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Management of soil water and fertilization is known to primarily affect physiological properties and yield in
plant. The effect of soil water potential and nitrogen application on characteristics of photosynthesis and
chlorophyll fluorescence in Schisandra chinensis Baillon was investigated on a sandy loam soil. Net
photosyntheis rate and transpiration rate increased as a photon flux density and was highest at —S0kPa of soil
water potential. Light compensation point (1.5 pmol m™' s™') and dark respiration (0.13 pmol CO, m™ s™) was
lowest at -50 kPa but maximum photosynthesis rate (13.10pmol CO, m’ s'l) and net apparent quantum yield
(0.083 pmol CO, m"' s™') was highest at -50 kPa. As results of chlorophyll fluorescence by OJIP analysis,
maximum quantum yield (Fv/Fm) of photosystem II (PSII) and PL,;,s was higher in treatments of =50 kPa and
-60 kPa respectively, which reflects the relative reduction state of PSIL. But the relative activities per reaction
centersuch as ABS/RC and DIo/RC were low with decreasing soil water potential. Net photosyntheis rate and
transpiration rate were highest at treatment of soil testing 1.0 times (92 kg ha'l). Application of nitrogen
resulted in high Fv/Fm, PL,,s and low ABS/RC, DIo/RC. This result implies that -50 kPa of soil water potential
and nitrogen fertilizer may improve the efficiency of photosynthesis through controlling a photosystem in
Schisandra chinensis Baillon.
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Introduction

NEI} gep Fom Wel AgE LulE ()
(Schisandraceae)2] 2152 A|AA S & Schisandras: (J5),
Kadsura%; (M) 5 2/, 223 (fi)o] &5t L-2yets
WISt Eobilolel uslehA EES s 9let (Bailey
and Bailey, 1976), S-elUfelo] Bmshe oulxia) Ao
B Qu|R} (Schisandra chinensis), 5-Q2W|*} (Schisandra
3E

Oll
o)

nigra), '‘F2U|A} (Kadsura japonica) 5 24 3%0| &
3L Utk Schisandra 4:2) B-Q 0|2} 5.0 u|zj= Higt
K ABRA BOUAE S80S A B4 AR

) o183 v1g0] Agista wit E Fo] Ye b

ro, 118

ool el 35 Ao erelA glom A
EXS % 500~700 me] FAIA] AHE Bz
o $Ix|etal AAREL 17.6~36.4%, BHAHES}L FE7} 4
o] v oFS sty ofRElEFo] FHIL 2|HoA Xah
(Lim et al,, 2010), A& EE gl AL 2|TJAL 4
it 58 SEF ol Ao A Exsh= Ao dEA 9l
ot SenAks dtetke] AR HoA Agstal Qo) o
LenAks A4S F9A AEEA EF 2ARR, AlFEY
AR oA FEaxSh= Aoz Bt (Kim et al., 1999).
Sulz} AL 22 AZE AR AEE T Qlom
71 5sle] T eo] A4Em B A8 Zol
Basi7 o B0 AFEA] Sie] T}, Rz ofat
Aelrgofe] whgol e Holt), webs aFA e enjAE
Wiz ffste] & SR2l AEEAde A8 ASAY
O] 7|15, B FE % 2o AHl 5 e aglo] Aol
U)X G FEsks A wie- Faskt @A
Qujzlo] A23H o) 9= Kim et al, (1999)2] 2.m|z} &
H gt B/l digh Hal fojn, BEfeE B B
g ol uhe 2m|A}p ukgo] Ats AFsieh 2nfAte]
= gto] =55ke] Ao} e 7| AF o ARG Rt
olUg} ik} eyt A= So] ok F 7|50 9jor
2 ozl gigt A7 7HHE 7)% (Lee, 1995; Lee and
Lee, 1991), A|ZEEAF A (Lee et al,, 2009), WY =7}
(Park et al,, 2004), 7FAZ AFH (Rho and Oh, 2002),
7ol W AL a3 (Chae et al,, 2005), ojul gy}
(Doo et al,, 2007) 5 w7} A d AJE9] steky) clokst oF
SJ3hel Tig AT} 2 AR QT EE S 540
Feol Ae]d EA (Kim et al,, 2010), ¥ ¥HLS Fn|7

& &

s
1

oﬁ,

o

e o2 Ju

Table 1. Physico-chemical properties of soils before experiment.
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Materials and Methods
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Fig. 1. Effect of soil water potential on kinetics of net
photosynthesis rate and transpiration rate depending upon
photon flux density in Schizandra chinensis Baillon.
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Table 2. Effect of soil water potential on photosynthetic
parameters in Schizandra chinensis Baillon.

Treatment LCP DR MPR NAQY
umolm'2s'] ——————————— umol CO, m2s! e
-10 kPa 16.5 b 0.80 a 583 d  0.147 be
-30 kPa 175 b 083 a 785 ¢ 0.048 be
-40 kPa 112 ¢ 0.59 b 925b 0054 b
-50 kPa 15d 0.13 ¢ 1310 a  0.083 a
-60 kPa 194 a 0.88 a 501 d 0.042 ¢

* Same letters within column are not significant at p<0.05
probability level by duncan’s multiple range test.

TLight compensation point (LCP), Dark respiration (DR),
Maximum photosynthesis rate (MPR), Net apparent quantum
yield (NAQY)
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Fig. 2. Effect of soil water potential on net photosynthesis
rate and transpiration rate in Schizandra chinensis Baillon at
25°C. ' Same letters are not significant at p<(0.05 probability
level by duncan’s multiple range test.

(Kang et al,, 2007), B4R o] whal Az =24

o] A48 A SEAEAR Q1T AU SR F o]

FEAW o] &45 ob7lstal, ABAS| FFS7H= 71%ﬁﬂ
£ st S4k J*@r“ &9 AaE sk %
FollA= 149 e A=zt *EH7} ' F & z*‘“ez_r
o] ATt el B3k} (Lee et al., 2014).
B 119 OPEﬂL} FEa l i—’FE‘ 9 oL ] (ABS)= ©fl
Hx|e] Hojipge AA W54 (P680)S & JEj= vt
=Xl o x{o]._,] Hajabgo g o1A3h 9o
&l (pheophytin)ol| HAE W&o A3} HubdS Faif
27] AAEA1R] QuE BHEAIZIA "L (TRo). ©] 2Hof]
A LR oY A= RSl Ei‘ﬂﬂ?q Fot 4 59 ¥
B2 =53 (Dlo), Quo] T o|F ARALAE AAHA
(ETo) ZZAHO& NADP 2 NADPHE 3HIA]7|7| =t
(Strasser et al,, 2000), OJIP A o] oI5t H=4 &L+
59 7P 2710 0-J G FA 119] BESFAloll Qa9
2k (Q{)—% VBRI J-T S0 Qu 9] 2hdat AjAaksigt
I-P 77+ EFAE = (Plastoquinone) 2] &2
Bls 3‘2}%% o]t} (Oh et al,, 2009). EFEslko] o}
A ?Sé GEA A= Table 39 W83} Z9tt} —10
kP A2 Vi, ViZk 011 2 Toli
g s w% Q] AABHEo] b AApHEo] A5
2 oJm|3}al ARARPAYESHA] (oxygen—evolving complex) 2]
HIZHeote A7} & AR YETh (Wang et al.,
2012; Spoustova et al,, 2013), 7| F3}shit-2of A
FAES U= Fv/Fme E3HFo] W2 10 kPaX]
el ollAl 7P okt
Pl B8l ol S olgsto] WALuH} 2ke)
= IPgelA] oA BEFES YEhl=t] (Holland et
al,, 2013) 447%] HA Foz= Aol A LA BAS 2 AT

A B, & 24 A AAEE, veEl =

=1 5SS

F



Young-Jin Seo, Beung-Sung Kim, Jong-Phil Lee, Jong-Su Kim, Kee-Choon Park, Chun-Geun Park, Young-Sup Ahn, and Seon-Woo Cha 709

Table 3. Effect of soil water potential on characteristics of chlorophyll fluorescence in Schizandra chinensis Baillon.

Treatment Vj Vi Fv/Fm Plabs ABS/RC ETo/RC DIo/RC
-10 kPa 0.66 a 091 a 0.67 b 043 ¢ 2.77 a 0.61 b 093 a
-30 kPa 0.58 ab 092 a 0.74 a 087 b 243 ab 0.76 a 0.63 b
-40 kPa 0.56 b 0.84 b 0.76 a 1.03 b 2.44 ab 0.81 a 0.60 b
-50 kPa 052 b 090 b 0.75 a 1.20 ab 233 b 0.84 a 059 b
-60 kPa 0.50 b 0.89 b 0.77 a 148 a 228 b 0.88 a 053 b

* Same letters within column are not significant at p<0.05 probability level by duncan’s multiple range test.
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Fig. 3. Effects of nitrogen application level on net photo-
synthesis rate and transpiration rate in Schizandra chinensis
Baillon. " Same letters are not significant at p<(.0S probability
level by duncan’s multiple range test.
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Table 4. Effect of nitrogen fertilization on characteristics of chlorophyll fluorescence in Schizandra chinensis Baillon.

Treatment Vj Vi Fv/Fm Plabs ABS/RC ETo/RC DIo/RC
Non-Fert. 0.56 a 0.88 a 0.73 b 0.81 b 2.70 a 0.87 a 0.72 a
S0.5 0.52 ab 0.88 a 0.76 a 1.22 ab 2.49 ab 092 a 0.59 ab
S 1.0 0.52 ab 0.86 a 0.77 a 1.31 ab 243 ab 0.89 a 0.57 b
S 1.5 0.50 b 0.89 a 0.76 a 1.46 a 223 b 0.85 a 0.54 b

* Same letters within column are not significant at p<0.05 probability level by duncan’s multiple range test.
s 0.5, S 1.0, S 1.5 indicate recommended nitrogen fertilization rate based on soil testing.

ETo/ROE A7k Hjol7h glo] Que] 8ol B 1 (P100)
< UN717] $lat Al Qo] gl A0 Lt
whek, weba] &g Aagn) AgFe PRAN 1ot 3
25l Ao= Uehgte,

Conclusion

3
717t S7VerE FedEat SARE0] S71she Aol
Q3L -50 kPaA] 2] ol A 71 =94Th —50 kPax]]oflA] <=
FAE NG EETE =9k R d5 g2
FreJsbA wokth EQFo] w2 x7iolA hlE kel A
AR, Z| | YAEE, Pla, ETo/RC7}-10 kPax] @] tof 4]
714 @9Fal Dlo/RCe ot ARpAEe] AslEl= Fede
el oIt 383t SARE-S AgAH] 1ovlolA 71
=0 BEYS AT AuEko] 7S folahA
Eobsom Qlo] Mg AXAH] 1.0u1el A
158 Aol A =okeh A A8 el Hxke] Ak
Sk, H YRS, Pl Z7FA17]3L ABS/RCS} Dlo/RC
= Hhshe S JeErSith ks @uxke] P
4 JE4 FUEAS 1T off EF4E-2 50 kPa, A4

=
e Algake A LOw7t A% Ao Lekgt

References

Ao, C.Q. 2006. Morphological characters of leaf epidermis
in Scisandraceae and their systematic significance. J. Plant
Biol. 49:80-87.

Bailey, L.H. and E.Z. Bailey. 1976. Hortus third a concise
dictionary of plants cultivated in the United states and
Canada. McMillan Pub. Comp. 620-1017.

Bjorkman, O. and B. Demmig. 1987. Photon yield of O,
evolution and chlorophyll fluorescence characteristics at
77K among vascular plants of diverse origins. Planta. 170:
489-504.

Chae, H.J., HI. Hwang, 1.S. Lee and H.Y. Moon. 2005.
Comparison of on rat intestinal digestive enzyme inhibitory
activity and antioxidant enzyme activity of Korean and

Chinese Schizandra chinensis. J. Exp. Biomed. Sci. 11:517-
523.

Davis, F.S., and J.A. Flore. 1986. Flooding, gas exchange and
hydraulic conductivity of highbush berry. Physiol. Plant.
67:545-551.

Doo, LS., K.S. Lim, C.Y. Hwang, M.C. Park, and N.K. Kim.
2007. A study on the melanin synthesis inhibition and
whitening effect of Schizandrae fructus. The J. Kor. Orien.
Med. Ophthal. & Otol & Demat. 20:51-62.

Evans, J.R. 1987. The dependence of quantum yield on
wavelength and growth irradiance. Aus. J. of Plant Physiol.
14:445-483.

Falqueto, A.R., F.S. Silva, D. Cassol, A.M. Junoir Magalhées,
A.C. Oliveira, and M.A. Bacarin. 2010. Chlorophyll fluore-
scence in rice; probing of senescence driven changes of PS
IT activity on rice varieties differing in grain yield capacity.
Braz. J. of Plant Physiol. 22:35-41.

Holland, V., S. Koller, and W. Briiggemann. 2013. Insight into
the photosynthetic apparatus in evergreen and deciduous
European oaks during autumn senescence using OJIP
fluorescence transient analysis. Plant Biol. doi;10.111/plb.
12105.

Kang, S.B., H.I. Jang, I.B. Lee, J.M. Park, and D.K. Moon.
2007. Changes in photosynthesis and chlorophyll fluoroe-
scence of ‘Cambell Early’ and ‘Kyoho’ grapevine cultivars
under long-term waterlogging condition. Kor. J. Hort. Sci.
Technol. 25:1-8.

Kim, J.Y., C.S. Kim, D.H. You, D.W. Kim, D.C. Choi, J.M.
Kim, N.G. Oh, C.G. Park, Y.S. Ahn, and K.S. Lee. 2014.
Cuttings of mass propagation affecting the impact of
increasing reproductive efficiency of Schisandra chinensis.
Korean J. Med. Crop Sci. 22:2310-236.

Kim, P.G.,, and E.J. Lee. 2001a. Ecophysiology of photo-
synthesis : Effect of light intensity and intercellular CO,
pressure on photosynthesis. Korean J. Agric. For. Meteorol.
3:126-133.

Kim, P.G., and EJ. Lee. 2001b. Ecophysiology of photo-
synthesis 2 : Adaptation of photosynthetic apparatus to
changing environment. Korean J. Agric. For. Meteorol.
3:171-176.

Kim, P.G., K.Y. Lee, S.H. Kim, and S.S. Han. 1999. Foliar
characteristics and photosynthetic efficiency of three species



Young-Jin Seo, Beung-Sung Kim, Jong-Phil Lee, Jong-Su Kim, Kee-Choon Park, Chun-Geun Park, Young-Sup Ahn, and Seon-Woo Cha 711

of Schizandraecea trees distributed in Korea. Korean J.
Agric. For. Meteorol. 1:90-96.

Kim, S.H.,, M.Y. Lee, E.S. Baik, J. Han, and M.S. Kang.
2010. Morphology and chlorophyll contents of leaf and
wood anatomical characteristics of three Schisandraceae
species in Korea. Korean J. Plant Resour. 23:31-37.

Kozlowski, T.T. 1984. Response of woody plants to flooding.
In T.T. Kozlowski (ed.). Flooding and plant growth. Acad.
press. Ontario. FI. USA. 129-163.

Kozlowski, T.T., and S.G. Pallardy. 1979. Stomatal responses
of Fraxinus pennsylvanica seedlings during and after
flooding. Physiol. Plant. 46:155-158.

Lee, J.S. and S.W. Lee. 1991. Effect of water extracts of
endocarps and seeds of omija (Schizandra chinensis Baillon).
J. of the East Asia. Soc. of Diet. Life. 1:185-190.

Lee, K.C., S.H. Kim, W.G. Park, and Y.S. Kim. 2014. Effects
of drought stress on photosynthetic capacity and photo-
system II activity in Oplopanax elatus. Korean. J. Med.
Crop. 22:38-45.

Lee, MY., B.C. Moon, Y.U. Ji, H.S. Seo, and H.K. Kim.
2013. Development of RAPD drived SCAR Markers and
multiplex PCR for authentification of Scisandrae Fructus.
Korean J. Med. Crop. 21:165-173.

Lee, Y.K. 1995. Effect of omija (Schizandra chinensis Baillon)
methanol extract on benzo (a)pyrene induced hepatotoxicity
in rat. J. of the East Asia. Soc. of Diet. Life. 5:21-27.

Lee, Y.M., K.S. Lee and D.K. Kim. 2009. Aqueous extract
of schizandra chinensis suppresses dextran sulfate sodium
induced generation of IL-8 and ROS in colonic epithelial
cell line HT-29. Nat. Prod. Sci. 15:185-191.

Lim, S.J., K.S. Lee, H.R. Jung, Y.G. Kim, M.S. Song and
J.Y. Cho. 2010. Soil and environmental characteristics of
Schizandra chinensis Baillon habitat located in Jangsu-gun,
Jeollabuk-do. Korean J. Soil Sci. Fert. 43(6):771-775.

Mielke, M.S., A.F. Almeida, F.P. Gomez, M.A. Aguila, and

P.A. Mangaberia. 2003. Leaf gas exchange, chlorophyll
fluorescence and growth response of Genipa americana
seedling to soil flooding. Environ. and Experi. Bot.
50:221-231.

Oh, S.J., K.L. Zhin, and S.C. Koh. 2009. Characterization of
Chl a fluorescence of hydrophytes under cadmium stress.
Environ. Sci. 18:1361-1368.

Park, J.H., J.H. Kim, D.H. Kim, H.C. Mun, HJ. Lee, S.M.
Seo, K.H. Paik, L.H. Ryu, J.I. Park, and H.Y. Lee. 2004.
Comparison of immuno-stimulate activities by purification
process of schizandra chinensis Baillon fruits. Korean J. of
Med. Crop Sci. 12:141-148.

Pezeshki, S.R. 2001. Wet plant response to soil flooding.
Environ. and Experi. Bot. 46:299-312.

Rho, S.N. and H.S. Oh. 2002. Effect of omija (schizandra
chinensis Baillon) extracts on the growth of liver cancer cell
line SNU-398. Korean J. of Nutri. 35:201-206.

Spoustova, P., H. Synkova, R. Valcke, and N. Cefovska.
2013. Chlorophyll a fluorescence as a tool for a study of
the potato virus Y effects on photosynthesis of nontransgenic
and transgenic Pssu-ipt tobacco. Photosynthe. 51:1-11.

Srasser, R.J., A. Srivastava, and M. Tsimilli-Michael. 2000.
The fluorescence transient as a tool to characterize and
screen photosynthic sample. /n Yunus M. et al., (eds.)
Probing photosynthesis : Mechanism, regulation and adaptation.
Taylor and Francis. New York. NY. USA. 445-483.

Van Heerden, P., J. Swanepoel, and G. Kriiger. 2007. Modula-
tion of photosynthesis by drought in two dessert scrub
species exhibiting C3-mode CO, assimilation. Environ. and
Experi. Bot. 61:124-136.

Wang, Z.X., L. Chen, J. Ai, HY. Qin, Y.X. Lin, P.L. Xu,
7.Q. Jiao, Y. Zhao, and Q.T. Zhang. 2012. Photosynthesis
and activity of photosystem II in response to drought stress
in amur grape (Vitis amurensis Rupr.). Photosynthe. 50:189-
196.





