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Physiological mechanism of foliage spraying paclobutrazol on increasing salt

tolerance of Jatropha curcas seedlings
MAO Yiging', ZHENG Qingsong' , CHEN Jianmiao', LIU Zhaopu'* ", LIU Guohong', JIANG Chaoqiang'

1 College of Resources and Environmental Sciences, Jiangsu Provincial Key Laboratory of Marine Biology, Nanjing Agricultural University, Nanjing
210095, China

2 Institute of sea-beach Agriculture, Nanjing Agricultural University, Ledong 572541, China

Abstract; Soil salinity is one of the major abiotic stresses with adverse effects on plant productivity and quality. As salt
constantly accumulates in soil with irrigation, soil salinity becomes one of the greatest problems in agricultural production
through out the world. Jatropha curcas, as the first referent tree in development of China biological diesel oil and a hotspot
of the research in the world facing global energy crisis recently, has a very high environmental adaptation. However, few
studies have been reported on the mechanism of salt adaptation and chemical regulation of the tree. Improvement of salt
tolerance to utilize extensive salt soil is an important issue in both agricultural and biological sciences. Moreover, salt
tolerance improved by chemical regulation used to be considered as an economic and effective method. Paclobutrazol
(PP,,,) causes metabolic and structural changes in plant, and improves plant siress tolerance. Therefore, In order to
evaluate the effects of foliage spraying PP.,; on salt tolerance of J. curcas seedlings, the plant dry weight, root/shoot ratio,
water content, the leaf cell ultrastructure, chlorophyll content, the photosynthesis, the osmotic adjustment ability and the
antioxidation ability of J. curcas seedlings treated with 200 mmol/L NaCl for 10 d with foliage spraying in 600 mg/L of
PP, in greenhouse were investigated. The results obtained were as follows: (1) 200 mmol/L NaCl stress significantly
decreased the seedling dry weight, water content and root/shoot ratio, and drastically increased the leaf electrolyte leakage.
However, compared with the plant treated only with NaCl, the plant dry weight, root/shoot ratio and water contents of the

seedlings treated with foliage spraying in 600 mg/L of PP.,; under NaCl stress were all increased significantly, and their leaf
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electrolyte leakage percentage was decreased significantly. (2) The photos of transmission electron microscope indicated
that the leaf cells of J. curcas contained distinct starch grains, that elliptic chloroplasts clung closely to cell wall under
control and that plasmolysis phenomenon and cell membrane damage of leaf cells under 200 mmol/L. NaCl were obviously
visible. Moreover, NaCl-treated chloroplasts did not contain starch grains but formed osmiophilic globules. However, in J.
curcas seedlings treated with salt and with foliage spraying in 600 mg/L of PP,;, , plasmolysis phenomenon did not occur,
osmiophilic globule numbers decreased and osmiophilic globule volume diminished evidently. (3) J. curcas seedlings
treated with 200 mmol/L NaCl showed weak osmotic adjustment ability (0.06 MPa) in leaves. However, the seedlings
treated with foliage spraying in 600 mg/L of PP.,; significantly displayed evident promotion in osmotic adjustment ability
(0.49 MPa in leaves of non-NaCl treatment and 0.30 MPa in leaves of NaCl treatment). (4) Compared with control, in
salt-treated J. curcas seedlings, chlorophyll content and net photosynthetic rate ( Pn) were both decreased evidently.
Compared with salt treatment, in the seedlings treated with salt and spraying in 600 mg/L of PP, , the chlorophyll content
and net photosynthetic rate (Pn) were both increased significantly. (5) Compared with control, in salt-treated J. curcas
seedlings, MDA content and POD activity were greatly enhanced, and SOD and CAT activities were decreased significantly.
However, compared with salt treatment, in seedlings treated with salt and foliage spraying in 600 mg/L of PP;, MDA
content and POD activity were significantly decreased, but SOD and CAT activities increased. To sum up, promotion of salt
adaptation of J. curcas with foliage spraying in PP,;, was mainly attributed to enhancement of the photosynthesis, the osmotic

adjustment ability and the antioxidation ability.

Key Words: Jairopha curcas L. ; foliage spraying in paclobutrazol; seedlings; salt tolerance
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1.1 FhRHEFR S8

BEBRI (Jatropha curcas L. ) i B B 1 57, HAFh 7R A st 4Ol K m iR £ WF 80T, K
T ¥ FHZERKIR I 24 b, e i THA A i TORIREE A Th & i, B/ %R 30°C/25°C 6 I
JE 1500 Ix  AHXREE 40% , B R AAFSUBK LI, PRAFEEBTRIE . BE 940 6 K, PRk A K — 24l , Bk =
B AN AR E TP RO RS B AT 6 IR, R4 2 ¥R, R 1/2 Hoagland £5 7 R BEE

Gewila , BRI ZIH] 600 mg/L PP Wi , LAZS IR /K Wt 9 4T L, U H 45 6 BV AN [R]AR 3 156 70 4
AMREEE . (1) X IR (CK) R ZEIR/K G 1, 4k 22 IR & NaCl 9 1/2 Hoagland Bi 7R ALHE; (2) #4038 (SCK)

http ; //www. ecologica. cn



4336 A E = 31 &

FEMK BN 1 , P A% 200 mmol/L NaCl 1) 1/2 Hoagland 35 32 ALFE ; (3) PP, W5t ( Py, ) 4 600 mg/L PP,
Wt Y, 4K SE AN & NaCl 9 1/2 Hoagland B IR AL ; (4) PP, Wit 5 Eh AL BE (SPgy, ) 7 600 mg/L PP, W jifi
f¥), 8% A% 200 mmol/L NaCl ) 1/2 Hoagland B F# A BH . 86t A o | AR [) b B4 1 37 0 06 8 7 s 24 R
FHAD TGRS, Rl DR 2 1 T 45400 55 A Joit v Ak B8RO 2 R 3 A8 AR B A PV D VEE o W D T HE/K 11 4
TR DEHE 1 IR, 29 3/4 WIS Ah , TR FRAR (R R v kst , DAOR I AS R A BV B o0 A TE 1l Ak 3 1
6], R ARG IR 3% H R 27—35°C iR 24—27°C . ERMra ab 3 10 d BUREI & A 5635 5
1.2 e ebs s ik
1.2.1 AERKIEEEIE P04 E K b se b+ BN, HZE I8 7KCR SRR Ui W T, PR fif o ; g Ab 2
FHEE 10 ¥k, SRIG7E 105°C AT 15 min 5, T75CHTEEE, A TE, % FIARITETYRRRER &
KEFHRGE
FERE T4 A B (mgDW/d) = (AbBEJG T 5 Kb HAT T 5 ) /Ab BR AL
FKE (% )= [ (KB A AP S A )/ ARBRE AT ] x100
FERRAR 56 b = AR 8/ b b3 5
1.2.2 MBS PRI
VEME] 4 IF(THBEN) B2 R Mk 15 4, FHZEIEK vh ik 5 Wk, B T eb A R e 1 i e i K 43, SR BT
29 Tem® /NI B BT R /N IR A 395), PG ARICEEARE P4, B0y 1 g, JABER . — I FE 5 T N CE 15
min 5 ITAZERK 50 mL, HEASFEHA 20 min, 75— MmIIAZERK 50 mL, FRE, 55 FRIL, & FHp B3
W 15 min (BB AN FIAE Y 7 ) R HS BRI I INZR IR K 2 R i i, 4k it o SR A1 AR
CE IR T IREE 1 h A4, H DDS-11D 8 S0 PSR i 5% | [N a2 2848 /K (25 1) I %, T
G RITAN BB AR ANB 3 UL ELP(% ) ™ R B 3 WK
ELP(% ) = (HRH RS HESR)/(EHRSE-2 1 F%) x100
1.2.3  ESH GRS
VEAR] 4 1 (SHREM:) B 2= ik, FXGE JTHI 1 mmx 1.5 mm 2247 /e | TGS A TS 1Y 39% 1% /v,
PSR R B B2 i R DU, BT 4°C VKA P E 12 b, HAR T8, WiHE 4 8 I, SR 5 B R 2% 1l ( pH
=7.2) Yk 3 W, BEK 20 min, RIS EEIVIEC T U0N 1 B MR 2 1% SR b 4°C [ € 4
h &, FHZEIR /KRG 3 UK, R 20 min, BAS FH LK, Epon812 43, LKB-5 RUHE ) FHILY) A, 280 R SUE,
Yo )5, B S B Sz H-7650 325 5 FLBE WS EAH , FEAb 3SR 6 /DL ST RN Ab B EE A 2 1K,
1.2.4 MERESREOME 6 4 b (DhRER) Bi 25 i PR AEFFRI 0. 125 ¢, BYRZY 0.5 em TEM I
BUR BT ORI 25 mL 95% SFEERIA T, A 26°C 1H IR A6 R OG- A 24 h, Bt N 8L5E 28 N H (5,
J& R EIA Lem YERR LGN , 7 Lambda 25 484b-1] WA GG EE T 43 51100 5 665 .649 F1 470 nm
b IR ARYE LR AR 4R (Chl) &™)
Chl(mg/g B T )= (18. 084y, +6. 634 ) xV/(1000W)
[, VR (mL) , W A (g) o
1.2.5 #OLE#EE (P,) e
i FH2E E Li- Cor A A Li-6400 BUEAEAEAME RS, FEALHAIEHE 10 K (KK )9.30—11.33 3£ 4 1t
(DIREM) U RE M R B L AR (P,) o, T8 B 658 F F 6400-02LED 21 5 6 YR 45 il , 6 i 7l | 2 o0
1200 pmol-ms™" , KAE N 21.6—23.5C , KA CO,MRE L 411. 59—414. 52 wmol/mol,
1.2.6 M HABBE () AEERETHE S (OAA) BYIIE
o0 VK S AR 52 . 2ef5] 4 i (ZORERT ) SZRIR A 2 K A 8 b, B v 5 25 5 7K vh v+
Ve, I K AR SR H 7K 43, 7 B 30 min, HUH & T B S8 o, Z IR T Ak 50 min, H 17T,
SRR AR D L R RANES ) A7 1 8P R4 [ Sy B8 T e M sl 3
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BBANRE SIS IR ERE" ik
AT = T — Thoo

Ko, 7, Xt BRI R AR B 7, WA FEM R RS B
1.2.7 PN EE(MDA) & 5 Fl ALY L g (SOD ) (id % /bWl (POD) i A AL U ( CAT) 25 16 M

] — A BRI 4 RRAERRSZE M 4 01 (DEEM) B L0tk , ST Je e nt 35 iR 2], FFlE . MDA & &t H
BAR EL 2R (TBA ) J7 k™ I 72 5 SOD T3 4 I 2 SR FH 2805 DU Mk (NBT) 351" s POD 376 14 0] 52 2R ) A 1) A
BV N A, 22 1R 0. 01 AYBEEA 1 ANEETEPE RN U CAT 151 S 8 Aebi 751 15,3 mL [ & 5
H1%5 50 mmol/L pH7. 0 BERRZE MK 1.9 mL,45 mmol/L H,0,1.0 mL,0. 1 mL E§i& , LI%5340 N A,,, 284k 0. 01
B 1 A BEEPE AL U,
1.3 kb

FIIH Microsoft Excel 4 SPSS13. 0 Fxf4-#E4 7 156 £ s 14E 1t , & FH Duncan K WA T 8 AT
2 GREHE
2.1 ERWRAT PP, WX RSO 4l A K R

5%} 8 (CK) AH EL , PP, I ( Py, ) ANFEMRAE R A9 T BRI 5 L IR /NS 2R (HU: 38 4 S A AR AR e LU A
FroKE WA (SCK) FRRIK S 5 AR5 b | /K 82 25 T F, il g /NS R (ELP) 1 3 -
Ths R PPy, Wi (SPyy, ) AH L SCK AbFE, WU FT i 25 488 = AE AR 2 v 1) 3 AR5 L AN 25 7K o, BRI 3 e
fift FTIMB 3R SP oo AL PR BRI 4y 1 T 52 kb SCK AL 55 13% , ek LU 48 R 26% , % 7K i $2 /55 18% , 1T HEL %
JTAMBZERER 33% (R 1) . PP, Wi %)) 1 B8 W 25 S e X s 4 i A 1 5

F1 PP, % NaCl B8 TRERA 4 8 T8 RT L Sk BN B BRI RN
Table 1 Effects of foliage spraying PP;;; on dry weight, root shoot ratio, water contents and leaf electrolyte leakage of J. curcas seedlings

under NaCl stress

Qb B THE/g i FKE /% R AR BUONE R %
Treatments Dry Weights Root/shoot ratio Water contents Leaf Electrolyte leakage
CK 2.81+0.10 a 0.145+0.015 b 646.22+12.64 ¢ 20.65+3.62 d
SCK (200 mmol/L NaCl) 2.02+0.05 ¢ 0.095+0.005 ¢ 586.78+ 19.93 d 57.99+5.42 a
Pgoo (600 mg/L PPyy5) 2.99+0.15 a 0.185+0.014 a 786.65+19.75 a 23.26+3.87 ¢
SPgo0 (SCK+Pgqy ) 2.29+0.08 b 0.120+0. 009 be 692.29+22.34 b 38.58+4.97 b

F Rl —FUFRIC AR /NS T REFROR EATE 5% K AT 825 V22 5

2.2 PPy WXt NaCl JHik3f T BRIKURT &)y v i e 240 R A e 4 P 52 il

BRI R (B 1) R X BB (CK) BRI I PR 4B B Z5 R 1, TCRBE B A () , SRR B
ANMERE | SN TG M (b) |, A N S A D TERTRL (o) (B 1A1,A2) 31 (SCK) T, 40 i BT BE 3 B L4
PR (), i FLAN A Wi A 42 (o) , BB S 2 bE 18 BRI , SRR P JE T AT, (HUF 3 2R U
IINFIREARIBIRE (£) (I 1B1,B2) 5 PP, Wit ( Py, ) AL R A AES #4155 CK TG 22 5] (El 1A1,A2,C1,C2) ;50
iR PP,

WS Tt ( SPgy, ) MY AN BRLASF4 T B RE 43 SIS (o) , B R AURE 0 H B A b, HARERAS /I (h) (1 1D1,D2)
2R BN RE (i) (B 1D1.D2) , W] UL, PP333 Wit I8 2 RE D8 e 2 X BRI - &40 L A o 25 4 1
52798
2.3 PP, WEiEXT NaCl i BRI 4l i 2 28 & iAo L &3 (P,) B2

Wi (SCK) T I 2R (Chl) & 2 e A % (P ) A ELXT IR (CK) M B E TR (K 2) ; 5XT
FEAH L , PP, 5 ( Py, ) AP 2B 8 TAERR A Chl & & A Po; [RIREXE NaCl A R, PP, Wi (SPy,, ) F Chl
M P BE ST SCK M (AR CK, 2 W RN, X R TG &3 Wk 2R R ia R, PP,,, Wit 14
REFE A (8 Chl &R Po, BCEL I OEAVER .
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Bl 1 PP, BEHEXT NaCl e T ARBUR S ST B M R B0

Fig.1 Effects of foliage spraying PP,;; on the leaf cell ultrastructure of J. curcas seedlings under NaCl stress
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Fig. 2 Effects of foliage spraying PPs;; on leaf chlorophyll content and net photosynthetic rate of J. curcas seedlings under NaCl stress

2.4 PP, WEiEXT NaCl JPhif T RRIKURT &)y i i 32325 1819 e ) )5 Ml

WnE 3 iR ,200 mmol/L NaCl 38 (SCK) 10 d, BRIKCA 2l 5 @ 7m H L HAG B W1 RE fy , (H R 555 5 1M
600 mg/L PP, Wit ( Py, ) A0 FR A &Iy v WLELA BRI B B TR T RE T, ISR MO R PPy, Wi (SPyy, ) AL HE
BEWATRE S SCK B8 385 T 14 %, AT WL, PP333 Wi & 35 4 05 6 W 3 N JRKCR 41 i 1938 158
P,
2.5 PP, WX NaCl B3t T BRSO 2 i - A MDA & =t AL RP B (SOD \POD H1 CAT) 1 PR Y521

nE 4 Fros A EEX IR (CK) ,200 mmol/L NaCl il (SCK) F BRI 2l 1 i B SOD Fl CAT 3G PE B3 T
R, (B TS RS (MDA) & 5081 POD J5 4 2834 111,200 mmol/LNaCl 18 F 600 mg/L PP, i ( SP,,, ) AL BR
B F MDA S b CK FlT 600 mg/ L PP, Wt ( Py, ) AbFHEL g 2 3 T {H 3 KT SCK, SPy, A f A ik
SOD i MEEART CK,{HY P AbH o B %225, H & & T SCK [, SP, A B POD 754 b SCK 1) 8 3%
TR, b CK AU 3 3 A (B B i T P AL BRI SP o AL BRAGSH I F CAT 16 PR W35 5 T SCK /Y, 1B
T CK F1 Py Ab B
3 itig

FRFP T8 250 mg/L PP, R FhALBE w48 @ e R (9 5 K i, i HL i b PR 00 | i ] 400 me/L PP, £
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S VRSN ) i , B 25 I 25 A R A KA 06

Ko BRENE T PERE RO R 2 L RO M ok i .

Wi/ MDA HZE T — 2 BRI 2B T RS oSt I

HEPT ) ARBIIEY 600 me/L PP, WML Y Y S

§5.200 mmol/1. NaCl it FRRATRIANE LA R 8 55 [ i

FEHIBR PR A WP ORI ORI 0E 25 o5 | T
LSRG MIE B YR S BB R g 02

A A PR R s T RBAE R Y 8 |

ik, 4 RIS A I, IR S B 1 2 ' ¢

R HEHEE ) e B AR F R AR B WO Sk L]

PRI Pk S o2 507 S (O IR, 6 i 2 9 T e

IR, W PR 200 A 2 7 ) SO E 1 R N i 2 2 M R
Wi, B BRI % . ERI0 T T B e
ZRIRTRIE G , SR 7 2SS AR I K | i SR figp | it 2 1A
HIERT R AR 2% B HRBURLIE KIS 22 A% A T
K R OFUNIEER . I AL P BEA T RE 7> 25 B

B3 PP, BiHEXT NaCl B8 TR 40 B it g B iR 8E 19
#I
Fig. 3 Effects of foliage spraying PP;;; on osmotic adjustment

ability of J. curcas seedlings leaves under NaCl stress

10 1000
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% 8 T g 800 L
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Fig. 4 Effects of foliage spraying PP;;; on malondialdehyde content and SOD, POD and CAT activities of J. curcas seedlings leaves under

NaCl stress

LR ARG IR T PPy, Wit AL B X NaCl 360 T BRI &)1 17 40 A B 375 4 0 v e 40 8 ol 45 4
52N, S B 200 mmol/L NaCl ARBE T | RN 2Iy v et P 4 i S5 BE A b 5, A R B A Aol 8%, HH B 22 1y v
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REVERGE BRI AL /N R H AR A, NIRRT AR 1 R, i e LA SR AN SRR AR
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W5t PPy, 25 HE AR AR - SOD 1 CAT 36 1, XANEEIE ST AR SE R R —3i, POD B PE S Y
AR BE R fibk A Y 5 E A —E L F . POD AR HA XU M, — 5 T, POD A 75 330 55 5 5 % 4] 31
PR TERR H,0, , BRI PR, A6 A R G R 5L 22— 55— D7 T, POD Al R 7 59 B 5l 0
LIRS 5 A R A R R R, JERED | R AR L E AR, 2B 105 T AN SR A P o s E
—EG B Y B A AR, — AN B TR ES Y AR T POD (1%
AL AR T SOD HI CAT,200 mmol/L NaCl ZbFE 10 d XF BRI 40 B 2K 136, J@ T 2 B8 Jilhad |, i 1 Il 4t
POD &t LT 125% | $E T I GE ERHE , Wit PPy, W) i 25 FEARAE AR - POD & M, HE LN, PP, Ab B i
R VR RRIROBA i AR T RE 2 A2 ) R BT A AR 0 25 5, AT (A5 R ik T S AL BE T 2 0, O FRAIG
AR P8 T RE R A P %) BB A o AR (oA AR O B 3 P AR AT | AR PR 8 A v R B 38 i e | DA T AR e
WG A VR AR A T RE

BBV R EE S AR BRTEA, 2 YA B BB AR AR B
FPB B 1845 B8 1 B K /NARTR], BB 815 BE 1 1 K/ BB 5E [R 2 B AR PRI AR A6 70 AR IR 5 mp 2 U X IR
REGIIT HEAT 003535 835 BE TIPSR 45 S22 911,200 mmol/L NaCl 3XFE (4 8 BEER AL FRT | FLrE Fo i B 75 ik S AU
0.06 MPa, #ATM, Wi PP, W I 52 mAE AR i R (98 & R B8 77, 1851 0. 49 MPa, 3hJHE T, Wit PPy, 1YJFR
P LT R B BT BE 135 E] 0. 30 MPa, B3B8 Re 1 i BE &5, DI 2 f 4 M B2 1, de e i 1 9 26 sk
RO FEPLESP

R WARHIESE Hpa] DAAS H S5 38 , X6 T RRIRUBR AN 1 356 1) A ) 4 TR R0, M%7t 600 mg/ L. PP, REMS B 3
G HAE NaCl 0 N i 40 5 R AR AR (R O B AT, MEE P AR AR, T4 =5 4l i T4
TR R m L Eh A O TR 2 —

B . A SRR I 953 1 RE 7 I e A5 B R 5 AR R 2 AR Rk 2 2 BE A Y ZE R RN R 5 T S
Bly, A B A e A5 38 P Rl R A i B S g e D B K R A B
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