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nitric oxide synthase (iNOS) protein kinase C (PKC) EGF-receptor tyrosine kinase (RTK) 
(Lin & Lin-Shiau, 2001) 12-0-teradecanoyl phorbol-13-acetate (TPA) DNA

 (Lin 2001) Miquel (2002) 
 (hepatic injury)  (psoriasis) Na (2000) 

Lai (1976) 
1995

77,400  (Singh & Randhawa 1985)
 (Chiu 1993a)  (Chiu 1993b) 

 (Hu 1996) 
28  (1,000 mg/kg)  (Liao 2003)

 (Curcuma longa L.)
(A) 9,000 kg (N 1.28% P2O5 2.1% K2O 1.35%) (B) 
9,000 kg (N 1.3% P2O5 1.4% K2O 1.0%) (C)  (N:P2O5:K2O =90:40:100 kg) (D) 

2,400 kg (N 3.9% P2O5 2.231% K2O 1.71%)  (CK) 
RCBD 4 22.4 m2 2005 3 23 4 11 5 30 6

27 2006 4 3
4 24 5 20 6 19

1000 2 90 120
180

 (American Society of Agronomy) 
 (Klute 1986; Weaver et al. 1994)

pH 20 g 50 mL 20 mL
1 2 pH  (Suntex SP-701) pH

20 g 150 mL
100 mL 2 2  (Suntex SC-170) 

EC
1 g 125 mL 10 mL

1N K2Cr2O7 10 mL 80 mL
600 nm  (Hitachi U-2000) 

1 g 50 mL
10 mL 0.25 NHCl 1 N NH4F 40

ICP Jobin-Yvon ULTIMA-C
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3 g 30 mL
30 mL 1N NH4OAc 1 ICP

 (Fe Mn Cu Zn Cd Cr Ni Pb) 
CNS  (1982) 4 g 5 mL 95%

2%H2SO4 550
3 5 mL

25 mL
100 mL  (Inductively Coupled Plasma-mass 

Spectrometer ICP)  (Fe Mn Cu Zn Cd Cr Ni Pb) 

1998
 (Anonymous 1988)

 (Curcumin) 
95% 430 nm

Sigma C-1386
 (least significant different, LSD) 

1 pH 7.18
1.23% 20.6 mg/kg 66.8 mg/kg
1148.1 mg/kg 185.2 mg/kg 0.068 d/Sm 1

Fe Mn Cu Zn Cd Cr Ni Pb As
2003 9 15

2 12.3 ppm 5 ppm  7.3 ppm
5 ppm 6.9 ppm 

3

1.

Table 1. Soil properties of experimental field at Agricultural Research Institute before planting turmeric (Curcuma 

longa L.) 

Soil depth 
(cm) pH Organic 

matters (%) 
P

(mg/kg)
K

(mg/kg)
Ca

(mg/kg)
Mg

(mg/kg)
EC

dS/m Texture 

0-15 7.20 1.32 26.2 72.4 1144.2 182.8 0.068 Loam 
15-30 7.16 1.14 15.0 61.2 1152.0 187.6 0.068 Loam 
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2.
Table 2. Concentration of heavy metals and mineral elements in chicken manure 

Item Tested value Standard 
value  Item Tested value Standard 

value
Water content (%) 33.5 z  Cu (mg/kg) 83.8 100 
pH value 8.6  Fe (mg/kg) 3499 
Organic matter (%) 2.2  Mn (mg/kg) 556 
N (%) 1.28  Zn (mg/kg) 51.3 800 
P2O5 (%) 2.1   Cd (mg/kg) 0.74 5 
K2O (%) 1.35  Cr (mg/kg) 73.9 150 
Mg (%) 0.87  Ni (mg/kg) 7.9 25 
Na (%) 0.3  Pb (mg/kg) 150
Ca (%) 21.2     
z  : Not detected. 

3.
Table 3. Concentration of heavy metals and mineral elements in irrigation water 

Tested value Item
(2005) (2006) 

Standar value 

pH value 7.82 7.65 6-9 
EC value (μS/cm) 347 322 750 
NH4-N (μg/mL) 0.09 z

NO3-N (μg/mL) 8.7 
SO4 (μg/mL) 84 71 200 
Cl (μg/mL) 4 3 175 
CODy (ppm) 21.71 
Total N (%) 2.07 2.1 10 
Cu (ppm) 0.016 0.01 0.2 
Zn (ppm) 0.049 0.04 2 
Cd (ppm) 0.013 0.001 0.01 
Cr (ppm) 0.011 0.003 0.1 
Ni (ppm) 0.013 0.004 0.5 
Pb (ppm) 0.014 0.004 0.1 
As (ppm) 0.012 0.002 0.1 
Al (ppm) 9.2 6.9 5 
P (μg/mL) 9.2 0.17 0.29 
S (μg/mL) 23.9  
Na (μg/mL) 8.9 11.2 
K (μg/mL) 5.8 1.9 
Ca (μg/mL) 43.6 41.5 
Mg (μg/mL) 12.5 11.1 
Fe (μg/mL) 12.3 2.7 5 
Mn (μg/mL) 0.17 0.06 0.2 
B (μg/mL) 0.025 0.014 0.7 
SARx ( meq/L) 0.3 l 0.4 6 
z No data. 
y COD=chemical oxygen demand. 
x

2
/ MgCaNaSAR ( Na, Ca, Meg meq/L) ) 
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Cu Zn Cd Cr Ni Pb CK
A CK Cu (6.81:5.53) Zn (51.43:30.83) Cd (1.29:0.33)

Cr (0.97:0.73) Ni (2.57:1.46) Al B CK
A B CK 4

120 180 A 25.6 cm 52.8 cm
5.8 B 22.2 cm 54.4 cm 6 C
25.1 cm 54.0 cm 5.6 6.0 D 25.4 cm 53.6 cm

6 CK 22.4 cm 44.5 cm 5.7 6.0

120 180 A 56.2 cm 106.5 cm
5.9 6.9 B 62.7 cm 96.6 cm 5.4 6.5 C

65.9 cm 103.8 cm 5.9 6.6 D 65.8 cm 99.8 cm
5.9 6.0 CK 65.6 cm 96.3 cm 5.9 6.4 5

4
A 64.0 g 11.7% B 59.5 g 12.7% C

57.0 g 10.1% D 50.5 g 9.6% CK 73.0 g 15.3%
A 284.5 g 208 g

50.9% 37.3% B 220.0 g 219.0 g 45.2% 42.1% C
321.0 g 194.5 g 55.2% 34.7% D 284.5 g 212.5 g

52.3% 38.4% CK 220 g 162.0 g 49.0% 35.6%
5%

6

4.

Table 4. Heavy metal contents in harvested turmeric rhizomes 

Heavy metal content (ppm) 
Treatment 

Cu Zn Cd Cr Ni Pb Al B 
Chicken manure, 9,000 kg/ha  5.53 bz 30.83 b 0.33 b 0.73 b 1.46 b 0.32 a 74.50 a 4.05 a
Chicken manure with Trichoderma sp., 9,000 kg/ha 6.02 b 45.50 a 0.90 a 0.85 ab 2.01 ab 1.04 a 59.52 a 3.43 ab
Chemical fertilizer, N:P2O5:K2O = 90:40:100 kg/ha 5.96 b 45.94 a 1.17 a 0.88 ab 2.39 a 1.01 a 59.52 a 2.75 b
AR3-2S soil amendment, 2,400 kg/ha 6.44 ab 43.97 a 0.72 a 0.74 b 1.91 ab 0.76 a 57.08 a 2.92 b
No fertilizer (CK) 6.81 a 51.43 a 1.29 a 0.97 a 2.57 a 0.74 a 89.70 a 2.82 b
z Means followed by the same letter within the same column in each year are not significantly different at 5% level, 

respectively according to least significant difference test. 
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5.

Table 5. Effects of different fertilizer treatments on growth of turmeric plants in 2005 and 2006 

Plant height 
(cm) 

Leaf 
number (no)

Leaf width
(cm) 

Leaf length 
(cm) 

Branch
(no.) TreatmentZ

120d z 180d 120d 180d 120d 180d 120d 180d 120d 180d 
2005            

Chicken manure, 9,000 kg/ha  25.6 a y  52.8 a 5.8 a 5.8 a 14.9 a 14.3 a 37.6 a 46.5 a 1.4 a 4.3 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha 22.2 a  54.4 a 6.0 a 5.9 a 16.3 a 14.0 a 36.6 a 46.2 a 1.0 a 3.8 a 
Chemical fertilizer, N:P2O5:K2O =90:40:100 kg/ha 25.1 a  54.0 a 5.6 a 6.0 a 14.2 a 12.5 a 36.5 a 47.5 a 1.4 a 3.6 a 
AR3-2S soil amendment, 2,400 kg/ha 25.4 a  53.6 a 5.9 a 6.0 a 13.5 a 14.0 a 36.0 a 50.9 a 1.8 a 4.0 a 
No fertilizer (CK) 22.4 a  44.5 b 5.7 a 6.0 a 13.2 a 13.6 a 35.6 a 44.7 a 1.4 a 3.9 a 

2006           
Chicken manure, 9,000 kg/ha  56.3 a 106.5 a 5.9 a 6.9 a 14.2 a 17.4 a 39.4 a 54.5 a 0.7 a 3.2 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha 62.7 a  96.6 a 5.4 a 6.5 a 13.2 a 15.0 a 35.8 a 49.0 a 0.9 a 1.6 c 
chemical fertilizer, N:P2O5:K2O =90:40:100 kg/ha 65.9 a 103.8 a 5.8 a 6.6 a 13.8 a 15.6 a 37.3 a 53.0 a 1.2 a 3.1 a 
AR3-2S soil amendment, 2,400 kg/ha 65.8 a  99.8 a 5.9 a 6.1 a 13.2 a 15.2 a 36.6 a 51.0 a 1.4 a 2.7 ab 
No fertilizer (CK) 65.6 a  96.3 a 5.9 a 6.4 a 13.8 a 15.2 a 37.8 a 50.0 a 1.4 a 2.1 bc 

z Growth days after planting. 
y Means followed by the same letter within the same column in each year are not significantly different at 5% level, 

respectively according to least significant difference test. 

6.

Table 6. Comparison of fresh weights of different finger set of turmeric rhizomes among fertilizer treatments 

Treatments  
Primary finger set

(g/plant)
Secondary finger set 

(g/plant)
Tertiary & Quaternary 

finger set (g/plant) 
Total finger set 

(g/plant)

2005      
Chicken manure, 9,000 kg/ha   61.0 az(11.7 ab)y 284.5 a (20.9 ab) 208.0 a (37.3 a) 553.5 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha  59.5 a (12.7 ab) 220.0 a (45.2 b) 219.0 a (42.1 a) 498.5 a 
Chemical fertilizer, N:P2O5:K2O = 90:40:100 kg/ha  57.0 a (10.1 b) 321.0 a (55.2 a) 194.5 a (34.7 a) 572.5 a 
AR3-2S soil amendment, 2,400 kg/ha  50.5 a (9.6 b) 284.5 a (52.3 ab) 212.5 a (38.4 a) 547.5 a 
No fertilizer (CK)  73.0 a (15.3 a) 220.0 a (49.0 ab) 162.0 a (35.6 a) 455.0 a 

2006      
Chicken manure, 9,000 kg/ha   118.8 a (19.8 b) 289.8 a (48.5 a) 186.5 a (32.0 a) 595.1 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha  75.3 a (23.3 ab) 126.8 a (45.5 a) 87.0 a (31.2 a) 289.5 a 
Chemical fertilizer, N:P2O5:K2O = 90:40:100 kg/ha  130.2 a (24.5 ab) 232.2 a (45.8 a) 150.8 a (29.8 a) 513.2 a 
AR3-2S soil amendment, 2,400 kg/ha  111.2 a (29.0 a) 180.0 a (44.0 a) 110.5 a (26.8 a) 401.7 a 
No fertilizer (CK)  91.8 a (25.8 ab) 174.0 a (47.0 a) 100.3 a (27.2 a) 366.1 a 

z Means followed by the same letter within the same column in each year are not significantly different at 5% level ,  
according to least significant difference test. 

y Data in parenthesis are percentages of total finger set. 
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A 118.8 g 19.8% B 75.3 g 23.3% C 130.2 g
24.5% D 111.2 g 29% CK 91.8 g 25.8%

A 289.8 g 186.5 g 48.5%
32% B 126.8 g 87 g 45.5% 31.2% C 232.2 g 150.8 g

45.8% 29.8% D 180 g 110.5 g 44% 26.8%
CK 174 g 100.3 g 47% 27.2%

6

A 23,104 kg 5,938 kg B
20,041 kg 5,170 kg C 24,020 kg 6,245 kg D

22,667 kg 5,893 kg CK 20,062 kg 5,316 kg
5%

A 21,257 kg 4,645 kg B 12,572 kg
2,176 kg C 18,339 kg 3,998 kg D

14,329 kg 3,296 kg CK 13,071 kg 2,849 kg
7

0.61%
0.55% 5%

0.27%
0.26% 0.24% 0.21% 8

pH >5.5
Fe3+

CK 4

CK
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7.

Table 7. Effects of different fertilizer treatments on the rhizome yield of turmeric plants 

Rhizome yield 
Fresh weight (kg/ha ) Dry weight (kg/ha) Treatment 

2005 2006 Average 2005 2006 Average 

Chicken manure, 9,000 kg/ha  23,104 az 21,257 a 22,180 a 5,938 a 4,645 a 5,292 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha 20,041 a 12,572 a 16,306 a 5,170 a 2,716 a 3,943 a 
Chemical fertilizer, N:P2O5:K2O = 90:40:100 kg/ha 24,020 a 18,339 a 21,179 a 6,245 a 3,998 a 5,122 a 
AR3-2S soil amendment, 2,400 kg/ha 22,667 a 14,329 a 18,498 a 5,893 a 3,296 a 4,595 a 
No fertilizer (CK) 20,062 a 13,071 a 16,566 a 5,316 a 2,849 a 4,083 a 
z Means followed by the same letter within the same column in each year are not significantly different at 5% level, 

respectively according to the least significant difference test. 

8.

Table 8. Comparison of curcumin contents of turmeric rhizomes among different fertilizer treatments 

Curcumin content (%) z
Treatment 2005 2006 Average 

Chicken manure, 9,000 kg/ha  0.55 ay 0.27 a 0.41 a 
Chicken manure with Trichoderma sp., 9,000 kg/ha 0.39 b 0.21 a 0.30 a 
Chemical fertilizer, N:P2O5:K2O = 90:40:100 kg/ha 0.61 a 0.24 a 0.43 a  
AR3-2S soil amendment, 2,400 kg/ha 0.55 a 0.27 a 0.41 a 
No fertilizer (CK) 0.30 b 0.26 a 0.28 a 
z Dry weight basis.  
y Means followed by the same letter within the same column are not significantly different at 5% level according to 

the least significant difference test. 

20 t

A 20 t

A 5,292 kg C 5,122 kg

Lingamullu (2002) HPLC
Salem Erode 4%

HPLC, Waters 2695 A 0.28%
B 0.25% C 0.29% D 0.27% CK 0.38% CK
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9,000 kg (N 1.28% P2O5 2.1% K2O 1.35%) 22,180 kg
5,292 kg

6,000 kg 2,400 kg (N 3.9% P2O5 2.231% K2O 1.71%) 
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Effect of Fertilizer Treatments on Rhizome Yield and 
Curcumin Content of Turmeric1

Ruei-Lung Kao2, Jih-Zu Yu3, Chiling Chen4, Yahn-Chir Lee4,
Chien-Liang Chu4, Ting-Fang Hsieh5 and Min-Fu Hu2,6

Abstract
Kao R. L., J. Z. Yu, C. Chen, Y. C. Lee, C. L. Chu, T. F. Hsieh, and M. F. Hu. 2007. Effect of fertilizer 
treatments on rhizome yield and curcumin content of turmeric. J. Taiwan Agric. Res. 56:165-175.  

Good agricultural practice (GAP) is the currently emphasized policy for cultivation of safe 
agricultural crops in Taiwan and is recognized as a crucial measure for production of medicinal herb 
products.  In this study, four different types of fertilization were evaluated for their effectiveness on 
rhizome yield and curcumin content of turmeric (Curcuma longa L.) in 2005 and 2006.  The treatments 
consisted of (A) chicken manure at 9 t/ha; (B) chicken manure with Trichoderma sp. at 9 t/ha; (C) 
chemical fertilizer at the rate of N:P2O5:K2O = 90:40:100 kg/ha; (D) soil amendment (AR3-2S) with 
chemical fertilizer (N: P2O5: K2O = 3.9:2.23:1.71) at 2.4 t/ha; and (CK) no fertilizers as control.  Each 
treatment had four replicates in a randomized complete block design (RCBD).  The results showed that 
there were no significant difference in rhizome yields among the treatments in the consecutive 2-year 
trials, although the yields of rhizome harvested from treatment A and C were higher than those from other 
treatments.  The fresh weight and dry weight of rhizome yields in 2005 were, respectively, 24 t/ha and 6.2 t/ha 
in treatment C, 23.1 t/ha and 5.9 t/ha in treatment A, 22.7 t/ha and 5.9 t/ha in treatment D, 20 t/ha and 5.2 t/ha 
in treatment B, and 20 t/ha and 5.3 t/ha in controls.  In 2006 the rhizome fresh weight and dry weight 
were, respectively, 21 t/ha and 4.6 t/ha in treatment A, 18.3 t/ha and 4.0 t/ha in treatment C, 14.3 t/ha and 
3.3 t/ha in treatment D, 12.5 t/ha and 2.7 t/ha in treatment B, and 13 t/ha and 2.8 t/ha in CK.  The 
amount of curcumin content extracted from harvested rhizome among different treatments also was not 
significantly different, although the curcumin contents for treatment C, A and D were 0.43%, 0.41% and 
0.41%, respectively, which were higher than 0.30% for treatment B and 0.28% for CK. 

Key words: Turmeric, Curcuma longa, Chicken Compost, Curcumin, Good agricultural practice 
(GAP). 
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