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Effects of soil moisture content on growth, physiological and biochemical

characteristics of Jatropha curcas L.
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Abstract ; In order to explore different water adaptation capacity of Jatropha curcas L. , we investigated changes of the plant
in growth, physiological and biochemical characteristics after 3 month experiment. Seedlings were subjected to 3 watering
regimes which were watered to 80% , 50% and 30% field capacity (FC), respectively. Companying with decrease of soil
water content, significant decreases in height, biomass accumulation, transpiration rate and stomatal conductance, and
increases in leaf/area ratio, biomass accumulation and the content of pigments were detected at the end of experiment.
However, there was no significant difference in root/shoot ratio, root/weight ratio, specific leaf area, net photosynthesis
rate and maximal quantum yield of PS II. In addition, the content of malondialdehyde, hydrogen peroxide (H,0,) , soluble
sugar, free proline and ascorbic acid, and activity of superoxide dismutase were highest under 80% FC. The results
suggested that J. curcas, as a drought tolerance species, could decrease water losing by closing stoma and decreasing
transpiration rate, and therefore 30% FC were not caused drought stress to it. However, excessive water supply (80% FC)
was not the optimum condition for its physiological metabolize due to the accumulation of H,0,, aggravation membrane lipid
peroxidation and the degradation of chlorophyll. So we think that under the local soil nutrient condition 30% —50% FC is

the optimum soil moisture content for J. curcas.
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SR FRERIVE . 37K 2 B B A A /K 403E B Bl b o A A B AR B B 25 M A% O T AR e Y
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IR F-F 2007 4F 10 H R B 19)1|AEEEHETT ,2008 4 3 H#%Fh T2EIET KRS B/MEA KGR LR
e, R R R TE B KA ADE IR N A K e AT K IR BR B 2 5, T 5 A T REHEKE B
TR R FE LB R BIREA 12. 4kg SR W 10L EBRHERA D R EHEHEE THEH (RIERK)
HIEERI h FEAT K 7 b 3 R B A R E R B L, AR At HOA LR A A B A
23.97.1.17.,0.98.16.9 g-kg ™', SLERFHEHE T (K5) FEEMEHLI T, K53 b 3 53 51 80% 50% Fi 30%
FH (] 477K & (field capacity, FC) . HAb3H 25 &, FRRXHARE 4 FE 4 T30k 5, B BRK 2 E & 15
FKBMGERS R L M. BEBKKNER, ABEY, ) MEE (X, om) ZEIKERNR Y =3.061X -
13.533, (R*= 0.874, P < 0.001)RAZIE . /b B T 3 A [R5 PR 58 R R Ge iR 22 , S0 30 1R] 45 10d
HNEMRIINLE
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FEALPEERE S MRAEATIUR . [Fi FEIE B (PAM 2100, Walz, Effeltrich, Germany ) il € %2 BH Hif M A /Y
PSIT e KALARER (Fo/ Fm) € BT R W58 B 270 30min, AL BERE 10 Bk, SRECH RIF AL - R4 B
FHE GRS RS IR Inskeep and Bloom"™ {7 ¥ I5E ; F§ 8% (MDA ) & 2 i Hodges % (i ;
i E LA (H,0,) # 82 8 Brennan"" {77 BEIE ; 7 25 I A BR AW 52 R i Bates 251 [ 05 0 AT MEME & B
£ Renaut % {1975 B0 52 ; #8 A1k 9 52 {L# (SOD) ¥ 2 MR Giannopolitis 25! F % 1% DY M ( NBT')
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Table 1 Effects of soil moisture content on biomass accumulation and distribution in J. curcas L. seedlings ( mean + SE)

HH [ 7k it/ % T Dry mass/g
Field capacity(FC) 1t Leaf 4% Leaf stalk 2% Stem 2 Root SEYyE Total
80 18.20 £2.69 a 5.88 £0.44 a 43.29+1.41 a 30.51 £2.09 a 97.88 +5.05 a
50 9.88+0.85 b 4.03+0.28 b 26.13+2.20 b 17.97+0.74 b 58.00+1.53 b
30 7.43+£0.40 b 2.73£0.18 ¢ 10.94 +0.80 ¢ 7.72 £0.87 ¢ 28.83£2.19 ¢
P> Fw 0.001 0.000 0.000 0.000 0.000

[RIZ A [ B2 Ak 4 A BRI 2 5 i 2 (P < 0..05)

®2 THOKS GBI RER G E TSR

Table 2 Effects of soil moisture content on morphological characteristics in J. curcas L. seedlings ( mean + SE)

H [ 5K /% 73] Az LI AEE 7R e b WE A
Field capacity Plant height Basal diameter Leaf area/dry mass Root/shoot Root/weight Specific leaf area
(FC) /em /mm /(em?eg™) ratio ratio /(em?.g™1)
80 51.86+1.66 a 30.82+0.50 a 31.12+0.75 b 0.46 +0.03 a 0.31+0.01 a 188.88 +11.00 a
50 44.20+0.78 b 27.44+0.36 b 31.35+1.59 b 0.46 £0.04 a 0.31+0.02 a 192.02 +6.08 a
30 39.20+1.53 ¢ 19.82+0.35 ¢ 82.53+19.5a 0.36 +0.02 a 0.27 +0.01 a 219.23 £10.77 a
P>Fw 0.000 0.000 0.011 0.118 0.100 0.180

[RIZ A [ B2 Ak 4 A BRI 2 5 i 2 (P < 0..05)

2.2 FIEEIKEXS BRI i SRS 5 e

£ 80% %] 30% FC G P , 1458 & 7K B X BRI 4 i PSIL 5 KB Ak #2303 (Fo/Fm) Fl Pn TG 1835 3% WA
(B 1A.B) {HBEZWMEMRKMNE K g, M E, FEHFESKERED g 2 TGS, IFER P < 0.001 B
KV, B 1C AT LAE H : 587K 5 H 80% T RES] 50% B pROKIT ST 19 g, T FE T 33.33% , 1-4887K 53 50%
K3 30% B LT FET 30% . E B+ E /K B RFEIL B ZE K& 1D) ,50% F130% FC T 4354 80% FC T ¢
T 25.77% 1 43.46% .
2.3 HEES/KEXRRKRH AR & BN

AN 3K o3 554 T BRI T R e i S AR S A R S B AL an B 2, RO 4 i i it 4k R a + b
(chla +b) \I-%¢%K a(chla) 4¢3 b(chlb) B+ & /K & W/ TR HE T, K8 T P < 0.001 BEKF,
550% FC #1H.,30% FC F chla + b chla 1 chlb 454 B3 T 44. 68% 42. 11% F136. 82% ;80% FC F chla
+b.chla Fl chlb 5 BB FFET 40.43% 40.13% F141.67% , R F G2 BB TR, BB EHE S
AENABEYRESINE, MREREER, BHE PEEEM RS KENROTEZERS. 550%FC
HHEE,30% FC KA BN T 28.95% ;17 80% FC AR T T 44.74% , iR R E N A HER REBL TH A
PRI IERRBE ST, (R4 M 32 B340 , B B AR BB, TSR B B BRI AR, NI SBOL G 88 B 45 5206k
FIBEIR S 40 P SR A RE R AR A ST . (ELR B 38 A /K B R RRAIR, 148 F a/b(chla/b) HL{E 2 /N AE 1L
A (AR IK B E R, B> T MR X ERE AR, FEARE A VA 18 32 06 S AR i XU , 2 BRI 4
T R 7K 73 B — RGP R LR
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Fig. 1 Effects of soil moisture content on leaf gas exchange and chlorophyll fluorescence parameters in J. curcas L. seedlings ( mean and

SE bar)
B RF/NEFRRRE BEER(P < 0.05)

2.4 HIFEIKEXFORA A RS E AR R0
WEE TS K BREMR, MDA S BE B ERMRT
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H,0, 5 BIEFE T 11. 61% , FEiEHB/D, RIBE B E K
P RN BEREIRT 54.66% (£ 3) . XULWKI LS
XIRRPBS I i B T — R B T, SX A T R i
PEETIER o
2.5 TIRE/KEXRS M B BT YRR
SRR I 98 125 R 3 ) Jo i 3 5 7K B B AR Ak A
3o 7E80%FC B, FRICH I 7 T 35 P08 7 iy 25 il
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Fig. 2 Effects of soil moisture content on leaf pigment content in

J. curcas L. seedlings ( mean and SE bar)
K AF/NE FRFRA BEEZER(P < 0.05)

FEIR T 13.56% \39.44% ;7E 30% FC i, AT PRRE A B AR 2 AR & BARSL 2 B T MEta %, 5 50% FC AR EL 22 51
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2.6 TS I/KEX BRI M P E LB RS

B 3 /0L, it SOD VE MR E HIE S K EMREIRE TGS, HFXB T BEP W, 7 80%FC TR
(755.01 £25.37) U-g 'h ' (CE¥ME + br7EIR) ,50% FC 5 80% FC AHEL SOD {EHETFE T 6.23% , FEIEH /)N ;
T 30% FC T FEMEERK, 5 50% FC A EL T RET 26.30% ,358] T BE KTV, AsA FE7E 80%FC RFER
K, Bl 3 E 7K & BB T B2 BRI, 7E 50% .30% FC 43 3 B4 T 30. 02% ,20.35% . F I A] WL, SOD Al
AsA SEHTELT A FH R RO 48 B P B 7K 433 2 T 7= AR S AR B T R I BRVE A

£3 1THKS SEIRRR ) & E & ISR

Table 3 Effects of soil moisture content on physiological and biochemical parameters in J. curcas L. seedlings

H [ #¢K &/ % [ 2g WEEEE TP IFEREREE BEAYBARRGTE RN R

Field capacity MDA content H, 0, content Soluble sugar content Free proline content SOD activity AsA content
(FC) /(nmol-g~") /(pmol-g™") /(pmol-g~") /(pgeg™") /(U-g~'h™h) /(pg'g™)
80 57.70 £3.58 a 2.67+0.04 a 194.67 £5.72 a 13.36 +0.63 a 755.01 £25.37 a  394.13+14.27 a
50 39.28 £2.49 b 2.36+0.10 a 168.27 £7.16 b 8.09+0.47 b 707.96 +14.00 a  275.80 +18.56 b
30 41.82+0.51 b 1.07 +0.18 b 162.43 £8.90 b 6.54 +0.63 b 521.74 +40.52b  219.68 +10.18 ¢
P> Fw 0.004 0.000 0.045 0.000 0.001 0.000

[FIZ R [ B R K S A BRIE] 22 5 B2 (P < 0.05)

3 g

HMRAERK A= B ST R Z Z IR TEAERARRAERA . R TORMFR S5 .
PR REAR A0 A4 K B B 32 B 3 S K B AR AR HL R E EL A E - AR R R AR B E AL (R 1. £
2) o YA 30% FC X BRI 41 1 B it o T2 e, R I A R R B AR TR (AR R AE W B X K A IR R
B AR K F AT 884

AR R R BV R B B B AR, WK RS R, R RIS RO R W
YT EE , Fo/Fm X3 PSIL JRYIREERE (LR, RIS MY WEES K . A5, M %A K
BHFRERER E M g BERE, UEITEBRARM 13K 0514 BRI i R BB B B 56 PR AL PRI 78 1 i 32 0
IKAM IR, PETT IR B K 23 F FAREER , 3% 5 Dickmann'"") Seiler'™ FIRR4AE R4 IBFFR 45 5 — B, Fo/Fm %
523 139 A 7K B IR AR , U6 B BRI 52 008 7K A& LR 71, FC 30% —80% 3 &k B (b AR &
SRS PSIT FRBERE LR o 6B VR X R85 i mi 7 5 Bk T Y AL B, Rl A5 - A £
ZH R RIS R A S BSWHEIIRE  FEARTIFH 50% FC #130%FC T Pn 3 EAFE g, 19T W
K, XEMZREENARTARKRR.

FREKE S R EE R, EEM SRS, H S Z SR TH . ARG RER, EE LIRS
TKE WD BRI B3 2 & BB W, I LRSI T B, LB 80% FC RS RRIURT A= 20 AR 5t ) 5t
BRI IS ER  PUR R BRI LS KR T BRI RE N R E SR, N
AR R B AR K R, X 5 ARG A I 45 SR — 3, adE— 2R B T RO 2 — A b R PR sk A 4, 30%
FC ®AMEERTREME . JHE N ERBEYCRERICHDLE X R, BB SR 5P 3238 50
REHA X, S T HOK S BRI, H AR A G BRI, KW E P E SR TR, AR T BEKF.
VLB 80% FC Xf FRIKA & AR T B UK B E .

A B A AR I 8 Ak T VR S A A ) 33 1% A 14 B3 I R R , R IAS LR S 48 AR B D R, R LA E ik Y
o B R S B AL, AT LUR B E Y Z 4 E AR ™) . MDA il H,0, & & 7E 80% FC ¥ B E & T
50% FC. 130% FC, Ui BH7K 7333 2 (80% FC ) S BURR SR 4l B 1A P9 B b 752 A= 1 B (9 R -8 7+ B 9y 2
RN R, 3 f T R B T 4 AR A, Y AR T R . TZEAR R UK AT il 8
W IR R AL RN RS B, ULRMAK i 20 G E . 80% FC B, JBRIKUR 40 1 1 25
FRERR A PR S B B E R T 50% FC H130% FC 35X S5BLRIL > PR EBF T 45 5 — B0, U6 RORURHA A
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S ERS ST Y RURE ST RN BER G T Kk id S EERNE . THE LK SR
ARSI , RAK 4l A I T A AL BE T (SOD B R AsA & 8) BEZ 4R 1=, T LU 253t 5 B — 50 70+ 1 0y i Tl
BESIE, X GHRER A KA ROBFIT SR — B UL 4 B v LA A Bk & SOD Fl
AsA SFHUERMTIRIRES) , REA ST B i 23 R R 15 3 o

EREABTITAE R AT, BRI R He 1R A 28 A= 1 A 52 B 397K 2 19 2. 38 R ), LK 2038 7 P 23 o
& 3K & BB , BRSO 208 1 AR/ iR oK P AL SR SRR P IRz IS &, 4 A PR A RT A
IR HERFEE AT 305 7K 5333 22 (80% FC) AN BE A IRR AR 9 A AR SR 4R Bl 25 1, EEARBUAE A TS PR
MR, BENR T SRR UK S R & BRI, i TR B &1 Y S B 8 At |46 B &
Ge R B B AT LAGE K 233 2 X5 BRI 3 B 473 3 , AT BEA X Fo/Fm il P 3R . B4R 80% FC 3%
X RRI f A K R AE B AR A R, (8% B EIRRPOR & AR T EEEF - B MW AR, S5 e Aot +
ek 43 % H AT AE RIS R, 1 2 10+ 390K 50 7T RE S BURK OB I, ETT IR A5 R . St RE IR
TEJRR PRI T T B A 13 X 45 SE D, AP TE R BATE 50% FC 1 30% FC |, HoAE AR R/, (B B HoAth
HRROE , TERBWEL, X EAF TR RER . B, S50 ROU T, L35 H a5k
B 30% —50% 35 , EA R TRRBM B ARG E , HETARE R R MERFNEHBOR, M T%EA
AKX R G SR , 1 T RABIT o
Bl B BRI AE SRR S AR BEAMAE AL RE SESKE SEY SRR T U)IE E AL
LS B E S

References :

[1] MaoJJ, Ni T, Wang S H, Chen F. Effects of exogenous calcium on some physiological characteristics of Jatropha curcas L. under drought stress.
Journal of Sichuan University ( Natural Science Edition) , 2008, 45(3) : 669-673.

[2] ZhangM S, Fan W G, Yin J, Li J Q, Yuan Q F, Yang Y H. Biological characteristic, resource distribution, exploitation and utilization of
Jatropha curcas L. Guizhou Agricultural Sciences, 2005, 33(6) ; 97-98.

[3] LinJ, Zhou X W, Tang K X, Chen F. A survey of the studies on the resources of Jatropha curcas. Journal of Tropical and Subtropical Botany,
2004, 12(3) : 285-290.

[4] LiRQ, Wang] B. Plant Stress Cytology and Physiology, Wuhan: Wuhan University Press, 2002 54.

[5] Meyer WS, Walker S. Leaflet orientation in water-stressed soybeans. American Society of Agronomy, 1981, 73(6) ; 1071-1074.

[6] XiaSG, ZhangJ C, Liang S Y. Relationship between drought resistance and physiological change of three elm trees seedling under water stress.
Journal of Nanjing Forestry University ( Natural Science Edition) , 2008, 32(3); 131-134.

[7] LiCY. Variation of seedling traits of Eucalyptus microtheca origins in different watering regimes. Silvae Genetica, 1998, 47(2/3) ; 132-136.

[ 8] Inskeep W P, Bloom P R. Extinction coefficients of chlorophyll a and b in N, N-Dimethylformamide and 80% acetone. Plant Physiology, 1985, 77
(2) . 483-485.

[ 9] Hodges DM, DeLong J M, Fomey C F, Prange R K. Improving the thiobarbituric acid-reactive- substances assay for estimating lipid peroxidation
in plant tissues containing anthocyanin and other interfering compounds. Planta, 1999, 207(4) : 604-611.

[10] Brennan T, Frekel C. Involvement of hydrogen peroxide in the regulation of senescence in pear. Plant Physiology, 1977, 59(3) : 411-416.

[11] Bates L S, Waldren R P, Teare I D. Rapid determination of free proline for water-stress studies. Plant and Soil, 1973, 39(1) : 205-207.

[12] Renaut J, Lutts S, Hoffmann L, Hausman J-F. Responses of poplar to chilling temperatures: proteomic and physiological aspects. Plant Biology,
2004, 6(1) : 81-90.

[13] Giannopolitis C N, Ries S K. Superoxide dismutase I. Occurrence in higher plants. Plant Physiology, 1977, 59(2) : 309-314.

[14] MaF W, Cheng L L. Exposure of the shaded side of apple fruit to full sun leads to up-regulation of both the xanthophyll cycle and the ascorbate-
glutathione cycle. Plant Science, 2004, 166(6) : 1479-1486.

[15] Hall D O, Scurlock J M O, Bolhar-Nordenkampf H R, Leegood R C, Long S P. Photosynthesis and production in a changing environment: A field
and laboratory manual. London; Chapman and Hall, 1993 . 195-202.

[16] Kitao M, Lei T T, Koike T, Tobita H, Maruyama Y. Susceptibility to photoinhibition of three deciduous broadleaf tree species with different

successional traits raised under various light regimes. Plant Cell & Environment, 2000, 23(1) ; 81-89.

http ://www. ecologica. cn



4466 B Ox ¥ R 30 %

[17] Dickmann D I, Liu Z J, Nguyen P V, Pregitzer K S. Photosynthesis, water relations, and growth of two hybrid Populus genotypes during a severe
drought. Canadian Journal of Forest Research, 1992, 22(8) : 1094-1106.

[18] Seiler J R, Johnson J D. Physiological and morphological responses of three half-sib families of loblolly pine to water -stress conditioning. Forest
Science, 1988, 34(2) ; 487-495.

[19] Chen N L, Huang H X, Gao HJ, An L Z. Responses of gas exchange and seedling growth of Cucumis melo L. to soil moisture and air humidity.
Journal of Lanzhou University ( Natural Sciences Edition) , 2009, 45(4) ; 73-77.

[20] Mitchell A K, Hinckley T M. Effects of foliar nitrogen concentration on photosynthesis and water use efficiency in Douglas-fir. Tree Physiology,
1993, 12(4) : 403-410.

[21] WangHT, Sun M G, Cui M G, Yu W S. Studies on growth and physiological characteristics of the seedlings of Ginkgo biloba in different soil
moisture conditions. Journal of Shandong Agricultural University ( Natural Science Edition) , 2000, 31(1) ; 74-78.

[22] Wang X J, He W, Yang S H, Ding X, Zhu Y L. Changes of chlorophyll content in four kinds of Catalpa bungei grafting seedlings under drought
stress. Nonwood Forest Research, 2008, 26(1) : 20-24.

[23] Liang X H, Shi D G. Effect of drought stress on the content of malondialdehyde and activity of cell defense enzymes in Glycyrrhiza glabra seedlings
roots. Agricultural Research in the Arid Areas, 2006, 24(3) ; 108-110.

[24] Ruan CJ, Xie Q L. Effect of soil moisture on survival rate of Hippophae rhamnoides L. and its stress-resistance physiological characteristics.
Chinese Journal of Applied and Environmental Biology, 2002, 8(4) ; 341-345.

[25] Pan XY, JiKS, Fang Y. Changes in enzyme activities in different clones of Liriodendron chinense x L. tulipifera under flooding stress. Journal
of Northwest Forestry University, 2007, 22(3) ; 43-46.

[26] YeY,LuCY, Tan F Y. Studies on differences in growth and physiological responses to waterlogging between Bruguiera gymnorrhiza and Kandelia
candel. Acta Ecologica Sinica, 2001, 21(10) ; 1654-1661.

[27] Fei SM, He Y D, Chen X M. Prospects of Studies on Jatropha curcas biodiesel in Sichuan. Biomass Chemical Engineering, 2006, 40 (B12) ;
193-199.

SEHk:

[1] BRI, G, EME, B TRPRET SRS XU AR SRR AR B PU ) R 2222 ( BARPBLEAR) , 2008, 45(3) @ 669-673.

(2] kB4, BT, P, 2488, ZRR, HKE. R FIRAEL K HIT 2R . SRR, 2005, 33(6) @ 97-98.

(31 ME, FEE, BERE, BRE RN SR SRS, #viiy AR 244, 2004, 12(3) : 285-290.

[4] FET, FEU HYPSENI KA. RN RO R, 2002: 54.

(6] HErdt, skaih, BB KDMET 3 Rl i 4 AL S5 BRI R R, Bl K240 (A RB2ARR) , 2008, 32(3):
131-134.

(191 BRfER, B, mEUA, LB SHNM SRS B A 4l 1 A= 4 X b 3K 40 0 RN BE WA R, 229N K222 4R ( B ARBHER) ,
2009, 45(4) : 73-717.

[(21] E4H, PTE, £, T30 BHOKIPREC R A K B A BRI IS ILACROD K2 4R (B SRFHR) , 2000, 31
(1).74-78.

[(22] Egrd, U, BB, T&, REA TRPHAT 4 PR a8 & ke . A5, 2008, 26(1) : 20-24.

(23] B, KRRl TRPHEXDERTHAERR MDA & & & A&9Ei POD CAT i& Mg, TR X AR LBFJE, 2006, 24(3) : 108-110.

[24]  BUBUL, KB 23K Y BRIE 58 STt A AR e . B SRR 24t , 2002, 8(4) : 341-345.

[(25] WmHs, ZALAE, J7 2. MEKMMA T AaCRE M RILAEHE P AL 1. TEIuAkaBe4 ,, 2007, 22(3) « 43-46.

[26] M, /58, BRUL. ABERBKGA KB4 K5 A 3ROV 1Y HL AR AR AS243R, 2001, 21(10) : 1654-1661.

[27] LR, ML, BRIEHI. DU)IRPOR AL W) S B I e 2. A= B T4, 2006, 40(B12) : 193-199.

http ://www. ecologica. cn



	16b72.pdf
	16b73.pdf
	16b74.pdf
	16b75.pdf
	16b76.pdf
	16b77.pdf
	16b78.pdf

