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Response characteristics of physiology and ecology to salt stresses in two varieties

of Jatropha curcas L. seedlings
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Abstract: Nanyou 2 and Nanyou 3 are two cultivars of barbadosnut ( Jatropha curcas L.) with different genotypes.
Physiological and ecological responses of these two cultivars to salt stress were studied by comparing their tolerances to
various concentrations of NaCl. When the seedlings were exposed to NaCl at 25 and 50 mmol-L ™", Nanyou 2 showed no
change while Nanyou 3 decreased significantly in total dry weight. When treated with NaCl at 100 mmol - L ™' or higher
concentrations, the total dry weight of seedlings of both cultivars decreased significantly, and Nanyou 3 decreased to a
greater extent than Nanyou 2 did. Relative water contents of seedling leaves showed no changes upon treatment with NaCl at
200mmol L. ™" or lower concentrations, but a significant decrease by 5% and 8% in Nanyou 2 and Nanyou 3, respectively,
upon treatment with NaCl at 300mmol + L ™'. When treated with NaCl at 25 and 50 mmol - L™', Nanyou 2 decreased
significantly whereas Nanyou 3 showed no change in the soluble sugar contents. As the NaCl concentration increased to 200
and 300 mmol - L™, the soluble sugar contents of both cultivars decreased significantly. Meanwhile, Nanyou 2 had a
significant increase while Nanyou 3 showed no change in the soluble protein contents. The SOD activity of Nanyou 2
displayed an increase-decrease curve as the NaCl concentrations increased, and, upon treatment with NaCl at 300

mmol-L ™", it was significantly lower than the control plants. The SOD activity of Nanyou 3 decreased steadily as salt
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concentrations increased and was significantly lower than the control plants in all treatments. The POD activities of both
cultivars showed no differences with the control plants as treated with 25 and 50 mmol + L™' of NaCl. As the NaCl
concentrations increased, POD activity of Nanyou 2 increased and that of Nanyou 3 decrease significantly as compared to
corresponding controls. The CAT activities of both cultivars increased significantly when treated with NaCl at 25 and 50
mmol+L ™", and then showed similar trend as the SOD activities did in both cultivars respectively as the salt concentrations
increased. These results suggested that barbadosnut seedlings were salt tolerant, and the Nanyou 2 was more tolerant than
Nanyou 3, mainly due to its higher protective enzyme activities, ability to maintain higher leaf water contents and higher

soluble protein contents upon exposure to salt stress.
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RIS ( Jatropha curcas L. ) 3 KiE#} (Euphorbiaceae ) RN & 2 4F A HEARBU/NT AR, 48 R ZHUE K AFESE
A IR B X, ZE R E 001 RS R ) P et o A AR o R T R R Ak 40% —60% |, 3
J4F , fe—Fh AR PR AR A W RR IR . AR, & I SEARFIAEL BRI LA T 38 2 4 S , 30 o R b ) B
HFERE A R BRI &, BN TR E & B A Y S A A A . TR EE N, 4R BRI P
MEZEE B JF)  RAIFA GRS, R IERBIR SRE DR . R, 1 F Hridi o & 557 & 5 M BRI
i, AT DAZE T 5 30050 FU R 138 B AR, BB RO 2 05 R 2o R — 36, BT, B NSME %
SRR 7 T R e e O TR T 05 T B L SCRRAR A, (B 35 A 5 X BRI A R S LA A
R FE AR

EhfE T R AR — R I A AR, TR A K, A F RN F A UK 53 1 BE 1 AR B
BB SR AR A T R AR B T A & (ERACE I AR EL T B TR R 3L Na® CL B
FHERTHEA VB R 02 R 2 R f g Sk Rk 86 91, AR B BB T
3 ;38 11 SOD ,POD 25 {5 J B MR 4 H AR 2 ANTH RBHED ™ | AR Y & VR FA 2 AR 3h & ke RE R .
AUREH RIS R R, B8 T, B ZE P b B 8 B & TAR P (RS ) | R HEGE 3
J3E T RRPR 5 200 A S — R, B RS IR R AR AE T 5100 mmol - L™ NaCl AR AREE , R 5 % &
BORTC W& AR, AR KA Y BT BN, BA —E Mt . A5 o % R WL 3h A 7] B 7 b A [
FEPRI R BRI 1 HEAT AN [R] NaCl v BE AL 3 , 0 0T 6 Foip a8 1 A 4 A 3 A= 28 me 7, B8] BF RIS Xof 0358 T 285
A= 3 AL A RS [ 2 R R JRR AR BT T e I ML, A4 J R R RO Bt 1 DA R it 6 R SO R, RAFE 43
I PR FOA [F) 2 BE A Eh Bt b A SR (AL BB AR o
1 #R5HEE
1.1 fkare

AR R AP AR E 2, B 2 58 T A R, B 3 58 T i M RiE, 3%
H R AR K2 (R ) MER AR DI T R FH I 1R B 3
1.2 HFr54%

WP FIE/KR L 24 h, Bef M TRARANED, TIREFFE, RIGFENTRE, K4, Pk
AR KB—BHEHEITEE (ZER 19 em, & 15 ecm) , f 1/2 Hoagland 3555 %H#E,20 d j5, & 0,
25.50.,100.,200 mmol - L ™" 1 300 mmol-L " NaCl [ 1/2 Hoagland 3% 32 i #F T4, B M E R 10 (E4
PitR) , BN EFRARTEE/ K (30 £2) C/(25 £2)C, HAREI T #1T. 2 d #t 1 IKEFRIR . BREBAES
0.5 h, 40324 d J5BUEIZE
1.3 MEMTE MWESKE HEIESKERE

SER AL TR 24 d J5 , BUF AL BEAEARCHT IS MR8, AR S A ZE R B AR K e RD T, B A B T K UE
& LT EAL B 10 B, FFRE LA 5 Shaert St AR, AR AR E i B3 AR EREE &, SRS 48 105°C
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AH 20 min J5, T ISCHTREE, G TE, RAM EFEKERBTIIARK:

WREGE KR (%) ﬁﬁ*%%xwo

o KR (%) = ﬂi%“ﬁ%%ﬁ{ij%*i x 100

A, B TS SRR IES R 10 #f () F 3916 ; B AR AT B AR It 7 3 KBk 4 RE R P
I,
1.4 X EKE(RWC) KE

AL FRREYLIIN 4 P, BURERE] S5 ThEEm & 8 R FI AKX MEM i RWC:

W.-W
RWC( %) =Wf W‘ix100
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K, WM 88, W, TE, W RPKRSRREER. WESRN 4 ROKR) F¥E,
1.5  HAhA:# A L8 bR B0 2

B AL BENLIE 4 AR, BARRIFEER] 5 ThREMTBR Ak, AT IefEmFBYmRIR S, F FillE T 51438
AT A% : A B (MDA) & B FA AR B L Z2 B2 (TBA) 7 kil , o] ¥ M0 (SS) SR FH R Hb 2 Y5 %€ , 7T
WP % (SP) SR A% DS 15 G-250 ¥ E , SOD 35 11 2 3R i 40 s PUmk ( NBT) 310 ; POD % P30 < 5%
FRRIAREYE: , AP A Ao 25460, 01 FORGE D 1 NEEE PR U 5 CAT (&S 18 Aebi H 3517 3 ml )&
MAKZRFE 50 mmol - L' pH7. 0 BEFRZE v 1.9 ml, 45 mmol-L " "H,0,1.0 ml,0. 1 ml FEW, A8 A Ay, 28
1£0.01 FIEEE R 1 ANEFEESRAL Us A EAFRAfRF8AR LA 4 AR (WR) T RE B S E R e 25 5% .
1.6 Hdmabs

FIF Microsoft Excel #{4:,SPSS10. 0 #4171 B0$E 52 i, R Duncan 307847 W3 04 o
2 #R
2.1 R[A] NaCl ¥ B Jilp38 %8 0 Ff JBRIXURS v A2 < 1 5 i)

W 1 FizR,25.50 mmol-L~'NaCl ZbHE, B2 £h BEHE AN, B 2 S 1 o _E 36T E R W%, MR TE L
Xf HE S AR L LT R B E R, T ESXN B LB E 2R3 SHERTE M LI TELLH
TEE AR BERE,REL S REREES, 100,200 mmol L~ F1 300 mmol-L " NaCl £, Ffi# £h &
B0, PR 1 I BT E BT E R SR T E R B E TR, RS KR B E S TR, mil2s

F1 7F[E NaCl iREAE FRAETERRE LN
Table 1 Effects of different concentration of NaCl on dry weight(DW/(g-plant ~')) and root/shoot ratio in Jatropha curcas seedlings

NaCl 4t ¥/ ( mmol - L~1) T E WFE AR5 2HTE

NaCl Treatments Shoot DW Root DW Root/shoot ratio Total plant DW

M2 5 CK 14.34 + 0.42 a 2.90 + 0.19b 0.20 + 0.01b 17.24 + 0.60 a
Nanyou 2 25 13.90 + 0.17 ab 4.10 + 0.62 a 0.29 + 0.04 a 18.00 = 0.76 a
50 13.31 + 0.61 b 4.53 + 0.40 a 0.34 + 0.0la 17.84 + 0.47 a

100 7.17 + 0.76 ¢ 2.59 +0.42b 0.36 + 0.02 a 9.76 + 1.18 b

200 4.37 +0.40d 1.55 + 0.24 ¢ 0.35 + 0.01 a 5.91 + 0.63 ¢

300 2.97 +0.15 ¢ 1.01 +0.10 ¢ 0.34 +0.02 a 3.98 +0.17d

M35 CK 15.03 + 0.25 a 3.81 + 0.08 a 0.25 + 0.01lc¢ 18.84 + 0.24 a
Nanyou 3 25 13.27 = 0.25b 3.47 + 0.09 b 0.26 + 0.0lc 16.74 = 0.34 b
50 13.13 + 0.15b 3.58 + 0.04 b 0.27 + 0.01l¢ 16.71 = 0.18 b

100 4.23 + 0.31¢ 2.43 +0.18 ¢ 0.57 + 0.02 a 6.66 + 0.49 ¢

200 2.37 +0.154d 1.04 +0.11d 0.44 + 0.03 b 3.41 +0.20d

300 1.43 + 0.02 ¢ 0.61 + 0.0le 0.42 + 0.03 b 2.05 =+ 0.05 e

R A 10 WHE R FIME + friks eI 2.3 SREFE R, [R5 B 5 AR I 7B 30RTE P <0.05 K LR EZES, TR
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B R T E 37 Lo B B R AR 44 % (66% 1 77% ,3 5 1 2R T2 43 51| LX) B S 2RI 65 % 82% H189% .,

B R 9 3 i (25—100 mmol - L™ NaCl) , Bg i 2 5B R 5 %t R 22 R ¥R B3, 2B 5 3] 200
mmol-L ™" NaCl, 53 F [, 53] 300 mmol - L' NaCl, M- F2 T P& 5 5.3 ; T 25 mmol - L' NaCl, B 3
S TEARED B2 T R, B SRR ARG, M E A R (B 1A) o MR B 2 A e el R X R, BE
% ERBE I 1 i (25—50 mmol - L™ NaCl) , Bl 2 S M HEM B S5X BER YA BE, FHEXH 100
mmol - L ™" NaCl, i J5- $ic8 fin & B .3 T [ 5 117 25 mmol - L™" NaCl Jipit R I 3 5 - B0 fin 2 B 1235 T
BEE R B RORE A, i BOE IR TR B (K 1B)
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E1 7[R NaCl 3B AR RR e E ARG R (A) FEskrt  BUgmE (B) K30

Fig. 1 Effects of different concentrations of NaCl on increase of leaf area (A) and leaf numbers(B) in Jatropha curcas seedlings leaves

AR 4 WEEFME « b e 2.3 SHR AR R AR BER G AR R FRRR7E P <0.05 K EEBERESR, TH

2.2 R[A] NaCl ¥ B By %o B R BRI 1 25 7K B 52 IR
R TH 2 SRRSO B AR 7K B 7E 25,50 mmol - L~ 'NaCl 4b3H, 53T EEZE R, M 3 SHRS/KERE L
JRE B8 L %ok HR S5 3 [ AR, 100,200 A1 300 mmol - L™ NaCl AbEE , WiFbRIKUI B AR 25 7K 12 il 2 88 38 o 22 8 ol
o, B Lot BB AR, 3 S PR IR BEARRT K (£ 2) o B 2 S b E IS /K BHE 25.50 mmol - L' NaCl
Qb3 I:EXTHEE%@?H 3 S EE S KR ST E % 25,100,200 mmol - L™' NaCl ZhFH , i FA4 1 #t
WEKE 5T %F 8,300 mmol - L' NaCl 4038, Bl 2 S LA KBESWRLEEXER, M3 SHE

F2 A[E NaCl RELEFRRA S EMMRESKEURMN A3 KERNZE
Table 2  Effects of different concentration of NaCl on water content of shoot and root and relative leave water content of Jatropha

curcas seedlings

NaCl 438/ (mmol-L ) kit % i E AR % AR 2 %

NaCl Treatments Root water content Shoot water content Leaf mol RWC mol

M2 5 CK 89.28 + 1.18 a 85.87 + 0.59 ¢ 91.85 = 2.56 a
Nanyou 2 25 90.50 + 0.91 a 88.32 + 0.31 ab 91.95 + 4.29 a
50 89.12 + 0.83 a 88.74 £ 1.10 a 94.21 +2.12a

100 85.77 £ 0.25b 87.49 + 0.33 ab 93.82 + 4.33 a

200 85.13 + 0.81b 88.51 + 1.04 a 96.13 + 1.27 a

300 83.37 £ 0.55d 87.11 + 0.18 be 87.03 £ 0.95b

M35 CK 89.85 + 1.43 a 87.11 £ 1.02b 93.41 + 1.17 a
Nanyou 3 25 87.63 + 0.45b 86.30 + 1.12 b 93.02 + 0.96 a
50 87.45 + 0.51 b 86.96 + 0.06 b 93.50 + 2.13 a

100 85.48 + 0.30 ¢ 90.36 + 0.32 a 92.73 +0.17 a

200 84.40 + 0.53 ¢ 90.50 + 0.44 a 93.73 +0.92 a

300 82.33 + 0.58d 81.06 + 1.07 ¢ 86.07 + 0.50 b
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FART X, i 2.3 SRE A RWC 78 300 mmol - L™' NaCl DA F AbH, ¥ 5 Hxf I8 JC B 3% 22 7, 300
mmol - L.~ ' NaCl 4b¥# , RWC 43 531] H 5} e B 35 A 5% F11 8%
2.3 R[A] NaCl ¥ BE AL BT W AR BRI 1 i - AT oMl (SS) Rl it i (SP) & & A

WK 2A 7R, B2 51 SS S RBIEFTAILELATET , B Ho X B8 B 2 4%, 76 25 .50 1 100 mmol - L' NaCl
AOER B h S N B R, T 3 57 SS S B 7E 25.50 mmol - L™ NaCl 4b B, 5 %} B8 TG B 3% % 7, 100
mmol - L ~'NaCl b3, Fuxit FR B F&{K . 200 mmol-L~'NaCl ZbFH K& SS &8 %A Bt [B FHEMK R HL Xt IR B 5P
1,300 mmol - L' NaCl 4bFEF /MG FERE K. WK 2B Fi/R, B EhEEHE b, B vt 2.3 S A SP /MK, R)E
Fifi 25 5 B 1 fin i % 38,200,300 mmol - L™ 'NaCl ZbFH , B 2 51 SP &8 Hoxd e 2 8 in, 11 3 57 SP 5% e
TREER.

OCK @25 @50 B8 100 @200 3 300

18

= 8 E

16 - a

o o 100 |-

e 14 i Céﬂ b fA] b
g § 10 I § 60 d :_: -
HE gL w8 U [| [ =
£ = : =]
F§ O kg 40 el

a 4L T2 ]

2 Ll 2 201 =

E; i i ]

S 0 = - g 0 .

725 Nanyou 2 i35 Nanyou 3 25 Nanyou 2 735 Nanyou 3

NaCl¥ Jif

NaCl concentrations/(mmol-L ")

2 7F[E NaCl REMFERFERMEMN B RAERE(A) MTEEES(B) SEMNZN
Fig. 2 Effects of different concentration of NaCl on soluble sugar ( A) and soluble protein ( B) content in two Jatropha curcas

seedlings leaves

2.4 R[R] NaCl ¥ B2 X B FRRRBOAR 1 I - MDA & B A4 B (SOD .POD F1 CAT) & 14 /¥ 5

W 3 PR ,25.50 mmol-L™'NaCl Kb3, fifi £h BE 3 hi, B v 3 S48 SOD &4 B & 41K ,2 S SOD
T 50 mmol - L™ NaCl ZbH Lt i @23 I, Wi AR 1 POD 151 B 5%t HR TG .25 5, (H B FP AR 1 CAT 75 Py
ELX HE S & 3 i, MDA & BB 5t G E E 25, 100 mmol-L™'NaCl &b, B5 it 3 S SOD.POD Fi CAT
TR H X AR S S PRI, MDA 552 bt BB SE 38 n, 17 2 S48 POD Y 1 B &34, SOD | CAT JEHEAR SR Ho Xt
FE3 T, MDA & B 5B EE 2R, 200,300 mmol L~ 'NaCl 43 , B5i 3 51 SOD POD #i1 CAT JF {8 kK
e B B S FAAIE ,2 -1 SOD . CAT 5 7E 200 mmol - L™ NaCl Ab 3 Hv % B F& A H 76 5. 2 25 %, 300 mmol - L~
NaCl 2b38 by X S 2 FEAIC, T POD I U Bl 25 0 BE 14 i i & 3 i, MDA & &3 i iE BN 3 S5 .
3 itig

MR A K EE R TR R U R E T E B TR M R E SR . A AR
FE DRI, R A0 M i3 S A IR, MR A KRR — A7 ARBFFR 45 % 1,25 .50 mmol - L' NaCl Zb3H , B
TH 2SRRI AR T2 b R S , AR e EL B B O, B R R P B R B 3R K A R R B T ORAIE
Xt _EFAK S R ICR B URESR LS, it ER IR HE AR IR A K TR RO SR 4 A R 5 o th A5 3]
PRIE, MR IR R A K AZ ER B S R K, TR T 3 5 P AR T 2 L) RS 38 AR, AR EL TG 8 38 o, b, B304
K B E W/ AR R K 2 LR 8 B B 50 . 100 mmol - L' B LA E fY) NaCl ZbFH , W5 A BRRUR B b _E 35T
ORI B BEE SR s e, (B SR MR — R SR e T R i AR T H R IR B LR . 2 B
B AR T R A IR BEARXT /N, 4 B 33 B R T 3 S

EENT Y B e R B EMNE . AL LSR8 ,300 mmol - L™ NaCl DA F AL B, B9 BRSCH 8 H H- RWC
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OCK @25 @50 E100 @200 3 300

71 a = 50
§ 6 L b = *aé) 45
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#y = = a2 251
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= - i - o
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25 Nanyou 2 i35 Nanyou 3
T 400 a = 70~ .
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3 B -1 3 L
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e o SRR =] 6 0 i = F0s h
25 Nanyou 2 #iih35 Nanyou 3 25 Nanyou 2 #§h35 Nanyou 3

NaClyk fif

NaCl concentrations/(mmol-L™!)

3 7F[E NaCl REXFFAFRAEMN 5B _E MDA £E(A) A% SOD(B) ,POD(C) f1 CAT(D) i&ME/# M
Fig. 3 Effects of different concentration of NaCl on malondialdehyde content( A) and SOD(B) ,POD(C) and CAT(D) activities in two

Jatropha curcas seedlings leaves

B RLREES, 2B EWERERE, (BFFR 4R K 545 19 07 XA Al 25.50 mmol L~
NaCl 2038 , BVl 2 SHR S KBRS RLEEZR AR ZZm/NH &K E X e &, F22
SERE R IBK R AERE K 43T, T 3 5 HAR &K & Hox R 8 3 BRI, b b3 AR 4K S8 232 08/ IMEL B K B 0B B AR
A, W e B 5E 5 /0N b R A AR ) T AR R R B LA R I 2 8 2R K R 4E 7 K 43 - . 100,200
mmol -L~" NaCl LbFH , Wi bR AR AR £ 7K B 5 b ko R S 3 R A, o B 302k K i T B i A B B 3 o/ VA
7K BB okt BRI , (R1EE B BT AR BRSO S A4 Y S, R EE 2R A R AR
BRI 5 b 1 FORAK RE T, S AR AR ZE 1 2% K R 4 457K 43745 . 300 mmol - L™" NaCl Kb 38, By i RWC
Hoxt R B AR, R EMRAFREINE ., 2 58 RWC FRRIEE L 3 S/, 2B EMERET L 3 SRR,
ERFAES , BRPOR BE I ZE (- A BTG AR BT, B 3 R B T IBOK R R 3 B K 235 B, SLREF £k LSRR 85 ¥ i aE t
F L RERIARS X 0 ol 38— L o

ARSLIGEE R W ,25.50 mmol - L™ NaCl Lb3H , Wi BRI 1 SS S BASLI B[, B 2 5 5 M
( Morus alba L. ) M-5 FEPR 72N 1o b A ML (A, corniculatum (L. ) Blanco) " ZEAEMEAR Z LM E 4 E
FEY SS S B AR, BB E 6 B R i oa, Hoxd BRI, 2R 2 S RA K Hoxs BB Z 5 i, Fr b /%7
WP TE SKIE N, (ARG B B & BURE2E WS ER A B FEAR ER LA AR AR TR, T 3 S EARAE K Hoxt
B ZER/N AR MARE, E'E SN BTREEZR, Wik SP S B W RGN Mm%, SS.SP fn
P AR ER IS H , 38 ) T R AR 540 M 2 3 B, 12 HE 40 B W K R 4E 5 40 IR s, X 2 5 R E 25,50
mmol - L™ 'NaCl b3 FHRB/K REH A K3E T 3 S M FZRE . 100 mmol - L™ NaCl Lb3H , B AR e 3t 2
BR, BRI R SS SR ERK, SHEARMEKS AT ™ U RKRE7E 4 2 A Ma T2 Mpr s —
B AR YA B B IR R ER KR, BOLE Y T sk, IR S A SE N BE . 200
mmol - L. ™' NaCl Zb3# , B BRI T A MAR T8 L e 0/, 4R R K RE JT A, i A SS.SP & & & B, LLFIF
MR BB, 4Rk 4. 300 mmol - L' NaCl LbFH , B 195 35 e 7 BF B B 3% K, {2 SS S BAKAR L
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X B AR, WY R R ARSI A A T8 & R W A L A 7 [ 55 %, AR B R R AR A Y RS
o 251 SP ARMMMIEE AT 3 S8, RHESUBUKREN 3 SHFNERFHRZ —.

HhE T P EERER FAAT CO, BRI Z Ml , - i 715 s 5 e 1508 48 O, UPL ARG K, f
# 0, \H,0, 1" O, H MU (ROS) 3 fin , it 544 548 (9 A0 LA E3 (975 B ROS BN HE AR 5 & B B 4
IR . ASEIEERFM,25 .50 mmol - ™' NaCl AL, B 2.3 SRR i 3 B30 5 & B I CAT Wik, A
R ROS, MHMREMAAEKIER,3 S AR TEEZ W/ EERZLE BEA 5, 100 mmol - L™
NaCl b3 ,2 S #H - SOD \CAT {& A3 E 3 i, POD Y5 32 38 i, A 250 B ROS, MDA 5 & 5%t R0 B 3%
Z5, ST E IR IE R , @k TE BE /ML EZROL & B WA/ 51, T 3 51 SOD,POD Fi
CAT #E 1R & Hoxt IR B Z R AKX, V6 BR ROS BEJ1 W L0855 , MDA & 8 LU X R 2 3 n, A AR AR K B B 32 1 1 o
200,300 mmol-L~'NaCl 4b2 , WAR AR # MDA &8 % Huxd B B4 hn,2 5 B 4E R A3 5 (69 SOD | CAT V%
PRI 3 B E I hN A POD T, 4B AR R S8 1075 AN Zh REPERE Ju AT 38, R EL 3 S AT Eh i EZ R A

LR ERTR  ERBUT , PR RO E TR 25 _E R 2l i 3 MR EL, D/ PR TS i T AR A R S s 7E AR B B
2l 37T SOD \POD 54T AALEEE M LAHRTT R A8 , 8 ok & \SP A YL R SF R B BN T
rERE R TIERNE. FhPRET , PIARRRSUR TR 2 Z b 18 19 RE 1 #0058 , BT 2 SRR B £ 2R A M R BT
SFACEENE , AR AR 58 AR K BE ) At b SRR 7K BE 0, FRITAAL B 7 8 B AR X 55 , AT EL R i 3
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