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Abstraet Twigs of 2—3．year-01d PlataHblS occidentalis L．were used as experimental material to find the causes for the contamination 

and browning in the initial stages oftissue cultures To compare the degree ofbrowning ofexplants picked ofrfrom different growing 

seasons，the experimental material was excised from flees on each of the first ten days in January,March，May and July，2006．The 

results indicated that the contamination and browning rates of the material cut off in January(14．2％ and 30．6％，respectively)and 

March were somewhat lower than those in July．The pretreatrnent of soaking the explants in different anti—oxidants and absorbents at 

the same time could diminish some side effects．The pretreatment of using 10 g·L vitamin C reduced the contamination and brown— 

ing rate effectively．An orthogonal experiment showed that the optimal factor and level arrangement is 0．5 mg L BA，2．0 g L ac— 

tive carbon and 1．5 g·L PVP which resulted in a browning rate of only 1 6．5％。In general，sampling period，physical properties and 

pretreatment of explants are the main factors responsible for the contamination and browning of material in the initial stages of 

occidentalis tissue cultures。 
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1 IntrOductiOn 

Platanus occidentalis L．．usually called the American 

phoenix tree，is one of the more important woody 

plants in the P1atanaceae family． occidentalis has 

strong adaptability that permits it to grow widely in 

China。As wel1．this tree can reduce noise levels and 

prevent dust in cities．Moreover,this tree species can 

be pruned over a considerable period of time．is easily 

sculpted and propagated as well(Guo，2004)。Because 
of these strong properties． occidentalis is entitled to 

be called “the king of avenue trees’’and favored by 

many horticultural enthusiasts．The sprouts，twigs and 

fruits of P occidenta，is are covered by flOSS which is 

spread everywhere by the wind when they are mature， 

especially from trees that are bearing fruit．Betw een 

April and June of every year,the flOSS and pollen fa11 

to the ground while many old dried fruits on the trees 

open up。What is worse．this flOSS and pollen．blown 

into the air in the form  of small sheets．do not only 

pollute the air but can  also cause serious respiratory 

allergic reactions(Liu et a1．．200 1 1。 
Over the past 20 years，Chinese scientists have per． 

sisted in the struggle for cultivating new varieties of 

this species with less fruit or no fruit at all bv artificial 

mutation and to reduce the fruit set of existing flees of 

P occidentalis by crown grafting，impairing fruits by 

pruning and chemical restraints(Cao，2000，Zhang， 
2000)，but the effects ofthose efforts have been dis． 
appointing。With today’s rapid advances in cell and 
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genetic engineering，scientists are striving to find new 

approaches，for instance with genetic engineering，to 

achieve the goal to grow 户 occidentalis with less flOSS 

and less fruit，instead of with traditional breeding 

methods．A major obstacle is encountered in the proc— 
ess of establishing a户 occidenta，is regeneration sys— 

tern while the system is indispensable for户 occiden— 

talis bioengineering．This major obstacle is the fact 
that tw igs，cultured on a medium，always become 

brown in the initial culture．This browning of tw igs 

prevents further culture of tw ig callus．Therefore it is 

necessary to explore a suitable and synthetic cultural 

condition for the cultivation of tw igs． 

2 M aterials and methods 

2．1 M aterial 

Twigs of 2-3 years old户 occidentalis from an ex— 

perimental nursery in Hebei were used as the source 

of explants． 

2．2 M ethods 

2。2．1 Pretreatment ofmaterial 

Initially,the buds were soaked in (V：V)commercial bleach for about a solution of 80％ 
20 min。Then，the 
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material was washed by flowing water for one hour． 

Atier that．the experimental material was transferred 

to a sterile hood，where their surfaces were disinfected 

for 30 s using 75％ ethanol and then dipped in a solu． 

tion Of0．1％ HgC1，for 4-8 min and rinsed out four 

times with sterile water．Finally,the twigs were inOCU． 

1ated in MS media supplemented with 30 g·L_。saccha— 

rose and6 g-L『 agarandtheirpH regulatedfrom 5．7to 

5．8．The temperature was kept at 25 4-1。C．Per day 13 

hours of illumination was maintained indoors(gener- 
ally from 08：00 to 2 l：00)with a light intensity of 2．000 

lx．Th e basic tissue culture medium was MS． 

2．2．2Effect ofgrowing season on browning 

In order to compare the browning effect on explants 

during different growing seasons，the experimental 

material was collected on each of the first ten days in 

January,M arch，May and July in 2006． 

2．2．3 Browning effect ofanti—oxidant and absorbent 
pretreatment 

Th e branches were initially cultivated in the green 

house for several da ys．Th en the explants，excised from 

the branches，were soaked with various an ti．oxidants 

and absorbents(VC．PVP-AC)as a pretreatment．The 
concenffation of VC was 0．1-1．0 g·L～．that of PVP 

0．5_2．0 g·L『 and AC 1．0_4．0 g·L『 ． 

2．2．4 Screening ofoptimal arrangement 

An o~hogonal test L9(3 )(Gai，2000)was employed 
to find the optimal arrangement of three factors pre． 

scribed as the concentration of BA (factor A1．AC 

(factor B)and PVP(factor C)．Each factor consisted 
of 3 levels．The experimental design of factors and 

levels are shown in Tlable 1． 

3 Results 

3．1 Impact of sampling pedod on contamination 

and browning effect ratios 

The contamination and browning rates of the material 

cut off in January and March were smaller than those 

in July while the sterilization times were the same． 

The rates in January were the smallest among all 

months．Th e results are shown in Table 2． 

3．2 Effect of material pretreatment on browning 

Th e disinfected explants were soaked with anti—oxidants 

and absorbents as shown in Table 3．As the concentra‘ 

tion of VC increased，the brown ing fractions became 
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Table 1 Exoerimenta1 design of orthogona1 test Lq(3 

Table 2 Impact of sampling period on the contamination and 

browning rates 

lighter．W hen the concentration was 1 0 g·L～，the 

browning fractions faded quickly．Meanwhile．chang— 

ing the concentrations of PVP-VC and soaking period 

did not ease the browning rates，but the time in which 

the cultured material became darkened was，to a cer- 

tain extent．prolonged．W strongly recommend the VC 

pretreatment． W hile the explants were incised in 

anti．oxidants or absorbents，or fresh tissue material was 

saved with these anti．oxidants or absorbents．the pre． 

treatment was able to segregate material，on which we 

operated，from oxygen and repress the PPO activity of 

the fresh fractions，so that the browning rate decreased． 

3．3 Results and analysis of orthogonal test 

6le 4 shows the browning ratios of the different ar- 

rangements of factors and levels．The browning rates 

were仃ansformed by an  inverse transform ation．The 

browning rate Of A1 B C was the smallest where the 

concen仃ation Of BA was 0．5 mg·L～．that Of AC 2．0 

g·L and PVP 2．0 g·L～． 

In Tlable 5 is the range am ong the results Of dif_ 

ferent levels of each factor．Given the mean value 

of the three factors respectively,the optimum combi— 

nation of factors was A1 B C2 which minimized the 

browning effect．Howeve5 an analysis of variance and 

multiple comparisons still needed to be done in order 

to verify the significance ofthe levels ofthe factors A， 

B and C in our results． 

3．3．1 Analysis ofvariance 

The analysis of variance is shown in Table 6．Our ex 

perimental results show that the effect of the factors A， 

B and C are sign ificant．That means that some con 

centrations of BA，AC and PVP can sign ificantly af- 

fect the problem ofbrowning ofP．occidentalis． 
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Table 4 Results of orthogonal test Lqf3 

一  

Table 5 Analysis concerning the arcsin x transformation of 

L9(3 )test results 

Table 6 Analysis of variance of the arcsin Cx transformed 
data of test L9(3 ) 

significant at 6c 0．01 

3．3．2 Multiple comparisons ofthe results 

Multiple comparisons among the factors A，B and C 

are listed in Tlable 7．Factor A was composed ofA1．A2 

and A The difierences between the levels are signifi． 

cant．A1 is the optimal level which repressed browning 

most heavily．For the factors B and C，B3 is the opti． 

mal level among the difierent levels of factor B and C2 

the optimal level of factor C(Table 5、．Consequently, 
A1 B3C2 is the optimal level arrangement among all the 

levels of arrangements considered．In order to ascer． 

tain whether the A1B1C，is indeed the optimal level 

among all the levels Of arrangements．we repeated our 

experiment with an addition of combination A1B3C2． 

The brown ing rate of A1B3C2 was only 1 6．5％．which 

definitely confirmed our prediction． 

4 Discussions 

In our present study,we were dealing with aseptic 

tw igs for tissue culture．At the initial stage of tissue 

culture，the tissues atrophied and gradually perished． 

During the experiment，we did not observe any evi— 

dence of exogenous substances that could make the 

tissues brown  and spread into the cultures．Thus the 

reason for the damage inflicted might be that the me— 

dium and temperature are not suitable for the explants． 

Xu et a1．fl997)and Li and Qiao(2001)reported 
that brown ing can be caused by phenolic compounds 

at the chemical leve1．The phenolic compounds could 

activate polyphenoloxidase(PPO)of explants and 
change the metabolism of tissue cells and form  brown  

quinine substances through its oxidation(Chen，2004； 
C：hen et a1．，2005)．The brown  quinine substance will 

gradually enter the tissues cultured on the medium and 

further repress the activities of other enzymes and as a 

result，poison other contents of the medium．However, 

the anti．oxidants could repress the oxidation of the 

phenolic compounds by changing the oxidation poten— 

tial of phenolic compounds around the explants and 

consequently alleviate the browning instead． 

General15,the pre仃eatment．anti．oxidants and absor． 

bents can effectively 

Anti—oxidants can prevent 

and absorbents can adsorb 

control the browning． 

the oxidization of phenols 

quinines．An ti—oxidants in— 

elude MC，8-hydroxyquinoline，sulfate，argent，nitras 

(Zhong et a1．，2002)，VC，cysteine，globulariacitrin， 
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Table 7 Multiple comparisons of the A，B and C factors at different levels 
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Note：” extremely significant <0．O1)， significant <0．05) 

ovalbumin and so on．Absorbents consist of AC and 

PVP fHan et a1．，1995；Park et a1．，2000；Chen，2004)． 
The explants of Shanxi walnut were pretreated with 

20％ sodium hy0osulfite to decrease the browning rate． 

Ofvarious pretreatments ofShanxi walnut，it was found 

that the effects OfVC would last only for a short time． 

the effects of PVP remained over a longer period and 

AC makes the plantlets bloom．expedites root growth 

and enhan ces the absorption of nutrients．In addition， 

active carbon has some side effects in coun teracting the 

brown ing：it absorbs growt h regulators because Of its 

uptake of poisonous phenolic compoun ds at the same 

time．砀 Hs．the density of active carbon should be 

carefully reduced．Besides，adding an ti—oxidants and 

absorbents during culture could depress the brown ing 

effectively．M any experimental results indicate that 2 

g·L『 AC and 1．5 g·L『 PVP is an optimum level(Park 

et a1．，2000；Qin and Sun，2002；Zhou et a1．，2002)． 
The density of BA could affect the growt h and 

brown ing of the twigs．Brown ing and differentiating 

rate increased and brown ing time was moved up as the 

density of BA increased．the plants grew slowly and 

turned brown  and dark．The lower density of BA could 

accelerate the synthesis of phenolics(Yao et a1．，1999) 

and that ofthe polyphenol oxidase(Oiu and Cao，1989) 

The same phenomenon also occurred in walnuts(Zhang 
et a1．．2003)and potatoes(Zhang et a1．．2004)． 
Basically,we foun d in our experiments that physical 

properties and collection time were the main causes for 

brown ing．It is necessary for us to probe into the 

mechanisms at physical，biochemical and genetic levels 

in order to solve further the problem of brown ing in 

tissue cultures． 
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