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(Jatropha curcas L.)

:

19 (1.60 kg ha-1)

(1.50 kg ha-1) (2.50 kg ha-1) (1.50 kg ha-1) (1.25 kg ha-1)

(2.00 kg ha-1) (3.00 kg ha-1) (1.50 kg ha-1) (0.25 kg ha-1)

(1.60 kg ha-1) (2.50 kg ha-1)

(1.25 kg ha-1) (1.50, 0.75 kg ha-1) (1.25, 0.63 kg ha-1)

(1.20, 0.60 kg ha-1) (0.25, 0.13 kg ha-1)

(1.6 kg ha-1) (1.4 kg ha-1) (1.6kg ha-1)

:
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Abstract 

Jatropha curcas is a multipurpose, stress resistant plant, potentially as a source of 
renewable energy, medicine and phytoremediation.  In J. curcas cultivation, weed 
management is crucial. However, there are few studies on J. curcas tolerance on 
registered herbicides in Taiwan.  The objective of this research is to screen the proper 
herbicides used in J. curcas fields at the period of pre-emergence and post-emergence of 
the cultivation.  

Nineteen herbicides registered for major crops were evaluated in germination of J. 
curcas seeds for the pre-emergence screen. The result shown that atrazine (1.60 kg 
ha-1), alachlor(2.50 kg ha-1), bentazon(1.50 kg ha-1), butachlor (1.50 kg ha-1), 
dinitramine (3.00 kg ha-1), diuron (2.00 kg ha-1), fluazifop-buty (0.25 kg ha-1), 
metribuzin (1.50 kg ha-1), pendimethalin (1.25 kg ha-1), glufosinate (1.60 kg ha-1) and 
glyphosate (2.50 kg ha-1) are suited for pre-emergence application.   

Twelve herbicides registered for major crops were evaluated for the 
post-emergence screening.  The result showed that alachlor (1.25 kg ha-1), butachlor 
(1.50, 0.75 kg ha-1), pendimethalin (1.25, 0.63 kg ha-1), bentazon (1.20, 0.60 kg ha-1)
and fluazifop-butyl (0.25, 0.13 kg ha-1) were safe to J. curcas at rates effective for weed 
control.   

In field test, combination of glyphosate (1.6 kg ha-1)  alachlor (1.4 kg ha-1)
atrazine (1.6kg ha-1) was applied before planting.  The results showed that the 
combination of glyphosate, alachlor and atrazine could provide acceptable weed control 
without damaging to J. curcas and maize. 

Key words: Jatropha curcas, herbicides, weed management, pre-emergence, 
post-emergence. 
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20 20% 384μmol mol-1 2050

550μmol mol-1(Prentice et al., 2001)

(Lund, 2007)

Jatropha curcas L.

(Contran et al., 2013; Brittaine and Lutaladio, 2010; Trabucco et al., 2010) 

98% ( 2013)

22

(Jamil et al., 2009)



9

(Sahoo et al., 2009)

(Swinton et al., 1994)

2-5
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2.1

2.1.1

Jatropha cucas L. (Euphorbiaceae)

(Crotonoideae) (Jatropha)

200 mm 1500

mm (Openshaw, 2000)

1
A 10 B 3

C D E
F E

Fig 1. Different growth stage of Jatropha curcas L.
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2-5

10-15 12-18 3-5

5-7

10 12 2~4

1:10 3-3.5

2-3

1.6 2 1 600-800 (Kaushik 

et al., 2007; Kumar et al., 2011 2010 2012 1993)

30 ~60%(Pramanik, 2003)

40-50 0.5-12 (Kumar et al., 2011)

2-3 80%

30 3 5 (

2007)

2.1.2

: (14-15%) (3.7-9.8%)

(34-45%) (29-44%) (Berchmans and Hirata, 2008)

(Koh and Ghazi, 2011)

( 2011)

(Berchmans and Hirata, 2008)

(Wang, 2011)

(Kumar and Sharma, 2008)
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(Evan et al., 2011)

 (Gübitz et al., 1999)

( 2005)

( 2004)

(Adebowale and Adedire, 2006; Sabandar 

et al., 2013)

2.1.3

(  1)

 1
Table 1. Heavy metal accumlate ability of different species of the Euphorbiaceae family.

Species Heavy
Metals

Parts Metal
Accumulation

References

---mg kg -1---
Euphorbia cheiradenia
Euphorbia cheiradenia

Pb
Zn

Shoot
Shoot

1183
1803

Chehregani et al., 2007

Ricinus communis Pb Root 600-25000 Romeiro et al., 2006

Euphorbia helenae 
Leucocroton linearifolius

Ni
Ni

Leaf
Leaf

6710-15500
13000-27000

Reeves et al., 1996

Leucocroton avicans Ni Shoot 30900
Phyllanthus pallidus Ni Leaf 28400 Berazaín et al., 2007

Euphorbia macroclada
Euphorbia macroclada
Euphorbia macroclada

Zn
Zn
Pb

Shoot 
Leaf
Shoot

452
243
1138

Sasmaza et al., 2009

Mohsenzadeh et al., 2011
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(Phytoremediation)

(Ali et al., 2013)

4

5 5 790

 2

Table 2. Mechanism of phytoremediation 

(Phytoextraction)

(Phytostabilization)

(Phytofiltration)

(Rhizodegradation)

(Phytovolatilization)

Mangkoedihardjo and

Surahmaida (2008)

50 ppm 130 100 50%

Mangkoedihardjo et al. (2008) 70 ppm
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42 50% Kumar et al. (2008)

750 ppm 500 ppm

4000 ppm Shu et al. (2012)

800 ppm 4000 ppm

2% 180

89% (Agamuthu et al., 2010) Abhilash et al. (2013)

300 28%

(Majid et al., 2012 Wu et al., 2011)

(Yadav et al., 2009)

2.1.4

FAO :1

 2

3

(Brittaine R and Lutaladio, 2010)

2008 FAO

90 76 12

2 2015 1280  (Brittaine and 

Lutaladio, 2010)

: :
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(Ouwens et al., 2007)

600 2006-2010 89

35.6% (Li et al., 2012)

(Liu et al., 2012 )

40 2017

20% (Kumar et al., 2012)

2010 4 (Robert and Jennifer,  

2010) 2015 300 (Silitonga et al., 

2011)

( 1993)

2.2

2.2.1

(Singh et al., 

2010)

( )
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(Bártoli, 2008)

1.7

80% 80%

1.2 X 2

7 15~20

6 X 7  7 X 8 20~60 15 (7.4

g L-1 )

10~15

    

50~80

3 2 X 2 3 X 2

1,666~2,500 1 X 5

1  X 6

40-20-40 pH 4.8
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(2008)

80% 94%

21% 3-19 (2009)

(2010)

(Puente-Rodríguez, 2010 Green, 2009)

2.2.2

(Ghersa et al., 2000)

( 2002)

( 2002)
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(pre-emergence) (post-emergence) ( 2008a)

:1  (pre-planting) 2

(pre-emergence) 3 (post-emergence)

( 2003)

( 1995)

(2006)

:

-

(2,4-D)  (triclopyr) Phenoxy-carboxylic acids

(quinclorac)  Quinoline carboxylic acids
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(Branch chain amino acid synthesis inhibitors)

(Aromatic amino acid synthesis inhibitors) 

(pyrazosulfuron-ethyl) Sulfonylureas

 Acetolactase synthase (ALS) 

(glyphosate) Glycines

5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)

(phenylalanine) (tryptophan) (tyrosine)

  

fluazifop-butyl

Aryloxyphenoxypropionates  Acetyl-CoA 

carboxylase (ACCase) 

  

(GAs) (pendimethalin) (dinitramine)

Dinitroanilines

(alachlor) (butachlor) (s-metolachlor)  (metazahlor) 

Chloroacetamides acetyl CoA

 (atrazine)

triazine D1 protein
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 (diuron) Ureas

(metribuzin) Triazinones

PS (bentazon) 

Benzothiadiazinone PS

(oxadiazon) 

Oxadiazoles (oxyfluorfen) Diphenylethers

 polyphenol oxidase (PPO) 

Protoporphyrin IX (Proto IX) 

(glufosinate) Phosphorylated amino acids

glutamine synthetase (GS) 

(2008)

(Rocha 2010 et al., 2010)

(Gonçalves et al., 2009)

(Costa et al., 2009)

Gonçalves et al. (2011) -

-
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2.2.3  
( 2002)

(Draber et al., 1991)

Peñuelas and Filella,

1998 (Garbulsky et al., 2011

chlorophyll fluorescence Kooten and Snel, 1990

(photophysiologic index)

(Uddling et al., 2007)
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2.2.4

1832 De Candolle

Rice(1984)

(Allelopathy)

(1991)

 (Belz, 2007; Maldonado, 2001; Olofsdotter, 1999;

Wu et al., 2001)

Li et al. (2009)

 0.01 g ml-1

80%

(Abugre and Sam, 2010; 

2012 ) Ma et al. (2011)

(azelaic acid)

2.2.5
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(conservation tillage)

(Soane et al., 2012 )

(no-till)

(minimum tillage) (reduced tillage)

( 1984 2002 1988)

(Weston, 1990)

(Galloway and Weston, 1996 ; Yenish et al., 1996)
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3.1

:

3.1.1

(  3) :

: (alachlor) 41.5%  (atrazine) 50%

(butachlor) 58.8%  (diuron) 80%  (metribuzin) 70%

 (pendimethalin) 34% -

(2,4-D) 80%  (bentazon) 44.1%  (fluazifop-butyl) 

17.5  (glufosinate) 13.5%  (glyphosate) 41%

 (triclopyr) 61.6%  (metazachlor) 43.1%

 (Quinclorac) 50%  (pyrazosulfuron-ethyl) 10%

 (oxadiazon) 12%  (Oxyfluorfen) 23.5%

(S-metolachlor) 87.3% (dinitramine) 25%

(X)(  5)

3
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(

7 11 )

LF-2 80°

Hollow-Cone Nozzles 2.1 kg cm-2 0.22 m s-1

600 L ha-1

14 SAS 9.1

(SAS Institute, 1999) Duncan 

5%

3.1.2

( 7 11 )

(Chang-Kuang CK-68S)

30  16  25  8

:  (alachlor) 41.5%

 (atrazine) 50% (pendimethalin) 34%

(pyrazosulfuron-ethyl)10%

(Sunderland et al., 1991)

100 ml 3

(0-5000 mg L-1 0, 0.5, 5, 50, 500, 5000 mg L-1) 40 ml (



26

0.05, 0.005 mg L-1 )

(Chang-Kuang CK-68S) 30  16

25  8 3

(1 - / ) X 100%

50%

3.2

(SPAD) (Normalized Difference 

Vegetation Index, NDVI)  (Quantum yield , QY) 

(

7 11 ) 2 1 2

1 g pot-1 year-1 N-P2O5-K2O:14-12-14 60

~ 1~2.5 25-30

2cm 12~16hr 6-8cm

( 9 35 ) 5 g pot-1 year-1

N-P2O5-K2O:14-12-14 20~40%

6-8
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2012 8-10 

LF-2 80° Hollow-Cone Nozzles

2.1 kg cm-2 0.22 m s-1 600 L ha-1

(  4) :6

 (alachlor) 41.5%  (atrazine) 50% (butachlor) 

58.8%  (diuron) 80% (metribuzin) 70%

(pendimethalin) 34% 6 -  (2,4-D) 80%

 (bentazon) 44.1%  (fluazifop-butyl) 17.5

 (glufosinate) 13.5%  (glyphosate) 41%  (triclopyr) 

61.6% (X) X

0.5X (  7)

3

 8, 16, 24  48  (cm)

4 8 48

48

SAS 9.1

(SAS Institute) Duncan 

5%
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1.

2.  1 cm   

3.

4.  (SPAD) Konica Minolta SPAD-520

5. (NDVI): Photon Systems Instruments PlantPen 

NDVI 300

6. (QY) Photon Systems Instruments PlantPen FP

3.3

(1.6 kg ha-1) (1.4 kg ha-1) (1.6kg ha-1)

(crop growth rate CGR)

(relative growth rate RGR) leaf area ratio  LAR

2012 9 17 2.4m
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2m 2  80  ×20 1~2

 N-P2O5-K2O  160-40-80 1 (20-5-10)

40 30-40 40 20

1.6 1.4

1.6  ai./ha

2012/9/17 7

( ) ( )  55

7 ( ) : 

1 (CGR):  CGR = (W1 W2

t1 t2 )

2 (RGR):  RGR = (W1 W2

t1 t2 )

3 (LAI):  LAI = A P
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4.1

19 14

7 (1.6 kg ha-1)

(2.50 kg ha-1) (1.50 kg ha-1) (2.50 kg ha-1) (1.50 kg ha-1)

(1.50 kg ha-1) (3.00 kg ha-1) 7 - (2.00 kg ha-1)

(1.50 kg ha-1) (0.25 kg ha-1) (1.00 kg ha-1) (2.50 kg ha-1)

(1.00 kg ha-1) (1.00 kg ha-1)

13% 4% 30% 8%

4% 0% 4% - 13% 0% 4%

0% 4% 22% 27% (  5)

(1.50 kg ha-1) (1.20 kg ha-1) (1.20 kg

ha-1) (1.00 kg ha-1) (0.50 kg ha-1)

 35% 44%

61% 35% 70%

-

19

 3 500 mg L-1

50 mg L-1 500 mg 
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L-1 0.5 mg L-1

50 mg L-1

500 mg L-1

 4

95.7% 89.3%

79.5% 38.3%

95.3% 50.1%

95.5% 45.4%

50%  (IC50)  6

50% 575 4168 mg L-1

50% 562 mg L-1

50% 50%

467 mg L-1 50%

50% 1.25 mg L-1

50%
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4.2

 5~  17

(1.25, 0.63 kg ha-1)

(4 DAT ) (1.60, 0.8 kg ha-1 ) (1.50, 0.75 kg ha) 

(  16~  17) (1.50, 0.75 kg

ha) (8 DAT) (48 DAT)

(1.60, 0.8 kg ha-1 ) (8 DAT) (48

DAT) (1.60 kg ha-1 ) (0.8 kg ha-1 )

(2.00, 1.00 kg ha-1) (  15)

(8 DAT) (48 DAT) (2.00, kg ha-1)

(2.50, 1.25 kg ha-1) (1.50, 0.75 kg ha-1)

(  9  10) (8 DAT)

(48 DAT) (1.25, 0.63 

kg ha-1) (  8)

(1.00, 0.50 kg ha-1 )

24 (4 DAT ) 

(1.00, 0.50 kg ha-1 ) (  6) (48

DAT) (1.00, 0.50 kg ha-1 ) (4 DAT )

(  5) (  7)

(48 DAT) (1.00, 0.50 kg ha-1)

- (2.00, 1.00 kg ha-1) (4 DAT ) (  9  12)

(  5) (48 DAT) - (1.00 

kg ha-1) (1.20, 0.60 kg ha-1) (4 DAT )

(  14) (48 DAT)
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(0.25, 0.13 kg ha-1) ( 11)

(  8)

(8 DAT) (1.60 kg ha-1) (1.50 kg ha-1)

16 DAT 24 DAT (1.25 kg ha-1)

48 DAT (1.25 kg ha-1)

(0.75 kg ha-1)

(1.60 kg ha-1) (2.00 kg ha-1) (1.50, 0.75 kg ha-1)

( ) (8 DAT) (1.25 kg ha-1)

(1.50, 0.75 kg ha-1) (1.25 kg ha-1)

16 DAT 24 DAT (1.25 kg ha-1) (1.50, 0.75 kg ha-1)

(1.25 kg ha-1)

48 DAT (1.25 kg ha-1) (1.50, 0.75 kg ha-1) (1.25,0.63 kg ha-1)

(  9)

8 DAT 16 DAT

24 DAT

48 DAT (0.80 kg ha-1) (0.63 kg ha-1)

(

10)

(8 DAT)

16 DAT

(1.60 kg ha-1) (2.00 

kg ha-1) (1.50, 0.75 kg ha-1) (48 DAT) (0.80 kg 
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ha-1) (1.00 kg ha-1)

(2.50 kg ha-1)

(1.25 kg ha-1) 48 DAT

( 11)

(SPAD) (NDVI)

QY

(1.60, 0.8 kg ha-1 ) (2.00, 1.00 kg ha-1) (1.50, 0.75 kg 

ha-1) (  18  20  21) (1.60, 0.8

kg ha-1 ) 8 DAT 16 DAT

48 DDA (0.8 kg ha-1 )

(1.60 kg ha-1 ) (1.50, 0.75 kg ha-1) 

4 DAT NDVI SPAD QY 16 DAT 24 DAT

NDVI QY SPAD 48 DAT

(2.00, 1.00 kg ha-1) 8 DAT

16 DAT 24 DAT 48 DDA ( 1.00 kg ha-1)

(2.00 kg ha-1)

(2.50, 1.25 kg ha-1) (1.50, 0.75 kg ha-1) (1.25, 0.63 kg ha-1)

(1.00, 0.50 kg ha-1 ) (1.00, 0.50 kg ha-1)

(1.20, 0.60 kg ha-1) (1.00, 0.50 kg ha-1 ) 4 DAT

QY 16 DAT

NDVI SPAD (1.00, 0.50 kg ha-1) 8 DAT

16 DAT (1.20, 0.60 kg ha-1) 4 DAT 8 DAT

16 DAT
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(1.00, 0.50 kg ha-1 ) (0.25, 0.13 kg ha-1) - (2.00, 1.00 

kg ha-1) 

(1.60 kg ha-1)

(2.00 kg ha-1) (1.50, 0.75 kg ha-1)

100% (0.80 kg ha-1) 53% 39% 33%

46% (1.00 kg ha-1)

67% 40% 78% 59% (2.50 kg ha-1)

24% (1.25 kg ha-1) (1.50, 0.75 kg ha-1) (1.25, 0.63kg ha-1)

(0.75 kg ha-1)

(  12)

(1.60 kg 

ha-1) (2.00 kg ha-1) (1.50, 0.75 kg ha-1)

100% (2.50 kg ha-1) (0.80 kg ha-1) (1.00 kg ha-1)

(1.25, 0.63 kg ha-1)

(1.25 kg ha-1) (1.50, 0.75 

kg ha-1) (0.80 kg ha-1) (1.25, 0.63)

(  13)

(0.13 kg ha-1)

16 DAT (1.00, 0.50 kg ha-1)

(1.00, 0.50 kg ha-1) 24 DAT - (2.00 kg ha-1)

48 DAT - (1.00 kg ha-1) (2.50, 1.25 kg ha-1)
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(1.50, 0.75 kg ha-1) (0.25 kg ha-1)

(0.13 kg ha-1)

(  14)

(8 DAT)

(0.13 kg ha-1)

16 DAT 24 DAT -

(2.00 kg ha-1) 48 DAT (0.75 kg ha-1) (0.25, 

0.13) - (1.00 kg ha-1) (1.50 kg 

ha-1) (2.50, 1.25 kg ha-1)

(  15)

8 DAT - (0.50 kg ha-1)

- 16 DAT

- (2.00 kg ha-1) 24 DAT (1.50 kg ha-1)

(0.75 kg ha-1) 16 DAT

(0.25, 0.13 kg ha-1)

(2.50, 1.25 kg ha-1) (24 DAT, 48 DAT)

(  16)

(8 DAT)

- (2.00 kg ha-1) (1.50 kg ha-1) (1.00, 0.50 kg ha-1) (2.50, 

1.25 kg ha-1) (1.00 kg ha-1)

- 16 DAT (1.00, 

0.50 kg ha-1) (1.00, 0.50 kg ha-1) 16 DAT - (2.00 

kg ha-1) 24 DAT
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(  17)

- (2.00 kg ha-1) (1.00, 0.50 kg ha-1)

(1.50, 0.75 kg ha-1) 100% - (2.00 

kg ha-1) 85% 60% 59%

73% (2.50 kg ha-1) 100% 80% 83%

91% (1.25 kg ha-1)

96% 75% 72% 87% -

(  18)

- (2.00 

kg ha-1) (1.00, 0.50 kg ha-1) (1.50, 0.75 kg ha-1)

100% - (1.00 kg ha-1)

(2.50, 1.25 kg ha-1)

(1.20, 0.60 kg ha-1) (0.25, 0.13 kg 

ha-1) (  19)

4.3

(1.6 kg ha-1) (1.4 kg 

ha-1) (1.6kg ha-1) 3~4  6~7

(  24 A-B)

(  25) CGR

RGR

(  26) CGR

RGR (1.6 kg ha-1)
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(1.4 kg ha-1) (1.6kg ha-1)
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5.1

14

II

2-3

( 2008a)

( 2008a) -

(Luo et al., 

2002)

(1.50 kg ha-1) (1.20 kg ha-1) (1.20 kg ha-1)

(1.00 kg ha-1) (0.50 kg ha-1)

acetolactase synthase (ALS) 

(Usui, 2001)

Chloroacetamides

glutathione S-transferase

(Fuerst et al., 1987)

(Achhireddy et al., 1984; Schroede, 1992)
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50% 500 mg L-1 50%

500 mg L-1 50% 5 mg L-1 

(2008b) 50% 1.6 ppm 

(2007) 50% 13 ppm

(2006) 50%

62-170 ppm (1994) 50% 22

16 ppm Phewnil et al(2012) 50% 13.4

ppm

19 14

5.2

II (photosystem II)

(Cobb, 1992; Devine et al., 1993)

16 DAT ( 11) (1.60 kg ha-1) (2.00 kg ha-1)

(1.50, 0.75 kg ha-1) (0.80 kg ha-1)
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(1.00 kg ha-1) ( 5 6) Erasmo et al. 

(2009) (3.00 kg ha-1)

(2.00 kg ha-1)

30 cm Erasmo et al. (2009)

(2.50 kg ha-1)

(1.25 kg ha-1) (1.50, 0.75 kg ha-1)

(1.25 kg ha-1)

(Erasmo et al., 2009)

(1.50 kg ha-1) 10%

(Rocha et al., 2010)

- (Cobb, 

1992; Devine et al., 1993)

glutamine synthetase (GS)

 ( 2000)

EPSP (Cobb, 

1992; Devine et al., 1993)

(  17 18)
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glutamine synthetase (GS)

(Coetzer and Al-Khatib,

2001)

6 6

(1.25 kg ha-1) (1.50, 0.75 kg ha-1) (1.25, 0.63 kg ha-1)

(1.20, 0.60 kg ha-1) (0.25, 0.13 kg ha-1)
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5.3

( 2007) (  24)

(Gaynor  

et al., 1992; Shimabukuro et al., 1971)

(Sprankle et al., 1975)

(1.6 kg ha-1)

(1.4 kg ha-1) (1.6kg ha-1) (1.6

kg ha-1) (1.4 kg ha-1) (1.6kg ha-1)
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(1.25 kg ha-1) (1.50, 0.75 

kg ha-1) (1.25, 0.63 kg ha-1) (1.20, 0.60 kg ha-1)

(0.25, 0.13 kg ha-1)

(1.6 kg ha-1) (1.4 kg ha-1)

(1.6kg ha-1)
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, - 2,4-D - 80%

Alachlor 41.5%

Atrazine 50%

Bentazon 44.1%

Butachlor 60%

Dinitramine 25%

Diuron 40%

Fluazifop-butyl 17.5

Glufosinate 13.5%

Glyphosate 41%

Metazachlor 43.1%

Metribuzin 70%

Oxadiazon 43.1%

Oxyfluorfen 23.5%

Pendimethalin 34%

Pyrazosulfuron-ethyl 10%

Quinclorac 50%

S-metolachlor - 87.3%

Triclopyr 61.6%
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Atrazine 50.%

Diuron 40.%

Metribuzin 70.%

Alachlor 41.5%

Butachlor 60.%

Pendimethalin 34.%

Glyphosate 41.%

Glufosinate 13.5%

, - 2,4-D - 80.%

Triclopyr 61.6%

Bentazon 44.1%

Fluazifop-butyl 17.5%



57

 2

Fig. 2. Average day temperature in taipei during experiment. 
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Table 5. Germination rate of Jatropha curcas seeds treated by herbicides 

Herbicide Rate Application2) Germination rate
----kg ai ha-1--- ---- % ----

Control - - 76.7a1)

Alachlor 2.50 pre 73.3ab

Atrazine 1.60 pre 66.6abc

Butachlor 1.50 pre 53.3abc

Diuron 2.00 pre 70.0ab

Metribuzin 1.50 pre 73.3ab

Pendimethalin 1.25 pre 76.7a

2,4-D 2.00 post 66.7abc

Bentazon 1.50 post 73.3ab

Dinitramine 3.00 post 73.3ab

Fluazifop-butyl 0.25 post 73.3ab

Glufosinate 1.00 post 76.7a

Glyphosate 2.50 post 73.3ab

Metazachlor 1.50 post 50.0bcd

Oxadiazon 5.00 post 30.0bcd

Oxyfluorfen 1.00 post 50.0de

Pyrazosulfuron-ethyl 0.50 post 23.3e

Quinclorac 1.00 post 56.7abc

S-metolachlor 1.20 post 43.3cde

Triclopyr 1.00 post 60.0abc

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) pre, pre-emergence herbicide; post, post-emergence herbicide. 
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(A) (B) (C) (D) 
Fig. 3. Effect of different concentration (mg L-1) of herbicides on growth of Jatropha 
curcas seedling. (A) Alachlor; (B) Atrazine; (C) Pendimethalin; (D) 
Pyrazosulfuron-ethyl. 
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Fig. 4. Dose-response of Jatropha curcas to alachlor based on the root and hypocotyl 
elongation assay.    
Percentage inhibition was determined by the formula: [(control plant length − plant 
length incubated with alachlor)/control plant length] × 100. Means ± SE from 
experiment with three replicates for each treatment are shown. 
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Table 6. Herbicide concentrations causing 50% inhibition of root and hypocotyl 
elongation of Jatropha curcas seedling. 

Herbicide Part IC 50 Regression equation

Alachlor R 575 Y=6.60 + 2.81 (logX) + 4.66 (logX)2 R2=0.99

H 4,168 Y=2.39+ 8.12 (logX) + 1.38 (logX)2 R2=0.99

Atrazine R 562 Y=5.02 + 4.30(logX) + 4.38(logX)2 R2=0.99

H 32,359 Y=1.00 + 6.48(logX) + 0.97 (logX)2 R2=0.97

Pendimethalin R 467 Y=3.55 - 0.37 (logX) + 6.52 (logX)2 R2=0.97

H 10,715 Y=1.93 + 6.03 (logX) + 1.46 (logX)2 R2=0.98

Pyrazosulfuron-

ethyl

R 0.003 Y= 83.09 + 9.10 (logX) -1.68 (logX)2 R2=0.97

H 1.25 Y= 48.21 + 16.84 (logX) -1.17 (logX)2 R2=0.93
1) R, Root , H, hypocotyl. 
2) IC 50(mg L-1): The concentrations required for 50% growth inhibition of hypocotyls and roots  
3) Investigation at 3 days after herbicides treatment. 
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6 Glufosinate
Fig. 6. The effects of the Glufosinate on the growth in Jatropha curcas.
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7 Glyphosate
Fig. 7. The effects of the Glyphosate on the growth in Jatropha curcas.
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8 Pendimethain
Fig. 8. The effects of the Pendimethain on the growth in Jatropha curcas.
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9 Butachlor
Fig. 9. The effects of the Butachlor on the growth in Jatropha curcas.
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10 Alachlor
Fig. 10. The effects of the Alachlor on the growth in Jatropha curcas.
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11 Fluazifop-butyl
Fig. 11. The effects of the Fluazifop-butyl on the growth in Jatropha curcas.
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12 2,4-D
Fig. 12. The effects of the 2,4-D on the growth in Jatropha curcas.
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13 Triclopyr
Fig. 13. The effects of the Triclopyr on the growth in Jatropha curcas.
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14 Bentazon
Fig. 14. The effects of the Bentazon on the growth in Jatropha curcas.



72

15 Diuron
Fig. 15. The effects of the Diuron on the growth in Jatropha curcas.
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16
Fig. 16. The effects of the Metribuzin on the growth in Jatropha curcas.
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17 Atrazine
Fig. 17. The effects of the Atrazine on the growth in Jatropha curcas.
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Table 7. Formulation, application, and rate of herbicides tested. 

Name Formulation1 Application2
Rate

Kg ai ha-1 (X)3 0.5X
Alachlor EC pre 2.50 1.25
Atrazine WP pre 1.60 0.80
Butachlor EC pre 1.50 0.75
Diuron WP pre 2.00 1.00
Metribuzin WP pre 1.50 0.75
Pendimethalin EC pre 1.25 0.63
2,4-D SP post 2.00 1.00
Bentazon SL post 1.20 0.60
Fluazifop-butyl EC post 0.25 0.13
Glufosinate SL post 1.00 0.50
Glyphosate SL post 2.50 1.25
Triclopyr EC post 1.00 0.50

1) EC, emulsifiable concentrate; SL, soluble concentrate; SP, water-soluble powder; WP, wettable powder. 
2) pre, pre-emergence herbicide; post, post-emergence herbicide. 
3) a.i., active ingredient. 
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Table 8. Changes in plant height (cm) of Jatropha curcas after treatment of 
pre-emergence herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control -- 46.0ab
1 52.0ab 57.7a 71.8ab

Alachlor 2.50 41.3bcde 39.9ef 41.9cd 55.9ef

1.25 48.2a 53.5a 57.8a 66.9bc

Atrazine 1.60 36.0f 36.8fg 39.3d –3

0.80 46.0ab 45.1cd 48.5bc 61.3cde

Butachlor 1.50 40.8cdef 43.7de 49.8b 63.2cd

0.75 45.9ab 48.4bc 50.2b 73.8a

Diuron 2.00 37.8ef 33.7g 44.2bcd –

1.00 40.1cdef 40.5ef 46.8bc 54.1f

Metribuzin 1.50 44.6abcd 45.3cd 45.2bcd –

0.75 45.5abc 46.1cd 46.4bc –

Pendimethalin 1.25 42.0bcde 42.6de 47.5bc 56.5ef

0.63 43.9abcd 45.8cd 51.0b 59.5def

F-vaule 5.60** 2 15.64** 6.97** 255.39**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%. 
3) – represented the death of plants. 
4) a.i., active ingredient. 
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Table 9. Changes in stem diameter (cm) of Jatropha curcas after treatment of 
pre-emergence herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control -- 1.34a
1 1.47a 1.56ab 1.78ab

Alachlor 2.50 0.98f 1.04cdef 1.24d 1.47cd

1.25 1.33a 1.38ab 1.53ab 1.70ab

Atrazine 1.60 0.99f 1.01def 1.04ef –3)

0.80 1.14de 1.13cd 1.15de 1.32de

Butachlor 1.50 1.25abcd 1.36ab 1.46bc 1.77ab

0.75 1.28abc 1.37ab 1.50abc 1.83a

Diuron 2.00 1.06ef 0.95f 0.98f –

1.00 1.00f 0.99ef 1.02ef 1.27e

Metribuzin 1.50 1.17bcde 1.16c 1.14de –

0.75 1.11ef 1.12cde 1.12de –

Pendimethalin 1.25 1.29ab 1.40ab 1.62a 1.58bc

0.63 1.15cde 1.30b 1.40c 1.61bc

F-vaule 9.34** 2 17.67** 31.30** 159.31**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%. 
3) – represented the death of plants. 
4) a.i., active ingredient. 
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Table 10. Changes in branch number of Jatropha curcas after treatment of 
pre-emergence herbicides. 1  

Herbicide Rate
(kg ai ha-1)5

Day after treatment (DAT)
8 16 24 48

Control -- 1.0(1.2)cd
2 1.0(1.2)cd 0.7(1.1)cd 0.7(1.1)d

Alachlor 2.50 2.0(1.5)bc 3.0(1.7)bc 3.0(1.9)ab 1.0(1.2)cde

1.25 4.0(2.1)ab 5.7(2.4)ab 3.7(2.0)ab 2.7(1.7)bcd

Atrazine 1.60 0.0(0.7)d 2.0(1.5)cd 2.7(1.6)bc –4

0.80 2.0(1.6)bc 5.7(2.5)ab 2.0(1.5)bcd 7.7(2.8)a

Butachlor 1.50 1.0(1.2)cd 6.0(2.5)ab 2.0(1.6)bc 2.7(1.6)bcd

0.75 2.0(1.5)bc 2.7(1.7)bc 2.0(1.6)bc 2.7(1.7)bcd

Diuron 2.00 0.7(1.1)cd 0.7(1.1)cd 0.7(1.1)cd –

1.00 0.7(1.1)cd 0.7(1.1)cd 0.0(0.7)d 3.7(2.0)bc

Metribuzin 1.50 0.7(1.1)cd 1.0(1.2)cd 0.7(1.1)cd –

0.75 0.0(0.7)d 0.0(0.7)d 0.7(1.1)cd –

Pendimethalin 1.25 4.7(2.3)a 7.7(2.9)a 6.0(2.5)a 2.7(1.7)bcd

0.63 2.0(1.6)bc 3.0(1.9)bc 3.0(1.9)ab 5.0(2.3)ab

F-vaule 4.45** 3 6.45** 4.73** 8.13**

1) The original data were transformed into √x +0.5 and are highlighted in parentheses.
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) – represented the death of plants. 
5) a.i., active ingredient. 
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Table 11. Changes in leaf number of Jatropha curcas after application of pre-emergence 
herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control -- 16.0ab
1 18.0ab 22.7b 28.7ab

Alachlor 2.50 12.7b 14.7c 17.0c 22.7c

1.25 16.7a 19.7a 22.0b 28.0ab

Atrazine 1.60 13.0b 5.0d 7.7d –3

0.80 14.0ab 5.0d 6.7de 15.0d

Butachlor 1.50 14.7ab 16.7bc 20.0bc 25.0bc

0.75 15.0ab 17.7ab 21.7bc 31.0a

Diuron 2.00 14.7ab 3.7d 2.7e –

1.00 12.7b 4.0d 5.7de 11.7d

Metribuzin 1.50 15.7ab 4.0d 2.7e –

0.75 15.7ab 5.0d 4.0de –

Pendimethalin 1.25 15.0ab 17.0bc 19.0bc 22.0c

0.63 15.0ab 20.0a 27.0a 27.0b

F-vaule 1.42ns 2 68.93** 36.00** 113.75**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%, ns - not significant. 
3) – represented the death of plants. 
4) a.i., active ingredient. 
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Table 12. Leaf, stem, root and total plant fresh weight (g) of Jatropha curcas in the 48 
days after treatment of pre-emergence herbicides.1

Herbicide Rate
(kg ai ha-1) 4 Leaf Stem Root Total plant

Control - 127.2(0)b
2 82.7(0)b 31.7(0)bc 241.6(0)b

Alachlor 2.50 84.0(34)c 80.1(3)b 20.5(35)e 184.5(24)c

1.25 118.2(7)b 100.3(-7)ab 28.7(9)cd 247.2(-2)b

Atrazine 1.60 0.0(100)e 0.0(100)d 0.0(100)f 0.0(100)e

0.80 60.0(53)d 50.1(39)c 21.3(33)e 131.4(46)d

Butachlor 1.50 109.1(14)b 88.7(-7)b 38.0(-20)ab 235.7(2)b

0.75 167.1(-31)a 119.1(-44)a 41.2(-30)a 327.4(-35)a

Diuron 2.00 0.0(100)e 0.0(100)d 0.0(100)f 0.0(100)e

1.00 42.5(67)d 49.2(40)c 7.0(78)f 98.7(59)d

Metribuzin 1.50 0.0(100)e 0.0(100)d 0.0(100)f 0.0(100)e

0.75 0.0(100)e 0.0(100)d 0.0(100)f 0.0(100)e

Pendimethalin 1.25 124.2(2)b 89.9(-9)b 29.4(7)cd 243.5(-1)b

0.63 133.1(-5)b 82.9(0)b 23.3(27)de 239.2(1)b

F-vaule 59.96** 3 31.47** 40.47** 52.26**

1) The inhibitions in percentage relative to untreated control are highlighted in parentheses. 
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) a.i., active ingredient. 
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Table 13. Leaf, stem, root and total plant dry weight (g) of Jatropha curcas in the 48 
days after treatment of pre-emergence herbicides.1

Herbicide Rate
(kg ai ha-1) 4 Leaf Stem Root Total plant

Control - 16.9(0)b
2 15.8(0)b 6.2(0)a 38.9(0)bcd

Alachlor 2.50 10.9(36)c 16.8(-6)b 3.6(41)bcd 31.3(20)de

1.25 16.9(0)b 24.1(-52)a 6.2(0)a 47.2(-21)ab

Atrazine 1.60 0.0(100)e 0.0(100)c 0.0(100)e 0.0(100)f

0.80 7.1(58)d 21.3(-35)ab 3.3(47)cd 31.7(18)de

Butachlor 1.50 15.2(10)b 20.3(-28)ab 6.6(-7)a 42.1(-8)bc

0.75 21.5(-27)a 24.6(-55)a 7.2(-16)a 53.2(-37)a

Diuron 2.00 0.0(100)e 0.0(100)c 0.0(100)e 0.0(100)f

1.00 6.1(64)d 16.9(-7)b 2.5(59)d 25.5(34)e

Metribuzin 1.50 0.0(100)e 0.0(100)c 0.0(100)e 0.0(100)f

0.75 0.0(100)e 0.0(100)c 0.0(100)e 0.0(100)f

Pendimethalin 1.25 14.7(13)b 15.6(1)b 4.8(22)b 35.1(10)cde

0.63 14.2(16)b 15.2(4)b 4.2(33)bc 33.6(14)cde

F-vaule 59.78** 3 21.47** 37.19** 36.69**

1) The inhibitions in percentage relative to untreated control are highlighted in parentheses. 
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) a.i., active ingredient. 
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Table 14. Changes in plant height (cm) of Jatropha curcas after application of 
post-emergence herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control -- 46.0a
1 52.0a 57.7a 71.8a

2,4-D 2.00 31.8ef 28.8e –3 –

1.00 36.9cd 36.8c 29.5d 27.0e

Bentazon 1.50 33.0def 34.6cd 40.4c 58.5bc

0.75 35.0de 36.1c 44.3c 57.5c

Fluazifop-butyl 0.25 41.6b 46.0b 50.0b 63.5b

0.13 46.2a 50.2a 56.3a 70.8a

Glufosinate 1.00 30.5f – – –

0.50 40.8bc – – –

Glyphosate 2.50 32.2ef 31.5de 28.8d 26.0e

1.25 33.1def 33.5cd 32.5d 32.5d

Triclopyr 1.00 40.2bc – – –

0.50 43.1ab – – –

F-vaule 16.25** 2 353.89** 254.92** 275.31**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%. 
3) – represented the death of plants. 
4) a.i., active ingredient. 
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Table 15. Changes in stem diameter (cm) of Jatropha curcas after application of 
post-emergence herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control -- 1.34a
1 1.47a 1.56a 1.78a

2,4-D 2.00 1.08cdef 0.98e –3 –

1.00 0.98f 1.13bcd 1.07cd 1.40b

Bentazon 1.50 0.99f 1.02de 1.17c 1.46b

0.75 1.09cdef 1.16bc 1.32b 1.63a

Fluazifop-butyl 0.25 1.14bcd 1.25b 1.42b 1.69a

0.13 1.35a 1.39a 1.57a 1.80a

Glufosinate 1.00 1.13bcde – – –

0.50 1.19bc – – –

Glyphosate 2.50 1.01def 1.01e 0.96e 0.95c

1.25 1.10bcdef 1.05cde 1.06de 1.06c

Triclopyr 1.00 1.00ef – – –

0.50 1.22b – – –

F-vaule 9.99** 2 218.62** 357.24** 198.71**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%. 
3) – represented the death of plants.  
4) a.i., active ingredient. 
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Table 16. Changes in branch number of Jatropha curcas after treatment of 
post-emergence herbicides. 1

Herbicide Rate
(kg ai ha-1) 5

Day after treatment (DAT)
8 16 24 48

Control - 1.0(1.2)b
2 1.0(1.2)de 0.7(1.1)de 0.7(1.1)de

2,4-D 2.00 2.7(1.8)a 0.0(0.7)e –4 –

1.00 4.0(2.1)a 0.7(1.1)de 0.0(0.7)e 1.0(1.2)cd

Bentazon 1.50 0.0(0.7)c 2.0(1.5)cd 1.7(1.4)cd 0.0(0.7)e

0.75 0.0(0.7)c 6.7(2.6)a 4.7(2.2)b 3.7(2.0)b

Fluazifop-butyl 0.25 2.7(1.8)a 3.0(1.9)bc 2.0(1.6)c 1.7(1.5)c

0.13 3.0(1.9)a 4.0(2.1)ab 2.0(1.6)c 1.7(1.5)c

Glufosinate 1.00 0.0(0.7)c – – –

0.50 0.0(0.7)c – – –

Glyphosate 2.50 0.0(0.7)c 0.0(0.7)e 3.7(2.0)b 7.7(2.9)a

1.25 1.7(1.4)b 1.0(1.2)de 6.7(2.7)a 8.0(2.9)a

Triclopyr 1.00 0.0(0.7)c – – –

0.50 3.0(1.9)a – – –

F-vaule 22.49** 3 11.71** 19.37** 47.62**

1) The original data were transformed into √x +0.5 and are highlighted in parentheses.
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) – represented the death of plants. 
5) a.i., active ingredient. 
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Table 17. Changes in leaf number of Jatropha curcas after treatment of post-emergence 
herbicides.  

Herbicide Rate
(kg ai ha-1) 4

Day after treatment (DAT)
8 16 24 48

Control - 16.7ab
1 18.0a 20.0b 30.7a

2,4-D 2.00 12.7def 4.7c –3 –

1.00 14.7bcd 6.0c 3.0d 3.7c

Bentazon 1.50 12.0efg 12.0b 15.0c 25.0b

0.75 14.7bcd 12.0b 15.0c 23.7b

Fluazifop-butyl 0.25 16.0abc 18.0a 21.7b 30.0a

0.13 17.7a 19.0a 24.7a 31.0a

Glufosinate 1.00 10.0g – – –

0.50 13.7cde – – –

Glyphosate 2.50 7.7h 3.0cd 0.7e 0.0d

1.25 11.0fg 4.7c 2.0de 5.7c

Triclopyr 1.00 12.0efg – – –

0.50 15.0bcd – – –

F-vaule 13.99** 2 39.05** 206.02** 173.18**

1) Means followed by the same letter within a column are not significantly different (Duncan test, p = 
0.05) 

2) ** Significant at 1%. 
3) – represented the death of plants. 
4) a.i., active ingredient. 
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Table 18. Leaf, stem, root and total plant fresh weight (g) of Jatropha curcas in the 48 
days after treatment of post-emergence herbicides.1

Herbicide Rate
(kg ai ha-1) 4 Leaf Stem Root Total plant

Control - 127.2(0)ab
2 82.7(0)b 31.7(0)a 241.6(0)b

2,4-D 2.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)d

1.00 19.4(85)d 32.8(60)c 13.1(59)b 65.4(73)c

Bentazon 1.20 106.2(17)bc 80.2(3)b 25.8(19)a 212.1(12)b

0.60 95.8(25)c 101.8(-23)ab 26.2(17)a 223.8(7)b

Fluazifop-butyl 0.25 125.4(1)ab 92.6(-12)ab 31.7(0)a 249.6(-3)ab

0.13 140.3(-10)a 109.8(-33)a 34.7(-9)a 284.8(-18)a

Glufosinate 1.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)d

0.50 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)d

Glyphosate 2.50 0.0(100)d 16.3(80)cd 5.5(83)bc 21.7(91)d

1.25 5.0(96)d 20.9(75)cd 8.8(72)bc 34.7(87)cd

Triclopyr 1.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)d

0.50 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)d

F-vaule 63.34** 3 32.86** 19.53** 87.52**

1) The inhibitions in percentage relative to untreated control are highlighted in parentheses. 
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) a.i., active ingredient. 
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Table 19. Leaf, stem, root and total plant dry weight (g) of Jatropha curcas in the 48 
days after treatment of post-emergence herbicides.1

Herbicide Rate
(kg ai ha-1) 4 Leaf Stem Root Total plant

Control - 16.9(0)ab
2 15.8(0)a 6.2(0)a 38.9(0)a

2,4-D 2.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)e

1.00 2.8(84)d 14.1(11)ab 1.8(71)c 18.7(52)d

Bentazon 1.20 13.0(23)c 9.4(40)b 4.4(28)b 26.9(31)c

0.60 12.5(26)c 14.6(8)a 4.5(27)b 31.6(19)b

Fluazifop-butyl 0.25 14.0(17)bc 16.4(-4)a 5.8(6)ab 36.2(7)a

0.13 18.4(-9)a 16.3(-3)a 5.7(8)ab 40.4(-4)a

Glufosinate 1.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)e

0.50 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)e

Glyphosate 2.50 0.0(100)d 2.3(86)c 0.8(87)cd 3.1(92)e

1.25 0.5(97)d 2.5(84)c 1.3(80)cd 4.3(89)e

Triclopyr 1.00 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)e

0.50 0.0(100)d 0.0(100)d 0.0(100)d 0.0(100)e

F-vaule 54.16** 3 19.59** 24.98** 142.88**

1) The inhibitions in percentage relative to untreated control are highlighted in parentheses. 
2) Means followed by the same letter within a column are not significantly different (Duncan test, p = 

0.05) 
3) ** Significant at 1%. 
4) a.i., active ingredient. 
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Fig. 18. Effects of pre-emergence herbicides on Jatropha curcas leaf 
chlorophyll content index SPAD value .
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Fig. 19. Effects of post-emergence herbicides on Jatropha curcas s leaf 
chlorophyll content index SPAD value .
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Fig. 20. Effects of pre-emergence herbicides on Jatropha curcas leaf 
chlorophyll fluorescence parameter Fv’/Fm’.

b

c
a b

a
a b

a

b

c

b

bb

b b

ab
a

a

a

a

a a a a

b

a

b

a

b

a

b

a

bb

bb

a a a
a

c aa ab

b

aaa
b

b

a a aa a

b

aa
b

a a a
a aaa a

aaa
aa

a ba b

c

bb a
a

a
ba a

b

a abb



91

0

0

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0.2

0.4

0.6

0.8

1

4 8 16 24 48

Control 0.5X X

0

0

Day after treatment

N
D

V
I

Alachlor

Atrazine

Butachlor

Diuron

Metribuzin

Pendimethalin

21
Fig. 21. Effects of pre-emergence herbicides on Jatropha curcas leaf 
normalized difference vegetation index.
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22
Fig. 22. Effects of pre-emergence herbicides on Jatropha curcas leaf 
chlorophyll content index.
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Fig. 23. Effects of post-emergence herbicides on Jatropha curcas leaf normalized 
difference vegetation index.
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 25 (A)

LAI (B)

Fig. 25. Cumulative dry weight, crop growth rate, relative growth rate and leaf area 

index of Jatropha curcas with no-till cultivation. 
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 26 (A)
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Fig. 26. Cumulative dry weight, crop growth rate, relative growth rate and leaf area 

index of corn with no-till cultivation.


