low root induction ratios of theapt shoots with
continuous darkness treatments, the root inductdip of those shoots with the other four photoperireatments
all could reach 100%. These results indicated thlén the lighting time during a photoperiod wasger than 16 h,
the rooting of theP. tomentosa, P. fortunei andP. elongata shoots was inhibited, while the inhibition to thmoting
of P. elongate shoots was not so obvious.

Table 5: The effect of photoperiods on shoot inductions of those plant leaves with 10 d continuousillumination treatments

Photoperiods P. tomentosa P. elongata P. fortunei
od 5d 7d 9d od 5d 7d 9d od 5d 7d 9d
LoD24 0 0 0 60.0 0 0 0 80.0 0 0 0 40.0
LgD1e 0 0 0 100 0 0 0 100 0 0 0 100
L1:D1o 0 0 8.3 100 0 0 40.0 100 0 0 0 100
L1eDs 0 0 20.0 100 0 0 68.3 100 0 0 0 100
L24Dg 0 0 0 100 0 0 0 100 0 0 0 100

In our experiment, photoperiod with 24 h continudismination is optimal to the 3 kinds of Paulownshoot
inductions from leaves treated with direct illuntioa or after continuous illumination and /or daeks for 5 d, 10 d.
It was supposed to relate to Paulownia charadia$tsunlight-favor and to the media in which tméneral and
organic substances could meet the need of shoottioth and growth. Moreover, The photoperiods hifgrént
effects on rooting from the 3 kinds of Paulowniats. This phenomenon was foundMiusa nana. C. terminalis
andJ.fallax Dode [12-14]

1449



Xiaojuan Yang et al J. Chem. Pharm. Res,, 2013, 5(12):1446-1450

CONCLUSION

Different plants had their optimal photoperioddeafiéntly for theirin vitro plantlet regeneration. On the one hand,
the difference of the plants reaction to photopenas reflected as it growed. On the other handvai$ also
reflected as it developed. Also the difference dcug inherited steadily in the filial generatiobsfferent kinds of
plants had their favorite geographic distributiBoth domestic and international geobotanists dighmesearch on
this area [15]. Regarding the effects of photopgkzionin vitro plantlet regeneration, The photoperiod of 16 h
lighting was commonly considered as the optimaltpperiod for most plants [2-5, 14]. Here the fattiat
photoperiod with 24 h continuous illumination ietfavorite for the shoot inductions from 3 kindsRdulownia
leaves were gotten theoretically, but the econolnaind practical photoperiods must be considergutanluction of
seedlings for their cost.
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