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Location variation of curcuminoids content in Curcuma longa rhizome and CCA analysis with
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Abstract; Curcuminoids content in Curcuma longa L. thizome from seven locations, which are
Chongzhou and Qianwei of Sichuan, Sihui of Guangdong, Yulin, Bobai and Jinxiu of Guangxi, Maguan
of Yunnan, was determined by HPLC. And correlation of curcuminoids content in C. longa rhizome from
different locations with geography-climate factors and nutrient factors in rhizosphere soil was researched by
the canonical correspondence analysis method (CCA). The results show that contents of organic matter,
TN, TP and TK in rhizosphere soil of different locations are 14.03-32.79, 0.39-0.92, 0.56-1.55 and
2.29-9.23 g - kg™, respectively. Variation of nutrient content in rhizosphere soil is more obvious, and
C. longa always grows in the soil with neutral to slightly acid and good property of water and fertilizer.
The average contents of curcumin, demethoxycurcumin, bisdemethoxycurcumin and total curcuminoids in
C. longa rhizome are 1.53% , 0.42% , 0.67% and 2.61% , respectively. Curcuminoids content in C.
longa rhizome from different locations has significant difference, and that in different sampling plots and
times in the same location also exists certain difference. Total content of curcuminoids in C. longa
rhizome from Bobai of Guangxi is the highest (4.29% ) , while that is the lowest (1.73% ) from Sihui of
Guangdong. The CCA analysis result shows that in geography-climate factors including longitude,
latitude, altitude, average annual temperature, the extreme highest and lowest temperatures, annual
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precipitation, sunshine duration, frost-free days, etc, average annual temperature and the extreme lowest

temperature have extremely significant positive correlation with curcuminoids content, and in nutrient
factors of rhizosphere soil including pH value, contents of organic matter, TN, TP and TK, organic
matter content has an extremely significant positive correlation with curcuminoids content. It is concluded

that average annual temperature, the extreme lowest temperature and organic matter content in

rhizosphere soil are main environmental factors influencing curcuminoids content in C. longa rhizome.

Key words: Curcuma longa L. rhizome; curcuminoids; geography-climate factor; rhizosphere soil;

canonical correspondence analysis
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Table 1  Geographic coordinate and altitude of sample plots of
Curcuma longa L.
RS 7R 233 4K/ m
No. of plot" Longitude Latitude Altitude
1 E30°19’ N103°28' 491
2 E30°20’ N103°33’ 534
3 E30°21’ N103°24' 517
4 E29°07’ N103°34’ 330
5 E29°16’ N103°26' 391
6 £29°08’ N103°34' 397
7 E23°11’ N112°27' 104
8 E23°08’ N112°11’ 17
9 E23°19’ N112°27' 92
10 E22°09’ N109°18" 91
11 E22°19’ N110°04’ 78
12 E22°10’ N109°17' 105
13 E22°08’ N109°02' 451
14 E22°11' N109°24' 187
15 E22°11' N109°02’ 151
16 E23°32’ N110°03’ 703
17 E23°31’ N110°02' 536
18 E23°32’ N110°02’ 724
19 E22°33’ N104°14' 1 246
20 E22°36’ N104°13' 1516
21 E22°34’ N104°14' 1 424

D13, mg)iE2 Chongzhou of Sichuan; 4-6. PO 1 4 Ay Qianwei of
Sichuan; 7-9: J~ZR VU4 Sihui of Guangdong; 10-12: J Vi E Ak
Yulin of Guangxi; 13-15 JPETH ] Bobai of Guangxi; 16-18; Iiict
475 Jinxiu of Guangxi; 19-21; 2 F§ 5 5& Maguan of Yunnan.
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Table 2 Climatic status of locations of Curcuma longa L.
" FEHRRC R C B EATE/C AR mm H R Tt/ d
Location Average annual Extreme highest Extreme lowest Annual Sunshine Frost-free
temperature temperature temperature precipitation duration days
PUJI &4 Chongzhou of Sichuan 15.9 39.0 -2.9 1 100 1161.5 285
VU)K Qianwei of Sichuan 17.2 39.3 2.6 1150 1025.0 333
J7Z5PU2 Sihui of Guangdong 21.3 38.5 -1.2 1831 1702.3 340
J7VPEEM Yulin of Guangxi 21.7 38.4 -0.2 1592 1718.3 341
TV Bobai of Guangxi 21.9 38.2 -0.2 1756 1778.3 351
] P84 75 Jinxiu of Guangxi 17.9 33.7 -5.0 1 676 1084.6 352
7 B &5 Maguan of Yunnan 16.9 32.2 -4.0 1345 1.804.0 280

4.000, 8.000, 12. 000, 16. 000, 20. 000 FI 40. 000
pg + L7 BRI R ] W2695 (Alliance R 4t)
B A BT (22 [E Waters A ) #-1T HPLC 7047,
GRS ISR (9] o J3 A 28 WA [] ot ot 9k 22
(R BRI S L R T 430 nm ALK, DA
Xof R VR P SO B VAR S Ry A e o R T RRUCA PR AR
y, ZHI bR 2k, BDMC B9 [0 09 05 B2 K.y, =
13 060x, -4 391.3,r=0.999 1;DMC AL [l ) )7
1y, =45 946x,-16 358 ,r=0.999 6 ; Cur AYLE 1 [l
JiE N oy, =28 472x,-9 583.2,r=0.999 5, AhRifE S,
FIZEHETE RN 0 ~40 pg - mL7',
1.2.2 HSERFEAZNET  FERZET 60 CAK
MR WS i 100 Hf # F . MERR FR OB A
fn 0.2 g, BF—REEHIFREL 3 143, 20 5 A H B 50 mL,
IBA1E T 70 CORE AR R HEH 30 min, ¥ H1 5 it
UETEWH I BLE A S 100 mL, 43 5 mL ARG
W, F 12000 r - min~' B0 10 min, B ETHW AR, 4%
e v i 2 A J7 vk 64T HPLC 4381, >R A MG —
AP HHERE S R BDMC .DMC FT Cur B &
1.2.3  FEFHE R WIBRCEIRR S X R
5 L, #% B8 F AR 0 3% 55 (R 347 HPLC 43 B, 3% 2k i
¥E£ 6 YK, BDMC . DMC F1 Cur [ RSD {H/53514 0. 7% .
0.7% F10.3% , RWLAAE 5 BE R AT,

53 A B BRI ] — IR AR S L, 2 B A
R SIET 0.2 .4.6.8 .12 F124 h YERENE , BDMC .
DMC #1 Cur B RSD {& 43 5l 4 0.58% ., 0.76% Fl
0.54% , WAL S WAE 24 h NIEARTRE

) — 7= W 22 B RE A 6 107, 43 ) 4 JERE it V5 YRR 1Y)
il 28 7 ik S bR e s 4 R 64T %E , BDMC . DMC Fil
Cur FE 4 & 43 WM 0. 98% 0. 27% F1 1. 31% ,
RSD {43514 2.00% .0.95% 1 1.38% , 7 Wi% )5 1%
HEM R,

FRE BDMC .DMC il Cur 254 B 501 A 22 8B R kE
f S 0y, A B — R S R X BB AR U TR o
Ok e bR 5 A 4347 € . BDMC, DMC Al
Cur [ 2 [BICR 53518 95. 8% 96. 8% F197. 1%
RSD YN 1.7% 2.2% F11.8% ,
1.2.4 EFMGEEEERTEMNE il
N RIEFNE MO AT AL FRE LY/ T 1238—1999 14114711
LY/T 1228—1999!"/ ™ "1Y/T 1232—1999! "8
LY/T 1234—1999" /%8 I LY/T 1237—1999" !41106-108
e 480 pH (B e -4 rh 4 N 2 P 42 K A HLR
&,
1.3 HIESH

K HI SPSS 12. 0 B4R AS 7] 77 1 22 0 v 22 352K
o )& s AT 225007, 12 Canoco 4. 5 ZRAXAS
[F] 7 1 22 8 v 25 8 R 2o O T b ) M - R
i - S8 PR R4 T BT R 4 AT

2 HERFpAT

2.1 AREFHMEHERRTIEFFS SRR

A= M 2 AR PR LI AL 42 N 2 P 42
K &P R pH HP AT 25 R R 3, &K 3 7]
L 2 E R AE P R R R D, R gKIE T
RERAr, B EE TR S R0 E
BORGE BT R AR R AR,

A= 2 AR b R R 2 A R, A
PB4 14.03 ~32.79 g - kg™, o PG RN
FEMA AV EHE32 ¢ - kg ' L E, HR
T HAb = (P<0.05) ;) R U2 5 A HLR &
wE, fU N 14.03 g - kg . &N F i H0.39 ~
0.92 g - kg™ P AR BT AR M S R +
A N iy, DU S R ) - 4 N fr i ds
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&, &P &R HI0.56~1.55 g - kg™, Herdr Py Ji 4290
FGEEA () 14 P S R A, 3 e T A T
RN ES PSRRI, &K &8N 2.29 ~
9.23 g+ kg™t i PSR Y HHES K & i,
AR m T HA =1 |V B = DO 14

K S B IF B & T HA = 1

Br AR 4,

£3 AEFHEERETERSEFHLLR(X2SD)Y

Table 3 Comparison of nutrient factors in rhizosphere soil of different locations of Curcuma longa L. (X+SD)"V

2.2 AREFHEAREPEZFREXRSSENLILER
E S E N Wi ives o g0 {IUE SRR A/ L
XA Ml 22 AR 25 v 28 R R 19 & AT

g ) pH HH/g - kg™ Content

Location pH value AHLFE  Organic matter 4N IN 4p TP £K TK
Pa)I[£2 M Chongzhou of Sichuan 7.40+0.20a 21.56+1.82bc 0.39+0.07b 1.49+0. 10a 9.23+0.42a
VU144 Qianwei of Sichuan 6.67+0. 16b 23.94+3.49b 0.46+0. 13b 1.55+0.17a 7.49+0.34b
J7 244> Sihui of Guangdong 5.84x0.11c 14.03+0.93d 0.79+0. 16a 0.56+0. 13c 4.05+0.89¢
J"PE AR Yulin of Guangxi 7.55+0.13a 32.67+3.76a 0.80+0.17a 0.95+0.22h 2.29+0.25d
I V14 Bobai of Guangxi 5.47+0.28d 32.79+7.59%a 0.92+0.12a 0.78+0. I1be 4.42+0.41c¢
J PG4 75 Jinxiu of Guangxi 5.83+0.19¢ 17.80+2. 04cd 0.65+0. 14ab 0.86+0. 13bc 4.14+0.27¢
ZF 5% Maguan of Yunnan 5.26+0.04d 22.85+1.59bc 0.67+0.06ab 0.73+0.03bc 2.91+0.23d
¥ Average 6.29 23.66 0.67 0.99 4.93

D[] 51 Hp R [A] ()N bR R 22 5 8 35 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).

®4 TAFHEEREFLEREASTEMLLE (XLSD)Y

Table 4 Comparison of curcuminoids content in rhizome of Curcuma longa L. from different locations (X+SD)"!)

7 H /% Content

Location Cur DMC BDMC Total

PO 1524 Chongzhou of Sichuan 1.08+0.08d 0.20+0.03d 0.76+0.05b 2.04+0. 15d
VU144 Qianwei of Sichuan 1.31+0.08¢ 0.27+0.04c¢ 0.98+0.08a 2.56+0.13¢
J"ZRPU4x Sihui of Guangdong 0.91+0. 06e 0.20+0.03d 0.62+0.00c 1.73+0.06e
J7PE A Yulin of Guangxi 2.26+0.07b 0.64+0.08b 0.4520.05d 3.3320.12b
I VG144 Bobai of Guangxi 2.93+0.04a 1.08+0.05a 0.27+0.05e 4.29+0.06a
JVPi4: 75 Jinxiu of Guangxi 1.11+0.07d 0.26+0.03¢ 0.63+0.06¢ 2.00+0. 16d
2 B3 Maguan of Yunnan 1.11+0.07d 0.28+0.01¢ 0.96+0.00a 2.35+0.11¢
- Average 1.53 0.42 0.67 2.61

D Cur, EWE Curcumin; DMC; LA LR Demethoxycurcumin; BDMC ; WP AR R Bisdemethoxycurcumin. [d@) 51 A ] B /NG B
FR#E 5 . (P<0.05) Different small letters in the same column indicate the significant difference ( P<0.05).

12 4 A1 ASTR] = M 22 B 25 TP 22 8 3 (Cur)
B85 1.53% o Hob 7 | PO AR Al e
Cur P35 i, 158 2. 93% , B 3 & T H Al
Hi(P<0.05) , {HiZ ;" b i) HE A 5 AR 2010 4F2R
£ SR T 7E E AR 2009 4ER A AL Cur &
4 3.07% 1M 2010 4R FEMFE S Cur & EAUH
1.45% B S BK RIEF ) RS WA T Cur &
HRAK N 0.91% , B % T HAth 7= 1,

AR M ZE AR ZE v e AL 32 9 R (DMC) 1Y
AR 0.42% , Hrr 7 A TP E B RS
DMC & & f s (1. 08% ) , 35 = T HoAMl ™ b 7= A T

PO EARAIRE S DMC & H 4 5 (0. 64% ) 5 1 K 5
50U ISR AR DY 2 AR R DMC B I
(0.20%) .

ANTE] 7= M 22 AR 2R b U2 A R E R
(BDMC) B -2 &84 0.67% o Forp, S g 1)
J Az DR b BDMC A, v T
by M 7R IR TP B AR BDMC Y R A
15,100 0.27% |, b A% T HoAl = M

AN 7 b 22 AR ZE b 2 W RN ) A R
B 2.61% , LLy= | P68 0 R 5 i s, R F
4.29% , 2 e T A s SR IR T PE EARAY 2009
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ERCARGE R T ) AR IS RE A oh 22 3 Z 25
) A B I A 1. 73% |, i AR T HoAth 7= 1l
2.3 NERFHZEREFZEZELRSISENF
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B X N A3 HT (CCA) S 35 F X6F 1 43 B & J8 1 o
() —FPHE T 73 3% 7 TG 6 R 43 i 5 Z2 s Il UE 43 B
FHES G, T LA ) 2 A A BEAE DGR, R
ANTR] 7 b 22 BAR 25 rh 22 W R N B i - IR R AR
W (AL HG M B — e PR AR B £ 3855 0 T ) B AT
CCA HEF W Z2 B R 2R h 2 W R & i H A ER
IR S5 5 R 6 AN ] 7= i 22 ¥ AR ZE
LR LI i 5 P SRR - DA AR B 1R

53 PR B BUHE [ LI 1 R 2

i B S R 2 BT Sl RRAE A 4 5
FEIE(EY 96. 4% F1 1. 8% , Z B ZEh 2 R R
A 5 B S B AT 2 A HE R R A 2 BB
290.999 F10.961 (£ 5) , Z B AR 2 rp 22w R LI
TR 2 AN HEF R AHOC R ECH 0. 005, Hi B - A%
K115 2 A HEF A OC R B0 0.000, 2 AHEF il
SR A R T L M A A R R R, M T 3R
HRZ5 P 220 28 2 40 7 i 5 B — S0 PR [ 1 56
ZHE A A n R

M2 5 AT LUE H AR SIR MO R IR 555 1
HEF i 0 3 IE A 56 (P<0.01) , 2R AR K&
H RIS TCFE 5 55 1 HEP il &2 35 TE AR G (P<
0.05) , MR AR 555 1 HEP il 52 3 0k 56, i
7 hrq =8 R T W 95 2ot Ry N A S T £ SO 57
Rk i K HHRE A S 55 2 HEP il 52 1R 56, i Heth 1
PSR 555 2 HEP il BN W2 0 AR OG

£5 ARAFMEEREFLERENSCESHE-SEETH CCA HHTERY

Table 5 Result of CCA analysis of curcuminoids content in rhizome of Curcuma longa L. from different locations with geography-climate

factors!
2 g FEZEEL  Correlation coefficient
ﬁiﬁ?ﬂh EV R cp
s Long Lat Alt Ta Pa Tl S Df
1 -0.59 % 0.56*% -0.54% 0.85%% 0.64* 0.33 0.79 %  0.56 * 0.64 * 0.054 0.999 98.1
2 -0.28 -0.12 0.54 -0.06 0.12 -0.46 -0.17 0.33 -0.16 0.001 0.961 99.5

D Long: 7 Longitude; Lat: i Latitude; Alt; ¥4 Altitude ; Ta; FSIR Average annual temperature ; Pa; AERE K Average precipitation; Th
Wi B = i Extreme highest temperature; Tl e Vi B TG L Extreme lowest temperature; S; H IS %L Sunshine duration; Df; T 75 Frost-free days;
EV: $HiE{H Eigen-value; R: ZEB RIS/ 5P T AU HH 5 R 2L Correlation coefficient between curcuminoids content and geography-
climate factors; CP. ZETE ZE IS &AL 1) B L% Cumulative percentage of curcuminoids content variance. * : P<0.05; #% ;. P<0.01.

®6 AEFHMEREREFLZERLNSTESRELERSETFH CAA HHERY

Table 6 Result of CCA analysis of curcuminoids content in rhizome of Curcuma longa L. from different locations with nutrient factors in

rhizosphere soil"’

FFZREL  Correlation coefficient
ﬂt\)?ﬁh EV R Ccp
XS pH oM TN TP TK
-0.04 0. 81 = 0.11 -0.34 -0.41 0.049 0.944 87.5
2 0.79 = 0.02 -0.27 0.26 0.06 0.001 0.828 88.1

DpH: pH {H pH value; OM; A HLIE % & Content of organic matter; TN; 4= N % #& Content of total nitrogen; TP; 4= P & #& Content of total
phosphorus; TK: 4= K %%t Content of total potassium; EV: H¥Efif{H Eigen-value; R: Z# XX M & B 5B LR O N F A R
Correlation coefficient between curcuminoids content and nutrient factors in rhizosphere soil; CP: LHRL N & BN B ZE Cumulative

percentage of curcuminoids content variance. * ; P<0.05; #x . P<0.01.

HRFR 33 5543 I T 50 2 4N HE Sl 5945 AF (8 43
) SRR Y 89. 1% 1 1. 8% , R LM R
FRLAT O S AR PR 48R 4 B T 2 AN HET Rl A
KRBT 0.944 F10.828(F£ 6) , ML h 3
R N 4 o 1 A2 A HE e A S R ECR

0.008 , A2 Fx - 3 37 73 P 5~ B AT 2 A HE 7 il B9 AH 5C &
$59°0.000, 2 DHEFRIS AR PR 1SR N T A9 2
LA TR OV T 2 R T R R
AR TR A T IR DGR HE P4 R T A
M3k 6 nTLAE L B HLR & 2 55 1 Hev g
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1-3. POJI[5H Chongzhou of Sichuan; 4—6. PUJI[4# A Qianwei of Sichuan; 7-9: J 4 PU4x Sihui of Guangdong; 10-12: )7 F§ EAK Yulin of Guangxi;
13-15; T VE{H 4 Bobai of Guangxi; 16-18. | Pi4: 5 Jinxiu of Guangxi; 19-21: zF§ &€ Maguan of Yunnan. Long: 22/ Longitude; Lat; ¥

N

Latitude; Alt; #4K Altitude; Ta: 4F 3 Average annual temperature; Pa: 4F [ /K i Average precipitation; Th: % ¥ 5z 7 #i Extreme highest
temperature; Tl # 3 ik Extreme lowest temperature; S: H HRHF4{ Sunshine duration; Df; JCFEH Frost-free days.

E1 AEFHMEBREPZHERLNSQESHE-SEEFHNHHEEEE
Fig. 1 Ordination biplot diagram of curcuminoids content in rhizome of Curcuma longa L. from
different locations with geography-climate factors
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1-3. PUJIE2H Chongzhou of Sichuan; 4-6: PUJI4E# A Qianwei of Sichuan; 7-9: |~ 7R P44 Sihui of Guangdong; 10-12: 7 P§EAM Yulin of Guangxi;
13-15; J PE1#H A Bobai of Guangxi; 16-18: J PG4 % Jinxiu of Guangxi; 19-21: =R & Maguan of Yunnan. pH: pH {H pH value; OM. A ML
f+ Content of organic matter; TN 4> N & & Content of total nitrogen; TP 4> P & & Content of total phosphorus; TK: 4> K & 1 Content of total

potassium.

E2 AEFMEBREDPEZFZEHNSAESRIFLESS EFHREHHEERF E
Fig. 2 Ordination biplot diagram of curcuminoids content in rhizome of Curcuma longa L. from
different locations with nutrient factors in rhizosphere soil
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