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Diurnal Changes of Photosynthesis in Panax ginseng and
Panax quinquefolium Under Different Environmental Conditions

YU Rong-hai, ZHAO Ying-jun, XU Ke-zhang, ZHANG Mei-shan, ZHANG Zhi-an, CHEN Zhan-yu
( College of Agronomy, Jilin Agricultural University, Changchun 130118, China)

Abstract ;. The diurnal changes of photosynthesis in Panax ginseng and P. quinquefolium under different
environmental conditions were studied in this paper. As for leaves grown under low light intensity ( 10%
light transmission rate, LTR shade) , diurnal changes of net photosynthetic rate ( P_) were showed in sin-
gle peak, the maximum value of P, was at 12:;00 am—1:00 pm. As the increase of light intensity
( grown under 20% , 30% and 40% LTR shade), P_ was increased, higher P_ was measured from
9.00—11:00 am to 12:00 am—1 :00 pm, and then P_ was declined at 2.00—4 .00 pm. However, as
for leaves grown under high light (50% LTR shade), maximum P_were measured at 9:00—11 .00 am,
then, P_was decreased from 12 :00 am—1 :00 pm. Specific leaf mass ( dry mass per unit leaf area) and
starch content was increased as the increase of light intensity and P_. Daily depression percentage of P_
was paralleled with daily increase percentage of specific leal mass and starch content. Maximum apparent
quantum yield ( AQY ) was measured at 9.00—11:00 am, and had slight decline at 12 .00 am—1 .00
pm, the lowest value was measured at 2:00—4 ;00 pm. The leaves of P. ginseng and P. quinquefolium
grown in Changchun region (relative higher temperature and lower relative humidity ) showed higher wa-

ter vapor pressure deficit( VPD) and greater daily depression percentage of P, AQY and G, than those of
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grown in Huinan region (relative lower temperature and higher relative humidity ). For the leaves grown

under Huinan region, T did not show decline changes at 2.00—4 .00 pm; but it showed greater daily

depression for those of Changchun region. The leaves grown under Huinan region had higher WUE than

these grown in Changchun region at 9;00—11 .00 am, and it was nearly same at 2:00—4 .00 pm in two

regions. The results indicated that P. quinquefolium had stronger ability in acclimatization to high tem-

perature and acridness than P. ginseng.
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Tab.1 Climate conditions in Huinan and Changchun in re-

cent years
_ zI0CRE BFWEE H #8517/
X YEE AR i
/C /' mm (MJ-m™)
A 2 600 800 1.0~1.4 4 900
KF 3 000 600 0.6 ~1.0 4 700
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Tab.2 Diurnal changes of photosynthesis in leaves of Panax ginseng and Panax quinquefolium grown under different light

transmission rate shades

YA HE(P.)/(pmol - m

-2 S—])

AR

B/

(20030728 , #5759

PR BB % Y HTREE%
9.00—11.00 12.00—13.00 14.00—16.00 (pmol e m™ « 57 )

AZ 10 1.9 +0.21 2.3+0.22 1.6 £0.29 0.3 15.8
20 2.6+0.42 2.5+0.31 2.0+0.30 0.6 23.0
30 3.3+0.41 3.4 £0.4] 2.4 +0.42 0.9 27.3
4() 3.3 +0.34 3.4 +£0.43 2.3 +0.21 i,0 30.3
50 3.4 £0.46 3.1 +0.26 2.2 +0.33 1.2 35.3

TS 10 1.8 £0.30 2.4 +£0.35 1.5 +£0.33 0.3 16.6
20 2.9 £0.26 3.1+£0.22 2.2 +0.31 0.7 24. 1
30 3.1 +£0.37 3.2 +£0.26 2.5+0.46 0.6 19.4
40 3.4 +0.48 3.4 +£0.29 2.6 +0.39 0.8 27.2
50 3.4 +£0.35 3.1 +£0.41 1.0

2.4 +£0.49

29.4

i

1)B THAAL=P '9.00—11:00)

=P ia.00—1600); B TR = B FTEAL/P,5.0011.00 % 100%

F®3 IMAERS I TAS BFESAESHENBTL ;: 4
Tab.3 Diurnal -hanges of photosynthetic efficiency grown _E 3t "
under three light conditions in leaves of Panax gin- %L O
seng and Panax quinquefolium. (20030729 , ¥ 15) i‘; o
e BWE _ kaEE)  HTR %
%#E/%  9.00—11,00 12.00—13;00 14.00—16:00 /% ;13 LT ® 9:00 —11;q0
A% 10 0.041 0. 035 0.030 2.8 £ © 14:00 —16:00
30 0. 040 0.033 0.026 35.0 0 100 200 300 400
50 0.035 0.029 0.021 40.0 BT E (P (umol-m™.s™)
S 10 0.039 0.035 0.028 28.2 2002 E7 A 29 HEEHRLETIMZE, e
30 0.039 0.033 0.028 8.2 @1 ABHETE:00—11:00 F 14:00—16:00 B Y445
50 0.033 0. 031 0.020 39.4 XT Ot B2 B 1) ) [y
; VRAOKER  mol A FFBFZ4 CO, 4F AT, % 4;1 Fig. 1 Response of photosynthesis to photo flux density in Panax
34 mol/mol ginseng leaves at 9:00—11.:00 and 14 .00—16:00
AR MR R R A, R~ VPD PARTRRMBRX (P<0.01), BBty VPD
i \g’ﬁ:_ﬁ‘ J:’L—-Elﬁjlf}’é"’f/l? iﬁﬁim_a‘F%,ﬂ( Ig 1 ) 3 ﬂﬁﬁ%ﬁﬁﬁ 2 AZH? I:JlﬁA' H —Fﬁ% ’LEH}JJEEIZ_‘
—BAE T BRI R RIEOR I 2 B Mard @l it e KA, WS e a

2.2 HKPEMEEEEE4NAS. Exen (FHANAQY WHTRRHBMILTASN v, it T
E e a4 B B T4 B 200 RAETHESHESERBAKRTAS. BHE
WETERREA BEAEAEEEL T A TS AR BRI
MR THRUEETAS FESH e mm g =L FESEAERNAERENERTAZS.
ARV B SE45 8L (35 4) 1 . 9.00—11.00 B} 2 4 4y 1 d MR SfLRES P, 5 PR Hashs
R & 5 SR A — B, fAAE 12:00—13.00 i, g TEHEARBXNA B ESR LKL MREBRK
B A KNS RSO EEE TR, RMILR, PTRZBERIFRA TR, d iy
14.00—16:00 At 2 Aﬁ@inﬂ#{{;;ﬁgggﬂgﬁﬁi AL (HET R RFHLXAS TR SHEBAE AN
KEE K KEMRARW P MEREFreg EHRTERREEGRS). AMS BFESEEBERNLL
(AQY) B FRERE FHEMR A KN, M2 A BORE ASKZRBEZNTHFS. AlfERGHX
X MK ESE S B (VPD) KB, KXk gy NS LTHABERT) & T2 (P =0.05).
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Tab.4 Diurnal changes of net photosynthetic race( P, ), apparent quantum yield { AQY) and water vapor pressure deficit

( VPD) in leaves of Panax ginseng and Panax quinquefoliurn grown in Huinan and Changchun

oL BEARE(R,) (e n s ) BREFPHLA) KERE SR

X d 9.00—11.00 12,00-13.00 14001600 HfEFE/% 9.00—11.00 12.00—-13.00 14.00-16:00 FE% 9.00—11.00 12.00-13.00 14.00-16:00 THHE/%
I 3.3 3.3 2.4 -21.3 0.038 0.033 0.028 -26.5 2.3 2.4 2.7 14.3

A fif % 3.4 3.5 2.5 -26.3 0.036 0.030 0.026 -21.8 2.3 2.3 2.6 3.1
A% 3.2 2.1 1.9 -40.1 0.033 0.028 0.019 -38.7 2.8 3.0 3.1 0.7

K iz 3.3 3.0 2.4 -21.3 0. 035 0.031 0.024 -31.4 2.8 2.8 3.0 1.1

) dpep = LM E G100 B 10000, 852 9 | mol £ EFBE S & CO, 89 TR, b2

mol/ mol

RS BEENKEMEASNAEESHASASE ZBEATASFAZNATL"

Tab.S Diurnal changes of stomatal conductance, transpiration rate and water usage efficiency in leaves of Panax ginseng

and Panax guinquefolium grown at Huinan and Changchun

fie iy A ARE/ (mmol - m ™ - 57 AREE/ (mmol - m ™ -57) KR/ (ol - mmol ")

X 9:00—11:00 12:00—13:00 14:00—16:00 Z4£%/% 9.00—11,00 12:00—13,00 14.00—16.00 ZE4L%/% 9:00—11.00 12,00—13.00 14.00—16.00 B/ %
A% 80.3 7.0 5.9 =304 13 1.4 1.5 2.54 2.3 .60 -31.0

i f¥s 719 64.7 5.5 -0.0 1.2 1.3 1.2 2.83 2.69 208 -39
A% 80.3 69.2 £.1  -41.6 1.8 1.3 L1 -89 L7 2.08 .72 =33

K5 figs M. 69.2 97 =32 LS 1.4 .2 =00 2.2 2. 14 200 -9.1

14.00—16.:00 #9544 - 9.00—11.00 #9144
9.00—11.00 #)4&
MKTFIH R (WUE) L (RS)KRE £ 3.2 BROBEFHSESHTHL
PR X R A2 T ES LR K 4 R MR Ko R, K@ E SR (VPD) 3K, 27
et , R B BT R TR F HL XA A ﬁ*ﬁ%a‘ﬁA“ﬁﬁﬂT’ﬁFF&ﬁE’J‘_%f‘i‘ A0
Z WEZ LT WUE RTERPIAS WES . H AXWRGERELEN, TROKEBXAS TS
1d s WUE B2 AR 2 THUX ARy 1 dHPRIZERB/ERM VPD B THEHBX K AS
WUE B4 —3. W2, K REBERFBREBX NS FGH
3 ifip ZH A B FREHE R TIREZTE R R X 3
AZ WEZHER. AAZS HESHHERE, K
3.1 XBEHEAS . OAFSNEXSERATH FHEXEAFESHOESH FTHEHZIKRTAS, WP
FH(10% BHRWHM) T, 62 ESFERN FSHASEAERBRNTERMPLERES.
BRI F,1 d e S E R (P) BEGR AL T AR ANEAEBEFHT AS BEZSHNEBERSE
1,12.00—13.00 AT BB TR ok, R BIEHNRASRENXRAUEER, AL TR
(P, 2o A8 k. X5 Boardman!"™ %F 1< H X, ZZEEREE P, 1 G, U F RN TR X5
HAMPCE AL ETERR T ZE T BB ARG k%ﬁ@%*ﬁ%ﬁ%”‘f#%—-ﬁ”” {H 7£ %% 7 Hb
IR G RIEA—FGHEE R EGHRHRE(20% ~ X, 7. HEERE P, f G, BT R M, 22
40% ZXCEWHM), EFCAEREM,ER T SZRERS, ANEHE THFRENTISERA
9:00—11:00 By F112:00—13:00 B py A2 B 3. o FHAOZ8Mk. XAl BE S BHAMYIM R ARZEBE K
JE(50% FEERNEM) T, P, 7£12:00—13:00 BEE k2. o] R, T AS FGESHB A, 1 Ik
HEa TR TEEH FRAER, SFFZSHEEY SAEHN ,E; f%ﬂ B I R K 7 5 B,
MFR R, SR REEBOCE H TSN M HAKSH, *ﬁﬁ?ﬁ%ﬂﬁf%‘—ﬂ?ﬂ
FEFERE P RRES ET W A SRR A SCxt BHAE M A\ & WUE ORF 5T 80, 757K 43
EXRWOEA BB ERA, ASZHEGHTRES REBFMWARTILX, B WUE & ,{H T4 £ H
e YR ESHERX. BRI ERR TR KERKX, L4 8 WUE
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