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Light response characteristics of photosynthesis of four xerophilous shrubs under

different soil moistures

HAN Gang, ZHAO Zhong”*
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Abstract: The soil drought was one of key factors limiting photosynthesis of trees in northwest desert areas of China. In
order to clarify the patterns of response in photosynthesis of four local representative xerophilous shrubs Caragana
korshinskii, Hedysarum Scoparium , Atraphaxis bracteata and Hedysarum mongolicum to soil drought, one-year-old seedlings
of the four xerophilous shrubs were potted and grown under three soil water conditions: suitable soil moisture, medium
drought and severe drought ( corresponding soil water contents are respectively; 70% —75% , 45% —50% and 30% —35%
of field moisture capacity). The light response curves and several parameters of photosynthesis were measured after the
treatments. The results showed that the light response curves of the four xerophilous shrubs growing under different soil
moisture had similar trend. Increasing the photosynthetic active radiation ( PAR), the net photosynthetic rate ( P,)
increased rapidly at first and then slowly. All of the coefficients of light response curve equations fitted using nonrectangular
hyperbola model were above 0.95, meaning a compatibility between the model and the response process of photosynthesis of
four xerophilous shrubs to light. For different xerophilous shrubs, changes of light response curves showed a similar
regulation with reduced soil moisture, but Pn of four xerophilous shrub seedlings under suitable soil moisture > that under
medium drought > that under severe drought at same PAR, the differences was statistically significant with the PAR
increasing. Compared with suitable soil moisture, the apparent quantum yield (AQY) and maximum net photosynthetic rate
(P

korshinskii under medium drought and severe drought was 10.16% , in H. Scoparium and H. mongolicum and A. bracteata

of four xerophilous shrubs decreased under drought stresses. The average decreasing extent of the AQY in C.

nmax )

was respectively 17.15% and 30.78% and 56.95% . The average decreasing extent of the P in C. korshinskii under

nmax

medium drought and severe drought was 14.95% , in H. Scoparium and H. mongolicum and A. bracteata was respectively
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41.97% and 53. 09% and 52.41%. That indicated C. korshinskii had an outstanding drought adaptation in
photosynthesis. Under different soil moisture conditions, C. korshinskii and H. Scoparium were always typical sun plants.
A. bracteata and H. mongolicum belonged to typical sun plants under suitable soil moisture and medium drought, but were
between sun and shade plants under severe drought. The characters were certainly adapted to the natural conditions of
drought and sufficient light source in the northwest desert areas of China. Under drought stresses, the decrease of light
saturation point ( LSP) was the main reason for changes in light requirement of four xerophilous shrubs. Especially under
severe drought stress the LSP fell significantly, this could significantly decrease the capacity of four xerophilous shrubs to
withstand strong light. According to the variations of light compensation point ( LCP) and LSP, C. korshinskii not only
maintained a steady use ability to high light but also increased the use of low light, showing considerably strong adaptability
to light environment under drought stress. The dark respiration rates (R;) of all of the four xerophilous shrubs decreased
under drought stresses. This was conducive to reduce the influence of drought stress on dry matter accumulation of
seedlings. From the results, C. korshinskii could be more suitable for artificial vegetation construction in desert areas of

northwest China, and its planting in serious drought regions or during serious drought seasons should be avoided.

Key Words: xerophilous shrub; light response of photosynthesis; drought stress
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Fig.1 The response curves of net photosynthetic rate to light intensity of Caragana korshinskii( A) , Hedysarum Scoparium(B) , Atraphaxis

bracteata( C) and Hedysarum mongolicum (D) seedlings under different soil moistures

B, EEEKSTHE FETETHR Pu. BERIK,BEEZRARE MEETET P, HEBEK
24.86% o FENE WP ARBHGEIES ML BOK DI ZHFTH P A REEZR, PEREE TR T 05EEH
KA TFREAR T 30.32% F1 50. 19% 38. 50% 1 66.33% .29.93% F176.26% . VA BET R WXL S
I RN K HE BT R R T 2008 W I AR, BIOLE BB 8 ®l . b P ARSIA

R1 AW EEARTRE T H0KS 54T RSN R H LA ESHUE

Table 1 Characteristic parameters of light response curves of four xerophilous shurbs under different soil moistures
L b3 P/ AQY/ Ry/ Lce/ LSP/
Species Treatment (p.mol~m_2~s_l) ( pmol + mol ~1) (;Lmol~m_2~s'1) (pmolem~2s71)  (pwmol:m=%s71)
# 4% C. korshinskii E K 36.80a 0.0615a 2.81a 45.8a 646a
TR 34.95a 0.0580a 1.81b 31.4b 640a
HETE 27.65b 0.0525a 1.23b 23.4c 550b
AE#E H. scoparium & E KL 29.19a 0.0478a 2.91a 60.9a 683a
FETR 19.34b 0.0385a 1.40b 41.6b 541b
BEETE 14.54c 0.0407a 0.87b 20.9¢ 388c
VAR A, bracteata & E KL 21.95a 0.0512a 1.62a 32.2a 559a
TR 13.50b 0.0252b 0.74b 36.7a 526a
BEETE 7.39¢ 0.0198¢ 0.54b 30.6a 293b
1% 4¢ H. mongolicum & E KL 18.91a 0.0307a 1.27a 41.7a 663a
TR 13.25b 0.0233ab 0.69b 29.3a 598a
BEETE 4.49¢ 0.0192b 0.55b 28.7a 263b

P s : TRV 643882 Maximum net photosynthetic rate ; AQY ; 2 WL & TR % Apparent quantum yield ; R, : i I3 % Dark respiration rate; LCP:
J64ME 5 Light compensation point ; LSP : Y61 F1 &5 Light saturation point
R F Duncan 3 (P <0. 05 ) K% , R A REAR G & 5B AR R R 55 Ron 22 5 B 3E
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W EZS W LSP WRAETE T RBGEE/KS TR B2, EEE TR T RERFEK HHAERER L
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M P RAE T Rubisco &M F&3M R ™ . A RKAM T BET R SBAT5 P, AL, 10 B
MEETRPRa 5 O ARE SRR P PR, —ER T TRUHERET 4 FEEA PST R T#E R
et 2R Rubisco T 7, B E— B RA MIBIT. JERER BRI R IR B R E M Aot & 1ER MR 1%, 1
SEREHMACE RS R EER G E T o AR &M A SMEEET RIALET QY B4R
B, PEMERTRMHE X5 Y ARZE AQY B3 T, E TR Ml T4 5 AQY thAh B3 WK, thr
EATES X KL G B TR, Ot R S R R EE R Z —.
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HEYTET R WA T B4 P, M AQY TER = /K, R TH BEA RO A 5506 S st o6 & /E A,
SR A BB R TR P e — B AR R T RO A VR X T R A IE BB o A BIRE 4 Ry
A P, N AQY £ BEFIE BE T 58 T FEARNE B - P EXT BN S E MU RE N EH#T T K. A
P, K& Fra CP IR 14.95% ) 5538, JE4E (41. 97% ) IR Z, PP ARZE (52. 41% ) Fkg 56 (53. 09% ) HeA 4%
I 5 N AQY K AR AT 2% CF-HIF%IE 10.16% ) FfeE (17.15% ) FERTWIAL , #522 (30.78% ) kb F 568 3 {1, 1>
ARFE(56.05% ) M55, AI WA REEERMNTREABGRMEN M, BRI XA THEgEER S, £
K a3 SRR 22 10 T ISt A 5T 5 Y0l , A R AR Dy S B o P 4 AR X A8 v R PRt A 72 7 5 ZE 7K 20 SR AR R 3
SN L, R AR TR R 56 B R R 4B KU YR 5 TV AR GE B T 7K 73 Sk A58 1 e (B AIGt , A RE R
R RIFIAK,

& Larcher™ I\ Jy , B 71 ¥ B 4= A4 LCP #E 9—27 pumol-m s~ Z ], LSP 7F 360—900 pmol -m 2 s™'Z
o & E 5 YK B Y Ot RS BE O B, 2 PR (%) A A PR (TR BA) M4 . PR R
LSP —J%#F 540 wmol-m s ') |, LCP £ 13—36 pmol -m s ™" ; T FAPEAY) LSP —f&AE 90—180 pmol -m s,
LCP 7£ 10 pmol-m s 'DAF o ZEABFFRHIER KT ,4 Fhibt#EA LCP 43 A 7E 32.2—60.9 pmol-m s~
T EE P, LSP MU AE 559—683 pmol-m ~*s ™' 22 &) , W] 5 35 SRy B f) PH AR AL s 7 0 BE T 2038 R, 4 Fh i
H=HEK ) LCP 1 LSP (43 A 2B B AT 18 T 3L R i) BH A AR 9 AE BB T 52038 R, 3 Larcher W AFT 2 FIAE
PEATH AR 3 BT B A A ) R , TR S YD AR ZE T LSP /NTF 360 wmol-m s ™", BN BB A Sy S 78U ) BH A= A
W, (Bt R BT A T B T R4 I B A BT BE , TR T 8 Z . BULA 4 YA ARSI X
TRIOGEREMN BRFMEE —EMMHE M. W LSP 1 LCP 4 X 4k E , T2 MHa T LSP L2
T8 AL 4 R AE AR E IR TR R R i B R, U HAE T R aa i LSP ) 25 BRI, (AR 5 Y 58 77 BA
B FRE. BZE TG X X JUFE AR IEARET , R R U AR Fiig 28 , R BB ™ 8B T 2 X, 7]
B A Z S RDGRE I, B IDE AR EF R E ARG E  E— SR E LIRS EMRBIER,

TRUHAT 4 FPAFEARR) LSP 5 LCP YR ZSAL A [F], S B B AR G IR 9 38 Rz Jy =X s g 7 1

£ BT RSN A7 SO SRR R T AR5 B B8 A7, T L 2 38 hnod 55 56 B , 280 0o
JEIREE BAT 138 B 5 AEAE X 55 0 A T BB ) o R 4 vy, Xof SR ') FH e 0 U .2 R, (B BB ORIFZE B R /K
-, B X IR H3E B WA SEFUD AR 55 6 K IR 4 T0 B & A 15 /R A, X a6 R F AR (L s 7E 8
T 5 A B o S T PR3 o7 P TR 5

References :

[1] ZhuYY, He KN, Tang D F, Gong Y X. Response to light of ulmus pumila in different soil moisture. Research of Soil and Water Conservation,
2007,14(2) :92-94.

[2] Jiang Q, Li S B, Zhai M P. Sand-fixation shrub forests and the study advance in china. Journal of Arid Land Resources and Environment, 1998,
12(2) .87-95.

[3] Zhang L P, Wang X P, Liu L. C, Huang Z C, Liu X M. Study on gas exchange characteristics of main constructive plants A. ordosica and C.
korshinskii in Shaptou region. Acta Ecologica Sinica, 1998, 18(2) :133-137.

[4] Zhou HY, Zhang]J G, Long L Q, Zhao L. Photosynthesis of several dominant shrubs of genus Caragna L. in ecotone. Journal of Desert Research,
2001,21(3) :227-231.

[5] XuHM, Gao Q, Huang Y M. Photosynthetic characteristics of six plant species in a forest steppe of the Loess Plateau, China. Acta Phytoecologica
Sinica, 2004, 28(2)157-163.

[6] BuCF, LiuG B, Chen Y F. Comparative study on eco-physiological characteristics and their effects on soil water between Sophara viciifolia and
Caragana korshinskii. Journal of Beijing Forestry University, 2005, 27(2) :28-33.

[7] LiQH, LiuJ F, Zhang J B, Jiang Z P. Photosynthetic and physiological characteristics of eight psammophilic shrub species in Northeast Ulanbuh
Desert during the late growing season. Acta Botanica Boreali-Occidentalia Sinica, 2006,26(11) :2318-2323.

[8] ShaoLL, LY, LiLJ, L X J. The diumal variations of photosynthesis in leaves of Caragana microphylla Lam. Journal of Northwest Forestry
University, 2007, 22(1) :12-14.

http ://www. ecologica. cn



15 3 BRI 45 R LK T 4 B b A AR B & e R A 4025

[9] WangBX, Huang J C, Wang H. Effects of light intensity and temperature on photosynthesis and respiration in leaves of Caragana korshinskii kom.
during different growth seasons. Journal of Desert Research, 1996, 16(2) ; 145-148.

[10] LiWH,ZhuQK, Lai YF, LiHS, Xu HT, Liu G Q. Photosynthetic characteristics of Caragana in Northern Shaanxi. Journal of Nanjing
Forestry University ( Natural Sciences Edition) , 2007, 31(2) :37-41.

[11] LiFX, GuoJP, Gao S H. Impacts of CO, concentration and radiant intensity on C. intermedia photosynthetic rate under different soil moisture
with a simulation condition. Journal of Agro-Environment Science, 2006,25(1) :81-85.

[12] Jiang G M, Zhu G J. Effects of natural high temperature and irradiation on photosynthesis and related parmeters in three arid sandy shrubs species.
Acta Phytoecologica Sinica, 2001, 25(5)525-531.

[13] Liu S R, Zhao G D, Ma Q L. Ecophysilogical responses of two xerophytes Atraphaxis frutescens and Elaeagnus angustifolia to the change of
groundwater depth in arid area I . leaf photosynthesis and photosynthetic response to light and temperature. Acta Phytoecologica Sinica, 2003 ,27
(2)223-227.

[14] Pei B H, Zhou B S. A study on the drought resistance of three shrub species. Froest Research,1993, 6(6)597-602.

[15] LiLX, LiangZ S, Han R L. Effect of soil drought on the growth and water use efficiency of seabuckthorn. Acta Botanica Boreali-Occidentalia
Sinica, 2002,22(2)296-302.

[16] Farquhar G D, Von C S, Berry J A. Models of photosynthesis. Plant Physiology, 2001,125(1) :42-45.

[17] LiuYF, Xiao L T, Tong J H, Li X B. Primary application on the non-rectangular hyperbola model for photosynthetic light-response curve. Chinese
Agricultural Science Bulletin, 2005, 21(8) :76-79.

[18] Xu D Q. The Efficiency of Photosynthesis. Shanghai: Shanghai Science and Technology Press, 2002 ; 33-51.

[19] Walker D A. Automated measurement of leaf photosynthetic O, evolution as a function of photon flux density. Philosophical Transactions of the
Royal Society of London: Series B Biological Sciences, 1989, 323(1216) :313-325.

[20] Iynal T, Michael M B. Effect of delayed fruit harvest on photosynthesis, transpiration and nutrient remobilization of apple leaves. New
Phytologist, 2004, 164(3) :441-450.

[21] Li HS. Modem Plant Physiology. Beijing: Higher Education Press, 2002 125.

[22] Davies F S, Floer J A. Short-term flooding effects on gas exchange and quantum yield of rabbit eye blueberry ( Vaccinium ashei Reade). Plant
Physiology, 1986, 81(1) :289-292.

[23] ZhangS Y, Zhou Z F, Xia J B, Zhang G S. The responses of Euonymus fortunei var. radicans Sieb. leaf photosynthesis to light in different soil
moisture. Acta Botanica Boreali-Occidentalia Sinica, 2007, 27(12) :2514-2521.

[24] Coley P D. Herbivory and defensive characteristics of tree species in a low land tropical forest. Ecological Monographs, 1983,53(2) :209-233.

[25] WuWM, Li Z]J, Luo Q H, Han L. Effects of soil water stress on light response curves of photosynthesis of Populus euphratica and Populus
pruinosa. Scientia Silvae Sinicae, 2007, 43(5) :30-35.

[26] Chen]J, Zhang G C, ZhangS'Y, Wang M J. Response processes of Aralia elata photosynthesis and transpiration to light and soil moisture. Chinese
Journal of Applied Ecology, 2008, 19(6) :1185-1190.

[27] Zhang M, Wu J B, Guan D X, Shi T T, Chen P S, Ji R P. Light response curve of dominant tree species photosynthesis in broadleaved Korean
pine forest of Changbai Mountain. Chinese Journal of Applied Ecology, 2006, 17(9) :1575-1578.

[28] Walting J R, Press M C, Quick W P. Elevated CO, induces biochemical and ultrastructural changes in leaves of the C, cereal sorghum. Plant
Physiology, 2000, 123(3) :1143-1152.

[29] FuSL,ZhouY B, He XY, Chen W. Effects of drought stress on photosynthesis physiology of Populus pseudo-simonii. Chinese Journal of Applied
Ecology, 2006,17(11) :2016-2019.

[30] Larcher W. Plant Eco-Physiology. 5th Edition. Translated by Zhai Z X, Guo Y H, Ma Y Z, Bai C Q. Beijing: China Agricultural University
Press, 1997 78.

[31] MengF J. Plant Physiology. Wuhan: Huazhong University of Science and Technology Press, 2000 206-213.

[32] Joseph M C, Peter B R. Leaf-level light compensation points in shade-tolerant woody seedlings. New Phytologist, 2005, 166(3) :710-713.

SEHk:

[ 1] RS, BT, B, LER. RR THOK D& T ERIKOERBITE. K LIS, 2007, 14(2) :92-94.

(2] ¥5%, 28, B0 RIEREDRBEAR KRR, TRXRIR S5, 1998,12(2) :87-95.

[3] TRV, EHP,XISLE, BT, MR, Wik ER AR AT 2 0 URSCHAHERT L. 42554, 1998,18(2) :133-137.

(4] Jase, skEG, BAIRE, B s, M55 A A Sz XU LR B X8 LB A A I 6 & RRAE. P Y 2001, 21(3) :227-231.

(5] Vraciy, mo, 3. 3 2 i Rk R X 6 R e & PR T ot MR 24 3R, 2004,28(2) : 157-163.

http ://www. ecologica. cn



4026 £ OF ¥ R 30 &

(6]
(7]

(8]
(9]
(10]
(11]
[12]
[13]

[14]
[15]
[17]
(18]
[21]
(23]
[25]
[26]
[27]

[29]
[30]
[31]

IS0 XU, BRE AR, TR HI5H7 A AR BIAE 25 - K 40 80RE ) HUARBIF . B pRoll R A2E4R, 2005,27(2) :28-33.
PR XU, BB, LR S 22 A AU BEAR LA 8 b v AR A AR K ORI IO & AR B . VUL A A 244, 2006,26 (11)
2318-2323.
HRRYRY 8, AR, B/ NE. AP AR OO R H AL A BITSE . PUAbARA B4, 2007,22(1) :12-14.
EFRG, BEAH , M. AR A AT I BE AR BE XA 45 G AR AR AR PR . 0B, 1996, 16(2) « 145-148.
ZEICHE R PE O &, 2R A AR IRIR], XU 2. BRABAT 2R I A Rt B OO R 22540 ( A ARBLEERR) , 2007, 31(2) :37-41.
FRGE, BT, MR AR LHRREE T A A5 HA X CO, MR BEHR 53 B Wi B M BEUBTIE. Alb SREERLEE4R , 2006,25(1) :81-85.
HE R RAEZR. RRBROEERBEAME T 3 Fh UM AR IR A AR BIAE AT AR AR SR, 2001,25(5) « 525-531
XS, B TIR, TRk AR M T KL AR B A BEAE S AL I R D RS G X BE AR I i S AR AR S
2003,27(2)223-227.
PR F . =RHEAT SR Ml BB, 1993,6(6) :597-602.
2 R, R O, AR T SRR A A A RO 2 R SE M. PUIEAEY 2R, 2002,22(2) :296-302.
KU IR, TR 2R . Ak BN L B AUAE ' 5 S o7 i B A7 P KR . o [ e 23 4, 2005,21(8) = 76-79.
WRE OSCEEMRER. L. BERAHR B Rt 2002.33-51.
ot B A B2, Ut RS EOR AL, 2002125,
TR AR, LS, Ol AR K AT NS5 RO E R X SRR R PYALAEYIS£ 4, 2007,27 (12) :2514-2521.
TRYERE, 285555, B 7541, Wi, KI8T 834 K 834 & A -t RE AR OS2 0. ARk B2#, 2007, 43(5) :30-35.
et , skl , SIS , ERFFE. W ARMAG & FZR IS A FHXT 6 BRI K 2 i i . o FHAE A543, 2008, 19(6) :1185-1190.
TKIR, RGE, KT, M1 1, RS, 220 i 8. < 15 1Ly ) P £ WA bk 3 SRR 6 15 4 JH 19 Sl i R Y £ IO P A A5 2 4, 2006, 17 (9) -
1575-1578.
Ak, AR, M0, BREs. TR a6 A £ SR R R . BFIA 25244, 2006,17(11) :2016-2019.
Larcher W. A 2542 B2 58 5 W AR, S0 60, kB, AR %8 bt AR ML R A% h ikt , 1997 . 78.
i B AR A B L AR PR R SA AL, 2000:206-213.

http ://www. ecologica. cn



	15a67.pdf
	15a68.pdf
	15a69.pdf
	15a70.pdf
	15a71.pdf
	15a72.pdf
	15a73.pdf
	15a74.pdf

