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Abgract : Inthis gudy, the dfects of tenperature, the growth reguaor GA; and dorage oonditions on
seed germinaion of the biennia Swertia mussatii Franch were conpared in seeds from a naturd high alti-
tude dpine dte and dter one-cycle of artificid cutivation a alow dtitude. The untreated seedsfrom high
dtitude diglayed higher germination than those from low dtitude. Both GA; and dorage conditions err
hanced germination from al ources. After treatment , thefind germination of seedsfrom different ources
shows o didinct difference. These resuits sugged that : (i) al seedsdf this ecies, irrepective of their
ources, have dmilar kindsof dormancy; (ii) the dormancy of this gpecies can not been broken through
one-cycle adaptation in ex situ cutivation and thus might be geneticdly controlled; (i) both GA; and
4  oold dorage are dfective for dormancy breaking in ex situ cultivation of this inportant medicina
Fecies.
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Swertia mussatii Franch, a biennid herb in the family Gentianaceae, has long been used as an
extremdly important and fanous Tibetan folk medicine ,“ ZangYinChen” , to cure gall and liver disor-
ders aswell asother diseases (Yang, 1991). Xue et al (2002a,b) reported the embryology and
norphology of ome Peciesin Swertia. Recert invedigations on the active condituents o this drug re-
veded that it contains a large quantity of olearolic acid, mengferin, svertiamarin, swvertisn, and
other xanthones (Ding e al , 1980; Qun et al , 1991). S. mussatii isdigributed in southern Qinghai ,
wegern Schuan and eagern Tibet , rigdy redricted to the high dtitude area of the Tibet Hateau rang-
ingfrom3200mto 4000m (Ho, 1988). Typicd habitatsdf this Pecies are south-facing and nutrient-
poor grasdands. More than 10 types of conplex Tibetan folk medicine include it as a necessary crude
drug. A medicine to cure hepatitis, udng its aqueous extracts, has been produced by a Qingha locd
factory for about 10 years (Yang, 1991) . ™o other new medicines, based on the etharolic extracts of
this ecies, have been developed for curing gdl and gadric diorders, but await production when e
rough resource is available (Liu e al , 1999) . However, the naturd resurce of this ecies is less
than 50t every year while the crude drug market needs nore than 500t (Yang, 1991) . The naturd re-
urce base is decreasng annudly because of increased harveding over its wihole didribution range.
Harveging the flowering herbs leaves o seeds to provide offring (Yang, 1991) . The harveging of
this pecies has usudly resulted in deteriorating alpine meadows or other locd ecosysgems. This ecies
has been liged as an endangered ecies by ome loca governments and harvegting is nrow being prohi bit-
ed in ome areasd its naturd digribution. Mog plant geciesfor Tibetan folk medicines grow in dpine
nmountains of the Tibet Aateau where agriculture is ot practiced. However , ex situ cultivation of this
gecies eems to be the only way for its efective conservation and application in folk medicine.

Mog apine species have smilar dormancy responding to the low temperature (Thomson, 1970) .
For some such gecies, dormancy can be broken by GAszor cold sorage (Sulaiman, 1993; Neg and
Todaria, 1993; Airi e al , 1998; Pandey e al , 2000) . Many sudies have reported changes in
seed germination of vegetable cultivars in regponse to changed habitats (e.g. Ramin, 1997) , and
furthernmore , variation in the termperature requirement or pretreatment for germination in different popu-
lations of the same Pecies (McWilliams et al , 1968; Manjkhola et al , 2003) . Little is known on
the seed germination flexibility of alpine annuals or hiennials when tranderred to different Ster under
the changed habitats. The present invedigation was, therdfore, desgned to examine the seed dor-
mancy variation of biennial S. mussatii between when grown ex situ and from natura digribution, in
addition to a sudy of seed dormancy and methods to overcome it.

Mater ials and Methods

Seedsof Swertia mussatii were firgly oollected from Yushu, Qingha (dtitude, 3 520 m) in October 2000. The
sedswere dored a 4  for one month and then sown a two low dtitude agriculture areas, Nanshan (dtitude, 2 400
m) and Huangzhong (atitude, 2 620 m) , Qinghai. In summer 2001, the ssedsof Swertia mussatii planted a the low
dtitude germinated , formed rosettes and died back above ground inwinter. In April of 2002, individuds re-emerged ,
formed buds in July , flowered in early Augud and began to st fruits in midde Augug. The find ex situ cutivated
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seedsfor the present experiments from these two steswere collected in late Augud in 2002. Seedsdf S. mussatii were
a0 oollected from nature population & Yushu, Qinghai (dtitude, 3 520 m) and Jiangda, Tibet (dtitude, 3580 m) ,
both in the naturd digribution range o this gecies in late Sgptember in 2002. The seeds from cultivation and netura
dgribution in 2002 were used for the following experimernts.

In the initid experiments, we conpared the germination rate usng 100 seeds and 20 seeds as replicates under the
same treatment condition and found o diff erence between these two arrangements.  Because we hoped to place dl differ-
ent treatments in the same germination box a the same time, we only used replicates of 20 seedsfor dl conparions o
two different origins. The meture seeds o each locdlity were divided into 7 replicates of 20 seeds for each experiment.
The experimenta seedswere placed on a layer of noig gawze , which was extended on the top of apetri dish (6 x6cm) .
This smdl dish wasfurther placed in a larger petri dish (20 x 20 cm) . The didilled water was regularly added to both
dishesto keep the gaze noig. The germinaion experiments were conducted in an incubator (modd : SPX-250-BG,
YUBJIN INC, Shanghai , China) st to give 12 hrlight and 12 h dark every day for dl experiments. Inthefirg experi-
ment , seedswithout any treatment , but gored a the room temperature (20 ) were st to germinge a 10 |, 15
20 ,25 or30 . Thistes wasdedgned to invedigae find germination from different ourceswithout any pretreat-
ment. In the second experiment , the seedsfrom different ources were pretrested by dorage & 4 in a rdrigerator for
one north. In the third experiment , ocontrol treatment seedswere pretreated with 800 ppm GAz for 24 hours, which was
derrondrated to be bed in our previoustreatments o seedsfrom the same origin when treated with 200 ppm to 1200 ppm.

Mog o the experimenta seeds darted to germinate on the ninth day &ter being placed in the incubator , and contin-
ued to the dxteen day. The remaining not-germinated seeds were kept for another 10 days. The germingtion for each
replicate during the total period was nonitored and counted. The mean germination was cacuaed and conpared by
means of the SPSS 10. 0 for Windows ftware package. The mean va ues obtained in the different groups were conpared
by oneway ANOVA , pod hocLD and t-tes, assuming that there were dgnificant differences between mean vaues
when ddtidicd conparion gave p <0. 05.

Results
The change o phendogy in ex situ cultivation at the low altitude

The artificidly cultivated individuals of S. mussatii from the low dtitude flowered and set seeds
anog one nonth earlier than plants those in the natura digribution in the high dtitude. Bumblebees
were observed to pollinate flowersin the natural digribution. However , inthe two ex situ Stes, bees
were found to pollinate flowers ingead of bumblebees.
The seed ger mination without pretreatment

No seed germinated @ 10 or 30 . Seedsfrom al four Stes reached highes germination at
20 (Table1l) (p<0.05for dl tegs). But the find germination increases with dtitude of dte at
all three temperatures (Table 1) (p < 0. 05 for al tests). Seed germination garted earlier a higher
tenperature and the duration of germination was greater: a 15 , the seed germination began on the
10th day and ended on the 16th day; however , the germination began on the 7th day and ended on
12th day at 25
The dfects of dorageat 4 on seed ger mination

No sed germinated at 10 or 30 . (onpared to seeds from other locations, the seeds from
Nanshan had the lowest germination (p <0. 05 for al tets). The highes germination at al temperar
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turesof seedsfromNanshanwasat 20 . In contrag , for seeds cultivated at Huangzhong , there was
no sgnificant difference between germinationat 15 , 20 or25 (p>0.05). There was no conr
mon germination pattern with atitude between the four urcesat 15 , 20 and 25  (p>0.05)

athough seeds from Huangzhong always had the highest germination at dl tenperatures (Table 2) (p

<0.05 for dl tegs).
Table1 Mean germination (mean+ SE) of seedswithout being pretreated a congtant tenperatures of
15 ,20 and25 inthefird epeiment (n=7)

Altitude (m)  Surces of seeds 15  Germination ( %) 20 Garmindion ( %) 25  Gmingion ( %)
2620 Huangzhong (cultivated) 20.00 +4. 08 25.00 5. 77 22.14+9.94
2400 Nanshan (cultivated) 22.86+4.88 37.86+8.59 30.71+10.97
3520 Yushu (neturdly digributed) 33.57+£8.99 51.43+11.44 40.00+7.07
3580 Jiangda (naturdly di gributed) 52.14 +14. 96 64.29+6.73 50.00+15.81

Table 2 Mean germination (mean+ SE) of sedswith 4  oold Sorage a congant tenperatures of
15 ,20 and25 inthe ssoond experiment (n=7)

Altitude (m)  Surcesof seeds 15 Garmination (%) 20 Garmindion (%) 25  Garmingion (%)
2620 Huangzhong (cultivated) 76.43 +£10. 69 84.29+3.45 78.75%10.61
2400 Nanshan (cultivated) 30.00+7.07 50.71+11.34 37.14+12.86
3520 Yushu (naturally di stributed) 43.57+11.44 72.14+11.85 72.86+13.18
3580 Jiangda (naturaly di gtributed) 54.29+9.32 70.00£9.57 75.00£8.16

The dfects of GAz regulator on the seed ger mination
Application of GAz had amilar efectsto 4 oold dorage. No seed germinated at 10  or 30
At 15 , the seedsfrom all ources had lower germination thanat 20 and 25 (p<0.05) , but
no didinct difference wasfound between seedsgerminated at 20 or 25  for seedsfrom different stes
(p>0.05, Table 3). There was no obvious trend of germination with atitude at which the seed mer
tured. (p>0.05, Table 3).
Table 3 Mean germination (mean+ SE) of seeds with being pretreated by 800 ppm GA 3 a condarnt temperatures of
15 ,20 and25 inthethird expeiment (n=7)

Altitude (m)  Surces o seeds 15  Germination ( %) 20 Garmination ( %) 25  Garmination ( %)
2620 Huangzhong (cultivated) 70.71£5.35 90.71+7.87 87.14+3.93
2400 Nanshan (cultivated) 59.29+£13.36 83.57+10.69 70.00+11.55
3520 Yushu (naturally di stributed) 45.71+10.97 75.71+7.32 74.29 + 8. 86
3580 Jiangda (naturally digributed) 60. 00 £ 15. 55 85.71+£7.32 78.57 £9.45
Discussion

The changes in pherology of Swertia mussotii in ex situ cultivation are mainly due to flexible
adaptation of this Peciesto the high average temperature of the low atitude and changed ecological en-
vironments. In npgt cases, annuasor biennias show flexible adaptations to different habitats (Seb-
bins, 1950) . Such pherotypic plagicity has been recognized as an ecological adaptation, or a result
from a combination of physologica and genetic controls (Dobzhansky , 1970) .

S. mussatii is threatened by increasng exploitation for medicine. Ex situ cultivation requires
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good seed germination.  In nogt gpecies within Swertia and Gentianaceae, the embryos are often inr
mature (Akhakats and Wagner , 1997 ; Liu and Ho, 1996; Liu et al , 1999) , and incapable of
germination without further development of the embryo , but thisisdften prevented by embryo dorman-
cy. Such dormancy exigsin other apine perennid fecies, e.g. , Tralius and Aconitum (Ranuncu-
laceae; Hichmough et al , 2000; Pandey et al , 2000) and Meconopsis (Papaveraceae; Sulaiman,
1993) . These Ppecies normally grow at high dtitudes and seeds are exposed to subzero temperatures
and sowfal during the winter. Our reaults revealed that chilling or GAs gpplication increases efec-
tively germination of biennial S. mussatii from both origns. These results agree with reports of in-
creased germination percentage for other alpine ecies resulting from GA3 and low terperature dratifi-
cation (Nickell , 1982; Bradbeer, 1988).

In Amaranthus retcflexus , seed germination varied from different populations, and the germina
tion trend was found to be related to the habitats in which the seeds metured , with seeds from the
harsher habitats showing lower germination (McWilliams et al , 1968) . Seedsdf Trallius ecies col-
lected from wild had the nogt dormancy , but cultivated types were less dormant (Hitchnough et al
2000) . In the present experiments of S. mussatii , the seeds cultivated at low atitude had a higher
dormancy. This result suggeds that the germination increased with atitude , which might reflect that
the seeds in the high dtitude received a natura chill prior to collection. The rorth cultivation of
S. mussatii with decreased tenperature did not baance the decreased dtitude , which was expected to
have smilar chilling roles asin the high dtitude areas. Arother posshility isthat the short time of ar-
tificid domedication, only one cycle of cultivation, might alow dormancy to perdg at low atitude.
Furthermore , the dormancy of mog Peciesis geneticaly controlled , particularly in tree and perennia
Pecies (Nickel , 1982 ; Bradbeer , 1988) .

The regponse of seedsdof S. mussotii pretreated with GAz or cold dorage at 4 , did not differ
between the different stes. Thisindicatesthat both GAzand 4  oold storage are likely to be dfective
methods to overcome the dormancy of S. mussatii from a range of locations.
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