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Abstract Amur corktree Phellodendron amurense is one of the important accompany species in broad leaved-Korean pine
forest and the pharmaceutical resource plant of famous Chinese traditional medicine cortex phellodendri. Berberine
jatrorrhizine and palmatine are main alkaloids paid high attention by the researchers in amur corktree. In the present study
water stress treatments with four conditions 1i. e. mild drought severe drought waterlogging and control soil water
potentials were controlled in the ranges of —40 ~ —20 KPa -80 ~ —60 KPa < -80 KPa and —20 ~0 KPa were
performed using the technique of root-sphere osmotic irrigation in a soil pond. The changes of main medicinal compositions
berberine jatrorrhizine and palmatine contents under different water conditions were discussed.

Berberine levels in amur corkiree seedling differed in various organs. High berberine content was present in stem

cortex 36.6 1.8 and 142.9 times as much as the peaks in stem xylem root and leaves respectively. Berberine
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accumulation induced in amur corktree seedlings after 20 days and significantly increased after 80 days under mild drought
treatment. Berberine contents similarly lowered after 60 days and recovered after 80 days under severe drought and
waterlogging compared to their respective controls. The variation of berberine content in the root under different conditions
was similar to that in stem cortex. Berberine was mainly accumulated in stem cortex and root of seedlings enhanced under
mild drought treatment whereas decreased under severe drought and waterlogging treatments compared to control  Fig. 1

Jatrorrhizine content in amur corktree seedlings was much lower than berberine. The stem cortex had relatively more
jatrorrhizine 22.3 and 4.3 times as much as stem xylem and root whereas no jatrorrhizine was detected in leaves.
Jatrorrhizine contents in stem cortex stem xylem and root under mild drought treatment were higher than that of control.
Jatrorrhizine levels in different organs were lower than or close to control under severe drought treatment. The waterlogging
treatment lowered Jatrorrhizine levels in amur corktree seedlings. Thus mild drought may induce the synthesis and
accumulation of jatrorrhizine and waterlogging might reduce jatrorrhizine content in amur corkiree seedling Fig. 2

Palmatine content in amur corktree seedling was about 10% of berberine. It was abundant in stem cortex and the
maximum value was 20. 1 20.5 or 555 times as much as that in stem xylem root and leaves respectively. Compared to
control palmatine contents were enhanced under mild drought treatment. No coincident effect on palmatine content was
displayed under severe drought during the period of treatment. Under waterlogging palmatine contents in stem cortex and
xylem of the seedling was obviously lower than control. Similar to berberine and jatrorrhizine mild drought was
advantageous to palmatine and waterlogging would inhibit palmatine in amur corktree seedling Fig. 3

The growth of amur corktree seedling was depressed under mild drought and waterlogging treatments. The plant height
stem diameter and biomass were clearly lower than control. Three alkaloids total production in control were the highest and
mainly distributed in stem cortex of seedlings. Our study showed that the mild drought improved the synthesis and
accumulation of three alkaloids but decreased biomass. Therefore in the process of cultivation a short time of mild
drought treatment would activate alkaloids content whereas more alkaloid yield would achieve with normal irrigation due to

the effective accumulation of plant biomass.
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Fig. 1 Changes of berberine content of amur corkiree seedlings under water stress
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Fig.2  Changes of jatrorrhizine content of amur corktree seedlings under water stress
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Table 1 Biomass and alkaloid production of amur corktree seedlings
Stem
Intem Height cm  diameter mm Biomass g/plant Berberine mg/plant Palmatine mg/plant Jatrorrhizine mg/plant
Control 53.6a 7.7a 18.96a 76.34a 2.22a 5.85a
Mild drought 35.5b 5.5b 8.87b 69. 76a 1. 56b 4.16b
. 29.0c¢ 4.8c 4.90c 24. 00b 0. 80c 2.10c
Severe drought
Waterlogging 18.9d 4.5¢ 2.61d 11. 10¢ 0.28d 0.53d

Different letters in same columns denote the significant differences p <0. 05



1 63
3
1
3
-80 ~ —60 KPa
< —80 KPa
3 -40 ~ -20 KPa -20 ~0 KPa
3
3
1
23
19
3 3
100 d
60 d 3 1 2 3

References

Fernandez R ] Reynolds J F. Potential growth and drought tolerance of eight desert grasses lack of a trade-off Oecologia 2000 123 1 90 -
98.

Franca M G C Thi A TP Pimentel C et al. Differences in growth and water relations among Phaseolus vulgaris cultivars in response to induced
drought stress. Environmental and Experimental Botany 2000 43 3 227 -237.

Remorini D Massai R. Comparison of water status indicators for young peach trees. Irrigation Science 2003 22 1 39 —46.

Feng Y L Zhang Y J Zhu C Q. Relationship between photo-inhibition of photosynthesis and reactive oxygen species in leaves of poplars suffering
root osmotic stress. Chinese Journal of Applied Ecology 2003 14 1213 -1217.

Li S Pezeshki SR Goodwin S. Effects of soil moisture regimes on photosynthesis and growth in cattail Typha latifolia . Acta Oecologica 2004
25 17 -22.

CaiY X Zhu QS Xu W et al. Effects of water stress on the main characters of superior and inferior grains quality and the properties of RVA
profile during grain filling stage. Acta Agronomica Sinica 2004 30 3 241 -247.

Xiao DM Wang M Ji L Z. Influence of water stress on growth and biomass allocation of dominant tree species in mixed forest of broadleaved and
Korean pine at Changbai Mountain. Chinese Journal of Ecology 2004 23 5 93 -97.

Wang W Zhang ] H Yang J C et al. Effect of water stress on metabolism of stored carbohydrate of stem and yield in rice grown under
unfavorable-delayed senescence. Acta Agronomica Sinica 2004 30 3 196 —204.

Chen MY GaoZH LiuMY etal. Effects of water stress on root/shoot relation and grain yield in winter wheat. Acta Agronomica Sinica 2004

30 7 723 -728.



64

27

10

18

19
20

21

22

23

20
21
22
23

Chai CL LiSH XuY C et al. Assimilates distribution in young peach plants during water stress and after removing water stress. Acta
Horticulturae Siaica 2004 31 5 574 -578.

HuJ C Cao W X Jiang D et al. Quantification of water stress factor for crop growth simulation [ . Effects of drought and waterlogging stress
on photosynthesis Transpiration and dry matter partitioning in winter wheat. Acta Horticulturae Sinica 2004 30 4 315 -320.

Ralphs M H Manners G D Gardner D R. Influence of light and photosynthesis on alkaloid concentration in larkspur. Journal of Chemical
Ecology 1998 24 1 167 -182.

Ralphs M H Gardner D R Pfister ] A. A Functional explanation for patterns of norditerpenoid alkaloid levels in tall larkspur Delphinium
barbeyi . Journal of Chemical Ecology 2000 26 7 1595 -1607.

Ralphs M H Gardner D R. Distribution of norditerpene alkaloid in tall larkspur plant parts through the growing season. Journal of Chemical
Ecology 2003 29 9 2013 -2021.

Salmore A K Hunter M D. Environmental and genotypic influences on isoquinoline alkaloid content in Sanguinaria canadensis. Journal of
Chemical Ecology 2001 27 9 1729 -1747.

Waller G R Nowacki E K. Alkaloid biology and metabolism in plants. New York Plenum Press 1978.

Saker M M Rady M R Ghanem S A. Elicitation of tropane alkaloid in Hyoscymus Datura and Atropa suspension cultures by osmotic stress.
Fitoterapia 1997 68 338 —342.

Liu Z ] Carpenter S B Constantin R J. Alkaloid production in Camptotheca acuminata seedlings in response to shading and flooding. Canadian
Journal of Botany 1997 75 368 -373.

KongCH XuT HuF etal. Allelopathy under environmental stress and its induced mechanism. Acta Ecologica Sinica 2000 20 849 —854.
Wang Y Dai SJ Yan X F. Effects of light intensity on secondary metabolite camptothecin production in leaves of Camptotheca acuminata
seedlings. Acta Ecologica Sinica 2004 24 1118 —1122.

Cui XY Son G F Zhang Y H. Some photosynthetic characteristics of Fraxinus mandshurica seedlings grown under different soil water potentials.
Acta Phytoecologica Sinica 2004 28 6 794 —802.

Qin YJ Zhang Y H Wang Y et al. Determination of alkaloids content in Phellodendron amurense Rupr. by HPLC. Chemistry and Industry of
Forest Products 2004 24 Supp. 115 -118.

Yan X F. Ecology of plant secondary metabolism. Acta Phytoecologica Sinica 2001 25 639 —640.

2003 14 1213 ~1217.
2004 30 241 ~247.
2004 23 5 93 ~97.
2004 30 3 196 ~204.
2004 31 5 574 ~578.
2004 31 5 574 ~578.

2004 30 4 315 ~320.
2000 20 849 ~854.
2004 24 1118 ~1122.
2004 28 794 ~802.
2004 24 115 ~118.
2001 25 639 ~640.



