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Optimal medium for pollen germination of Jatropha
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Abstract; Jatropha curcas is likely to become one of the key energy crops in the world because of high oil content in
seed which can be refined into high quality biodiesel. J. curcas widely distributes and cultivates in many tropics and sub-
tropics areas of China. Due to inadequate pollination and very low productivity, J. curcas was a wild or semi-wild tree for
a long time. Effective pollination is a prerequisite for fruit-set and seed-set of J. curcas. Information on the most suitable
ingredient concentration ratio of B-K medium which was widely used to pollen culture in viiro for pollen germination and

inactions among ingredients in vitro is required to increase rate of hybrid seed set and seed production. Gathered mature
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pollen grains when petals opened and the anther just began scattering pollen in primary flowering time to do pollen germi-
nation test. Ingredient concentration ratio was optimized by response surface methodology (RSM) based on the Box-Be-
hnken design (BBD) . The primary variables chosen were sucrose, H,BO,, Ca(NO,), - 4H,0 and KNO,. A total num-
ber of 30 runs were tested. We constructed a response surface model between the pollen germination rates and four ingre-
dients for the culture medium in vitro by R 3.0 software. The effect order of 4 factors to influence germination rate were ;
sucrose > H;BO,>Ca(NO,), - 4H,0>KNO,. There were significant interactions of pollen germination between sucrose
and H,BO,, sucrose and Ca(NO,), - 4H,0, sucrose and KNO,. The optimal ingredient concentration ratio which sup-
ported the germination of pollen and growth of pollen tubes was 13.77% sucrose + 32.14 mg + L H,BO,+ 22.21 mg -
L' Ca(NO,), - 4H,0 + 19.95 mg - L' KNO,+ 200 mg - L' Mg(S0,), - 4H,0. Under this condition, the germination
rate theoretically achieved 99.73%. The verification test were made corresponding to the optimal ingredient concentration
ratio, the results of pollen germination experiments showed that pollen germination rates of 98.97%, the proportion
matched theoretical response value well. It can also verify the effectiveness of the BBD-based response surface model and
analysis technique in obtaining optimal ingredient concentration ratio for pollen germination.
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JFRIKBT ( Jatropha curcas) )44 FE A 5L AR | 8
ARSI A R BB KRR} Euphorbi-
aceae ) WKW & ( Jatropha ) FE¥) , 22 4F 1 Y5 K
BN BRI B9 R 55 R 60% ~ 70% , il
FIMAT AP R i G A W S, P o ) A 0 S it ]
AR, 2 — P B RE ) BB IR VEY) ( Becker
& Makkar, 2008) , & HAMRMEAHTE W20 A4
PR TEFRE B R R TR AR Y
PRGNS A o3 A, FEA KA = DU 7
(MRUFSE,2004) o SR YT 7 B AR AE LA, A7 1Y
JERIXURRE b B A B2 B AR RS RO 118 & Je i 3]
T I %5 ( Becker & Makkar, 2008) . TM4<38 & FhA 4
e Y H BT B, AR A R AR R RIS T i R A
He B F R, AER B A I S AR R
TIA RO Z — , TR R BRI AL B AR A 1
SRS W AR I T3 S A RO s AT Dy
PEHEARAZ L il 7 B2 BRI 7 1 e i (L B
K HE ., B-K ik ( Brewbaker & Kwack ,1963) #) 1z
FTAER I B ARG 3% B3 — 35 3R B 00 I AN 58 42
TS RPN B A AE R R B IR . AR X — R
Rty VAR, AR e B RCRIFAS T 0 AR (L et
al, 2010; Abdelgadir et al, 2012; X% ¥4 2013) ,
R DA RS TR BE o3 rh ERE BIR | AHIRAT (i R P
SERY U BE T LE , X4 o RKURR B 4 8 M 1) i 4 2 HL
AEEZEL,

Box-Behnken i % 1% 11 ( Box-Behnken design,
BBD) J&—Ff = 7K 03 43 PR B Sy el 7 T
(Response surface methodology, RSM) i —#i; Hix

KA SR RN 2728 1t 50 Ry A g vy — IR 235 ]
PRG3ASERY XA AT 20 AT, B AN AR I e [ (L
(Annadurai, 2000) , 2= #UIESE (2009) A w7 T
BAAC T I T ALKy 25 A 4% 5 B | 3 i 3 [T
R 5 IE SRR A 45 R LA UESE A BBD i i T
BT —FP AT Z A R AAE Ry B AT S 5 37 L 1)
Jridk . BT IRER T REAS BIAER B ARG SR A E ST
R AE VR BE A, 38 B A 25 PR 2R ) A 22 BAE
AWFFE L)L B-K i ( Brewbaker & Kwack ,1963) 3
Bl IR 5L X532 e 2 A A6 3 W K AN [R) B 43 iR A7
R R, 0 45 Rl i SPSS 8kt 45 & A
() B2 T AR W i 38 R0 ARy K B 3 T T 22K 1 5
M JPRIRURT A K3 B8 A & 1) EZE 2R . R Box-Be-
hnken IR5G %1, AR KGRI E N B A &, LIAE
53 1 5 kg i g (P 90 485 SRR A i 17 T8 Ay A
FREEBC T WAL 5 B 76 TSR BRI A6 15 1) B3
BRI Ty, VR B AE Ry i 2 B g b & 22 0%
FRHERL I B B AR BT S 5 B R R 47 [ A2 .
YEH s #2438 85 53R R RO Bl 224 A i
PRpt—E SRS oy e il b & S E0 IR 2
=

IN=" o
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1.1 ##

TPUETEK Z Eik (RN 1 473 m; 27°
32'51" N, 102°11'44" E) REW A LT ALK
JRRIKURT B AT A A 55 ( E T 5, 2013) , B T A UKAR Y



4 3] AR ;A I TR A0 PR RRANCR A6 85 TR i e 1 SR B (Y AT 481

PR IR FEE IR KSR RN 244
25T () AR T B A A 1 B i 5 (AU RK
M55 ,2007) .
1.2 ik
1.2.1 K&t RRZRARELU T RE, HaHT
BIH B-K 0¥ 1 % 3 {H ( Brewbaker & Kwack
1963) . BEME VR FE BB BE 530 0.5% . 10% , 15% |
20% 30% ; Wi (H,BO, ) ¥e BEAREE 731124 0.5,10,20
30.40.50,100,150 mg - L', iR %5 [ (Ca(NO,), -
4H,0[ e FE#S BE 439024 0.5,10,20,30,40,50, 100
200,300 mg - L' ; Bl EE (MgSO, - TH,0) ¥R JERLEE
4391249 0.5.10.,20.,30.,40,50 100,200,300 mg - L';
HFRAR (KNO, ) W EEAR BE 43514 0.5.10,20,30 .40,
50,100,150 mg/L,iC sk &AL B AEAF T B AL R 1 ]
KRN ERKE, FH SPSS19.0 3k kT £ & [
BOYMTE R EAE pH (H R 5.5 RGBS FR IR R 25
CHIZMET , RS IR AHRRES AHRRET 4 NE N
M JBR AR A6 Ky B R BRI R, [ AR o
(X)) IR (X,) AHIRES (X,) HBEREN (X,) A5
IKFELI-1.1 #4790 45 , >k F Box-Behnken J7 1547
WAt 4 30 MEE AR, KR KPS IR 1
Fi7~ , Box-Behnken I TR SRR 2,
# 1 Box-Behnken iX3&i% i+ 5> 7 E & 57Kk 443
Table 1

levels and codes for Box-Behnken

Design factors, corresponding

HF s K- Level
Factor Code -1 0 )
HERE (%) X, 10 15 20
Sucrose

MR (mg - L") X, 20 30 40
Boric acid

HERSS (mg - L") X, 10 20 30

Calcium nitrate

BN (mg - L) X, 10 20 30

Potassium nitrate

1.2.2 K% HRARIEFREEERN BRI R
e MgSO, + 7H,0 MMk S I BK il [ 10% 1
B¥,100 mg - L' H,BO,,300 mg - L' Ca(NO,), -
4H,0,200 mg - L' MgSO, - 7H, 0,100 mg - L
KNO, ] ( Brewbaker & Kwack ,1963) , H4x il o Ko ik
JEE L2 2, IR AR R SR I O A 2% M BERE B .
P S PR RE U B WA B R 0 W R e S5 B L
2y 1 em®, BLR KGR B3 ST ST b A3 A AE T 88
I, B e R S e R IR L FEMIE 3R

% 2 Box-Behnken i AES54ER (N=3)

Table 2 Design runs and results for Box-Behnken design

W mEs mmsmER

W e e Gl P (LT
Run Block X, Y, X, X, eermination
order O (g L) (mg L) (mg L) ()
1 1 15 30 20 20 95.5
2 1 20 40 20 20 44.6
3 1 15 30 30 30 84.8
4 1 15 30 20 20 96.5
5 1 10 20 20 20 47.4
6 1 15 30 10 10 80.7
7 1 20 20 20 20 31
8 1 10 40 20 20 70.7
9 1 15 30 10 30 72.3
10 1 15 30 30 10 85.1
11 2 15 30 20 20 97.6
12 2 15 30 20 20 95.5
13 2 20 30 20 30 53.6
14 2 15 20 30 20 57.1
15 2 15 40 10 20 69.9
16 2 20 30 20 10 56.5
17 2 15 40 30 20 79.4
18 2 10 30 20 10 71.1
19 2 10 30 20 30 72.1
20 2 15 20 10 20 50
21 3 15 20 20 10 63.6
22 3 15 20 20 30 60.6
23 3 10 30 10 20 65.7
24 3 15 40 20 30 77.5
25 3 15 40 20 10 74.3
26 3 20 30 10 20 49.7
27 3 10 30 30 20 77.3
28 3 15 30 20 20 97.5
29 3 20 30 30 20 51.9
30 3 15 30 20 20 98.3

PR v SR — R At K A R O R g R i e (]
FLIAGAE R — P, K 22 37 56 76 ML CA B AL
A —Ti ) 1), LE ML S A 15 IR B 2 B [ €
WE(FEHM,1994) o K HIVELF B0 BB AL
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A IR ISR A TR SR L, T 25 CAEAEE FRAH
TSR 1 h (AR B AR AE R 5 K B 3K B i
DRAY fi S IR T0] I W17 38 AL A A8 1 B8 AN P 3
Iy PRAE B SR IS AT, U 2B BT
BT WSS B R WA 6 AL ERHLET | LIERY
ERBERTHEE TE0 B A AR W & MERIE, 52
THEES LT R AL YR RBORIAE R S 1Bk &
R AER W R (% ) = BT R AEHRLEL A6 B
FIEx100% . H4AbPE 3 R, SKIF R EAE 8 )
T M 7 T 0 7 R SR SO A

1.2.3 A4 A EiE SR R B Y Im %L
XF 2 BARIEAT Z IR Z WA H 005 F1 7 229317 o
FIFH RSM o B8R A7 o 107 T 194 23 A FIAE . T ca-
nonical.path PRUESORT M) 107 T AR AR R AT A AR T A5 31 B
FER B IR A R TR AR BCTT o SRR IR BB Ty A
PRI 5 AR A 1, 745 30 ) 45 2R 5 e o, T 925 P Ak
B R B A AT OB LA IR R 7 B T A4

2 HERH4M

2.1 BERNET S S0

F£F Box-Behnken iR 55 5 1T M &5 R WL 3% 2, 1
FH Im pR%R K 3R 2 0950 s T R 34T Ik
ZI A A R L3R 3,

VSR e ==y L L ves W m=a )
fiHE N 128.3 , XFRIH) P (EH-N 5.317x107° | 30 i%
MIE R E W, W AR5 R =0.9917 B IF R
U P R AN R, =0.984, 15 B J5 R 1 0045 5
BAF, R 3 W Pr(> 1) AIAL, £E B KF BF
B (Intercept ) ,— KT X, X, X, KT X, X,>,
X,2 X2 R A 22 A 25 S IR X X, R R =
BF,— I X, RN B SLHIX X, X X,
RN R BHE ZCHI XX, X, X, XX, RN 2%
SR, FMN AR T X, X, X,X, X, X, A
RADVEICEEES S . 69 (0. 69, ON0. 69, 0’0 1 = [
W RS T F AT E R 152.5, XY p
B 1.99x 10 7] WL A HIZ2 B I X, X, X, X, X,X,
J& WA T AR LA Ok . BJE AAR i )
77

Y=96.82-13.09X,+8.32X,+3.69X,-1.7X,-4.15
X, X,-3.10 X, X,-3.48 X, X,-29.75X; - 22.06X; -
10.33X3-5.92X5 . Z[1E 7R FH T % A4 BLIS Tl
W, [RIEE, AR 3 FT LA MY, 4% BRI 28X 1 A 8 i 5
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xR 3 ZREHEEAERKGESHR
Table 3 Analysis of variance for quadratic
polynomial regression model
=] it bz t{E Pr
Ttem Estimate  Standard error t value >|tl
i 96.8167 1.0407 93.028 <2 o
Intercept
X, -13.0917 0.7359 =17.790 L71e™ seses
X, 8.3167 0.7359 11.301 9.77e® #ox
X, 3.6917 0.7359 5.017 0.000153 s s
X, -1.7000 0.7359 -2.310 0.035524 =
I(X,%) -29.7542 0.9735 -30.564 6.31e™
I(X,%) —22.0667 0.9735 —-22.667 5.01e™ s
1(X,%) -10.3292 0.9735 -10.610 2.28e® s
(X% -5.9167 0.9735 -6.078 2.12e™ s
X, X, -4.1500 1.2746 -3.256 0.005319 * =
X1X3 -3.1000 1.2746 -2.432 0.028008
XX, -3.4750 1.2746 -2.726 0.015612 =
X, X, 0.6000 1.2746 0.471 0.644607
X, X, 1.5500 1.2746 1.216 0.242757
XX, 2.0250 1.2746 1.589 0.132977

FRZEVMAEIRZE : 2.549

Residual standard error: 2.549

RFEL R =0.9917; BIEMFIRAE R, =0.984
Multiple R*=0.9917; Adjusted R, =0.984

F1{A: 1283; P{H: 5317x10™"
F-value; 128.3; P-value; 5.317x10™"

TE: s FOREFRENAFE(P<0.001) , = = FrR2E5 i E MUK (0.001<P<
0.01), * F/RZEF BEHKT-(0.01<P<0.05)

Note: ##% means significant differences at P<0.001, * * means significant differ-
ences at 0.001<<P<0.01, * means significant differences at 0.01<P<0.05.
AN A RS (X, ) STIRR (X,) >>HERRES (X, ) >H R
B(X)) .

22 EMBEERMEARZEIERAS T

FIFH RSM PREL, B iR 4s B R &4k dE4T 00
B, 22 i e 7 1 P, DA U4 2 o7 7 [T 5 79 4 PR 36
TGO, 55 P B 250 SRR A6 R B & 2 ()5 Ml
GESULIE 1, 1 K 2 FIE 3 A, Y R v
FE 10% ~20%B5F, RIS A6 K53 1) 1, 2 56 Bl J i ok i
(BG4I R A AR — 1 — I A A8 i 34 i HL sk s
SASETN R A 5 R R A A % AR A e g T
W, 4 AR 2R s AR Ry i R I E s 2, ) —
Jy T, EAE SR | R S A R A | A S A R A R
JEEHT e AR AR A AR 0 2 R (R kb Frp
[ e FBE I 00 3 B A A v Wi A 3R 3k R T AR 5 )
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PR REWE S R | REME -5 AR B 2 (AR A1 ] A
SCHAE KRB AN, H & 4 185 Al 2
FEWE A EE —SE I, BRI B A FE R 11 e 4 Bl 7 ke
JEE RSN A, (R IR S RS | DR S i R
S AR I, BARSR BN | 1 8 Wk A Bl i
ORIRE WA A AN 22 35 T W X — 20 Ul T 7R A
JE TR E R B AR AL R i 5 3R B 55 — T R R
HIPE 6 FT AT, Y RERE A R — 2 I, IR S 5
R B B A2 HAT R W, B BE — 3 vk AT ey
RN B A R A2 B TR

Bl 1 Y=f(x,,x,) BIMIRITAT X, BEHORIE (%) ;
X,. MABMREE (mg - L) 5 Y. IEM B AR (%) . TR,
Fig. 1 Responsive surfaces of Y=f(x,,x,)
X, . Concentration of sucrose( %) ; X,. Concentration of boric acid (mg *

L") ; Y. Percentage of pollen germination(%). The same below.

2.3 KM EHFHMRNL SEREIE

H canonical.path PRS0 I 3 fe J 17 A% Y 1 4 7
Ak, 15 2 B & 5 e B Y 5% 9% 3 41 A 0 RE B
13.77%+11% 32.14 mg + L' +i4H24%5 22.21 mg - L'+
HIRET 19.95 mg - L' +HRFREE 200 mg - L', LS5
T BIEET &K RN 99.73%, I 1 37 3L 0 77 i
TTEIRAE R R, A 3 Ik, SEPRillAR i 3 YRl & %
4 99.3% ,98.7% ,98.9% , ¥4 8 K& %K 98.97% , ik
Wik 5 MR WY & 0 A X R 2 RSD% K
0.76% , %11 T Wi H Box-Benhnken i i [ 5% i1 4L
TERY BRI R B R = AT Y

3tk G A

SRR IS 1) B A A6 R 1 37 AR A5 1o R & R

16
14

12 X
10 10

Kl 2 Y=f(x,x,) BN
X,. THRRASHRAE (mg - L), T,
Fig. 2 Responsive surfaces of Y=f(x,,x,)

X,. Concentration of calcium nitrate (mg + L"). The same below.

SOy
TR
LRI
T
R
DAY
\\\\\\\\\\\

12 X1

10 49

K3 Y=f(x,,x,) BRI
X,. WBRHHE (mg - L), R,
Fig. 3 Responsive surfaces of Y=f(x,,x,) X,. Concentration

of potassium nitrate (mg - L). The same below.

AIRTER AP ARG AR s ARy . i 1,-KI A
i (PhE T4, 2010 ) RN A [F] 4 7 iU AR B B9 376
77, S5 FREF WA 25 RO B (9 6 83 16 07 Jie i, B2l
100% . 1X—&59 522 B A5 (2007 ) Uk S8 BRICR HE 4L
76 25 W BN ik B3 35 1 85 95 O 54.35% 1715 . 3
25, 1 AT BE -5 PR B b Bl A O . X b AE A A
FRIK 25 S AR A [R] 19 3L b b 18] (47 @, 20095 #8442
H3,2012) FH 58 27 3 2R A [R] A9 Bk 22 1] 4 2 B
Ko PUETH K £ AT HF AR B RO 45 i 1) 25
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B4 Y=f(x,,x,) BN
Fig. 4 Responsive surfaces of Y=f(x,,x,)

10 og

K5 Y=f(x,,x,) B0
Fig. 5 Responsive surfaces of Y=f(x,,x,)

PRAEATY i 2 308 R BE BN R 252 A A R
SO A Je Al AR SR IR ER T T

DA R B 0K 22 35 (] DS ASE 7R R w7 TS 7R A
AURE /s BN ZRAE AT RIS 1T HLRE 275 2% PR Y
SEHAER . ARWEFEAG 148 DR IR 25 1A AR i
R FEFE R BT by RE > BIIR > > 68 R 55 > i R 84,
FELRERES 0L AR S AR B R B B A5
VR TR R PR 22 DR SRR B 1A A3 17 2 F)
ol T R 2R (CRURK A 565, 2007 ), i 12 455 R 2 4 2
SLRAE RO AR A9 VR R R 5 Bl A i 33k b Al
BOVE TR AE 8 A R T b 20 1Y o AR S — b EE 2
WIRRKAL Y, 2 5 0B B TR P, XEAER A

10 19

B 6 Y=f(x,x,) HI0E R
Fig. 6 Responsive surfaces of Y=f(x,,x,)

Wi AR FESIEM, ©— A LS 5ERESE
FEREA , 55— 7 A e R A S , AR i
R HAE M 58 AR A 4R 1R 3 5 W) T (Johri & Vasil,
1961) , ABFFE T, M ALKY B R R AE MR R T
15% I 8 35 T B, 53X T RE A IR R 3 191838 TR 3 BUR
KU A6 240 & A= 5T 43 15 ( Johri & Vasil, 1961)
TG 8 & FAE K 10% ~ 15% W9 REHE e 4
FEAER B 15 TR WA, (AR DR R 36 7, DRAIE
B & SRR 4T (Johri & Vasil, 1961) . BAT LA
HES SR A 8, H R EbLS 5 T HnE
AR Y B B (B I5E4%1999) , ASHIF 5T 26 B, Bl AR
W BEAE 20 ~35 mg/L B2 HEAERY B A&, B4 35 mg/L
R ZAMGIAERT  & o ASF 5834 3% IS TR 25 FI A iR
PG IRRIKUR AR A B AR AT B R . — R E
Ca™ K™ fEHFAE Ry i AN CAETARE I . g A Imh 4
S FIESE (Fan et al,2001; Ramanjan & Subrata,
2013) . BLAR, Wi SO 1T 43 AT 45 S 2 BH R S5 IR |
W SRS | R 55 A R B 1 32 B R & R4
A 5 R X PP A8 AR FAE AR i R rh A5
BRI (AL 5T IRAE 2007) . 3X AT BE 2 FEAR 5 BRI
I RERE-TIIR S S W50, S8+ 1 51
WEIE BB 456 0 L TR 18 B 7 Ay MR A 32 i P4
W ( Gauch & Dugger,1953) ,

M 07 TR A PR R4 7 A0 A i A5 380 1 A i v o 119 5
FRILR B IS I B 13.77% HERE+32.14 mg -
L'#fR+22.21 mg - LA MRE5+19.95 mg - L' iR
Bi+200 mg - L' BREREE, R FH 3G 5 245 2 9 46 4
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SRR & % 55 e e (A A WA R A 2R B R
BBD B 114 i) 7 T A5 780 14 R A6 A B AR 1 &
AR AR AL TR A A

ARWFFE i T Box-Behnken 1331 4 0 17 1 25715 2]
T ACK B A K ) SR AR SR AL G SR TS AE I
SHEAE T A AR D | T AE R ERAIG; — R oh
ANTRV BT[] JRR UARE A6 0 B K A7 AE 22 55 (X0
2013) , AHFFEAH LB 1E— 25 B pH {Hl 5.0 ~
5.5 JAE R 25 °C LI 600 Ix A RN A6 8 &
Hi e AL E A KRR, I, ZE BRI AE 1 A=
77 S B AT I A BT AL R I A AL 1 A I B
AT N T BN, I e B B i 1A) B, LA /51 JhR
PR N T2 %

SE Ak
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